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INTRODUCTION

Almost all people in the world may have had trouble of sleep-
ing, and insomnia serve as the most prevalent sleep disorder. 
Based on the International Classification of Sleep Disorders–
Third Edition, insomnia is defined as subjective perception of 
difficulty initiating sleep, maintaining sleep, shortening sleep du-
ration, and decreasing sleep quality, even though patients have ad-
equate time to sleep. Insomnia usually reported as obtained sleep 
latency longer than 30 minutes, waking after sleep onset longer 
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than 30 minutes, sleep efficiency less than 85%, or total length of 
sleep less than 6.5 hours, occurring at least 3 days a week [1-4]. 
International Classification of Disease, 10th Revision (ICD-10) 
and the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) both further categorize insomnia into pri-
mary and secondary. Secondary insomnia occurs alongside un-
derlying comorbidities often present as changes in circadian 
rhythm, daily behaviors, environmental factors, other sleep dis-
orders, movement disorders, medical conditions, neurological 
disorders, psychiatric disorders, menstruation, pregnancy, medi-
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cation use, drug dependence, and various other complaints [1,3].
Patient with insomnia shows persistent hyperarousal and dis-

ruptions in connectivity within the default mode network (DMN) 
in the medial frontal gyrus and the salience network (SN) in the 
insula, which are related to subjective sleep disturbances, hyper-
arousal, maladaptive emotional regulation, and emotional state 
integration disorders. The DMN is active during rest and inactive 
during activity. In addition, functional connectivity disruptions 
are also found in the amygdala, posterior cingulate gyrus, insula, 
and hippocampus in insomnia. Hyperarousal is reported in in-
somnia patient both during sleep and awake. Difficulty in falling 
asleep and staying asleep are associated with functional hyper-
connectivity [5,6].

The primary goal of treatment is to improve sleep quality and 
quantity while reducing daytime complaints associated with in-
somnia. Medication therapy is an option to assist with initial man-
agement if needed. Short-acting medications are typically chosen 
for initial management, while long-acting medications are only 
prescribed if initial management is unsuccessful. Sometimes a 
combination of therapies is required. Other non-pharmacologi-
cal therapies include relaxation techniques with music, bright light 
exposure in the morning, acupuncture or acupressure, meditation-
based movement interventions, and brain stimulation [2,3,7,8].

Non-invasive brain stimulation (NIBS) is defined as brain ac-
tivity modulation using specific techniques that do not require 
invasive maneuvers or instrumentation on the body [9]. Tran-
scranial magnetic stimulation (TMS) and transcranial direct cur-
rent stimulation (tDCS) are the two most popular types of NIBS 
and can be used for insomnia [10-13]. TMS is a tool capable of de-
livering extracranial electromagnetic waves that can pass through 
the skull or cranium. In adequate amounts, these waves can de-
polarize or excite neurons in the cortex [2]. TMS can induce sleep 
waves, thereby improving sleep quality, optimizing sleep struc-
ture, and maintaining therapeutic efficacy to a greater extent than 
pharmacological treatments and cognitive-behavioral interven-
tions [6,14]. Transcranial DCS uses low-intensity electrical cur-
rent (1–2 mA) delivered through two electrodes with the appli-
cation of positive (anodal) or negative (cathodal) currents placed 
on the scalp to modulate neuron activity and induce modulation 
of the membrane potentials of neurons in the underlying cortex 
[15-17]. The frontal cortex is the target area for NIBS in insom-
nia, especially in the dorsolateral prefrontal cortex (DLPFC) which 
identified in the international 10–20 system [6,12].

The potential mechanism of TMS in improving sleep quality in 
patients with insomnia involves inhibiting hyperarousal states in 
the cerebral cortex. Both the right and left prefrontal cortex play 
crucial roles in regulating sleep in individuals with poor sleep 
quality and insomnia. One reason is that NIBS stimulation at the 
DLPFC location induces top-down sleep-wake regulation path-
ways [18-21]. Impairment in insular activity and abnormal con-
nectivity also occur in insomnia, and insula is a critical brain re-
gion within the salience network. Reduced functional connectivity 
within the thalamus, a prominent area in hyperarousal system, 

and decreased functional connectivity in the medial frontal gy-
rus, a core region of the DMN, are observed in insomnia. TMS 
can provide therapeutic effects by reducing spontaneous hyper-
connectivity in the DMN, insula, and thalamus, thereby allowing 
thalamus to block sensory signal transmission from the ARAS 
and thalamus to the cerebral cortex [6]. In insomnia comorbid 
depression, both excitatory (glutamate) and inhibitory (GABA) 
pathways are involved and TMS is known can significantly de-
crease glutamate [22]. Additionally, there is evidence to suggest 
that DLPFC stimulation by TMS can induce the release of dopa-
mine and melatonin, increase serotonin and noradrenaline con-
centrations, as well as serum levels of GABA and BDNF which 
are major neurotransmitters in the sleep-wake cycle [13].

The mechanism of action of tDCS on DLPFC region involves 
modulating cortical stimulation, affect the top-down pathway 
that targets the corticothalamic pathway in regulating sleep-wake 
cycles. This modulation helps reduce hyperarousal and hyperac-
tivity in the DMN and SN regions, leading to a decrease in sleep 
onset latency (SOL) and an increase in total sleep time (TST) 
[18,23]. It also triggers sleep waves and sleep spindles, especially in 
N2, and reduces the likelihood of transitioning from N2 sleep to 
wakefulness while increasing the transition from N2 to N3 [24,25].

Previous research conducted on the effects of TMS and tDCS 
interventions on insomnia has provided valuable insights into 
each intervention method. However, to the best of our knowl-
edge, there has been no research comparing the effectiveness of 
TMS and tDCS as therapies for insomnia. Therefore, there is a 
clear need to fill the knowledge gap related to the direct compar-
ison between TMS and tDCS as therapy for insomnia. Further-
more, the scarcity of randomized controlled trial (RCT) studies 
that have focused on insomnia is a deficiency that needs to be ad-
dressed. By conducting this research, we can fill this knowledge 
gap and make a significant contribution by conducting the most 
extensive RCT study on the type of insomnia that considers the 
effectiveness of TMS and tDCS for treating insomnia. Through 
this initiative, we will be able to provide a stronger empirical foun-
dation to guide clinical practices in the treatment of insomnia. Our 
aim is to review the effectiveness of TMS and tDCS as treatments 
for insomnia and investigate the differences between them. 

METHODS

Literature search for RCT was done through PubMed/MED-
LINE, ScienceDirect, ResearchGate, Wiley Online Library, 
Google Scholar, and Neurona. The search for articles was limited 
to Bahasa and English with no restrictions for publication years, 
and design is based on recommendations from PRISMA 2020 
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses). This study has been registered with PROSPERO 
(www.crd.york.ac.uk/prospero/) under the reference number 
CRD42023457693.

We included studies with following criterias: 1) Participants: 
all individuals with insomnia based on clinical diagnosis with 
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subjective or objective complaints of insomnia; 2) Intervention: 
TMS/tDCS; 3) Comparison: sham group; and 4) Outcome: the 
researchers included research outcomes related to improvements 
in insomnia assessed based on polysomnography (PSG) param-
eters such as SOL, TST, wake after sleep onset (WASO), sleep ef-
ficiency (SE), or subjective sleep quality which assessed by using 
the Pittsburgh Sleep Quality Index (PSQI) or other insomnia-re-
lated parameters.

We extracted data based on the year of publication, year of data 
collection, study design, country of origin, type of insomnia, di-
agnosis, treatment parameters, number of intervention sessions, 
stimulation location, outcomes, and sleep quality. To extract the 
data, DM and WW used the “Covidence” software (www.covi-
dence.org). We conducted the initial screening by examining ti-
tles, abstracts, sample sizes, and outcome parameters then con-
ducted a more thorough review of the title, abstract, and full-text 
of research articles. 

Risk of bias was assessed using Traffic Light Plots RoB 2 [26] for 
each study, utilizing a table format. Potential bias risks that may 
arise in the analysis include bias in the randomization process, de-
viations from the intended intervention, missing data on study 

outcomes, outcome measurement, and outcome reporting selection.
Data was analyzed using SPSS 28 (IBM Corp., Armonk, NY, 

USA). For continuous data, mean difference (MD) was formulat-
ed if measured on the same scale, and standardized mean differ-
ence (SMD) was formulated if measured on different scales. Di-
chotomous data results were reported as risk ratios, odds ratios, 
or risk differences. A 95% confidence interval (CI) and p<0.05 
was used. To assess heterogeneity in the studies, chi-squared test 
and I2 statistic were employed (0%–40%: low heterogeneity; 30%–
60%: moderate heterogeneity; 50%–90%: substantial heterogene-
ity; 75%–100%: high heterogeneity). In an effort to assess the sta-
bility of the meta-analysis results in the face of changes, sensitivity 
analyses were conducted. This may involve identifying publica-
tion bias and conducting tests for special conditions based on 
studies that do not fully meet the inclusion criteria and signifi-
cantly influence the overall results. If a study does not meet the 
inclusion criteria or has a substantial impact on the overall re-
sults, it was used in the analysis.

Detailed description of sample characteristics in each research 
article as well as the study outcomes were presented. For all out-
comes, the researchers summarized the results of TMS and tDCS 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of the systematic review and me-
ta-analysis.
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therapy for individuals with insomnia, including confidence in-
tervals and bias risk. Forest plots were used to visualize the esti-
mates from each study and the combined estimates resulting from 
the systematic review. Each research article was evaluated for its 
quality using the Grading Recommendation Assessment, Devel-
opment, and Evaluation (GRADE) criteria, with the application 
of GRADEpro (www.gradepro.org). Publication bias evaluation 

is conducted using a funnel plot.

RESULTS 

Literature search yielded 1,000 articles, and 135 duplicate arti-
cles were excluded. After screening based on titles and abstracts, 
865 articles remained. Of these, 850 articles did not meet the in-

Figure 2. Grading Recommendation Assessment, Development, and Evaluation (GRADE) assessment for quality of evidence. TMS, tran-
scranial magnetic stimulation; tDCS, transcranial direct current stimulation; PSQI, Pittsburgh Sleep Quality Index; CI, confidence interval; 
HAMD, Hamilton Depression Rating Scale; SOL, sleep onset latency; TST, total sleep time; NREM, non-rapid eye movement; REM, rapid 
eye movement.
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clusion criteria, leaving 15 full-text articles for eligibility assess-
ment. These articles covered various types of insomnia, with the 
distribution as follows: 26.7% comorbid depression insomnia, 
13.3% with comorbid pain, 13.3% insomnia in athletes, 13.3% pri-
mary insomnia, 6.7% medication-induced insomnia, 6.7% co-
morbid polio, 6.7% comorbid Sjogren’s syndrome, 6.7% comorbid 
stroke, and 6.7% comorbid Parkinson’s disease. Because of vari-
ous types of insomnia, it was a challenge of determining the types 
of insomnia suitable for conducting a meta-analysis due to the high 
level of heterogeneity among the article samples which could make 
significant bias. Therefore, for this study, meta-analysis was con-
ducted on the most homogeneous articles reporting similar com-
parison/control and outcome with the most common type of in-
somnia which is insomnia comorbid with depression at 26.7%, 

which contained four research articles [27-30] with two studies 
using TMS and two studies using tDCS, all of the studies are from 
China (Figure 1). A summary of the characteristics of TMS and 
tDCS is provided in Table 1 and quality assessment in Figure 2.

Bias assessment was conducted using Traffic Light Plots RoB 2, 
and overall risk of bias from gathered research articles were low 
(Figure 3). The quality of the research was assessed using the 
GradePro software and the overall analysis results were provided 
for all selected articles. The quality of the outcomes was evaluat-
ed for each selected article by assessing components such as bias 
risk, inconsistency, indirectness, and precision. Based on the risk 
of bias assessment, all the studies had a low risk of bias because 
they adhered to the inclusion criteria in their study designs. Out-
come assessment was evaluated in each selected article by assess-

Figure 3. Assessment for risk of bias. TMS, transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.

Huang et al. [27]

Zhou et al. [29]

Li et al. [30]

Pu et al. [28]
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ing components such as bias risk, inconsistency, indirectness, and 
imprecision, leading to high certainty in the conclusions drawn 
from each outcome. This thorough assessment of bias and re-
search quality ensures that the findings of the selected articles are 
reliable and credible.

The meta-analysis of the subjective sleep quality assessment 
using the PSQI was conducted in TMS studies during the fourth 
week. The results showed a weighted mean difference (WMD) of 
2.29 (95% CI: 1.82 to 2.76), with p<0.001 and I2=91% (Figure 4). 
The subjective assessment of sleep quality in tDCS studies using 
components of the PSQI and sleep-related components of the 
Hamilton Depression Rating Scale (HAMD) was conducted af-
ter the intervention. The results showed a WMD of 1.05 (95% CI: 
0.68 to 1.43), p<0.001 and I2=91% (Figure 4).

The meta-analysis of the objective sleep parameter assessment 
using PSG was used in both active tDCS and sham group to as-
sess objective sleep parameters in individuals with insomnia. The 
following results were obtained for various sleep parameters: 1) 
SOL: WMD 4.39 (95% CI: 3.61 to 5.16), p<0.001, and an I2= 99%. 
This indicates a reduction in SOL in the group receiving tDCS 
therapy compared to the sham group; 2) TST: WMD 1.80 (95% 
CI: 1.35 to 2.24), p<0.001, and an I2=98%. This suggests an in-
crease in TST in the tDCS therapy group compared to the sham 

group; 3) NREM sleep phases: N1: WMD -2.58 (95% CI: -3.05 to 
-2.10), p<0.001, and an I2=89%. This indicates a reduction in N1 
sleep in the sham group. N2: WMD 5.0 (95% CI: 4.3 to 5.7), p< 
0.001, with an I2=40%. This suggests an increase in N2 sleep in 
the tDCS therapy group. N3/slow wave sleep: WMD -0.42 (95% 
CI: -0.77 to -0.07), p=0.02, I2=90%. This indicates an increase in 
N3/slow wave sleep in the sham group; 4) REM sleep phases: 
REM: WMD 1.48 (95% CI: 1.09 to 1.87), p<0.001, and an I2=62%. 
This suggests an increase in REM sleep in the tDCS therapy 
group. REM latency: WMD 3.09 (95% CI: 2.57 to 3.62), p<0.001, 
and an I2=91%. This indicates an increase in REM latency in the 
tDCS therapy group (Figures 5-7).

Based on the Mann-Whitney U test conducted based on sub-
jective complaints in the two TMS studies and two tDCS studies, 
a result of Asymp. Sig (2-tailed) is 0.121. This result indicates that 
there is no significant difference between the two groups of inter-
vention. The average rank in the TMS group is 3.5, while in the 
tDCS group is 1.5 (Table 2). In other words, the analysis did not 
find a statistically significant difference in the improvement of 
insomnia between the TMS and tDCS groups based on subjec-
tive complaints.

Figure 4. Forest plot subjective sleep. TMS, transcranial magnetic stimulation; tDCS, transcranial direct current stimulation.
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DISCUSSION

New therapy modalities like TMS and tDCS have been gradu-
ally developed over the years and implemented for treatments of 
insomnia [28]. Therefore, we conducted a meta-analysis to deter-
mine the effectiveness of TMS and tDCS in addressing insomnia 
and to investigate whether there are differences in the outcomes 
of insomnia between these two modalities. This systematic review 
and meta-analysis included a total of 245 individuals, with 118 
participants in the TMS studies and 127 participants in the tDCS 
studies, divided into two groups: the active group and the sham 
group.

Psychological and behavioral interventions are recommended 
as effective treatments for comorbid insomnia. When initial psy-
chological/behavioral treatment has been attempted but is inef-
fective, other psychological/behavioral therapies, combination 
Cognitive Behavioral Therapy for Insomnia therapy, or medica-
tion administration may be considered. In cases accompanied by 
comorbid depression or in instances of treatment failure, tranquil-
izing medications such as antidepressants or benzodiazepines may 
be considered [31]. A meta-analysis conducted by Zhou et al. [29] 
in 2020 found that despite the development of a significant num-
ber of antidepressant drugs, the response rates are still unsatisfac-

tory. Regardless of the type of therapy, the primary goal of treat-
ment is to improve the quality and quantity of sleep [32].

The results of the meta-analysis based on the PSQI assessment 
at week 4 showed that the use of TMS had a significant positive 
effect compared to the sham group, with a high level of heteroge-
neity. This heterogeneity can be caused by differences in the loca-
tion, frequency, motor threshold of TMS stimulation, and the to-
tal session duration of TMS between the two studies. Additionally, 
the data used in the meta-analysis were not raw data from these 
two studies [23]. Consistent with the meta-analysis conducted by 
Zheng et al. [14], it was found that TMS is most effective when ad-
ministered for an extended period of up to 4 weeks. This aligns 
with the findings of this study, where the research conducted by 
Pu et al. [28] demonstrated better results compared to the study 
conducted by Huang et al. [27] due to 4-week duration of TMS 
administration. Furthermore, the TMS stimulation location in 
the Pu et al. [28] study was in the left DLPFC region, which is 
considered a primary target area for insomnia comorbid depres-
sion [12,29].

The neural networks that regulate arousal and sleep consist of 
both bottom-up pathways and top-down pathways. Current phar-
macological therapies for insomnia are relevant to some extent in 
addressing clinical conditions of arousal or sleep disturbances by 

Figure 5. Forest plot of transcranial direct current stimulation objective sleep. SOL, sleep onset latency; TST, total sleep time.
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modifying the neurotransmitter systems of the ascending reticular 
activating system (ARAS) (bottom-up pathways). However, their 
effectiveness is limited, and they come with varying side effects. 
This is complemented by the top-down corticothalamic pathways, 
which can be modified through NIBS techniques [6,18,19,33].

The results of the meta-analysis based on the subjective assess-
ment of sleep quality in tDCS interventions using the components 
of PSQI and the sleep components of HAMD showed a slight im-
provement in insomnia compared to the sham group with high 

heterogeneity. The results of the meta-analysis based on objective 
sleep parameters using PSG showed a decrease in SOL, an in-
crease in TST, N2, REM phase, and REM latency in the tDCS 
group, with moderate heterogeneity in N2 and REM phases. How-
ever, there was high heterogeneity in TST, N1, N3, and REM la-
tency. These results collectively demonstrate the impact of tDCS 
therapy on various objective sleep parameters assessed by PSG in 
individuals with insomnia. While significant improvements were 
observed in some parameters, the high heterogeneity values sug-

 Zhou et al. [29]

 Zhou et al. [29]

 Zhou et al. [29]

 Li et al. [30]

 Li et al. [30]

 Li et al. [30]

Figure 6. Forest plot of transcranial direct current stimulation objective sleep. NREM, non-rapid eye movement sleep.
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gest variability among the studies. This heterogeneity might be 
due to differences in the way antidepressant therapy was admin-
istered before and during the study and variations in the number 
of tDCS sessions between the two studies articles.

Based on the Mann-Whitney U test conducted based on sub-
jective complaints in the two TMS studies and two tDCS studies, 
there was no significant difference between TMS and tDCS as 
effective approaches for insomnia comorbid depression with p-
value of 0.121. Both can be used as therapies for insomnia. How-
ever, the data obtained showed a higher average rating for TMS 
with mean rank 3.5 compared to tDCS with mean rank 1.5 in im-
proving subjective sleep quality in insomnia comorbid depres-

sion. The non-significant difference might be caused by the limited 
number of articles, which was only two for each NIBS technique. 
Objective effectiveness comparison could not be performed be-
cause there was only one RCT study found for TMS, making it 
statistically inappropriate for comparison.

The strength of this study lies in the challenge of determining 
the types of insomnia suitable for conducting a meta-analysis. First, 
we included only RCT considered the gold standard, and gath-
ered all RCT studies on the use of TMS and tDCS for insomnia in 
general to obtain as many articles as possible for meta-analysis. 
However, the types of insomnia in the RCT articles obtained were 
highly varied, with 26.7% of the articles about insomnia comor-
bid depression, 13.3% comorbid pain, 13.3% about insomnia in 
athletes, 13.3% primary insomnia, 6.7% drug-induced insomnia, 
6.7% comorbid polio, 6.7% comorbid Sjogren’s syndrome, 6.7% 
comorbid stroke, and 6.7% comorbid Parkinson’s disease. This 
diversity in the types of research articles made it difficult to con-
duct a meta-analysis due to the high level of heterogeneity among 
the article samples, which could make significant bias. Second, 
we searched for similarities assessed based on the full text of each 
article to obtain the most homogeneous sample of RCT research 

Figure 7. Forest plot of transcranial direct current stimulation objective sleep. REM, rapid eye movement; REML, rapid eye movement la-
tency.
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Table 2. Comparison of the effectiveness of TMS and tDCS as 
insomnia therapy based on subjective sleep quality.

Group
Outcome

Z p
Mean rank Sum of ranks

TMS (n=2) 3.50 7.00 -1.549 0.121*
tDCS (n=2) 1.50 3.00
*Mann-Whitney U. TMS, transcranial magnetic stimulation; tDCS, tran-
scranial direct current stimulation
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articles and finding that 26.7% of the RCT research articles were 
about the use of TMS and/or tDCS in insomnia comorbid de-
pression. As a result, the research team decided to conduct a me-
ta-analysis based on the most abundant RCT articles with the most 
homogeneous research samples. For limitation of this study, first, 
the high heterogeneity resulting from differences in location pa-
rameters, stimulation, intervention duration, and variations in the 
duration of medication administration. Second, we only included 
published studies. Third, the sample size is small due to the very 
limited number of studies analyzed.

Although this study found no significant difference in the ef-
fectiveness of TMS and tDCS as therapies for insomnia; however, 
the data obtained indicate a higher average rating for TMS com-
pared to tDCS in improving subjective sleep quality in insomnia 
with comorbid depression. The most prevalent type of insomnia 
observed in the use of TMS and tDCS as insomnia therapies was 
insomnia with comorbid depression. Both TMS and tDCS led to 
improvements in subjective insomnia parameters, while tDCS 
specifically resulted in improvements in objective insomnia pa-
rameters, including a reduction in SOL, and increase in TST, N2, 
REM, and REM latency among individuals with insomnia. Mov-
ing forward, the results of this meta-analysis can serve as valuable 
guidance for selecting these devices and can be used as a refer-
ence for future research endeavors. Additionally, the findings from 
this meta-analysis can provide individuals with an alternative to 
prevent drug dependency in managing their insomnia. It is also 
advisable to increase the number of primary RCTs focusing on 
TMS and tDCS in insomnia to facilitate more comprehensive 
meta-analytical studies with a larger pool of articles. Further-
more, future RCT research methods should aim to establish 
more uniform protocols for the application of TMS and tDCS in 
insomnia treatment. 
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