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ABSTRACT
Objective: Sleep disturbance is quite prevalent among students, which leads to deleterious 
consequences on health. Cranial electrostimulation (CES) has been speculated to entrain cortical 
slow waves; therefore, we investigated the efficacy of  cranial electrostimulation to improve slow 
wave sleep in collegiates. Methods: Twenty-eight students with Pittsburgh sleep quality index 
(PSQI) score >5 were randomly assigned into two groups: CES and control. Participants in 
CES group completed 60 minutes of  CES intervention for 12 weeks with 100 µA microcurrent 
and 0.5 Hz frequency parameters during night. Pre- and post-intervention measures were taken 
for sleep architecture using over-night polysomnography (PSG) and sleep quality using PSQI. 
Participants were instructed to report to the laboratory at 10:00 p.m. and PSG was performed 
with electroencephalograms (EEG), chin electromyography (EMG) and bilateral electrooculogram 
(EOG) in place. Sleep stages were scored manually in accordance with the new AASM guidelines. 
PSG variables reported in the present study are sleep latency (SL), total sleep time (TST), 
percentage of  N1, N2, N3, NREM (non-rapid eye movement), REM (rapid eye movement) and 
sleep efficiency (SE%). Results: After ascertaining the comparability of  demographic and sleep 
variables at baseline for both the groups, a 2X2 mixed model ANOVA was employed. Significant 
between-group differences were obtained for N1% and N3% such that N1% decreased and N3% 
increased post CES. However, other PSG variables, along with PSQI score did not demonstrate 
statistically significant between-group difference. Discussion: The present study demonstrated 
that 12-weeks of  CES improved N3% and reduced N1%. Future researches should be undertaken 
to build upon the findings of  present study.
Keywords: Sleep; Polysomnography; Students; Slow Wave Sleep.

Anam Aseem1*
Neera Chaudhry2

Mohammed Ejaz Hussain3

1Jamia Millia Islamia, Centre for 
Physiotherapy and Rehabilitation Sciences - 
New Delhi - Delhi - India.
2Vardhman Mahavir Medical College 
and Safdarjung Hospital, Department of  
Neurology - New Delhi - Delhi - India.
3Shree Guru Gobind Singh Tricentenary 
University, Faculty of  Allied Health 
Sciences - Gurugram - Haryana - India.

Article published online: 2023-12-01

https://orcid.org/0000-0001-7389-5368


88Aseem  A, et al.

Sleep Sci. 2022;15(1):88-94

INTRODUCTION
Disturbance in sleep is an unavoidable health related 

problem emerging in modern society1. Changing lifestyle, 
work profile, food habits, leisure activities, and different life 
stresses influence sleep patterns and result in sleep related 
abnormalities2. Despite the strong consensus that sufficient and 
sound sleep is pivotal in maintaining health, these behaviours 
are often deprioritized within the typical contemporary 
lifestyle3. Worldwide surveys claim that disturbance in sleep is 
predominant across various age groups and is considered to 
be a health epidemic that is often unrecognized, overlooked, 
under-reported, and that has rather high economic load on 
the society4,5. The prevalence of  sleep disturbance is about 30-
35% in the general population, which emphasizes the global 
dimension of  this emerging silent pandemic6.

The term ‘sleep disturbance’ is described as a sub-clinical 
sleep problem which is perceived subjectively, as an experience 
of  decline from a previously occurring sleep, accompanied by 
an evidence of  impairment in objective sleep assessments, but 
do not necessarily meet the criteria for a clinical diagnosis7. It 
encompasses disorders of  initiating and maintaining sleep, 
disorders of  sleep-wake schedule, and dysfunctions associated 
with sleep stages8. Disturbance in sleep not only impairs quality 
of  life but also pose several health-related consequences9. 
Sleepiness and irregular sleep schedules have many unintended 
and multifaceted short- and long-term health consequences. 
Chronic sleep disturbance is related to increase odds of  
developing hypertension10, cardiovascular disease11, obesity12, 
metabolic syndrome13, diabetes mellitus14, and an overall reduced 
quality of  life15, whereas acute disturbance in sleep is associated 
with increased sympathetic outflow16, irregularity of  autonomic 
nervous system17, and dysregulation of  hypothalamic-pituitary-
adrenal axis (HPA axis) leading to increased stress responsivity18, 
changes in circadian rhythms, inflammatory responses, 
immunological dysfunction19, emotional distress, mood 
disorders, and cognitive performance deficits20.

Disturbance in sleep has been considered as “an unmet 
public health problem” and its management and treatment 
are rarely addressed by medical professionals, despite the 
large toll it takes on society9. There are no formal treatment 
guidelines in primary or specialty care for the complaints of  
sleep disturbance21. The most common remedy to combat this 
issue is to sleep longer, catching up sleep on weekends, and to 
have a better understanding of  proper sleep hygiene22. Whereas, 
in situations in which extended work hours are unavoidable, 
wake-promoting medications/substances such as caffeine23, 
modafinil24, and sympathomimetic medications are advised. 
Since pharmacological drugs are associated with side effects, 
researchers suggest that there is a need to develop a non-
pharmacological intervention to combat this alarming issue of  
sleep disturbance25.

Cranial electrical stimulation (CES) is a non-
pharmacological, non-invasive, Food and Drug Administration 
(FDA) approved method of  applying low-intensity electrical 
current to the brain26. The use of  CES dates back to 1960s, with 

a plethora of  researches being done to prove its effectiveness 
in managing various psychophysiological conditions27-29. But 
later, the enthusiasm went down due to paucity of  quality 
researches with optimal controls and randomization procedures 
to provide us with high level conclusive evidence regarding the 
utilization of  CES to improve sleep. However, there is a revival 
of  this technique nowadays, due to increasing statistics showing 
sleep irregularities in modern society. In essence, a recent 
report from systematic review30 identified 23 studies, which 
addressed modulation in sleep with CES in healthy and diseased 
individuals. Findings illustrated that CES has positive effects 
on sleep, however, due to heterogeneity in the participants 
and outcome measures, authors suggested to interpret the 
results with caution. Considering the overwhelmingly alarming 
magnitude of  sub-clinical sleep disturbances is today’s era, here 
we evaluated the efficacy of  CES to improve sleep using gold 
standard objective assessment technique, i.e., polysomnography 
and a validated subjective sleep quality assessment questionnaire, 
i.e., Pittsburgh sleep quality index (PSQI).

MATERIAL AND METHODS

Ethics

The present study was approved by Institutional Ethics 
Committee (EIC), Jamia Millia Islamia. Research guidelines 
provided by Helsinki’s declaration, 1964 and its later amendments 
were followed to implement all the procedures in the study. 

Sample

A sample of  28 male university students who scored >5 
on PSQI after screening, were recruited for the present study. 
PSQI gives information on sleep and disturbance during the 
previous month. The scale contains 7 subscales including sleep 
duration, sleep disturbance, sleep latency, daytime dysfunction 
due to sleepiness, sleep efficiency, overall sleep quality, and 
sleep medication use, each of  which is scored equally between 
0 and 3. Individual scores in these 7 domains are summed up 
to obtain a global score, which ranges from 0 to 21, with >5 as 
cutoff31. All the recruited participants reported being free from 
previous neurological and/or psychiatric disorders. Participants 
were excluded if  they reported use of  alcohol and/or other 
drug abuse, centrally active medications and/or if  they were on 
sleeping pills.

Procedure

The study was conducted in sleep and cognition 
laboratory, Centre for Physiotherapy and Rehabilitation Sciences, 
Jamia Millia Islamia. Prior to assessment, all the participants 
were given an information sheet explaining the purpose of  
study, methodology and their rights as research participants 
and a written consent was obtained from them before the 
commencement of  study. Initially, participants were asked to 
report to the sleep and cognition laboratory for 2 consecutive 
nights around 10:00p.m., at their regular bedtime. They were 
instructed to avoid caffeine intake after 7p.m. in the evening 
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on the day of  sleep study. On night 1, after assessing general 
demographic (such as age, height, weight, and body mass 
index), participants were given a familiarization session with all 
the polysomnography electrodes in place, however no data was 
recorded. On night 2, complete nocturnal polysomnography 
recording was performed. After baseline assessment, all the 
participants were assigned into either of  the two groups (CES 
group, n=14 and control group, n=14) by computer-generated 
block randomization. After 12 weeks of  study duration, both 
the groups were assessed for sleep architecture using over-night 
PSG and sleep quality using PSQI. 

Over-night polysomnography

Digital recordings for PSG was performed on RMS 
polysomnographic system (RMS-Quest 32:51 Polysomnograph-
Recorders & Medicare System, Chandigarh, India), which 
included electroencephalograms (EEG), chin electromyography 
(EMG), and bilateral electrooculogram (EOG). Before placing 
the electrodes, the scalp was gently cleaned with isopropyl alcohol 
and NūPrepTM skin prepping gel (Weaver and Company, U.S.) 
and Ten20TM conductive EEG paste was applied to different 
locations on the scalp for electrode placement. Ag-AgCl disc 
electrodes were secured with a micro pore tape on various 
recording sites. The standard 10-20 electrode placement system 
was utilized for EEG recording (F3-M1, C3-M1, P3-M1 and 
O1-M1 for the left side of  the head and F4-M2, C4-M2, P4-
M2, and O2-M2 for the right side). EOG was recorded using 2 
standard electrodes lateral to each eye, one above and lateral to 
left eye, and one below and lateral to right eye. For chin EMG, 
two electrodes were used on both right and left masseter muscle. 
Sleep stages were scored manually by two different raters in 
accordance with the new AASM rules for technical performance 
and scoring of  sleep. Both the scorers worked independently 
and any conflicts were resolved through mutual consensus. 

The polysomnography variables reported in the study are 
sleep latency in minutes- SL (m), total sleep time in minutes-TST 
(m), percentage of  N1 sleep (N1%), percentage of  N2 sleep (N2%), 
percentage of  N3 sleep (N3%), percentage of  NREM (NREM%), 
percentage of  REM (REM%), and sleep efficiency (SE %)32,33.

Intervention

Participants allocated to both the groups (CES and 
control) were taught basic sleep hygiene (SH) techniques at the 
beginning of  study. 

In addition to SH, participants in the CES group were also 
administered microcurrent cranial electrotherapy stimulator (CES 
Ultra, U.S.) for 60 minutes at night, during the initial sleep cycle 
for 12 weeks, 3 times/week. Participants in the CES group arrived 
the lab at around 10p.m., after having dinner. After preparation 
for PSG, they subsequently went to bed, and polysomnographic 
recordings were started. CES began after the subject entered 
sleeping state (i.e., after on-line scoring confirmed the presence 
of  N1 sleep for 30 seconds continuously). The micro-current 
generator was a portable handheld device that was programmed 
to provide an AC characterized by a modified square wave 

format, with pulse duration of  2 milliseconds (20% duty cycle). 
Based on the CES Ultra manual, the current and frequency 
were set at 100μA and 0.5Hz, respectively. Clip electrodes were 
attached to both earlobes to deliver micro-current. This level of  
current intensity was significantly below the human’s threshold of  
sensation. After the end of  the first sleep cycle (as confirmed via 
on-line scoring), CES was stopped using a knob which could be 
operated without disturbing the participant.

Participants in this group were instructed to report 
immediately if  they perceived any form of  abnormal sensation, 
headache, nausea, body ache or any other side effect.

Participants in the control group did not undergo any 
intervention other than SH techniques, which was taught at the 
start of  study. Assessment of  criterion measures were taken at 
baseline and after the completion of  study duration (12 weeks).

Statistical analysis

We utilized Statistical Package for Social Science 
version 21.0 (SPSS INC., Chicago, IL, U.S.) for data 
management and analysis. Normality of  the outcome variables 
was assessed by Shapiro-Wilk test and histogram method. 
Demographic characteristics (age, height, weight, and BMI) 
were compared between the 2 groups using independent t-test. 
Polysomnography parameters, along with PSQI score were also 
compared between the groups at baseline using independent 
t-test. A 2X2 mixed model ANOVA was employed to examine 
the effect of  CES on the outcome variables and main effects of  
group (between group differences between CES versus control), 
time (within group differences between baseline and 12 weeks), 
and timeXgroup interaction were obtained. A p-value of  <0.05 
was considered significant for all the analysis. Effect sizes are 
mentioned as partial eta squared (ηp2) for variables wherever 
statistical significance was obtained.

RESULTS
Table 1 represents the comparison of  demographic 

characteristics between the participants of  the groups (CES 
versus control). Demographic characteristics such as age 
(p=0.31), height (p=0.17), weight (p=0.37), and BMI (p=0.93) 
were comparable between the groups at baseline as assessed by 
independent t-test (Table 1).

Table 1. Demographic data comparison between two groups (CES and 
control) using independent t-test. Data are presented as ‘mean (SD)’.

Notes: CES = Cranial electrostimulation; cm = Centimetres; kg = Kilograms; BMI 
= Body mass index.

Variables Study Population CES Control p-value

Age (years) 21.96 (3.86) 22.71 (3.31) 21.21 (4.33) 0.31

Height (cm) 165.57 (6.54) 163.85 (8.16) 167.28 (3.98) 0.17

Weight (kg) 71.53 (7.70) 70.21 (6.67) 72.85 (8.67) 0.37

BMI (kg/m2) 25.92 (2.21) 25.89 (2.09) 25.96 (2.41) 0.93

Polysomnography parameters such as SL (p=0.99), 
TST (p=0.18), N1% (p=0.49), N2% (p=0.57), N3% (p=0.30), 
NREM% (p=0.50), REM% (p=0.50), and SE% (p=0.55), along 
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with PSQI score (p=0.32) were comparable when assessed at 
baseline for between group comparison using independent 
t-test (Table 2).

and SE (p=0.006; ηp2=0.25) after 12 weeks whereas N2% 
(p=0.14) and NREM (p=0.06) did not show a significant 
difference. Interestingly, N1% (p=0.05; ηp2=0.26) and N3% 
(p<0.01; ηp2=0.27) yielded statistically significant effect of  
group post 12 weeks (Figures 1A and 1B). N1% reduced from 
19.14±8.02 to 10.57±5.28 (Figure 1A) and N3% increased from 
17.14±5.94 to 20.42±5.84 (Figure 1B) as a result of  12 weeks of  
CES intervention. Surprisingly, SL (p=0.09), TST (p=0.46), N2% 
(p=0.87), NREM (p=0.09), REM (p=0.08), and SE (p=0.06) did 
not demonstrate any statistical significance for main effect of  
group after 12 weeks of  study duration. On the other hand, 
PSQI score demonstrated a significant difference time (p<0.01*; 
ηp2=0.75) and interaction effect (p=0.01*; ηp2=0.22), however 
statistically significant difference was not obtained for the main 
effect of  group (p=0.73).

To summarize, inter-group statistically significant 
differences were demonstrated by N1% and N3% sleep, 
whereas SL, TST, NREM%, REM%, and PSQI score showed 
intra-group significant differences. Additionally, significant 
interaction effect was obtained for SL, TST, N1%, N3%, 
REM%, SE%, and PSQI score.

Another encouraging finding from the present study 
is that when asked about side effects, none of  the participant 
reported any form of  aches or nausea while using CES.

DISCUSSION
The present study aimed at exploring the effect of  CES 

on sleep using various polysomnographic parameters. The 
main findings include reduction in N1% and improvement in 
N3% with 12 weeks CES intervention. Moreover, this study 
also demonstrated that CES is a safe method as no participant 
reported any side effect. Additionally, only one subject from the 
CES group withdrew from the study supporting the fact that 
CES is well tolerated and has high adherence rate.

The evidence from previous studies demonstrated mixed 
results regarding the efficacy of  CES in sleep problems. A recent 
RCT30 showed that stimulation with 60 minutes of  CES for 3 
weeks improved sleep quality in 60 fibromyalgia patients with sleep 

Variables Study Population CES Control p-value

SL (m) 79.07 (26.51) 79.00 (18.54) 79.14 (33.41) 0.99

TST (m) 357.32 (44.09) 346.14 (47.90) 368.50 (38.39) 0.18

N1 (%) 20.25 (8.38) 19.14 (8.02) 21.35 (8.88) 0.49

N2 (%) 46.14 (4.56) 45.64 (4.68) 46.64 (4.56) 0.57

N3 (%) 16.00 (5.74) 17.14 (5.94) 14.85 (5.50) 0.30

NREM (%) 82.39 (3.60) 81.92 (2.99) 82.85 (4.18) 0.50

REM (%) 17.60 (3.60) 18.07 (2.99) 17.14 (4.18) 0.50

SE (%) 81.50 (5.01) 80.93 (3.14) 82.07 (6.45) 0.55

PSQI score 9.61 (1.70) 9.29 (1.77) 9.93 (1.63) 0.32

Table 2. Comparison of  polysomnography variables between the two 
groups (CES and control) at baseline using independent t-test. Data are 
presented as ‘mean (SD)’.

Notes: CES = Cranial electrostimulation; SL (m) = Sleep latency in minutes; TST (m) 
= Total sleep time in minutes; N1% = Percentage of  N1 sleep; N2% = Percentage of  
N2 sleep; N3% = Percentage of  N3 sleep; NREM% = Percentage of  non-rapid eye 
movement sleep; REM% = Percentage of  rapid eye movement; SE% = Percentage 
of  sleep efficiency; PSQI = Pittsburgh sleep quality index.

Note: one participant from CES group and 2 from 
control group dropped-out from the present study. However, in 
accordance with the intention to treat analysis, all the subjects who 
were randomized to the study and received at least one session of  
training were included in the final analysis. The baseline values of  
the participants lost to follow-up were carried forward to replace 
their missing values at subsequent assessment. 

Following 12 weeks, 2X2 mixed model ANOVA (Table 
3) yielded statistically significant time effect for SL (p<0.01; 
ηp2=0.46), TST (p<0.01; ηp2=0.34), NREM (p<0.01; ηp2=0.38), 
REM (p<0.01; ηp2=0.40), and SE (p<0.01; ηp2=0.54). However, 
N1% (p=0.06), N2% (p=0.22), and N3% (p=0.64) demonstrated 
a non-significant change in time effect post 12 weeks. Moreover, 
statistically significant interaction effects were observed for SL 
(p=0.02; ηp2=0.17), TST (p<0.01; ηp2=0.33), N1% (p<0.01; 
ηp2=0.55), N3% (p<0.01; ηp2=0.42), REM (p=0.05; ηp2=0.13), 

Notes: CES = Cranial electrostimulation; SL (m) = Sleep latency in minutes; TST (m) = Total sleep time in minutes; N1% = Percentage of  N1 sleep; N2% = Percentage of  N2 
sleep; N3% = Percentage of  N3 sleep; NREM% = Percentage of  non-rapid eye movement sleep; REM% = Percentage of  rapid eye movement; SE% = Percentage of  sleep 
efficiency; PSQI: Pittsburgh sleep quality index.

Table 3. Results of  2X2 mixed model ANOVA demonstrating interaction effect and main effects of  group and time for both the groups (CES and control) 
at baseline and after 12 weeks. ‘*’ indicates significant difference. Data are presented as ‘mean (SD)’.

Variables
CES Control

Time (p) Group (p) TimeXGroup (p)
Baseline 12th week Baseline 12th week

SL (m) 79.00 (18.54) 37.71 (17.48) 79.14 (33.41) 65.42 (30.95) <0.01* 0.09 0.02*

TST (m) 346.14 (47.90) 410.14 (39.17) 368.50 (38.39) 368.85 (37.92) 0.01* 0.46 <0.01*

N1 (%) 19.14 (8.02) 10.57 (5.28) 21.35 (8.88) 24.57 (7.48) 0.06 0.05* <0.01*

N2 (%) 45.64 (4.68) 47.85 (3.34) 46.64 (4.56) 46.42 (4.12) 0.22 0.87 0.14

N3 (%) 17.14 (5.94) 20.42 (5.84) 14.85 (5.50) 10.78 (4.83) 0.64 <0.01* 0.01*

NREM (%) 81.92 (2.99) 82.85 (4.18) 82.85 (4.18) 81.78 (3.44) <0.01* 0.09 0.06

REM (%) 18.07 (2.99) 21.14 (1.46) 17.14 (4.18) 18.21 (3.44) <0.01* 0.08 0.05*

SE (%) 80.93 (3.14) 91.35 (3.47) 82.07 (6.45) 85.28 (4.82) 0.01 0.06 0.006*

PSQI score 9.29 (1.77) 7.00 (1.71) 9.93 (1.63) 8.71 (1.85) <0.01* 0.73 0.01*
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dysfunction as measured by self-rating questionnaire. Another 
study34 assessed sleep onset latency, nocturnal arousals, sleep 
efficiency, sleep duration, and awakening time in 21 insomniacs as a 
result of  drug abstinence syndrome using subjective questionnaires. 
Findings showed that CES training improved sleep duration as 
compared to control group. Similarly, a recent pilot study35 assessed 
sleep latency, total sleep time, and number of  awakenings using 
sleep log in insomnia patients post CES intervention and their 
results demonstrated that total time spent in sleep improved in 
CES group as compared to sham. Noteworthy is that, existing 
literature has utilized subjective questionnaires to assess sleep. 
However, a recently published trial36 utilized PSG and measured 
sleep efficiency, sleep latency, time spent in different sleep stages 
and REM latency after CES intervention. The results showed no 
change in sleep parameters with CES in non-clinical healthy female 
population which is contrary to our findings.

Increase in N3% in the present trial supports the 
speculation that CES entrains slow waves in the brain. This 
is in agreement with the findings of  an earlier study37 wherein 
27 dementia patients with irregular sleep wake pattern were 
assessed with nocturnal EEG and their results showed an 
increase in alpha rhythm along with improvement in sleep 
wake behaviour post CES administration. Similarly, Kennerly 
et al. (2004)38 assessed cortical activity with quantitative EEG 
with CES intervention for 30 non-clinical volunteers and 
their findings demonstrated an increase in delta frequency. In 
contrast, Frankel et al. (1973)39 showed no modulation in sleep 
parameters on EEG with CES treatment for 30 days. Difference 
in the findings of  present study and the study of  Frankel et al. 
(1973)39 could be attributed to different study populations (sleep 
disturbed versus primary insomniacs) recruited for both the 
studies since pathological process of  sleep dysfunction differs 
in sleep disturbance, which is a sub-clinical entity and insomnia, 
which is an established clinical condition.

Significant reduction in N1% with CES is another 
important finding of  the present study. As N1 stage serves a 
transitional role in sleep cycle and is easily interrupted by an 
external stimulus9, reducing N1 facilitates an individual to 
move to N2 sleep faster. N2 poses more depth of  sleep than 
N1 therefore, CES treatment allows the individual to initiate 

and maintain a sound sleep. A similar finding was obtained 
by a previous study40, which showed that 24 sessions with 
CES significantly reduced the length of  time that it takes to 
accomplish the transition from wakefulness to sleep in patients 
with sleep dysfunction. In contrast to our findings, Wagenseil 
et al. (2018)36 conducted a randomized controlled trial on 40 
healthy volunteers and showed that no change in N1% occurred 
with CES. However, it is to be noticed that Wagenseil et al. 
(2018)36 administered CES device for an hour only before the 
PSG assessment which could have reflected the acute effects 
the intervention whereas in the present study 12 weeks of  
supervised CES sessions were provided to every participant 
pointing towards the chronic effect of  the intervention.

Although, the underlying mechanism of  how CES 
improves sleep is not clear, several theories can be used in 
an attempt to explain the empirical findings and clinical 
effectiveness of  CES. The brain functions electrochemically 
and therefore, can be easily modulated by interventions using 
electric currents41. CES intervention stimulates the cortex using 
low level of  AC currents42. Several electromagnetic tomography 
and functional magnetic resonance imaging studies suggests 
that CES travels to all the cortical and sub-cortical structures 
including the thalamus43. Sleep related problem are thought 
to be exacerbated by excessive cortical activation44. A recent 
functional magnetic resonance imaging study showed that CES 
causes cortical deactivation in various regions of  the brain after 
treatment, thus facilitating sleep45. CES application has also been 
shown to modulate neurotransmitters and hormone production 
via the hypothalamic-pituitary axis. 

Increase in the levels of  melatonin, norepinephrine and 
β-endorphin along with reductions in the concentration of  
cortisol may result in the alleviation of  the problems related to 
sleep43. CES treatments also significantly alters EEG activity46 
such increasing alpha (8-12Hz) relative power and decreasing 
relative power in the beta (12-30Hz) frequencies. Increased alpha 
is associated with improved relaxation47, whereas decreased beta 
correlates with reduction in anxiety and stress48. Altogether, 
changes in neurochemicals, deactivation of  certain cortical 
areas, and modulation of  brain rhythms may produce relaxation 
and facilitate sleep function.

Figure 1. A. Graph demonstrating significant decrease in N1% post 12-week CES intervention with 2X2 mixed model ANOVA statistics; B. Graph demonstrating significant 
increase in N3% post 12-week CES intervention with 2X2 mixed model ANOVA statistics (*symbolizes significant difference).



92Aseem  A, et al.

Sleep Sci. 2022;15(1):88-94

The investigators recognize certain strengths and 
weaknesses in this study. Among the former, is the randomized 
controlled study design. The nearly even split between the 
control and treatment cohorts was another strength along with 
the similar demographics between the two groups. Among the 
weaknesses, perhaps the main limitation is the sample size. 
A larger study group might identify more robust findings. 
Moreover, inclusion of  female participants may lead to better 
generalizability, as this study only recruited male participants 
for the purpose of  convenience. Additionally, sham control 
group instead of  passive control, and blinding the participants 
would have yielded better and clearer results. Future studies may 
incorporate aforementioned deficiencies to improve as well as 
strengthen the results obtained in the present study.

In conclusion, the present study demonstrated that 
12-weeks of  CES intervention reduced N1% and improved 
N3%, however no effect was observed in other PSG variables 
and/or PSQI score. Moreover, the findings of  this study also 
touch on the adherence rate, safety and tolerability of  CES for 
the treatment of  sleep disturbance. Findings of  the present 
study leave scope for future research to focus on improving 
other variables such as SL and SE by identifying the most 
effective dosage of  CES. Moreover, forthcoming investigations 
should try to build upon the findings of  present study so as 
to strengthen literature pertaining to improvement in sleep 
through non-pharmacological interventions.
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