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Background: Repetitive transcranial magnetic stimulation (rTMS) has been considered a promising
technique for the treatment of primary insomnia. However, its efficacy and placebo response remains
unclear due to limited clinical data. Therefore, we conducted a systematic review to examine the efficacy
and placebo response of rTMS.
Methods: We performed a comprehensive literature search for clinical trials evaluating the efficacy of
r'TMS addressing primary insomnia. To pool effect size estimates (Hedges' g) of active rTMS and sham
ITMS across studies for outcome measures, a meta-analysis was done according to the Cochrane
guideline.
Results: In sum, rTMS significantly improved insomnia symptoms in the active rTMS group, and the
pooled effect size of Pittsburgh Sleep Quality Index (PSQI) was —0.98 (95% CI: —1.28, —0.68) for treatment
duration of 10 days, —1.16 (95% CI: —1.51, —0.82) for 20 days, and —2.14 (95% CI: —2.45, —1.83) for 30 days,
respectively. However, the placebo response was also significant, reducing insomnia symptoms in the
sham rTMS group. Furthermore, 73.5% (95% CI: 50.8%, 96.2%) of the effect size of active rTMS was actually
produced by sham rTMS.
Conclusion: The rTMS was effective in the treatment of primary insomnia, yet, the placebo effect of sham
stimulation was highly significant. This new evidence may alter rTMS regimen for insomnia from a
clinical and methodological point of view. Finally, in future research more objective data and multicenter
double-blinded controlled studies should be encouraged.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Approximately 40% of patients with primary insomnia do not
reach sustained remission with the treatments of cognitive

Primary insomnia is defined by difficulties in falling asleep,
maintaining sleep, and early morning awakening. Moreover, it is
coupled with daytime consequences such as fatigue, attention
deficits, and mood instability. These symptoms persist over a period
of at least three months [ 1]. Furthermore, the diagnostic prevalence
rises to almost 50% of the population, additionally, insomnia poses
substantial risks for the development of cardiovascular, cancer, and
mental disorders [2,3].
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behavioral therapy, benzodiazepines, and benzodiazepine-receptor
agonists [4]. Repetitive transcranial magnetic stimulation (rTMS) is
a noninvasive brain stimulation technique, which is useful in
various neuropsychiatric and cognitive disorders [5,6]. Abnormal
plasticity-related transcranial magnetic stimulation (TMS) phe-
nomena have been demonstrated in obstructive sleep apnea syn-
drome, restless legs syndrome (RLS), insomnia, and sleep-deprived
healthy subjects; moreover, TMS techniques may provide a further
understanding on the role of neurotransmission pathways and
plastic remodeling of neuronal networks involved in common sleep
disorders [7,8]. Additionally, the placebo response to drugs for
neuropsychiatric disorders is noticeable. For instance, the inactive
placebos produced improvement that was 75% of the effect of the
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active antidepressants and that of 64% in hypnotics [9—11]. Con-
cerning insomnia trials, the proportion of the placebo (sham-rTMS)
response to active-rTMS remains unclear.

Therefore, we performed a meta-analysis of clinical cohort trials
of active-rTMS controlled by sham-rTMS to analyze the efficacy and
placebo response of ITMS in patients with primary insomnia.

2. Materials and methods

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement was followed for this pooled analysis
[12]. We searched PubMed, EMBASE, the Cochrane library, and
China National Knowledge Infrastructure (CNKI) for sham-rTMS
controlled clinical trials that examined the efficacy of rTMS for
the treatment of primary insomnia through March 31, 2019 by
using combination of “transcranial magnetic stimulation” or “re-
petitive transcranial magnetic stimulation” or “TMS” or “rTMS” and
“primary insomnia” or “chronic insomnia”.

2.1. Inclusion and exclusion criteria

We included a study if: (1) participants had primary insomnia;
(2) the active rTMS was used for treatment of primary insomnia,
and sham rTMS was used for the control group; (3) objective or
subjective outcome variables for determining effect size of active
r'TMS and sham rTMS were available. Studies were excluded if: (1)
there was sample overlap; (2) a combination of drugs and rTMS; or
(3) if the study was a case report.

2.2. Data extraction and quality assessment

Two independent raters (B.J. and D.H.) abstracted data using a
standardized form, and disagreements were resolved by discussion.
We extracted the following data: author, sample size and de-
mographic characteristics of participants, characteristics of rTMS,
treatment duration, and separate outcome measures before and
after rTMS in active group and sham group. If the mean and stan-
dard deviation (SD) of the change scores were not directly extracted
from the text, they were calculated by using the following formula
recommended by the Cochrane Handbook for Systematic Reviews
of Interventions [13]:

Meanchange = IV[eanﬁnal - Meanbaseline

SDchange = \/SD%aseline + Ssz"mal — (2*Corr*SDpaseline *SDfinal)

The same two raters (B.J. and D.H.) independently assessed the
quality of included studies using the Newcastle—Ottawa Quality
Assessment Scale for Cohort Studies, which is recommended by the
Cochrane Collaborative Group for the assessment of quality of
nonrandomized studies [14]. Based on patient selection (four
criteria), study-control group comparability (one criterion) and
outcome assessment (three criteria), studies meeting >5 criteria
were considered to be of a high quality.

2.3. Quantitative data synthesis

Data were pooled using the DerSimonian and Laird random
effects model for efficacy of between-group outcome measures. We
calculated separate and pooled within-group effect size for the
continuous variables using Hedges' g and its 95% confidence in-
terval (ClI) in placebo and drug conditions. Hedges' g is a variation of
Cohen's d that corrects for bias due to small sample sizes, and its
magnitude can be interpreted small (0.20), medium (0.50), and

large (0.80) [10,15]. The proportion of sham rTMS response to active
r'TMS response was calculated using a method described by Kirsch
and Sapirstein [15]. Adverse events were also compared between
groups.

We used the > and Cochran-Q test to assess the heterogeneity.
When significant heterogeneity was identified, subgroup analysis
was considered to investigate the potential sources. Statistical
analysis was performed with the Stata software version 15.0 (Stata,
College Station, Texas). Two-tailed p value of less than 0.05 was
considered to be significant.

3. Results

We identified nine studies [16—24] that met the inclusion and
exclusion criteria (Fig. 1), including one English paper and eight
Chinese papers. A total of 580 primary insomnia patients with
mean age of 46.8 years were included, of which 56.6% of were fe-
male. There were 289 patients in active rTMS group, and 291 in
sham rTMS group. We divided the treatment durations into three
intervals: 10 days, ~20 days, and ~30 days. These studies were rated
as being of good quality (Table 1).

3.1. Efficacy of rTMS

The active rTMS addressing primary insomnia was associated
with reduced Pittsburgh Sleep Quality Index (PSQI), latency to
onset of persistent sleep (LPS), and wakefulness after persistent
sleep onset (WASO) compared with sham rTMS. The active rTMS
was associated with increased total sleep time (TST) and sleep ef-
ficiency (SE) compared with sham rTMS, as well as more improved
sleep phase (Table 2). In addition, the effect size of active rTMS for
improving symptoms of insomnia seemingly increased with the
increase of treatment duration within 30 days (Fig. 2).

3.2. Placebo response of the sham rTMS

The pooled within-group effect size estimates (Hedges' g) of the
sham rTMS were significant to reduce the symptoms of primary
insomnia in terms of PSQI (—1.39), SE (1.16), LPS (—1.5), TST (0.89),
WASO (—1.67), NREM-1 (—4.27) and NREM-3 (4.22), respectively

Potentially relevant articles (n=89)

Articles excluded after

screening abstracts (n=57)

v

Full text articles retrieved for

detailed evaluation (n=32)

Articles excluded for the following reasons (n=21):
Review or Case report (n=8)
Data overlap or unavailable (n=5)

Combination with drug treatment (n=10)

v

Articles included in the meta-analysis (n=9)

Fig. 1. Flow diagram of the reviewing process.
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Table 1
Characteristics of included studies.
Study Sample size Age,y (SD) Female,n Criteria Stimulation site Intensity Frequency Duration Sham Quality
He-2009 [16] 82 37.1(16.9) 55 DSM-IV  Right dorsolateral prefrontal cortex 100% 1Hz 10 days  sham coil 4/1/2
Liu-2016 [17] 70 55.3(10.3) 37 DSM-IV  Right dorsolateral prefrontal cortex 80% 1Hz 4 weeks coil tilted 180° 3/1/2
Mai-2016 [18] 60 42.5(22.1) 31 ICD-10  Right dorsolateral prefrontal cortex 100% 1Hz 2 weeks  sham coil 3/1/2
Feng-2017 [19] 80 445 (8.1) 54 ICD-10  Right dorsolateral prefrontal cortex 80% 1Hz 10 days coil tilted 90°  3/1/2
Meng-2017 [20] 60 46.3 (11.7) 30 ICD-10  Right dorsolateral prefrontal cortex 100% 1Hz 4 weeks sham coil 3/1/2
Hu-2018 [21] 34 75.5(7.24) 13 DSM-V  Right dorsolateral prefrontal cortex 100% 1Hz 4 weeks coil tilted 90°  3/1/2
Shen-2018 [22] 98 41.0 (9.1) 56 ICD-10 Right dorsolateral prefrontal cortex 80—130% 0.5—1Hz 4 weeks 20% intensity  3/1/3
Yuan-2018 [23] 60 52.5(13.5) 34 ICD-10  Right dorsolateral prefrontal cortex 90—-110% 1 Hz 4 weeks coil tilted 180°  3/1/2
Huang-2018 [24] 36 451 (11.2) 18 DSM-IV  Right posterior parietal cortex 90% 1Hz 10days sham coil 4/1/3
Table 2 3.3. Safety
Summary of pooled between-group effect size estimates.
Parameters Hedges' g (95% CI) p 12 (%) There were no severe adverse events reported during the
PSQl 144 (_1.63, _126) 0,001 338 treatment course. Some mild symptomg (eg, hegdqche, neck pain,
SE 0.57 (0.24, 0.91) 0.001 79.9 and numbness) were spontaneously relieved within half an hour.
LPS —0.95 (—1.25, —0.66) <0.001 91.3 The relative risk of 1.55 (95% CI: 0.90, 2.67) was not significant
ST 049 (0.16, 0.82) 0.004 0.0 (p = 0.1, I = 0.0%) between the two groups in adverse events.
WASO —0.65 (—0.93, —0.37) <0.001 88.0
NREM-1 —0.68 (—1.08, —0.28) 0.001 98.8
NREM-2 0.10 (-0.23, 0.43) 0.538 59.4 . .
NREM-3 0.49 (0.11, 0.87) 0.011 98.4 4. Discussion
REM 0.77 (043, 1.11) <0.001 66.5

Cl, confidence interval; k, number of treatment conditions in the analysis; I, ratio
(0—100%) indicating the proportion of the observed variance that reflects real dif-
ferences in effect sizes (values of 25%, 50%, and 75% can be considered low, mod-
erate, and high, respectively); SE, sleep efficiency; LPS, latency to onset of persistent
sleep; TST, total sleep time; WASO, wakefulness after persistent sleep onset; REM,
rapid eye movement; NREM, Non-REM.

(Table 3). The proportion of the sham rTMS response to the active
I'TMS response was 73.5% (95% CI: 50.8%, 96.2%), and it increased to
95.3% in NREM-3 but reduced to 3.7% in REM. Furthermore, the
effect size of sham rTMS for improving symptoms of insomnia
seemingly increased with the increase of treatment duration within
30 days (Fig. 3).

Feng-2017

He-2009

Huang-2018

Subtotal (I-squared = 0.0%, p = 0.476)

20

Hu-2018

Mai-2016

Yuan-2018

Subtotal (I-squared =43.0%, p =0.173)

30

Liu-2016
Meng-2017
Shen-2018
Yuan-2018-2
Subtotal (I-squared = 84.4%, p = 0.000)

Heterogeneity between groups: p = 0.000
Overall (l-squared = 83.8%, p = 0.000)

In the current study, we found that the active rTMS was effective
in the treatment of primary insomnia, and the effect size increased
with the increase of treatment duration within 30 days. However,
the majority of effect size (73.5%) in active rTMS was actually
produced by placebo condition (ie, sham rTMS). Notably, increased
NREM-3 phase was attributed to placebo response (sham rTMS)
that had no effect on REM phase.

The mechanisms underlying the rTMS stimulation for treating
primary insomnia is unclear. It is currently believed that the cere-
bral cortex is in an hyperarousal state in patients with primary
insomnia and insomnia secondary to RLS [25,26]. Barker et al. [27],
originally evaluated motor cortex evoked potential using the rTMS
by nerve cells depolarization/hyperpolarization. Low-frequency

%
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0.78(-1.23,0.33) 4475
1.22(-1.94,-050)  17.55
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0.90(-143,-037) 4210
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2.14(-245,-1.83)  100.00
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T
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Fig. 2. Meta-analysis of the effect of active rTMS on PSQI. The pooled between-group effect size estimates (Hedges' g) of PSQI seemingly increased with the increase of treatment
duration within 30 days. rTMS, repetitive transcranial magnetic stimulation; PSQI, Pittsburgh Sleep Quality Index; CI, confidence interval; SMD, standard mean difference.
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Pooled within-group effect size estimates and proportion of placebo response.

Outcome Sham rTMS Active ITMS Placebo response (%)
Hedges' g 95% Cl p 12 (%) Hedges' g 95% CI p 12 (%)

PSQI -1.39 -1.58, -1.21 <0.001 89.0 —2.51 —2.73, -2.28 <0.001 94.3 55.4
SE 1.16 0.79, 1.53 <0.001 77.4 1.53 1.17, 1.90 <0.001 0.0 75.8
LPS -1.50 -1.81, -1.18 <0.001 62.0 -2.39 —2.74, -2.04 <0.001 74.0 62.8
TST 0.89 0.54, 1.24 <0.001 70.9 1.24 0.89, 1.59 <0.001 0.0 71.8
WASO -1.67 -1.99, -1.35 <0.001 68.4 —2.21 —2.56, —1.87 <0.001 88.9 75.6
NREM-1 —4.27 -4.91, -3.63 <0.001 94.1 —5.56 —6.28, —4.84 <0.001 67.3 76.8
NREM-2 0.29 —0.05, 0.62 0.093 0.0 0.39 0.07, 0.72 0.018 87.2 744
NREM-3 4.22 3.60, 4.85 <0.001 91.8 4.43 3.82,5.03 <0.001 36.5 95.3
REM 0.03 -0.31, 0.37 0.871 92.5 0.82 049, 1.16 <0.001 79.0 3.7

(I, confidence interval; k, number of treatment conditions in the analysis; I, ratio (0—100%) indicating the proportion of the observed variance that reflects real differences in
effect sizes (values of 25%, 50%, and 75% can be considered low, moderate, and high, respectively); SE, sleep efficiency; LPS, latency to onset of persistent sleep; TST, total sleep
time; WASO, wakefulness after persistent sleep onset; REM, rapid eye movement; NREM, Non-REM.
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Fig. 3. Meta-analysis of the effect size of PSQI for separate active rTMS and sham rTMS.
The pooled within-group effect size estimates (Hedges' g) of PSQI seemingly increased
with the increase of treatment duration within 30 days. rTMS, repetitive transcranial
magnetic stimulation; PSQI, Pittsburgh Sleep Quality Index.

r'TMS (<1 Hz) directly hyperpolarizes neural cells by pulsed mag-
netic field and inhibits the over-excited cerebral cortex. Therefore,
reduction of excessive arousal level by low-frequency rTMS can
effectively improve insomnia.

Jiang et al. [7], demonstrated that rTMS provided a new safe and
effective means of physical therapy for chronic insomnia. In their
study, the NREM-3 and REM sleep phases were more favorable and
PSQI was lower in rTMS group compared with both medication and
psychotherapy groups. In addition, rTMS more favorably decreased
serum cortisol, hTSH, FT3, FT4, and ATCH levels, reflecting that
hyperarousal levels declined more significantly following this
treatment. Our results are consistent with the previous findings.
Furthermore, low-frequency rTMS has also been found to be
effective in RLS [28,29].

However, the new finding that a significant placebo response of
rTMS for primary insomnia should be taken seriously. In previous
studies, the placebo response is a major contributor to the efficacy of
hypnotics addressing primary insomnia [10,30—32]. Winkler and
Rief [10] reported that 63.6% of the response to the medications
examined was a placebo response. Regarding antidepressant
medication, Kirsch and Sapirstein [15] reported that the placebo
response was constant (75%) across different types of medication,
indicating the inactive placebos produced improvement that was
75% of the effect of the active drug. The data raise the possibility that
the apparent drug effect is actually an active placebo effect, and the
average placebo response rates in antidepressant trials have been
stable for decades [9]. Our finding is consistent with that, showing
73.5% of the effect size of rTMS was a placebo response. That is
important because a great proportion of the therapeutic effect could
also be achieved by optimizing placebo mechanisms [33].

In addition to the overall stability of placebo response rates, our
new finding showed that the placebo response might be associated
with the treatment duration of ITMS, and there was a gradual increase
in the placebo response before it reached a stable state. This new
evidence should have an effect on the interpretation of the scientific
literature, both from a clinical and methodological point of view.

The pathophysiology and neurochemistry underlying the pla-
cebo effect in sleep disorders should be further clarified. Based on
the evidence available, the “placebo effect” may turn on or off a
“switch” in the brain by some psychological anticipation to produce
a positive or negative effect on the treatment process. To put it
simply, false or simulated treatment process causes the patients to
produce positive or negative psychological anticipation, which
regulates the organism to produce endogenous substance, then the
endogenous substance to achieve the effect of psychological
anticipation [33,34]. Therefore, the placebo effect mechanism may
involve multiple factors, such as neurotransmitter release to acti-
vate p-opioid receptor system, dopaminergic nerve pathway,
endogenous cannabinoid and serotonin signal system, synaptic
remodeling and altered cerebral network connectivity [35—39]. To
the sham rTMS effect, we speculate that psychological anticipation
or expectation originating from cognitive networks can produce
endogenous substances by acting on sleep-arousal networks, then
reshape the body through the neuroendocrine system, ultimately
visualize psychological expectations.

There are limitations in our study. First, we calculate the pro-
portion of sham rTMS response to the active rTMS response by
subtracting the effect size of sham rTMS condition from that of the
active rTMS condition. This model depends on the hypothesis of the
additivity of various effects being increasingly questioned. Second,
the pooled sample size is relatively small, and most of the included
studies are not of randomized, controlled, double-blind trials.

In conclusion, the active rTMS is effective in the treatment of
primary insomnia, but the placebo effect of sham rTMS is highly
significant. This new evidence may alter the rTMS regimen for
insomnia from a clinical and methodological point of view. To
disentangle the rTMS-induced placebo effect in primary insomnia,
more objective data and outcome measures (eg, poly-
somnography). Moreover, multicenter double-blinded controlled
studies, such as deceptive design, balanced design, open-hidden
paradigm, and genome-wide association study (GWAS) of placebo
effect related gene (namely placebo genomics), should be encour-
aged in the future research.
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