
NeuroRegulation http://www.isnr.org 
    

 

186 | www.neuroregulation.org Vol. 10(3):186–206  2023 doi:10.15540/nr.10.3.186 

  

Effectiveness of Low Frequency Noninvasive Brain 
Stimulation Therapy for Improving Neuropsychological 
and Neurophysiological Functions: A Systematic Review  
Zainab Khan, Ashi Saif, and Adila Parveen* 

Centre of Physiotherapy and Rehabilitation Sciences, Jamia Millia Islamia, New Delhi, India 
 

Abstract 

Introduction. Cranial electrotherapy stimulation (CES) is a technique used to address various mental disorders 
symptoms. However, it is recently concluded that the quality of clinical trials involving CES is not standardized 
and lacks sufficient evidence to support its use for improving mental health. The purpose of this study was to 
undertake a systematic examination of evidence of CES in improving mental health. Method. From inception to 
April 2022, systematic review was conducted using electronic databases MEDLINE (accessed via PubMed), 
CENTRAL (Cochrane Library Central Register of Controlled Trials), and Web of Science to retrieve relevant 
studies. Methodology of all the identified randomized controlled trials (RCTs) was assessed using an 11-point 
PEDro scale by two independent reviewers. Results. Sixteen RCTs were identified to be relevant and their 
characteristics were evaluated. Thirteen studies concluded CES has favorable effect on variety of mental 
disorders, particularly on anxiety and depressed symptoms in varied groups. Conclusions. While these positive 
effects were observed, limitations included insufficient detail about existing treatments, lack of using standardized 
objective outcome measures for quantifying mental health dysfunction, and uneven representation of CES limiting 
the generalizability and making it difficult to carry out the pooled quantification and meta-analysis. Despite its 
shortcomings, literature suggests that CES warrants more research.  
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Mental disorders are an all-time high as a more 
important topic in the world, particularly in most of 
the developed countries (Murray et al., 2012). 
Common mental health disorders (CMD) are mainly 
comprised of depressive disorders and anxiety 
disorders (World Health Organization, 2017). 
Following depression and anxiety, mood disorders 
have been demonstrated as a highly prevalent 
disorder among the general population by numerous 
large epidemiologic surveys in developed countries 
(Kessler, Berglund, et al., 2005). The high 
prevalence estimates of these mental disorders are 
associated with a heavy burden on the health of the 
community and disruption to their daily life (Kessler, 

Chiu, et al., 2005), and are the leading cause of 
disability worldwide (Vos et al., 2012). In addition, it 
has been found that these mental disorders are 
associated with cognitive dysfunctions, and there is 
an invariable and mutual association between 
cognitive dysfunction and mental disorders such as 
depression, anxiety (Castaneda et al., 2008), and 
mood disorders (Wolf et al., 2010), affecting each 
other in a bidirectional manner.  
 
The trend is such that, even among the most serious 
disorders, people are left untreated. In industrialized 
countries, 36–50% of serious cases remain 
untreated, whereas in developing countries the 
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situation is even worse, with 76–86% are left 
untreated. It has been proposed that treatment 
services need to be expanded to reduce the 
prevalence and impact of mental disorders (Wang et 
al., 2007), as they seem to impact significantly both 
the patient’s functioning and quality of life as well as 
increase the risk of recurrence of CMD (Perini et al., 
2019). Despite this, relatively few interventions for 
the condition have been developed in recent years. 
Although there are many pharmacological 
interventions for improving mental health, they are 
quite exorbitant or present with considerable side 
effects. Up to half of such population do not respond 
to first-line antidepressant treatment and one-third 
do not respond to two or more treatments (Trivedi et 
al., 2006), making it prevalent and therefore 
resulting in added patient suffering, disability, and 
suicide risk (Crown et al., 2002). These relatively 
poorer clinical outcomes and limitations with 
pharmacotherapy heighten the need to optimize and 
develop brain modulation treatments, which have 
the potential to modulate brain activity and which 
may constitute safe and efficacious treatment 
options for mentally disturbed individuals in the 
future. Such established treatments include 
neuromodulation techniques and ablative 
neurosurgery. A number of new neuromodulation 
techniques over the past several years have been 
investigated with the goal of achieving efficacy of 
established mental disorder treatments with better 
neurocognitive safety. Noninvasive brain stimulation 
(NIBS) is a technique to achieve neuromodulation 
without surgical treatment through safe local 
stimulation of specific brain areas using magnetism 
or electricity (In et al., 2017). Reports in animals and 
humans have described changes in certain 
neurotransmitters, neurochemicals, and brain activity 
on electroencephalography as a mechanism of 
action of these NIBS techniques (Antal & Paulus, 
2008; Kirsch, 2002; Zaghi et al., 2010). Repetitive 
transcranial magnetic stimulation (rTMS), 
transcranial direct current stimulation (tDCS), and 
cranial electrotherapy stimulation (CES) are used 
clinically for the improvement of brain functioning 
and mental health (Fregni & Pascual-Leone, 2007; 
Kirsch & Nichols, 2013).  
 
Of these, CES has been approved by the US Food 
and Drug Administration (FDA) as a noninvasive, 
prescriptive medical intervention for treating 
insomnia, depression, anxiety, stress, (Rosa et al., 
2011, Sevilla-Llewellyn-Jones et al., 2018) and 
mood-related symptoms as well (Kirsch, 2002). 
While on the one hand the relatively stronger current 
modalities such as electroconvulsive therapy (ECT) 
that are being used as adjuncts to pharmacological 

and psychotherapeutic treatment plans have both 
cardiovascular complications and cognitive side 
effects (Andrade et al., 2016) and TMS adverse 
effects including headaches (O’Connell et al., 2018) 
and seizures (Rossi et al., t2009), CES on the other 
hand tends to be a more efficient, user-friendly, cost-
effective, and easily tolerable noninvasive type of 
device that can be safely used by patients at home. 
It is being used as an adjunct to medication or 
psychotherapy or as a stand-alone treatment 
(George, 2019). CES now has a foundation of more 
than 50 years of research and clinical use in the 
USA which proves its safety and effectiveness (Price 
et al., 2021). 
 
Rationale for Systematic Review  
An issue recently concluded by Cochrane review is 
that there are no high-quality clinical trials comparing 
CES with sham-CES in people with mental disorders 
such as depression and that there is insufficient 
evidence to support the use of CES in the treatment 
of depression (Kavirajan et al., 2014; Price et al., 
2021; Shekelle et al., 2018) and low strength 
evidence to support the use of CES in the treatment 
of anxiety (Shekelle et al., 2018). However, 
numerous systematic reviews and meta-analyses 
have appeared over the past two decades. 
Klawansky and colleagues focused on anxiety and 
other conditions but not on other mental disorders 
(Klawansky et al., 1995). Kirsch and Gilula (2007) 
investigated CES in depression, but their meta-
analysis had several flaws: they did not specify the 
search strategy or specific study eligibility criteria; 
their summary effect size was based only on active 
CES treatment and did not compare CES to sham; 
they combined data from open uncontrolled trials 
and blinded randomized control trials (RCTs), which 
likely overestimated effect sizes; and they included 
trials with a variety of primary diagnoses, which 
limits generalizability (Kirsch & Gilula, 2007). A study 
by Kavirajan and colleagues, led in 1974 and later 
invalidated in a Cochrane review, possibly had 
inefficient CES equipment (Kavirajan et al., 2014). 
Shekelle et al. (2018) focused on anxiety, 
depression, insomnia, and pain but did not cover the 
other mental health aspects. Their study lacked 
explicit study inclusion, and for a few other studies 
the data was insufficient to determine an effect size, 
preventing a quantitative assessment of publication 
bias. As a result, the likelihood of its occurrence 
remains hypothetical.  
 
Small samples, symptom and demographic 
variability, overlap of diseases, large variety of 
marketed CES devices, varied treatment regimens, 
and the fact that published trials do not usually offer 
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detailed stimulation settings make it challenging to 
interpret these findings. Given the gaps in the 
current literature, the goal of this study was to 
conduct a systematic assessment of the evidence 
and provide a clear picture of the usefulness of CES 
in improving mental health. Furthermore, to our 
knowledge, this is the first time that the body of 
evidence in favor of CES (RCTs) for the treatment of 
the majority of mental diseases has been 
comprehensively investigated. We believe that the 
work's uniqueness adds to our understanding of 
various mental health treatment techniques. 
 

Methods  
 
Search Strategy 
The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) standards 
were followed for this review, and it is registered in 
Prospero with the registration number 
CRD42021273171. To find papers on the impact of 
CES on mental health, we devised the following 
search strategy. A systematic search was performed 
on the electronic databases MEDLINE (accessed via 
PubMed), CENTRAL (Cochrane Library Central 
Register of Controlled Trials), and Web of Science 
starting from the earliest records available. Random 
search items used were a combination of keywords 
(i.e., cranial electrotherapy stimulation, cranial 
electrical stimulation, cranial electrostimulation, 
CES, mental health, psychological health, cognitive 
health, depression, anxiety, stress, mood, brain 
drive neurotrophic factor, and BDNF) in various 
combinations. To provide more concentrated results 
and to widen or narrow the search, the keywords 
were joined with Boolean operators 'OR' and 'AND' 
from inception to April 2022. Figure 1 shows a 
diagram of the PRISMA flowchart. 
 
Eligibility Criteria  
The inclusion criteria involved RCTs, the CMD 
pathology, or any other mental health disorder 
diagnosed in the subjects. This review included 
RCTs investigating the effect of CES with one or 
more treatment sessions on mental disorders 
assessed by either qualitative measures (e.g., 
clinical observation, questionnaires, self-report), 
quantitative measures (e.g., neuropsychological 
battery test [NBT], electroencephalography [EEG], 
event-related potentials [ERP, P300]), or any 

biomarkers such as cortisol, adrenocorticotropic 
hormone [ACTH], brain-derived neurotrophic factor 
[BDNF], nerve growth factor [NGF] or any other 
peripheral biomarkers supported by convincing and 
highly suggestive evidence across major mental 
disorders. Studies examining the effect of CES on 
other conditions such as sleep, pain, incontinence, 
and fibromyalgia were excluded. Furthermore, 
studies on healthy subjects or animal models using 
other forms of neuromodulation, such as ECT and 
TMS, or other forms of invasive spinal stimulation, 
were excluded. There was no limit on the number of 
samples taken. This review did not include studies 
conducted and reported in languages other than 
English. 
 
Selection of Studies 
To retrieve records to be reviewed, 206 duplicates 
were deleted from the total records (392) identified. 
Two reviewers (ZK and AS) independently read the 
titles and abstracts of 58 records during the 
screening procedure. Based on the predesigned 
eligibility criteria, 16 papers (RCTs) were deemed to 
be relevant and were examined for study features by 
two independent reviewers (ZK and AS) who 
assessed the quality of each of the 16 RCTs' 
methodology (Figure 1). Conflict at any stage during 
the process was resolved by consensus with the 
third reviewer (AP). 
 
Data Extraction  
Two of the authors (ZK and AS) extracted data on 
trial characteristics (e.g., author, year of trial 
conduction, design, duration), the participants (e.g., 
age, information on other medical comorbidities), 
and the intervention (e.g., device used, duration, 
dosimetry, safety, follow-up), and their results are 
summarized in Table 2. If any of the reported data 
was ambiguous, then it was resolved in consultation 
with the third reviewer (AP). 
 
Measurement of the Treatment Effect  
Effect size for the predecided outcome measures 
(eligibility criteria) was calculated for the RCT 
reporting point measures and variability using 
Cohen’s d (Barclay & Barclay, 2014), two-tailed test 
(Padjen et al., 1995; Wu et al., 2020), and nQuery 
power analysis software (Rose et al., 2009). 
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Figure 1. PRISMA Flowchart Showing Identification and Selection of Trials for the Systematic Review. 
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Table 1 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16). 

Study 
Eligibility 
Criteria 

Random 
Allocation 

Concealed 
Allocation 

Group 
Similarity  
at Baseline 

Blinding of 
Subjects 

Blinding of 
Therapist 

Blinding of 
Assessor 

Dropouts  
< 15% 

Intention  
to Treat 
Analysis 

Between-
Group 
Differences 
Reported 

Point 
Estimate and 
Variability 
Reported 

Total  

Score 
Quality 

Barclay & Barclay, 
2014 

Yes Yes No Yes Yes Yes No Yes No Yes Yes 8 Excellent 

Kang et al., 2020 Yes Yes No Yes No No No Yes No Yes No 5 Good 

Lee et al., 2013 Yes Yes No Yes No No No Yes No Yes No 5 Good 

Lyon et al., 2010 Yes Yes No No Yes Yes No Yes Yes Yes No 7 Good 

McClure et al., 2015 Yes Yes No Yes Yes Yes Yes Yes No Yes Yes 9 Excellent 

Michoulon et al., 2015 Yes Yes No Yes Yes Yes Yes No Yes Yes Yes 9 Excellent 

Padjen et al., 1995 Yes Yes No Yes Yes Yes Yes Yes No Yes No 8 Excellent 

Roh & So, 2017 Yes Yes No Yes No No No Yes No Yes No 5 Good 

Rose et al., 2009 Yes Yes No No Yes Yes No Yes No Yes No 6 Good 

Scherder et al., 2003 Yes Yes No Yes No No No Yes No Yes Yes 6 Good 

Scherder et al., 2006 Yes Yes No Yes No No No Yes No Yes Yes 6 Good 

Schmitt et al., 1986 Yes Yes No Yes Yes Yes No Yes No Yes No 7 Good 

Smith et al., 1994 Yes Yes No No Yes Yes No Yes No No No 5 Good 

Southworth et al., 
1999 

Yes Yes No No Yes Yes No Yes No No No 5 Good 

Winick, 1999 Yes Yes No No Yes Yes No Yes No Yes No 6 Good 

Wu et al., 2020 Yes Yes Yes Yes Yes Yes Yes Yes No Yes No 9 Excellent 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Barclay & 
Barclay, 2014 

N = 115;  
both males and 
females, 18–65 
years old, with 
anxiety and 
comorbid 
depression.  

Double-blind, 
randomized 
sham-controlled 

trial. 

Alpha-Stim CES 
device. 

 

Safety reported: 
FDA approved. 

 

6% dropout. 

At baseline,  
week 1, week 3, 
and week 5. 

 

No follow-up. 

Two arms: 

 

Group 1 –  

EG (n = 60). 

 

Group 2 – 

SCG (n = 55). 

60-min daily  
CES treatment 
for 5 weeks.   

CES was placed at both 
earlobes, with a frequency  
of 0.5 Hz and a current 
intensity at 100 μA, a 
subsensory level. 

Anxiety measured 
using HAM-A.  

 

Depression 
measured using 
HAM-D17.  

Significant 
reduction in 
anxiety 
symptoms. 

 

Improved 
depressive 
symptoms. 

Kang et al., 
2020 

N = 80;  
both male and 
female patients 
undergoing 
general 
anesthesia. 

Computer 
generated 

RCT. 

Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

11% dropout. 

3 times: day 
before the 
surgery, pre-
operative and on 
the day of 
surgery. 

 

No follow-up. 

Two arms: 

 

Group 1 –  

CG (n = 40). 

 

Group 2 – 

EG (n = 40). 

20-min 
preoperative 
CES, 2 sessions, 
both on the day 
before and 
morning of day of 
surgery. 

A clip-type electrode of a 
microcurrent stimulator  
was attached to the earlobe, 
and a microcurrent of less 
than 200 μA and 0.5 Hz was 
delivered via the electrode.  

Anxiety scores 
measured using 5-
point Likert scale.  

Reduced both 
preoperative 
anxiety levels. 

Lee et al., 
2013 

N = 50;  
female patients 
undergoing 
thyroidectomy. 

Prospective  
RCT. 

Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
the surgery. 

 

No follow-up. 

Group 1 –  

CG (n = 25). 

 

Group 2 – 

EG (n = 25). 

20-min CES, 2 
sessions, 
between  
20:00–22:00 on 
day before 
surgery, and 
between 07:00–
09:00 on day of 
surgery. 

All treatments were given  
via electrodes clipped to  
the patients’ ear lobes. A 
CES was preset to provide 
microcurrents of 100 μA 
intensity and frequency of 
0.5 Hz. 

Anxiety scores 
measured using a 
5-point Likert scale.  

 

Stress level 
measured using 
ACTH and cortisol. 

Reduced level of 
preoperative 
anxiety. 

 

No effects on 
stress hormone 
responses. 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Lyon et al., 
2010. 

N = 36;  
women with 
stage I-IIIA 
breast cancer 
scheduled to 
receive 
chemotherapy.  

 

Prospective, 
three-group, 
randomized, 
double-blinded, 
longitudinal pilot 
feasibility study 

 

Alpha-Stim CES 
device. 

 

Safety reported: 
FDA approved. 

 

0 to 1% dropout. 

At baseline,  
week 3 and  
week 6. 

 

After completing 
the protocol, 
participants 
completed a 
follow-up 
interview. 

3 groups: 

 

Group 1 –  
EG.  

 

Group 2 – 

SCG.  

 

Group 3 –  
Usual  
comparison 
group.  

For  

participants 
receiving 
chemotherapy 
every 3 weeks 
(total CES 
duration use of  
8 weeks, daily for 
60 min) and for 
every 2 weeks 
(total CES 
duration use of  
6 weeks, daily for 
60 min). 

CES delivers the electrical 
stimulation via electrodes 
attached to the earlobes, 
with a stimulus intensity of 
less than 1.0 μA at 100 Hz 
frequency from a 9-volt 
battery source. CES in this 
study were set at a 
subsensory intensity. 

Depression was 
measured using 
HADS. 

Decreased 
depressive 
symptoms. 

McClure et al., 
2015 

N = 16;  
male and female 
outpatients aged 
23–71 years 
diagnosed with 
bipolar II 
disorder. 

 

Pilot double-
blind, sham-
controlled study 

 

Alpha-Stim CES 
device. 

 

Safety reported: 
FDA approved. 

 

0 to 1% dropout. 

At baseline,  
weeks 1, 2, 4, 
and 12. 

 

Follow-up of 
participants at 
weeks 4 and 12. 

2 Groups:  

 

Group1 –  
EG (n = 7). 

 

Group 2 –  
SCG (n = 9). 

20-min CES 
treatments,  
5 days per week  
for 2 weeks. 

 

The CES treatment was 
delivered by two electrodes 
covered with damp sponges 
and placed over the temples 
bilaterally with 2 μA of 
alternating current, with a 
frequency ranging from 5 Hz 
to 15,000 Hz. 

Cognitive functions 
measured by CFQ, 
3MS,  
and AMI. 

 

Depression 
measured by BDI, 
HAM-D-17, and 
YMRS, at baseline,  
weeks 2, 4,  
and 12. 

 

Mood measured by 
PANAS subscale.  

Improved 
cognitive 
functioning was 
found on CFQ.  

 

Decreased 
symptoms of 
bipolar 
depression. 

 

No significant 
changes on 
PANAS score. 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Mischoulon  
et al., 2015 

N = 30;  
adults of both 
genders, with 
MDD and 
inadequate 
response to 
standard 
antidepressants. 

Double-blind 
sham-controlled 
pilot study. 

FW-100 Fisher-
Wallace device. 

 

Safety reported: 
FDA approved. 

 

6.6% dropout. 

At baseline,  
weeks 1, 2,  
and 3. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  
EG (n = 17). 

 

Group 2 –  
SCG (n = 13). 

20-min CES 
treatments,  
5 days per week  
for 3 weeks. 

 

The headset of CES 
(15/500/15,000 Hz, 
symmetrical rectangular 
biphasic current of 1–4 μA 
and 40 V) was placed on  
the scalp (one current 
applicator on each side), 
over the two dorsolateral 
prefrontal cortex areas. 

Depression 
measured using 
HAM-D-17.  

Improved 
depressive 
symptoms. 

Padjen et al., 
1995 

N = 64;  
alcohol-
dependent males 
(25 and 60 years, 
younger 
alcoholics with 
antisocial 
personalities and 
60 above older 
alcoholics having 
too frequent 
cognitive 
impairment). 

Pilot double-
blind 
randomization 
sham-controlled 
study. 

 

N-S, Inc. C 
stimulator. 

 

Safety not 
reported. 

 

7.4% dropout. 

Baseline,  
weeks 1, 2, 3, 
and 4. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  
EG (n = 28). 

 

Group 2 –  

SCG (n = 34). 

30-min CES 
treatment, 
between 5:00 
and 8:00 p.m.,  
for 5 days per  
week for 4 
weeks. 

 

CES was administered by 
placing 4 electrodes; 2 at 
frontal and 2 at each 
mastoid with a current 
intensity of less than  
100 μA and frequency of 
100 Hz at 50% duty cycle. 

Depression 
measured using 
Hamilton 
Depression Scale, 
Montgomery 
Asberg Scale, and 
SCL-90-R39. 

 

Anxiety measured 
by Hamilton 
Anxiety Scale and 
the SCL-90-R39. 

Significant 
reduction in 
depressive 
symptoms.  

 

Significant 
improvement in 
anxiety 
symptoms.  

Roh & So, 2017 N = 50; 
healthy 
postmenopausal 
women. 

Randomized 
sham-controlled 
trial study. 

Alpha-Stim CES 
device.  

 

Safety reported: 
FDA approved. 

 

0 to 1% dropout. 

Baseline and 
after 8 weeks. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  
SCG (n = 25). 

 

Group 2 – 
EG (n = 25). 

20-min CES 
treatments,  
3 times per week 
for 8 weeks.  

Clip-shaped electrodes  
were attached to both 
earlobes of patients with  
a current of 100 µA and 
frequency of 0.5 Hz. 

 

Cognition 
measured by 
BDNF and NGF 
levels.  

 

Stress measured 
by ACTH and 
cortisol.   

Mood measured by 
POMS. 

No changes in 
BDNF and NGF 
or stress levels 
were found. 

 

Significant 
reduction in 
Tension-Anxiety 
and Depression-
Dejection scores 
on the POMS; 
however, no 
changes were 
seen on other 
mood measures. 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Rose et al., 
2009 

N = 38;  
AD patients of 
both genders, 
age 65 years  
or older. 

Randomized, 
double-blind, 
controlled pilot 
study. 

Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Baseline,  
weeks 2 and 4. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  
EG (n =19). 

 

Group 2 –  

SCG (n =19). 

60-min CES 
intervention  
each day for  
4 weeks. 

A single cable attaches the 
CES device to two ear clips 
worn by the participant. The 
device was preset at an 
intensity level of electrical 
stimulation 100 µA; timer 
was preset at 60 min and 
the pulse rate at 0.05 pps. 

Depressive 
symptoms 
measured by GDS. 

Reduced 
depressive 
symptoms. 

Scherder et al., 
2003 

N = 16;  
AD patients of 
both genders, 
with clinical 
symptoms of 
dementia  
present for at 
least 6 months.  

RCT Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
6 weeks of 
intervention. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  
EG (n = 8). 

 

Group 2 –  

SCG (n = 8). 

30-min CES 
stimulation each 
day, 5 days  
per week for 6 
weeks. 

CES applied involved the 
bipolar asymmetric 
rectangular waves, with an 
intensity between 10 and 
600 µA and frequency of 0.5 
Hz. The electrodes were 
clipped to the earlobes. 

Cognition 
measured by 
neuropsychological 
tests including digit 
span, visual 
memory, face and 
picture recognition, 
and word fluency 
test. 

 

Stress level 
measured using 
salivary cortisol 
level.  

No beneficial 
effects on 
cognitive 
functions. 

 

Increase instead 
of a decrease in 
the level of 
cortisol. 

Scherder et al., 
2006 

N = 21;  
patients of AD  
of both genders 
with mean age  
of 84 years.  

RCT Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
6 weeks of 
intervention. 

 

No follow-up. 

2 Groups:  

 

Group 1 –  

EG (n = 11). 

 

Group 2 –  

CG (n = 10). 

30-min CES 
stimulation 
administered 
each day,  
5 days per week, 
for 6 weeks.  

CES applied involved the 
bipolar asymmetric 
rectangular waves, with an 
intensity between 10 and 
600 µA and frequency of 
100 Hz. The electrodes were 
clipped to the earlobes. 

Cognition 
measured by 
neuropsychological 
tests including digit 
span, visual 
memory, face and 
picture recognition, 
and word fluency 
test. 

 

Mood measured by 
SCL-90, BDI and 
the BOP. 

No improvement 
in cognition 
status. 

 

No significant 
effects for any of 
mood and 
behavior scales. 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Schmitt et al., 
1986 

N = 40;  
inpatient alcohol 
or poly drug 
users of both 
genders. 

Double-blind, 
RCT 

Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
3 weeks of 
intervention. 

 

No follow-up. 

2 Groups:  

 

Group 1 – 
EG (n = 30). 

 

Group 2 – 
SCG (n = 10). 

30-min CES 
stimulation each 
day, 5 days  
per week for 3 
weeks. 

The current with a series of 
low intensity, sinusoidal 
electric impulses at 100 pps 
on a 20% duty cycle with 
current variable from 0.0 to 
1.0 mA was applied to the 
head of the patient through 
two ear stethoscope 
electrodes placed just 
behind the earlobe at the 
maxillo-occipital juncture. 

Cognition 
measured by 
revised beta 
examination, 
subscales of WAIS 
including digit 
span, digit symbol, 
object assembly. 

 

Anxiety measured 
by STAI and IPAT. 

 

Mood measured by 
POMS.  

CES improved all 
WAIS subscales. 

 

Significantly 
greater 
improvement in all 
anxiety measures. 

 

No significant 
gains on any 
POMS measures. 

Smith et al., 
1994 

N = 10;  
CHI patients, 
both genders 
with average age 
of 30 years. 

Double-blind, 
RCT 

CES Lab device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
3 weeks of 
intervention. 

 

No follow-up. 

Group 1 –  
PCG. 

 

Group 2 –  
SCG. 

 

Group 3 – 
EG. 

45-min CES 
intervention 
daily, 4 days  
per week  
for 3 weeks. 

CES intervention used, 
involves the alternating 
current, pulsing 100 times 
per second (100 Hz) on a 
20% duty cycle, with a 
maximum of 1.5 mA output. 

Mood measured by 
POMS. 

Significant 
reduction in all the 
negative mood 
factors of mood 
states. 

Southworth, 
1999 

N = 21;  
non-clinical 
healthy 
participants  
(age 18–60 
years). 

RCT  LISS Body 
Stimulator 
Bipolar Model 
No. SBL-502-B. 

 

Safety reported: 
FDA approved. 

 

0 to 1% dropout. 

Before and after 
20–60 min single 
CES intervention 
session. 

 

No follow-up. 

Group 1 –  
CG. 

 

Group 2 –  
EG. 

Single session, 
20-min CES 
intervention. 

For giving CES intervention, 
the electrodes were placed 
below the temples to deliver 
the CES.  

 

Frequency and intensity not 
mentioned. 

Cognition 
measured using 
neuropsychological 
tests including 
continuous 
performances task. 

CES intervention 
improved the 
attention on 
continuous 
performances 
task. 
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Table 2 

Quality Scoring of Randomized Controlled Trials (RCTs) Including Pilot RCTs (n = 16) 

Study Participants; N Design 

CES Mode, 
Safety and 
Dropouts 

Patient 
Evaluation  
and Follow-up Interventions 

Duration of 
Intervention 

Area of Application  
of CES and CES 
Parameters (current 
density, frequency) in 
Experimental/Active  
CES Group Outcome Results 

Winick, 1999 N = 33;  
subjects of both 
genders who 
underwent to 
dental 
procedures in 
last 1 month. 

RCT Alpha-Stim CES 
device. 

 

Safety not 
reported. 

 

0 to 1% dropout. 

Before and after 
the single 
stimulation. 

 

No follow-up. 

2 Groups:  

 

Group 1 – 
EG (n = 17). 

 

Group 2 –
Placebo control 
group (n = 16). 

Active CES 
treatment given  
5 min before 
starting dental 
procedure. 

CES applied during routine 
dental procedure, using 
micro-current cranial 
electrotherapy stimulator to 
deliver the modified 
byphasic square waveform 
of varying pulse width at 
50% of duty cycle. Clip-
shaped electrodes were 
attached to both earlobes 

with a current of 200 μA at a 

frequency of 0.5 Hz. 

Anxiety measured 
by VAS (rated as 
not anxious at the 
left and very 
anxious at the right 
by 7-point Likert 
scale).  

Improved anxiety 
symptoms. 

Wu et al., 2020 N = 53;  
patients of both 
the genders,  
aged 6–17 years 
with TD and lack 
of clinical 
response to  
4 weeks of 
pharmacotherapy. 

Randomized, 
double-blind, 
sham-controlled 
trial. 

CES American 
neuro-fitness by 
LLC. 

 

Safety not 
reported. 

 

17% dropout. 

Before and after 
4 weeks of 
intervention. 

 

No follow-up. 

2 Groups:  

 

Group 1 – 
EG (n = 29). 

 

Group 2 – 
SCG (n = 24). 

30-min CES 
stimulation 
therapy, 40 
sessions applied 
for 4 weeks 
(twice daily on 
weekdays from 
Monday to 
Friday). 

The devices used in this 
study provided the bipolar, 
asymmetric, rectangular 
waves. 

 

Frequency and intensity not 
mentioned. 

Anxiety measured 
by HAMA-14.   

Significant 
reduction in the 
anxiety 
symptoms. 

Note. RCT = randomized controlled trial; % = percent; Hz = hertz; μA = microampere; mA = milliampere; min = minutes; pps = pulses per second; V = volt; MDD = major 

depressive disorder; AD = Alzheimer’s disease; CHI = closed head injuries, TD = tic disorder; CES = cranial electrical stimulation; EG = experimental group; SCG = sham control 

group; CG = control group; HAMA = Hamilton Rating Scale for Anxiety; HAM-D17 = Hamilton Rating Scale for Depression - 17 items; ACTH = adrenocorticotrophic hormone; 

HADS = Hospital Anxiety and Depression Scale; BDI = Beck Depression Inventory; YMRS = Young Mania Rating Scale; CFQ = Cognitive Failures Questionnaire; 3MS = Modified 

Mini-Mental State; AMI = autobiographical memory inventory; SCL-90-R39 = Symptom Check List; BDNF = brain-derived neurotrophic factor; NGF = nerve growth factor; POMS = 

Profile of Mood States; GDS = Geriatric Depression Scale; BOP = behavior observation scale; WAIS = Wechsler Adult Intelligence Scale; STAI = State Trait Anxiety Index; IPAT = 

Institute for Personality and Ability Testing Anxiety Scale; VAS = visual analogue scale; HAMA 14 = Hamilton Anxiety Scale - 14 items; FDA = Food and Drug Administration. 
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Quality Assessment of Included Trials 
The authors utilized an 11-point PEDro scale with a 
set of general core elements for quality assessment 
of RCTs to assess the methodological quality of all 
the collected RCT evidence (Verhagen et al., 1998). 
The two authors separately rated the quality of the 
trials (ZK and AS). If there was a disagreement on a 
criterion, each reviewer separately reevaluated it. 
Unresolved issues were found and discussed in a 
meeting in order to obtain a final agreement. Ten out 
of 11 criteria (when giving ratings, factors regarding 
the specification of eligibility criteria in the paper 
were not taken into account because all of the 
included studies had stated their inclusions and 
exclusions) were used for quality assessment on 
PEDro and each criterion was rated either Yes 
(score = 1) or No (score = 0) to minimize ambiguity 
in responses. The total score for the methodological 
quality of each included study was calculated by 
summing all the responses (maximum score = 10). 
Studies were then classified as poor (score of < 4), 
fair (score of 4–5), good (score of 6–8), and 
excellent quality (score of > 8) based on total scores 
obtained on PEDro scale (Hariohm et al., 2015). In 
Table 1, the overall score for methodological quality 
is shown. 
 
Quality of Trials 
Quality scoring was performed for all the RCTs 
included in the review. Average PEDro score for all 
the trials was approximately 7/10 (good quality). 
Three trials scored 9/10 (McClure et al., 2015; 
Mischoulon et al., 2015; Wu et al., 2020), two scored 
8/10 (Barclay & Barclay, 2014; Padjen et al., 1995), 
three scored 7/10 (Lyon et al., 2010; Scherder et al., 
2003; Schmitt et al.,1986), three scored 6/10 (Rose 
et al., 2009; Scherder et al., 2003; Winick, 1999), 
and five scored 5/10 (Kang et al., 2020; Lee et al., 
2013; Roh & So, 2017; Smith et al., 1994; 
Southworth et al., 1999). All of the studies randomly 
allocated the subjects into groups, but only one 
maintained a concealed allotment (Wu et al., 2020). 
Four of the trials (Lee et al., 2013; Roh & So, 2017; 
Scherder et al., 2003, Scherder et al., 2006) did not 
blind either of the subject, the therapist, or the 
assessor; however, six studies followed the double-
blind procedure with blinding the subject and 
therapist (Lyon et al., 2010; Rose et al., 2009; 
Schmitt et al., 1986; Smith et al., 1994; Southworth 
et al., 1999; Winick, 1999). Four studies carried out 
triple-blinding for the subjects, the therapist as well 
as the assessor in their carefully conducted trials 
(McClure et al., 2015; Mischoulon et al., 2015; 
Padjen et al., 1995; Wu et al., 2020). Five out of 6 
RCTs reported very well about the between-group 
differences postintervention with point estimates and 

measures of variability (Barclay & Barclay, 2014; 
McClure et al., 2015; Mischoulon et al., 2015; 
Scherder et al., 2003, Scherder et al., 2006). On the 
other hand, except two (Lyon et al., 2010; 
Mischoulon et al., 2015) no other studies applied 
intention to treat analysis on dropouts (Table 1). 
 

Results  
 
We devised a search technique that comprised three 
databases, and we found 392 studies, including 272 
in PubMed, 19 in CENTRAL, and 101 in Web of 
Science. There were 179 articles left after the 213 
duplicates were removed. After screening the titles 
and abstracts, the remaining articles were culled for 
full texts, and 16 were chosen based on the 
inclusion criteria. The summarized results of the 
selected articles are shown in Table 2. 
 
Characteristics of the Studies  
The important characteristics of the selected articles 
are shown in Table 2.  
 
Study Design. Randomized controlled trial (RCTs) 
including pilot RCTs. 
 
Participants. Fifteen included RCTs consisted of 
690 participants with different types of pathologies: 
115 subjects with anxiety and comorbid depression 
in one study (Barclay & Barclay, 2014), 30 patients 
with depression only (Mischoulon et al., 2015),  
28 subjects undergoing general anesthesia (Kang et 
al., 2020), 25 patients undergoing thyroidectomy 
(Lee et al., 2013), 36 breast cancer patients (Lyon et 
al., 2010), 16 bipolar disorder patients (McClure et 
al., 2015), 124 patients were alcoholics and drug 
abusers (Padjen et al., 1995; Schmitt et al., 1986), 
50 postmenopausal women (Roh & So, 2017),  
70 Alzheimer’s patients (Rose et al., 2009; Scherder 
et al., 2003; Scherder et al., 2006), 21 patients of 
close head injuries (CHI; Smith et al., 1994),  
33 dental patients (Winick, 1999), 62 tic disorder 
patients (Wu et al., 2020), and 21 nonclinical healthy 
participants (Southworth, 1999). However, a 
common limitation in all studies was the lack of 
information on sample size and power calculation, 
except for four studies (Barclay & Barclay, 2014; 
Padjen et al., 1995; Rose et al., 2009; Wu et al., 
2020). The majority of studies included all age 
groups (6–88 years old) and both genders, with one 
study assessing only females (Lee et al., 2013; Lyon 
et al., 2010; Roh & So, 2017) and another study 
assessing only males (Padjen et al., 1995). 
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CES Mode and Safety. All studies investigated the 
effect of cranial electrical stimulation using different 
commercially available devices, like various 
derivative models of Alpha-Stim (Barclay & Barclay, 
2014; Kang et al., 2020; Lee et al., 2013; Lyon et al., 
2010; McClure et al., 2015; Roh & So, 2017; Rose et 
al., 2009; Scherder et al., 2003; Scherder et al., 
2006; Schmitt et al., 1986; Winick, 1999), FW-100 
Fisher-Wallace device (Mischoulon et al., 2015), N-
S, Inc. C stimulator (Padjen et al., 1995), CES Lab 
device (Smith et al., 1994), CES American by Neuro-
Fitness by LLC (Wu et al., 2020), and LISS Body 
Stimulator Bipolar Model No. SBL-502-B 
(Southworth, 1999). Some of these studies reported 
on safety of the CES intervention (Kang et al., 2020; 
Lee et al., 2013; Lyon et al., 2010; McClure et al., 
2015; Mischoulon et al., 2015; Wu et al., 2020; 
Winick, 1999). However, few of these studies have 
reported if the device was FDA approved or not 
(Barclay & Barclay, 2014; Lyon et al., 2010; McClure 
et al., 2015; Mischoulon et al., 2015; Roh & So, 
2017; Southworth, 1999).  
 
Duration. Duration of CES treatment ranged from a 
single session to 8 weeks, with each session varied 
from 20 min to 1 hr. One study involved a single  
20-min CES session (Southworth, 1999). Other 
studies involved treatment sessions as: 1 hr daily for 
5 weeks (Barclay & Barclay, 2014); 20 min on day 
before surgery and 20 min on morning of surgery 
(Kang et al., 2020; Lee et al., 2013); 1 hr daily for  
6–8 weeks (Lyon et al., 2010); 20 min per day for  
5 days each week for 2 weeks (McClure et al., 
2015); 20 min per day for 5 days each week for  
3 weeks (Mischoulon et al., 2015); 30 min per day 
for 5 days each week for 4 weeks (Padjen et al., 
1995); 20 min per day for 3 days each week for  
8 weeks (Roh & So, 2017); 60 min per day for  
4 weeks (Rose et al., 2009); 30 min per day for  
5 days each week, for 6 weeks (Scherder et al., 
2003; Scherder et al., 2006); 30 min per day for  
5 days each week, for 3 weeks (Schmitt et al.,1986); 
45 min per day for 4 days each week, for 3 weeks 
(Smith et al.,1994); 30 min twice per day for 5 days 
each week, for 4 weeks (Wu et al., 2020); and one 
study did not reported any details regarding the 
duration for which current was used (Winick, 1999).  
 
Frequency. Frequency was used between 0.5 and 
15,000 Hz. Frequency of 0.5 Hz was set in most of 
the studies (Barclay & Barclay, 2014; Kang et al., 
2020; Lee et al., 2013; Roh & So, 2017; Rose et al., 
2009; Scherder et al., 2003; Scherder et al., 2006; 
Winick, 1999). A few studies reported the frequency 
of 100 Hz (Lyon et al., 2010; Padjen et al., 1995; 
Smith et al., 1994). Whereas two studies have used 

frequency ranging between 5 Hz and 15,000 Hz 
(McClure et al., 2015; Mischoulon et al., 2015), one 
study used three frequency ranges 0.5 Hz, 1.5 Hz, 
or 100 Hz (Wu et al., 2020). However, two studies 
failed to give details of the frequency of current 
utilized during the experiment (Schmitt et al., 1986; 
Southworth, 1999). 
 
Intensity. Intensity of current used for giving 
intervention, ranged from 10 µA to 2 mA. Intensity of 
less than 100 µA was used in two studies by (Lyon 
et al., 2010; Padjen et al., 1995). Intensity of 100 µA 
was used in majority of the studies (Barclay & 
Barclay, 2014; Lee et al., 2013; Roh & So, 2017; 
Rose et al., 2009). Intensity of 200 µA was used in 
three studies (Kang et al., 2020; McClure et al., 
2015; Winick, 1999). One study reported the range 
of intensity between 100–400 µA (Mischoulon et al., 
2015), another study set the intensity between  
500 µA – 2 mA (Wu et al., 1992020). Two studies 
used the intensity of current between 10–600 µA 
(Scherder et al., 2003; Scherder et al., 2006), 
whereas one study reported an intensity of 1.5 mA 
(Smith et al., 1994). However, two studies failed to 
give details of the intensity of current utilized during 
the experiment (Schmitt et al., 1986; Southworth, 
1999). 
 
Electrode Placement. The placement of electrodes 
varied between the studies, however, majority of the 
studies used clip electrodes and attached them to 
earlobes (Barclay & Barclay, 2014; Kang et al., 
2020; Lee et al., 2013; Lyon et al., 2010; Roh & So, 
2017; Rose et al., 2009; Scherder et al., 2003; 
Scherder et al., 2006; Winick, 1999; Wu et al., 
2020), whereas in one study electrodes were placed 
at ear temples (McClure et al., 2015) and in another 
study, the electrodes were placed below the temples 
(Southworth, 1999). One study applied the 
stimulation through headsets with wet electrodes 
sponges (Mischoulon et al., 2015), another one uses 
the four electrodes (two at frontal and two on each 
mastoid) for delivering the stimulation. Two studies 
did not mention any details regarding the electrode 
placement (Schmitt et al., 1986; Smith et al., 1994).  
 
Sham Group and Other Comparison Group 
Protocols. In all 15 selected studies, the 
experimental or active group was either compared 
with the control group (Kang et al., 2020; Lee et al., 
2013; Scherder et al., 2003; Scherder et al., 2006; 
Southworth, 1999), with other intervention groups 
such as sham CES group (Barclay & Barclay, 2014; 
McClure et al., 2015; Mischoulon et al., 2015; 
Padjen et al., 1995; Roh & So, 2017; Rose et al., 
2009; Schmitt et al., 1986; Wu et al., 2020), or with a 
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placebo CES group (Winick, 1999). Further, in 
studies having three groups, the experimental group 
was compared with two other stimulation groups 
such as a sham CES and usual comparison group 
(Lyon et al., 2010), or with a sham CES and placebo 
CES group (Smith et al., 1994). However, protocol 
parameters for other stimulation, such as sham CES 
stimulation (Barclay & Barclay, 2014; Roh & So, 
2017; Rose et al., 2009), control CES stimulation 
(Kang et al., 2020; Lee et al., 2013; Scherder et al., 
2003, Scherder et al., 2006), and placebo CES 
stimulation (Winick, 1999), were identical to the 
active CES stimulation, and the electrodes were 
attached in the same way as in the CES group 
except the ear clip electrodes did not emit electricity, 
the power was turned off, or the current was not 
given (Barclay & Barclay, 2014; Kang et al., 2020; 
Lee et al., 2013; Roh & So, 2017; Rose et al., 2009; 
Scherder et al., 2003, Scherder et al., 2006; Winick, 
1999). Interestingly, in one study, SCS (sham Alpha-
Stim Stress Control System) CES devices were 
constructed for the placebo treatment with 
nonconductive wires; otherwise, the device, settings, 
and batteries were identical in both the active and 
the sham groups. Further, no details regarding the 
usual control group were mentioned (Lyon et al., 
2010). In another study, the sham CES treatment 
was performed by a trained technician who did not 
take part in any other aspect of the study, by turning 
the current on until the patient experienced a tingling 
sensation on the scalp and then turning it off. The 
treatment itself was a subthreshold for the above 
sensation (McClure et al., 2015). In another study, 
the sham CES devices were identical to the active 
device except that the sham devices were modified 
to not deliver current to the headset (Mischoulon et 
al., 2015). In a study by Padjen and colleagues, the 
treatment group involved the flow of the current 
between the frontal and mastoid electrodes; 
whereas, in the sham group, the current was 
arranged to flow between the adjacent frontal 
electrodes so that the stimulation was limited to the 
frontal skin and there was no transcranial current 
flow (Padjen et al., 1995). In a study by Schmitt, the 
treatment procedure was exactly the same in both 
active CES group and sham group except that the 
current was turned off completely for the patients 
who were in the sham treatment condition (Schmitt 
et al., 1986). In a study by Smith and colleagues, 
Group 1 served as placebo controls and continued 
in their ordinary activities during the study with no 
access to CES devices; whereas Group 2 served as 
sham treatment controls and were placed on CES 
devices via double-blinding boxes but received no 
treatment (Smith et al., 1994). In a study by Wu and 
colleagues, the sham CES device was identical to 

the active device, except the ear clip electrodes 
emitted electricity of intensity lower than 100 μA (Wu 
et al., 2020).  
 
Patient Evaluation and Follow-Up. Patient 
evaluation varied in all the studies. In one study the 
patient evaluation was done before and after 20–60 
min after a single session of CES intervention 
(Southworth, 1999); however, in a study by Kang et 
al. (2020), the evaluation was done three times per 
day before the surgery, preoperative, and on the day 
of surgery. In another study, the assessment was 
done before and after the surgery (Lee et al., 2013). 
In other studies, the evaluation was done before the 
intervention and 3 weeks postintervention (Lyon et 
al., 2010); at baseline, weeks 1, 3, and 5 (Barclay & 
Barclay, 2014); at baseline, weeks 2, 4, and 12 
(McClure et al., 2015); at baseline, weeks 1, 2, and 
3 (Mischoulon et al., 2015); at baseline, weeks 1, 2, 
3, and 4 (Padjen et al., 1995); at baseline and after 8 
weeks (Roh & So, 2017); at baseline, weeks 2 and 4 
(Rose et al., 2009); before and after 6 weeks of 
intervention (Scherder et al., 2003; Scherder et al., 
2006); before and after 3 weeks of intervention 
(Schmitt et al., 1986; Smith et al., 1994); before and 
after a single stimulation (Winick, 1999); and before 
and after 4 weeks of intervention (Wu et al., 2020). 
However, only two studies took the follow-up of 
participants postintervention (Lyon et al., 2010; 
McClure et al., 2015). 
 
Dropouts and Side Effects. Discontinuations of the 
study by the subjects were quite rare overall (Table 
1), with proportions of subjects completing each 
study around 99–100% with only 0–1% dropout in 
some studies (Lee et al., 2013; Lyon et al., 2010; 
McClure et al., 2015; Roh & So, 2017; Rose et al., 
2009; Scherder et al., 2003; Scherder et al., 2006; 
Schmitt et al., 1986; Smith et al., 1994; Southworth, 
1999; Winick, 1999) for both active and control 
groups. Some studies had dropout in between  
5–17%, such as 6% (Barclay & Barclay, 2014), 7.4% 
(Padjen et al.,1995), 11% (Kang et al., 2020), and 
17% (Wu et al., 2020). However, discontinuations of 
the study by the subjects were either due to 
personal issues or some other issues and not 
because of the side effects of CES.  
 
Outcome Measures 
Cognition. Cognitive measures included 
questionnaires or a self-rating scale such as the 
Cognitive Failures Questionnaire (CFQ), Modified 
Mini-Mental State (3MS) exam, and autobiographical 
memory inventory (AMI; McClure et al., 2015). In 
another study, neurotrophic factors such as brain-
derived neurotrophic factor (BDNF) and nerve 
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growth factor (NGF) levels for cognitive assessment 
were used (Roh & So, 2017). Whereas three studies 
utilized the neuropsychological tests like digit span 
and visual memory span, the eight-words test, face 
and picture recognition, and word fluency (Scherder 
et al., 2003, Scherder et al., 2006) and continuous 
performance test (Southworth, 1999) for quantifying 
the changes in cognitive functions parameters.  
 
Depression and Anxiety. The most common 
outcome measures used by the majority of studies 
for quantifying depression level were questionnaires 
and self-rating such as the Hamilton Depression 
Rating Scale 17 (HAM-D17; Barclay & Barclay, 
2014; Mischoulon et al., 2015); Hospital Anxiety and 
Depression Scale (HADS; Lyon et al., 2010), 
Hamilton Depression scale (HDS) and Montgomery 
Asberg Scale (Padjen et al., 1995), and the  
Geriatric Depression Scale (GDS; Rose et al., 2009).  
 
Similar to depression, many studies rely on 
questionnaires or a self-rating scale for measuring 
anxiety levels. A study by Barclay and colleagues 
used the Hamilton Rating Scale for Anxiety (HAM-A) 
for measuring anxiety (Barclay & Barclay, 2014), 
whereas another study quantified anxiety levels by 
using a 5-point Likert scale (1 = not at all; 2 = mild;  
3 = intermediate; 4 = moderate; 5 = severe; Kang et 
al., 2020). Lyon and colleagues incorporated the 
Hospital Anxiety and Depression Scale (HADS) for 
quantifying anxiety level (Lyon et al., 2010). On the 
other hand, Padjen and colleagues used the 
Hamilton Anxiety Scale for measuring anxiety levels 
(Padjen et al., 1995). Another study by Schmitt 
utilized a variety of scales for assessing anxiety 
levels such as the State Trait Anxiety Index (STAI) 
and Anxiety scale of the Institute for Personality and 
Ability Testing (IPAT; Schmitt et al., 1986). One 
study incorporated the visual analogue scale (VAS), 
a 7-point Likert scale (Winick, 1999), whereas the 
study by Wu and colleagues utilized the Hamilton 
Anxiety Scale - 14 items (HAMA-14) for quantifying 
anxiety levels (Wu et al., 2020). A study by Lee and 
colleagues incorporated the 5-point Likert scale (Lee 
et al., 2013). 
 
Mood and Stress. Mood measures were assessed 
with the Beck Depression Inventory (BDI), Hamilton 
Rating Scale for Depression (HAM-D17), Young 
Mania Rating Scale (YMRS), and Positive and 
Negative Affect Schedule (PANAS) in a study by 
McClure and colleagues (McClure et al., 2015). 
Three studies incorporated the Profile of Mood 
States (POMS) for the assessment of mood (Roh & 
So, 2017; Schmitt et al., 1986; Smith et al., 1994). 
However, one study utilized the behavior 

observation scale (BOP), Anxiety and Depression 
subscales of the Symptom Checklist (SCL-90), and 
the Beck Depression Inventory (BDI) for measuring 
the mood status (Scherder et al., 2006). 
 
For quantifying stress, stress-related hormone such 
as adrenocorticotrophic hormone (ACTH) and 
cortisol were used by two studies (Lee et al., 2013; 
Roh & So, 2017), whereas one study involved only 
salivary cortisol for assessing the stress level 
(Scherder et al., 2003). 
 
Effect of CES Intervention On 
Cognition. A study by McClure and colleagues 
demonstrated an improved cognitive functioning on 
one of their cognitive function scales (Cognitive 
Failures Questionnaire [CFQ]), from baseline to 
week 4 in an active group (p = .045) compared to 
sham group (McClure et al., 2015). Similarly, a study 
by Schmitt and colleagues showed improved in all 
the subscales of WAIS including digit span, digit 
symbol, object assembly CES following CES 
intervention of 30 min each day, 5 days a week, for 
a period of 3 weeks (Schmitt et al., 1986). Along the 
same lines, one study reported improved continuous 
performances task for attention following 60 min of 
CES intervention (Southworth et al., 1999). In 
contrast, a study by Roh and So revealed no 
significant changes (p > .05) with regard to levels of 
serum BDNF and serum NGF, or interaction 
between time and groups following 8 weeks of CES 
treatment (Roh & So, 2017). Likewise, another study 
demonstrated no beneficial effects on 
neuropsychological tests including digit span test, 
visual memory, recognition, and word fluency 
following CES treatment for a period of 6 weeks 
(Scherder et al., 2003). The same authors showed 
no significant interaction effects between the groups 
over time during the study for any of the 
neuropsychological tests after treating with CES for 
a period of 6 weeks (Scherder et al., 2006).  
 
Depression. Majority of the studies stated the 
reduced depression symptoms after CES treatment. 
Barclay and colleagues revealed a significant 
reduction in depressive symptoms (HAM-D17) in 
active CES group (p = .001, d = .78) as compared to 
sham group following an intervention of 5 weeks, 
suggesting CES as an efficient tool for treating 
symptoms of depression (Barclay & Barclay, 2014). 
Likewise, there was significantly greater 
improvement (end score − baseline) in depressive 
symptoms in the active treatment group (t = −2.56, 
df = 60, p = .013) compared to sham group after an 
intervention of 4 weeks, suggesting results again in 
favor of the CES for treating depression (Padjen et 
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al., 1995). However, Mischoulon and colleagues 
showed improvement in 3 to 5 points in HAM-D17 
scores (p < .05) and reduced depression remission 
rates in both the treatment groups without any 
significant differences between these groups 
following 3 weeks of CES treatment (Mischoulon et 
al., 2015). Additionally, in a study (of over 4 weeks) 
by Rose and colleagues, decreased depressive 
symptoms scores with final depressive scores falling 
below baseline were seen in both groups without 
any significant differences between the groups (F = 
9.022, p = .224; Rose et al., 2009). In a study by 
McClure and colleagues, following 2 weeks of 
intervention, active CES but not sham treatment was 
associated with significant decrease in BDI and 
HAM-D scores, from baseline to the second week  
(p = .003), maintaining significance until week 4  
(p = .002), and then reducing to a trend (p = .09) by 
week 8. However, there was no significant difference 
between the groups for HAM-D scores. For YMRS, 
the total and subscale scores did not change 
through the study, and no significant differences 
were found between and within the groups at any of 
the time points (McClure et al., 2015). In contrast, in 
a study of a 6- to 8-week period of intervention by 
Lyon and colleagues, the symptoms of depression 
increased over time (p = 0), as the depressive 
symptoms went from mild to a potentially clinically 
significant level in week 6. However, greater 
increases (not statistically significant) occurred in the 
depression symptoms in sham and standard care 
groups than occurred in CES group from baseline at 
3 weeks (Lyon et al., 2010).  
 
Anxiety. Most of the studies showed lower anxiety 
scores in the CES group as compared to other 
groups following CES intervention (Barclay & 
Barclay, 2014; Kang et al., 2020). A study by 
Barclay, revealed a significant reduction in anxiety 
symptoms in the CES group (p = .001, d = .94) as 
compared to sham group, after an intervention of  
5 weeks (Barclay & Barclay, 2014). Further, a study 
by Kang and colleagues signified lower anxiety 
scores and a smaller number of patients with higher 
anxiety levels in the CES group as compared to 
control group, following 20 min of CES stimulation, 
both on the day before surgery and on the morning 
of the day of surgery (Kang et al., 2013). 
Additionally, a study by Padjen and colleagues 
reported greater improvement (end score − 
baseline) in the active CES group (not statistically 
significant) as compared to sham group in anxiety 
subscales following CES treatment of over 4 weeks 
(Padjen et al., 1995). A study by Schmitt and 
colleagues showed that both the alcoholic and 
polydrug abusers responded significantly and 

experienced the same level of improvement in 
anxiety symptoms with CES, but the control group 
did not show any improvement in the same, 
following 3 weeks of intervention (Schmitt et al., 
1986). Furthermore, a study by Winick and 
colleagues (in which CES treatment was 
administered during a dental procedure) exhibited 
significant improvement on anxiety symptoms in 
active CES group compared to placebo group at the 
conclusion of various dental procedures (Winick, 
1999). Likewise, a study by Wu and colleagues 
demonstrated a significant difference in anxiety 
scores between the groups over time during the 
study of 4 weeks of treatment (F = 10.64, p = .001). 
Anxiety scores at week 4 decreased significantly 
according to baseline in active group (t = 1.01,  
p = .001), and not in the sham group (F = 1.11,  
p = .34; Wu et al., 2020). Lyon and colleagues 
demonstrated no significant increase in the level of 
anxiety symptoms in any of the three groups (active, 
sham, and usual care group) from baseline at  
3 weeks, with no statistically significant differences 
between the groups (Lyon et al., 2010).  
 
Mood and Stress. Three (Roh & So, 2017; Schmitt 
et al., 1986; Smith et al., 1994) out of six studies 
showed positive results of CES for improving the 
mood status. Following a 3-week intervention 
program, Schmitt and colleagues reported that the 
CES group significantly reduced on every anxiety 
subscale of the POMS used, the sham-treated CES 
group improved on only two of the six scales of the 
POMS, and the normal treatment program controls 
did not post significant gains on any measure of 
POMS (Schmitt et al., 1986). In another study, the 
pretreatment and posttreatment means of the three 
groups were compared, in which the CES treatment 
group showed significant improvement on every 
subtest of the POMS while control groups (placebo 
and sham group) did not, following 3 weeks of 
intervention (Smith et al., 1994). Further, in a study 
by Roh and So, following CES treatment of 8 weeks, 
the CES group exhibited a significant decline in 
depression-dejection subscores (p < .05) of POMS 
as compared to sham group (Roh & So, 2017). In 
contrast, a study by Scherder and colleagues 
showed no significant interaction effects (p > .05), 
between the groups for any of the mood and 
behavior scales following 6 weeks of CES therapy 
(Scherder et al., 2006). The same authors showed 
no significant effect on mood functions measures 
following a 6-week CES intervention (Scherder et 
al., 2003). Additionally, in a study by McClure and 
colleagues, following 2 weeks of CES intervention, 
PANAS subscale scores and total score did not 
change appreciably and no significant differences 
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were found between and within the groups (p > .05) 
at any of the time points (at weeks 2, 4, and 8; 
McClure et al., 2015).  
 
None of the included studies showed a positive 
effect of CES on improving stress level. In one study 
by Lee and colleagues, there were no significant 
differences in serum ACTH and cortisol levels in 
between the patients undergoing thyroidectomy 
given with CES and patients undergoing 
thyroidectomy without CES, measured at 1-, 4-, 12-, 
and 24-hr postsurgery (Lee et al., 2013). A study by 
Roh and So,revealed no significant differences with 
regard to levels of plasma cortisol and plasma ACTH 
or interaction between time and groups following 
CES treatment of 8 weeks (p > 0.05; Roh & So, 
2017). In addition, a study by Scherder and 
colleagues demonstrated that low-frequency CES 
did not reduce stress in AD patients. Further, both 
groups showed an increase instead of a decrease in 
the level of cortisol, following 6 weeks of CES 
stimulation therapy (Scherder et al., 2003, Scherder 
et al., 2006).  
 

Discussion 
 
Prior systematic reviews, found in our literature 
searches up to April 2022, revealed beneficial 
results for anxiety and depression but suggest that 
there is an inadequate literature for methodologically 
eligible or high-quality trials for anxiety (Shekelle et 
al., 2018) or depression (Kavirajan et al., 2014; 
Shekelle et al., 2018). In addition, to the best of our 
knowledge, the advantages of CES on other 
outcome parameters such as mood functions, stress 
levels, and cognitive functions in a range of settings 
were not studied in the prior review. As a result, our 
analysis adds fresh research, additional settings, 
and extra outcome characteristics to these previous 
reviews. Based on data from 669 participants, this is 
the first systematic review to provide full information 
on the findings, features, and quality of RCTs, 
investigating the effect of CES on variety of mental 
health conditions such as cognitive dysfunction, 
depression, anxiety, mood, and stress disorder in 
various populations. We have mixed findings from 
different results and therefore limited evidence to 
support the use of CES for treating variety of mental 
disorders, as indicated by various qualitative and 
quantitative methods. 
 
Cognitive Functions, Depression, and Anxiety 
In the present review, we found limited evidence to 
support the use of CES for improving the cognitive 
function parameters, as three out of six RCTs 
reported no changes or improvement in cognitive 

functions parameters after using CES (Roh & So, 
2017; Scherder et al., 2003, Scherder et al., 2006). 
However, three studies demonstrated an improved 
cognitive functioning on one of their cognitive 
function scales (McClure et al., 2015; Schmitt et al., 
1986; Southworth, 1999). Therefore, our overall 
result has inconclusive findings regarding the effect 
of CES on cognitive functions.  
 
We examined the efficacy of CES for the treatment 
of depressive disorders in a methodological review 
of six RCTs. Most of the studies on different 
population show that CES is an effective treatment 
and a useful adjunctive to other ongoing treatments, 
including pharmacotherapy and psychotherapy for 
treating depression (Barclay & Barclay, 2014; 
McClure et al., 2015; Mischoulon et al., 2015; 
Padjen et al., 1995; Rose et al., 2007). However, a 
study by Lyon and colleagues showed no significant 
changes and therefore no improvement in 
depressive symptoms (Lyon et al., 2010). Overall, 
our review suggests that CES helps in improving the 
depressive symptoms in a variety of population. The 
findings from this systematic review are in line with a 
prior review: CES as an effective treatment for 
depression, showing a cumulative treatment effect 
with repeated use and observable improvements 
following the first course of treatment (Kirsch & 
Nichols, 2013); a meta-analysis of CES for the 
treatment of depression (Price et al., 2021); and a 
systematic review showing low strength evidence 
suggesting modest benefit in patients with anxiety 
and depression (Shekelle et al., 2018).  
 
Regarding anxiety, preceding systematic reviews 
identified in our literature searches to November 
2021 reported beneficial effects for anxiety but with 
inadequate evidence (Shekelle et al., 2018). We 
analyze the effect of CES for the treatment of 
anxiety in a precise review of seven RCTs. The 
majority of RCTs demonstrated improvement in 
anxiety symptoms post-CES intervention (Barclay & 
Barclay, 2014; Kang et al., 2020; Lyon et al., 2010; 
Schmitt et al., 1986; Winick, 1999) but not significant 
enough (Padjen et al., 1995; Wu et al., 2020) to 
report any convincing results. 
 
Mood and Stress 
Three RCTs (Roh & So, 2017; Schmitt et al., 1986; 
Smith et al., 1994) showed positive results of CES 
for improving mood status. In contrast, the study by 
Scherder and colleagues showed no significant 
effects of CES for the improvement of any of the 
mood and behavior parameters (Scherder et al., 
2003). Another study by the same authors revealed 
no improvement in mood status following CES 
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intervention (Scherder et al., 2006). Additionally, a 
study by McClure and colleagues showed no 
improvement on any of the mood total scores and 
mood subscale scores throughout the study period 
(McClure et al., 2015). In total, findings were not 
substantial to make any conclusive results 
concerning mood treatment by CES. Concerning 
stress, none of the included RCTs (Lee et al., 2013; 
Roh & So, 2017; Scherder et al., 2003, Scherder et 
al., 2006) showed any positive changes on stress 
level quantified by serum or plasma ACTH and 
cortisol levels, following 6 weeks of CES stimulation 
therapy (Scherder et al., 2003; Scherder et al., 
2006), therefore warranting further research for 
making any conclusion.  
 
Speculated Underlying Mechanism  
CES mechanism of action on mental health is a 
topic of discussion, as a growing body of evidence 
advocated different theories and approaches for 
explaining the same. The mechanisms underlying 
the effect of CES are not well understood, but 
several theories can be used in an attempt to 
explain the scientific findings and clinical usefulness 
of CES in treating various mental diseases. A review 
of early literature (Bystritsky et al., 2008) stated that 
neurotransmitter levels are affected as a result of 
CES therapy; however, the animal studies had 
difficulties in scaling from exam animal anatomy to 
human neuroanatomy, and thus acquaintances were 
incomparable. Others have speculated that CES 
devices might interpose ongoing (pathologic) brain 
activity by introducing “cortical noise” and that this 
may impede with electrical oscillatory performance 
within the brain (Zaghi et al., 2010). Functional 
magnetic resonance imaging was used in recent 
research of the mechanistic effects of CES on brain 
activity on healthy adult volunteers to assess short-
term effects (Feusner et al., 2012). Significant 
deactivation of the midline frontal and parietal 
regions, as well as changes in connectivity within the 
default mode network, were discovered by the 
researchers. Nonetheless, according to one study, 
the mechanisms of action of externally applied CES 
have been found in the limbic system (which is 
involved in emotional regulation and memory), as 
well as in the cingulate gyrus, insula, and prefrontal 
cortex (which is involved in pain processing; Taylor 
et al., 2013) by a variety of process including: 
transcranial and cranial nerve stimulation, pathways 
like cortical and subcortical region activation, effects 
on endogenous brain oscillations and cortical 
excitability, impact on neurotransmitters, hormones 
and endorphins, and impact on autonomic nervous 
system in the desired frequency (Mindes et al., 
2014). Overall, it's unclear if CES has a single 

mechanism of action or whether clinical effects are 
caused by different methods of action of different 
CES devices in different disorders; therefore, more 
thorough research is needed to resolve these 
questions. 
 
Limitations and Future Implications of Research  
The widely held studies included in this review 
revealed improvements in anxiety, depression, and 
mood functioning to some level. However, in 
addition to the limitations already mentioned in terms 
of the quantity and quality of trials in previous 
literature, this study contains a number of other 
flaws. For a few research studies, the data was 
insufficient to compute an impact size; hence, those 
studies contributed less to the overall outcome. 
Because the data did not support a quantitative 
assessment of publication bias, its existence is still 
questionable. Importantly, many of the published 
RCTs were pilot studies, had uncertain validity and 
power, and were restricted by a lack of blinding 
assessment. Many studies reported small effects or 
did not provide sufficient detail about patients’ 
existing treatments, such as two studies that did not 
mention any details regarding the electrode 
placement (Schmitt et al., 1986; Smith et al., 1994), 
two studies that failed to give details of the intensity 
and frequency of current utilized during the 
experiment (Schmitt et al., 1986; Southworth, 1999),  
and one study that did not describe any information 
regarding the duration for which current was used 
(Winick, 1999). Besides, some studies included 
single gender in their studies, with only females (Lee 
et al., 2013; Lyon et al., 2010; Roh & So, 2017) or 
only males (Padjen et al., 1995). Importantly, the 
number of treatment sessions of CES was 
significantly less in two studies (Kang et al., 2020; 
Lee et al., 2013). To end, all the included studies 
used a diverse population, mixed symptoms, 
overlapping conditions, variety of outcome measures 
and treatment program, making it difficult to perform 
meta-analysis. As a result, future studies should 
take into account the aforementioned constraints to 
back up their conclusions and to carry out the further 
pool analysis. 
 

Conclusions 
 
The evidence from this systematic review for the 
effectiveness of CES is sparse. None of the studies 
favored the use of CES for improving cognitive 
function or treating stress. Due to the paucity of 
RCTs, limited evidence supports the use of CES for 
treating mood disorder and an average amount of 
evidence suggests a beneficial effect of CES for 
treating anxiety and depression symptoms. 
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Therefore, proof of benefit requires larger RCTs of 
higher quality, better execution, and longer follow-
up. In addition, more gold standard and objective 
outcome measures such as EEG, ERPs, NBT, 
BDNF, serotonin, cortisol, and ACTH level to 
quantify mental health dysfunction are required to 
provide us with more high-level evidence regarding 
the efficacy of this treatment. Such standardized 
outcome measures would also allow an appropriate 
meta-analysis of future studies in this field. To give 
clear proof for the same, more trials with optimum 
controls and randomization protocols are required. 
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