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Cranial electrical stimulation for the treatment of insomnia, 
anxiety, and depression symptoms in adults
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Abstract

Background: Clinical advantages of the cranial electrical stimulation (CES) are not yet clear. Objective: The objective of the 
study was to know the effects as a result of the CES intervention for the treatment of insomnia symptoms, anxiety, and 
depression. Method: Twenty-four individuals agreed to participate in the study, all of them with initial insomnia diagnosis 
(ISDC-2), with an average age of 32.10 (± 14.24) years old (58% women), distributed in control (n = 11) and experimental 
group (n = 13). The intruments used were Beck’s depression inventory, State-Trait Anxiety Inventory, the Insomnia Severity 
Index, and the Insomnia Symptoms Questionnaire. A CES device (Fisher Wallace-100) was given to each participant  for its 
use at nights and mornings (20 min each session) for 10 days. Results: Insomnia symptoms decreased significantly in both 
the control and experimental groups (p < 0.01), but only in the experimental group there was a significant reduction in the 
severity of insomnia (p < 0.05). According to the effect size (Cohen’s d), the experimental group had a larger effect in the 
insomnia severity and a moderated effect for anxiety and depression. The placebo group had a small effect in anxiety and 
a medium in insomnia and depression. Conclusions: The CES effect is superior to placebo to reduce the insomnia severity, 
but it is no different from placebo for anxiety and depression symptoms.
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Estimulación eléctrica craneal para el tratamiento de los síntomas de insomnio, 
ansiedad y depresión en adultos

Resumen

Introducción: La estimulación eléctrica craneal (EEC) es una técnica neurofisiológica que consiste en enviar pulsos de 
corriente eléctrica (< 4 mA) al cerebro a través de electrodos colocados en el cuero cabelludo. Sin embargo, los alcances 
clínicos de la EEC como tratamiento para las alteraciones afectivas y del sueño aún no están claros. Objetivo: Conocer los 
efectos del uso de la intervención EEC para el tratamiento sobre los síntomas de insomnio, ansiedad y depresión. 
Método: Participaron 24 sujetos que cumplieron los criterios de insomnio de acuerdo con el ISDC-2, con una edad promedio 
de 32.10 (± 14.24) años (58% mujeres), divididos en grupo control (n = 11) y grupo experimental (n = 13). Los instrumentos 
utilizados fueron el inventario de depresión de Beck, el cuestionario de ansiedad-estado (Spielberger), el Índice de Severi-
dad de Insomnio y un cuestionario de síntomas de insomnio. Cada participante recibió un dispositivo de EEC (FW-100) para 
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Introduction

Anxiety, depression, and insomnia are considered to be 
among the alterations that generate disturbance in people 
who suffer them1,2. It is estimated that these changes may 
be present even in one-third of the world’s population3-5, 
and in Mexico, they can reach similar numbers6-8. These 
disorders are associated with the pathophysiology of the 
brain. Insomnia and anxiety include an increase of emo-
tional, cognitive, somatic, and cortical excitability9,10 while 
depression is associated with the decrease of cortical 
activity in prefrontal areas and the anterior cingulate gy-
rus11. Many interventions focus on drug treatments12-14, 
but they often have certain limitations, such as cost, side 
effects, and a decrease of its efficiency and the quality of 
patient’s lifestyles15-17. The non-pharmacological ap-
proaches for the treatment of these disorders are diverse 
and its effectiveness is still in research18,19. Non-invasive 
brain stimulation techniques are used as an alternative to 
pharmacological treatment and they have shown a 
notable upturn in recent decades20.

Cranial electrical stimulation (CES) is a non-invasive 
neurophysiological technique that works through low-in-
tensity pulses of electric current of ≤ 4 milliamperes 
(mA) in frequencies from 0.5 to 15,000 Hz, through two 
electrodes placed on the scalp21. The CES is safe22 and 
it has been employed on different disorders such as 
major depression, anxiety, post-traumatic stress disor-
der, and insomnia23. Brain stimulation with alternating 
current (AC) such as CES has important approaches 
in the treatment of anxiety, depression, and insomnia24, 
however, it requires greater attention on its mechanism 
of action, especially in clinical research.

The mechanism of the CES on clinical symptoms has 
been explained at different levels on the nervous 
system. On the one hand, it is believed that the CES 
affects subcortical structures such as the reticular acti-
vating system, the thalamus, hypothalamus, and limbic 
system16,21. Brain imaging studies suggest a cortical 

deactivation in the prefrontal and parietal midline of the 
brain after 20 min of CES25. In addition, it is proposed 
that the effects of CES include both cortical and sub-
cortical areas producing changes similar to the use of 
anti-anxiety medications26. At the electrophysiological 
level, it is observed an increase in alpha activity and a 
decrease in delta and beta activity27. At a biochemical 
level, it is suggested an increase in endorphins, adre-
nocorticotropic hormone, serotonin, melatonin, norepi-
nephrine, cholinesterase, and reduction of cortisol21.

Given that the electrodes are placed over the scalp, 
this technique is considered a form of peripheral nerve 
stimulation. Although the positive effects of the CES 
have been observed in different levels of the nervous 
system, its efficacy on clinical symptoms is not yet 
conclusive. However, the use of the CES in the clinical 
practice has increased steadily in recent decades, so 
it is required the application of empirical studies which 
can be distinguished from the placebo effect.

Method

Participants

Twenty-six cases that covered the insomnia symptoms 
based on the International Classification of Sleep Disor-
ders (ICSD) were considered initially2. The inclusion cri-
teria were to be over 18  years old and the exclusion 
criteria were having antecedents of epilepsy, receive 
treatment for insomnia or drug use with effects on the 
central nervous system or metallic implants and/or pace-
makers. Of the 26 cases, two were eliminated from the 
control group, for failing to comply with the age of major-
ity and the second report of phosphenes as a side effect 
in the first session of the treatment of CES (Fig. 1 shows 
the eligibility diagram). The final sample included 
24 subjects with an average age of 32.10 (± 14. 24) 
years old (58% women), with a diagnosis of insomnia. 
Participants were randomized between the control 

su uso en la noche y en la mañana (20 minutos cada sesión), durante 10 días, empleado durante 20 minutos cada noche 
antes de dormir y 20 minutos al despertar. Los cuestionarios fueron aplicados antes y después del tratamiento.  Resultados: Los 
síntomas de insomnio disminuyeron significativamente tanto en el grupo control como el experimental (p < 0.01), pero solo 
en el grupo experimental hubo una reducción significativa de la gravedad del insomnio (p < 0.05). Con base en el tamaño 
del efecto (d de Cohen), el grupo experimental tuvo un efecto mayor en la reducción de la gravedad del insomnio y un 
efecto moderado para la ansiedad y la depresión. En el grupo de placebo (control) la magnitud del efecto fue leve para la 
ansiedad y moderada tanto para el insomnio como para la depresión. Conclusiones: El efecto EEC fue superior al placebo 
para reducir la gravedad en el tratamiento del insomnio, pero no fue diferente al placebo y tuvo efectos similares en la 
disminución de los síntomas de ansiedad y depresión.

Palabras clave: Ansiedad. Estimulación eléctrica craneal. Depresión. Insomnio.
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(n = 11) and experimental groups (n = 13) in the order, 
in which they arrived at the sleep laboratory. No differenc-
es in sex and age were observed between the groups.

Instruments

The study consisted of four self-administered ques-
tionnaires completed by participants to provide informa-
tion on insomnia, anxiety, and depression symptoms. 
The first instrument is the insomnia symptoms question-
naire, based on the ICSD-32, which consists of 43 
dichotomous questions, grouped into five factors: 
(1) general symptoms of insomnia, (2) psychophysiolog-
ical insomnia, (3) stress-related insomnia, (4) inadequate 
sleep hygiene, and (5) idiopathic insomnia. These same 
instruments included questions related to habits and 
sleep schedules. The second questionnaire was the in-
somnia severity index28, composed of seven questions 
with a format of five options of response (from 0 to 4), 
where a high score means more severity of insomnia, 
considering the following cutoff points: no clinically sig-
nificant insomnia (0 to 7), subthreshold insomnia (8 to 14), 
moderate (15 to 21), and severe (22 to 28).

The State-Trait Anxiety Inventory29 was administered 
for the evaluation of anxiety. This questionnaire includes 
20 questions with four answer options (1 = not at all; 

2 = somewhat; 3 = moderately so; and 4 = very much 
so), whereas the cutoff points are high (ntsons with 
four -44), and low (< 30). The inventory of depression 
of Beck (Beck’s depression inventory)30 was used for 
the measurement of depression symptoms. The cutoff 
points are minimum (0-13), mild (14-19), moderate 
(20-28), and severe (29-63).

The technique was used for treatment, neuropsycho-
logical CES using the “Fisher Wallace (FW) stimulator” 
device FW 100 model. This device includes two elec-
trodes which are located bilaterally in the temples of 
the scalp, which send small pulses of AC with a square 
wave in three frequencies: 15  Hz, 500  Hz, and 
15,000  Hz, with variation of the temples of the scalp, 
which s study was 2 mA21.

Procedure

The questionnaires were applied before and after the 
treatment, following the ethical guidelines according to 
the Official Mexican Norm NOM004-SSA3-201 in re-
search for health. A consent letter was given for volun-
tary participation with freedom to withdraw at any time 
during the study, including information about the purpose 
of the study, the justification, risks and benefits and con-
fidentiality on the individual’s data in written form. The 

Figure 1. Flow diagram.
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device was delivered to each subject for home use for 
10 days. Previously held a training session in the sleep 
laboratory (Faculty of Psychology, Universidad Autóno-
ma de Yucatán) indicating the use of the device for 
20  min every night before bedtime and 20  min in the 
morning. For the control group, it was indicated that the 
therapeutic level was zero (placebo). It is worth men-
tioning that a brochure on sleep hygiene was provided 
for the two groups. During the study, participants did 
not receive additional treatment. At the end of the pro-
tocol, control was provided to participants in the group 
the device 10 days more in active mode (level 2).

The statistical test was used for data analysis Stu-
dent’s t-test for related samples whereas alpha mini-
mum of 0.05. Similarly, the effect size was analyzed to 
assess the relevance of the effects of intervention 
among groups within the practical context of research. 
For the effect size, following cutoff points were consid-
ered: no effect al0.20, small = 0.21-0.49, medium 
effect = 0.50-0.79, and large effect =0.8031.

Results

A difference was found in relation to the sleep habits 
(p < 0.01) in the experimental group, which reported 
one more hour of sleep after the intervention (Table 1). 
There was a significant reduction of four symptoms of 
insomnia in both groups. In addition, the psychophysi-
ological insomnia symptoms decreased in the control 
group (p = 0.026) and severity of insomnia in the ex-
perimental group (p = 0.002).

In the report of anxiety symptoms, there were no 
differences between groups, but in depression symp-
toms, there was a reduction of four points in the control 
group (p = 0.018) and five points in the experimental 
(p = 0.016), as shown in table 2.

Based on the analysis of the effect size (Cohen’s d), 
both CES and placebo had a positive effect in reducing 
the symptoms, but at different levels. For the insomnia 
index the effect was strong in the CES group (d = 0.88) 
and moderated in the placebo group (d = 0.52). For 
symptoms of anxiety, the effect was modest with the 
CES (d = 0.54) and moderated with placebo (d = 0.35). 
In both groups the effect size of depression was mod-
erated (d = 0.69, and d = 0.58, respectively).

Discussion

It is suggested that the CES can have positive 
effects over the symptoms of anxiety, insomnia, and 
depression due to its influence on the limbic system 

and the autonomic nervous system, interconnected 
with the hypothalamic-pituitary-adrenal-immune axis32. 
However, our results, after low-voltage CES, suggest a 
variety on the effects on the symptoms of anxiety, de-
pression, and insomnia. In this sense, the increase of 
an hour of sleep and decrease the severity of insomnia 
as a result of the CES are observed, but psychophys-
iological insomnia symptoms reduced as the result of 
a placebo effect. Symptoms of anxiety and depression 
decreased in CES group, but they were not superior to 
placebo group.

The increase in the time dedicated to sleep during 
the week supports the hypothesis that the CES changed 
the perception of sleep. However, there are no changes 
in bedtime schedules and get up to match this in-
crease. Reporting sleeping an extra hour as the effect 
of the CES was consistent with the results previously 
obtained16. It is noteworthy that even with an increase 
of an hour of sleep (from 5 to 6 h), they are below rec-
ommended hours of sleep time33. Possibly, these re-
sults can increase by extending the number of sessions 
of CES. In addition, it is proposed to consider that the 
application of the CES should be accompanied by strat-
egies such as hygiene of sleep and therapy cognitive 
behavior to improve the effectiveness of the CES and 
maintain longer the positive effects on sleep34.

In relation with insomnia, our results are similar to 
the results of a meta-analysis study that suggests that 
the CES is effective for the treatment of insomnia se-
verity35. However, we recommend to obtain objective 
sleep measurements to establish the physiological 
mechanism associated with clinical changes. Our re-
sults indicate that some types of insomnia such as the 
psychophysiological may improve as a result of the 
placebo effect. Psychophysiological insomnia is char-
acterized by concerns over not being able to sleep, 
occurring particularly at the time of going to bed2. Fur-
thermore, it is possible that placebo shifted the focus 
of attention: the concern to the concentration in the 
sense of the device, providing relaxation to fall asleep.

In relation to anxiety, some authors have suggested 
that the CES technique should not be used in the treat-
ment of their symptoms unless that is used for its value 
as placebo36. In our study, the effect of CES improved 
the symptoms of anxiety, as it has been reported in the 
previous studies, but the effect was similar to the pla-
cebo’s when analyzed the results considering the 
statistical significance, no statistical differences were 
observed. Similar results in different studies are dis-
cussed based on statistical significance, however, anal-
ysis with an alternative statistic as the d Cohen31 may 
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Conclusions

CES is a safe and efficient treatment for insomnia. 
The analysis of the effect suggests that this treatment 
can be clinically encouraging for anxiety, but its effect 
on depression is not superior to placebo.
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