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Purpose: To evaluate the efficacy and safety of electroacupuncture in treating insomnia.
Patients and Methods: In a multicenter, randomized, assessor-blinded, controlled trial, 150 
patients with DSM-5-diagnosed insomnia with Insomnia Severity Index (ISI) scores ≥ 15 were 
randomly assigned to three different groups that underwent 10 sessions of electroacupuncture, 
sham-electroacupuncture, or usual care for 4 weeks from October 2015 to June 2016 at four 
Korean medicine hospitals, Republic of Korea. The primary outcome included the ISI score at 
Week 4; the secondary outcomes included evaluations of Pittsburgh Sleep Quality Index (PSQI), 
sleep diary, Hospital Anxiety and Depression Scale (HADS), EuroQoL five dimension (EQ-5D), 
Patient Global Impression of Change (PGIC), and salivary melatonin and cortisol levels. 
Assessments were performed at baseline (Week 0) and at Weeks 2, 4, 8, and 12.
Results: Compared with the usual care group, electroacupuncture group showed a greater 
improvement in ISI, PSQI, sleep diary-derived variables and HADS and EQ-5D scores at 
Week 4. The effects mostly persisted until Week 12. There were no significant differences 
between electroacupuncture and sham-electroacupuncture groups at Week 4 in all outcome 
measures, except sleep diary-derived sleep efficiency. However, the ISI score showed 
a significant difference between these groups at Weeks 8 and 12. Treatment success as per 
PGIC was significantly and borderline higher for electroacupuncture compared with usual 
care and sham-electroacupuncture, respectively. No significant changes in salivary melatonin 
and cortisol levels before and after treatment were observed in all groups. No serious adverse 
events were reported. Blinding was maintained in the sham-electroacupuncture group.
Conclusion: Ten sessions of electroacupuncture can improve the sleep quality of patients 
with insomnia without serious adverse effects. Thus, it can be recommended as an effective, 
safe, and well-tolerated intervention.
Keywords: electroacupuncture, insomnia, sleep initiation and maintenance disorders, 
randomized controlled trial

Introduction
Insomnia is one of the most frequent sleep disorders, characterized by difficulty in 
initiating or maintaining sleep and/or an inability to return to sleep after waking up too 
early, lasting for at least 3 months.1 The prevalence of insomnia in the general 
population varies depending on the geographical location, and ranges from 6% to 
50.5%.2,3 Insomnia not only decreases the quality of life but also causes adverse 
outcomes such as increased risks of diabetes, cardiovascular disorders including 
hypertension and myocardial infarction, and even suicidal thoughts and behaviors.4–7 
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Therefore, early diagnosis and effective treatment of insom-
nia are very important for public health.

Generally, cognitive behavioral therapy for insomnia 
(CBT-I) supplemented with short-term hypnotics is recom-
mended as first-line treatment for insomnia patients.8,9 

However, CBT-I cannot meet the population needs given 
the lack of a sufficient number of therapists and limitations 
of time or insurance. Further, 25%–40% of insomnia 
patients do not achieve remission by CBT-I.10,11 In addi-
tion, hypnotics are associated with diverse adverse effects 
such as residual daytime sedation, dizziness, drowsiness, 
nausea, mood changes, cognitive impairment, motor 
incoordination, and dependence.12–14 Because of these 
limitations of conventional medicine, the use of comple-
mentary alternative medicine (CAM) for treating insomnia 
has increased from 20.6% in 1990 to 45% in 2007 in the 
United States.15,16

Acupuncture, one of the most popular CAM modalities, 
has been used for treating insomnia since antiquity in East 
Asia and is now widely accepted in Western countries.17 

Electroacupuncture, a modified form of conventional acu-
puncture, stimulates acupoints by electrical stimulation via 
inserted acupuncture needles.18 Because the body tissue is 
a type of an electrical conductor, it is believed that electrical 
impulses can strengthen stimulation through the needles at 
acupoints. A recent network meta-analysis comparing the 
effectiveness of different forms of acupuncture in the treat-
ment of insomnia showed that electroacupuncture alle-
viated insomnia more significantly compared with the 
conventional acupuncture.19 Many clinical trials have 
been conducted on acupuncture and electroacupuncture 
for insomnia; however, definite conclusions cannot be 
drawn about the effects of these measures because of 
small sample sizes and the poor methodological quality of 
published studies.20–22 Moreover, recent clinical practice 
guidelines for the management of chronic insomnia have 
referred to acupuncture, stating that there is insufficient 
evidence to conclude the efficacy and safety of acupuncture 
for treating insomnia.23

Therefore, conducting large-scale, high-quality rando-
mized controlled trials (RCTs) evaluating the efficacy of 
electroacupuncture in treating insomnia, with appropriate 
and validated placebo control, is important for confirming 
its effects. Thus, the main objective of our study was to 
evaluate the efficacy and safety of electroacupuncture in 
patients with insomnia and compare the outcomes with 
those observed for sham-electroacupuncture or usual care.

Patients and Methods
Study Design
This multicenter, randomized, assessor-blinded, controlled 
trial was conducted in accordance with the Declaration of 
Helsinki from October 2015 to June 2016 at the following 
four Korean medicine hospitals in the Republic of Korea: 
Daejeon Korean Medicine Hospital of Daejeon University, 
Dunsan Korean Medicine Hospital of Daejeon University, 
Dongeui University Korean Medical Hospital, and 
Semyung University Korean Medicine Hospital. The 
investigators randomly assigned participants for 10 ses-
sions (2–3 times a week, for 4 weeks) in either one of 
the following three groups: electroacupuncture, sham- 
electroacupuncture, or usual care group. The study was 
approved by the institutional review board at each site 
(approval numbers: DJOMC-128, DJDSKH-15-06-1, 
2015-03, and 2015-08-02). Written informed consent was 
obtained from all participants before study commence-
ment. The protocol of this trial was registered with the 
Clinical Research Information Service (registration num-
ber: KCT0001685) and a detailed version of the study 
methodology has been published.24 We followed the 
Consolidated Standards of Reporting Trials (CONSORT) 
and Standards for Reporting Interventions in Clinical 
Trials of Acupuncture (STRICTA) recommendations 
while designing and reporting this trial.25,26

Participants
Participants were enrolled through advertisement in the 
local newspaper and hospital websites and those who 
met the eligibility criteria and voluntarily signed the 
informed consent form were recruited. Participants aged 
19–64 years, who were diagnosed with insomnia (ie, hav-
ing difficulty in initiating or maintaining sleep, or early 
awakening, at least three times a week for 3 months or 
longer) as per Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) by a Korean medicine 
doctor and had an Insomnia Severity Index (ISI) score of 
at least 15, were included in the study. However, if they 
fulfilled even one of the following criteria, they were 
excluded: other psychiatric disorders such as major 
depressive disorder, anxiety disorder, and/or panic disor-
der; caffeine, alcohol, or drug addiction; depression score 
of Hospital Anxiety and Depression Scale (HADS) score ≥ 
11 points; unregulated hormone disorder; serious or sys-
temic disease such as hyperthyroidism that could affect 
sleep; pain or any disease that could cause insomnia; 
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previous therapy or medication for insomnia in the past 2 
weeks or change in the type or dosage of a regularly 
administered medication to alleviate insomnia in the past 
4 weeks; working shifts or changes in day/night work 
schedule that could affect the circadian rhythm; adminis-
tration of blood coagulants for cardiovascular or hemo-
static disorders; hypersensitivity with regard to 
acupuncture or difficulty in co-operation with acupuncture 
therapy; presence of implants that could interfere with 
electroacupuncture or a history of hypersensitivity to elec-
trostimulation; pregnancy, lactation, or pregnancy plan-
ning; and difficulty in compliance with the study 
protocol because of issues such as infection, abscess, 
skin lesions, or other skin diseases close to the site of 
selected acupoints.

Randomization and Blinding
An independent statistician generated a random sequence 
number using SAS version 9.4 software (SAS Institute 
Inc., Cary, NC, USA), with an allocation ratio of 1:1:1 to 
the three groups, stratified by whether conventional med-
ications for insomnia are being administered and the insti-
tutions conducting the trial using block randomization. 
Sealed opaque envelopes were used for allocation conceal-
ment. The envelopes were opened by the practitioners at 
the baseline visit of the enrolled participants, and the 
group allocation was blinded to other related researchers 
during the study period. Blinding was maintained between 
the real electroacupuncture and sham-electroacupuncture 
groups throughout the study period, and a blinding test 
was conducted to evaluate whether blindness was main-
tained. As it was impossible to blind the practitioners and 
participants allocated to the usual care group given the 
nature of the intervention, outcome assessors and data 
analysts who were not involved in the treatment proce-
dures were blinded to this group allocation.

Intervention
The intervention was initiated after randomization within 2 
weeks of the screening visit in participants who met all inclu-
sion criteria and did not meet any exclusion criteria. In the 
electroacupuncture group, disposable sterilized stainless steel 
filiform needles (0.25 × 40 mm; Dongbang Acupuncture Inc., 
Seoul, Republic of Korea) were inserted at standardized 
GV20, EX-HN3, and bilateral HT7, PC6, BL63, and KI4 
acupoints with a 5–20 mm depth of insertion using 10 acu-
puncture needles (one needle for each acupoint). Acupoint 
selection was based on previous electroacupuncture studies 

conducted for insomnia, textbooks on acupuncture and mox-
ibustion, and consensus between Korean medicine 
specialists.20,21,27–29 The manipulation technique was applied 
at the acupoints until the “de qi” sensation (soreness, numb-
ness, heaviness, and distention) was achieved in participants. 
The treatment was performed 2–3 times a week for 4 weeks, 
with a total of 10 sessions. In the sham-electroacupuncture 
group, a Park Sham Device (PSD; Dong-bang AcuPrime Ltd., 
Exeter, UK), a frequently used sham acupuncture device with 
a blunt end that does not penetrate the skin,30,31 was inserted at 
10 specific non-acupoints on both the arms and legs. These 
non-acupoints have no therapeutic effect according to Korean 
medicine theory: “Arm 1” (mid maximal ridge of biceps 
brachii muscle belly), “Arm 2” (1.5 cm upward to Arm 1), 
“Leg 1” (1.5 cm upward to the middle of the patella), “Leg 2” 
(upper 1/3 of the medial part of tibia), and “Leg 3” (1.5 cm 
lower to Leg 2). Other treatment procedures were the same as 
the electroacupuncture group. In both the electroacupuncture 
and sham-electroacupuncture groups, an electroacupuncture 
device (ES-160, Ito Co. Ltd., Tokyo, Japan) was used for 
electrostimulation for 30 min. Continuous-wave electrostimu-
lation at a frequency of 4 Hz and 80% intensity was applied in 
the electroacupuncture group. However, in the sham- 
electroacupuncture group, a de-activated electroacupuncture 
device was connected to PSD with no electrostimulation, but 
it made the same beeping sound and light indications when 
operated. Any additional treatment for insomnia was inhibited 
during the study period in the electroacupuncture and sham- 
electroacupuncture groups and all treatment procedures were 
performed by licensed Korean medicine doctors with more 
than 2 years of clinical experience and more than 6 years of 
regular medical education. The acupuncture practitioners lim-
ited unnecessary conversations, which were not related to the 
treatment, with the participants. In the usual care group, any 
treatment for insomnia except Korean medicine treatment 
such as acupuncture and herbal medicine was allowed and 
all concomitant treatments were recorded in a case report form 
(CRF). All study participants in all three groups received sleep 
hygiene education using a brochure (Table S1).

Outcomes
The primary outcome was the ISI score, a validated, self- 
rating 7-item questionnaire assessing the severity of 
insomnia and associated daily life disturbances.32 Total 
ISI scores ranged from 0 to 28, and were interpreted as 
follows: no clinically significant insomnia (0–7), sub- 
threshold insomnia (8–14), moderate insomnia (15–21), 
and severe insomnia (22–28).32 To target patients with 
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moderate-to-severe insomnia, we set a cut-off for ISI score 
as 15 or higher as the inclusion criterion. A validated 
Korean version of ISI score was measured at the screening 
visit, and at Weeks 2 (mid-point), 4 (treatment termina-
tion), 8 (follow-up after the final intervention), and 12 
(follow-up after the final intervention).33

Secondary outcome measures included the following: 
(1) the Pittsburgh Sleep Quality Index (PSQI) score, (2) 
sleep diary-derived variables, (3) HADS score, (4) 
EuroQoL five dimension (EQ-5D) score, (5) Patient 
Global Impression of Change (PGIC) score, and (6) salivary 
melatonin and cortisol levels. PSQI is a self-administered 
questionnaire used to evaluate sleep disturbances within the 
past month and measure subjective sleep quality, sleep 
latency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, sleeping medication use, and daytime 
dysfunction.34,35 A final score of >5 out of 21 indicates 
significant sleep disturbance.34 ISI directly assesses the 
perceived severity of insomnia, and the associated func-
tional impairment, whereas PSQI assesses general sleep 
disturbances.21 Because we targeted patients with DSM- 
5-diagnosed insomnia, we chose ISI score rather than 
PSQI score (at Week 4) as the primary outcome measure.

The sleep diary was used to maintain data concerning 
the bedtime at night and the waking time in the morning, 
from which the total time in bed (TIB) was calculated. It 
also contained data on sleep onset latency (SOL), waking 
after sleep onset (WASO) during the night, and total sleep 
time (TST). We calculated sleep diary-derived sleep effi-
ciency (SE) using the formula TST/TIB × 100%.9 We 
compared the mean changes in sleep parameters included 
in the sleep diary during 1 week before the visit.

HADS is a 14-item questionnaire widely used to assess 
changes in the emotional state of anxiety and depression in 
patients with chronic diseases, with high scores indicating 
severe symptoms.36 The EQ-5D measures health-related 
quality of life, and consists of five questions about mobility, 
personal care, daily activities, pain/discomfort, and anxiety/ 
depression.37,38 It also assesses global health using EuroQoL 
visual analogue scale (EQ-VAS), with scores ranging 
between 100 (best imaginable health) and 0 (worst imagin-
able health). We used PGIC to evaluate the participant’s self- 
perception of overall improvement after treatment using 
a 7-point Likert scale, ranging from “very much worse” to 
“very much improved”.39 For PGIC, treatment success was 
defined as the percentage of “much improved” or “very 
much improved”. Melatonin levels usually increase at 
night, whereas cortisol levels increase in the morning in 

normal condition.27,40 Therefore, we assessed the levels of 
salivary melatonin and cortisol at baseline and Week 4 to 
determine changes in the physiological levels of these vari-
ables after treatment.

Further, we assessed adverse events (AEs) during the 
study period based on medical examinations and labora-
tory tests including liver, renal, and thyroid function tests 
and complete blood cell count. The types of AEs com-
monly observed after electroacupuncture include nervous 
system disorders such as vertigo and unconsciousness, 
general disorders and administration site conditions such 
as pallor, skin and subcutaneous tissue disorders such as 
skin pigmentation, gastrointestinal disorders such as nau-
sea and vomiting, and cardiac/vascular disorders such as 
cyanosis and palpitations.41 If such AEs were judged to 
have a causal relationship with the electroacupuncture 
treatment based on the time interval between the treatment 
and the appearance of the AE, it was judged as AE related 
to the electroacupuncture. The severity and causal relation-
ships between AEs and the intervention were also recorded 
in the CRF. In addition, a blinding test was performed in 
the electroacupuncture and sham-electroacupuncture 
groups after the first and last treatments to check whether 
the blinding of participants in these groups was main-
tained. For this, we asked the participants about the type 
of acupuncture they had received and their thoughts were 
recorded as follows: “real electroacupuncture,” “sham- 
electroacupuncture,” or “unknown”. We then evaluated 
the blinding success using the new blinding index (BI) 
and 95% confidence interval (CI).42

Sample Size and Statistical Analysis
This study aimed to compare the mean changes in the ISI 
score at Week 4 between electroacupuncture and usual care 
groups and between electroacupuncture and sham- 
electroacupuncture groups. The differences in ISI scores 
were expected to be larger between the electroacupuncture 
and usual care groups compared with those between the 
electroacupuncture and sham-electroacupuncture groups. 
Based on previous studies on electroacupuncture for insom-
nia using ISI as the primary outcome measure,20,21 a mean 
difference of 4.15 between electroacupuncture and sham- 
electroacupuncture and a standard deviation of 6.0 was used 
for sample size calculation, with a statistical power of 80% 
and a two-sided significance level of 2.5%. Therefore, 
assuming that a study comparing electroacupuncture and 
usual care requires fewer samples than that comparing elec-
troacupuncture and sham-acupuncture, we chose a larger 
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sample size of 40 participants per group to test both hypoth-
eses. Finally, after considering a 20% drop-out rate, a total of 
150 participants (50 participants per group) were recruited.

All statistical analyses were conducted by a statistician 
who was independent of intervention and evaluation using 
SAS version 9.4 software (SAS Institute Inc., Cary, NC, 
USA). Intention-to-treat analysis was conducted for partici-
pants who had received at least one treatment and assess-
ment after randomization, and if necessary, a per-protocol 
analysis was conducted. A two-sided test with a significance 
level of 0.025 was performed using an analysis of covar-
iance (ANCOVA) with baseline as the covariate and the 
treatment group as the fixed factors. Dunnett’s test was 
used for inter-group comparisons to compensate for multiple 
comparisons and a repeated measure analysis of variance 
was used to assess the differences between groups over time. 
A paired t-test or Wilcoxon signed rank test was used to 
compare results before and after treatment within groups. 
Multiple imputations were applied for missing values.

Results
Participants’ Characteristics
A total of 193 participants were screened for eligibility; of 
these, 150 were randomly assigned to one of the three groups. 
Of the included participants, 136 completed the study, 

whereas the remaining 14 dropped out. Eight participants 
withdrew their consent to participate in the trial, five violated 
the study protocol, and one violated the study protocol and 
withdrew consent (Figure 1). None of the participants with-
drew because of AEs. There was no statistically significant 
difference in demographic and clinical characteristics among 
the three groups (P > 0.05), except gender ratio (P = 0.0253) 
(Table 1). In the usual care group, the proportion of females 
was significantly lower and that of males was significantly 
higher than those in the other two groups. Further, in the usual 
care group, only two patients started a new treatment for 
insomnia during the study period, and each of them was 
administering dietary supplements and Zolpidem.

Primary Outcomes
We compared the mean ISI scores between the three 
groups at Weeks 2, 4, 8, and 12 by ANCOVA. There 
were significant differences between electroacupuncture 
and usual care groups throughout the study period 
(P < 0.0001, all). There was no difference in the mean 
ISI scores at Weeks 2 and 4 between electroacupuncture 
and sham-electroacupuncture groups (P = 0.6404, 0.0866). 
However, on conducting follow-up assessments at Weeks 
8 and 12, the ISI scores were significantly different 
between the two groups (Week 8: P = 0.0213, Week 12: 

Figure 1 Study flowchart.
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P = 0.0446). The mean ISI score significantly decreased 
compared with baseline in all three groups during the 
treatment period and the scores continued to decrease 
during the 8-week follow-up period after the final inter-
vention (Figure 2, Table 2). Results of subgroup analysis 
based on the administration of conventional medications 
for insomnia, the severity of insomnia as per ISI score 
(scores of 15–21 or 22–28), and gender showed 
a significant difference between electroacupuncture and 
usual care; no difference was observed between electro-
acupuncture and sham-electroacupuncture at Week 4 
regardless of the subgroup (Table S2). In addition, 
a similar result was observed in the per-protocol analysis 
including only patients who completed the treatment ori-
ginally assigned to them (Table S3).

Secondary Outcomes
The mean PSQI scores in the three groups significantly 
decreased during the study period compared with those at 
baseline. Participants in the electroacupuncture group had sig-
nificantly lower PSQI scores during the study period than those 
in the usual care group (Week 2: P = 0.0048, others: P < 
0.0001). However, there were no differences in PSQI scores 
between electroacupuncture and sham-electroacupuncture 
groups (P > 0.05, all). Sleep diary-derived SOL, WASO, 
TST, and SE significantly improved in the electroacupuncture 
and sham-acupuncture groups during the study period com-
pared with the baseline values. Particularly, sleep diary-derived 
SE was significantly higher in the electroacupuncture group 
than in the sham-electroacupuncture (P = 0.0397) and usual 
care groups (P = 0.0002) at Week 4. Sleep diary-derived SOL 

Table 1 Demographic and Clinical Characteristics of the Participants

Characteristicsa Electroacupuncture (n=49) Sham (n=52) Usual Care (n=49) P value

Gender (Male/Female)b 9 (18.37%)/40 (81.63%) 9 (17.31%)/43 (82.69%) 19 (38.78%)/30 (61.22%) 0.0253
Age (year)c 51.78 (49.23, 54.32) 52.00 (49.52, 54.48) 52.00 (49.48, 54.52) 0.9894

Height (cm)c 160.51 (158.09, 162.93) 159.59 (157.67, 161.51) 163.56 (160.48, 166.63) 0.0647

Weight (kg)c 59.88 (56.98, 62.78) 59.65 (56.41, 62.90) 62.50 (58.95, 66.04) 0.3884
BMI (kg/m2)c 23.12 (22.42, 23.81) 23.35 (22.28, 24.42) 23.30 (22.18, 24.42) 0.9406

Smoke (Yes/No)b 2 (4.08%)/47 (95.92%) 3 (5.77%)/49 (94.23%) 3 (6.12%)/46 (93.88%) 0.9999

Drink (Yes/No)b 19 (38.78%)/30 (61.22%) 15 (28.85%)/37 (71.15%) 22 (44.90%)/27 (55.10%) 0.2304
Exercise (Yes/No)b 12 (24.49%)/37 (75.51%) 16 (30.77%)/36 (69.23%) 11 (22.45%)/38 (77.55%) 0.6372

Treatment expectationc,d 6.86 (6.43, 7.28) 6.56 (6.12, 6.99) 6.29 (5.91, 6.66) 0.1561
Duration of symptom (Month)c 76.37 (53.54, 99.19) 72.35 (53.59, 91.10) 82.22 (55.85, 108.60) 0.8237

Notes: aData are presented as mean and 95% confidence interval or number (%). bFisher’s exact test. cAnalysis of variance test. dSelf-report questionnaires are used on 
a scale of 1 to 9, with higher scores indicating higher expectations. 
Abbreviation: BMI, body mass index.

Figure 2 Mean Insomnia Severity Index scores of three groups during the study period *Significant difference between electroacupuncture and usual care, P<0.0001; 
#Significant difference between electroacupuncture and sham, P<0.05; +The end of treatment.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                       

Nature and Science of Sleep 2020:12 1150

Lee et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/get_supplementary_file.php?f=281231.docx
http://www.dovepress.com/get_supplementary_file.php?f=281231.docx
http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
2 

Su
bj

ec
tiv

e 
Sl

ee
p 

M
ea

su
re

s

V
ar

ia
bl

es
E

le
ct

ro
ac

up
un

ct
ur

e 
(n

=4
9)

Sh
am

 (
n=

52
)

U
su

al
 C

ar
e 

(n
=4

9)
P 

va
lu

e 
(E

le
ct

ro
ac

up
un

ct
ur

e 
ve

rs
us

 S
ha

m
)

P
 v

al
ue

 
(E

le
ct

ro
ac

up
un

ct
ur

e 
ve

rs
us

 U
su

al
 C

ar
e)

M
ea

n 
(9

5%
 C

I)
P 

va
lu

e 
(W

it
hi

n 
G

ro
up

)

M
ea

n 
(9

5%
 C

I)
P 

va
lu

e 
(W

it
hi

n 
G

ro
up

)

M
ea

n 
(9

5%
 C

I)
P 

va
lu

e 
(W

it
hi

n 
G

ro
up

)

IS
I Ba

se
lin

e
19

.0
2 

(1
7.

80
, 2

0.
24

)
19

.5
9 

(1
8.

47
, 2

0.
72

)
18

.9
0 

(1
7.

52
, 2

0.
28

)

W
ee

k 
2

13
.8

1 
(1

2.
58

, 1
5.

04
)

<0
.0

00
1

14
.3

8 
(1

2.
80

, 1
5.

96
)

<0
.0

00
1

17
.5

6 
(1

6.
07

, 1
9.

04
)

0.
04

94
0.

64
04

<0
.0

00
1

W
ee

k 
4

10
.1

3 
(8

.8
4,

 1
1.

41
)

<0
.0

00
1

11
.9

1 
(1

0.
28

, 1
3.

54
)

<0
.0

00
1

16
.6

3 
(1

5.
29

, 1
7.

97
)

0.
00

14
0.

08
66

<0
.0

00
1

W
ee

k 
8

8.
60

 (
7.

19
, 1

0.
02

)
<0

.0
00

1
11

.2
8 

(9
.4

4,
 1

3.
11

)
<0

.0
00

1
15

.3
7 

(1
4.

03
, 1

6.
71

)
<0

.0
00

1
0.

02
13

<0
.0

00
1

W
ee

k 
12

8.
02

 (
6.

42
, 9

.6
2)

<0
.0

00
1

10
.3

8 
(8

.6
5,

 1
2.

11
)

<0
.0

00
1

14
.6

2 
(1

3.
38

, 1
5.

86
)

<0
.0

00
1

0.
04

46
<0

.0
00

1

PS
Q

I

Ba
se

lin
e

11
.1

8 
(1

0.
28

, 1
2.

09
)

10
.9

2 
(9

.7
3,

 1
2.

12
)

11
.6

3 
(1

0.
74

, 1
2.

52
)

W
ee

k 
2

9.
02

 (
8.

07
, 9

.9
7)

<0
.0

00
1

9.
74

 (
8.

71
, 1

0.
78

)
<0

.0
00

1
10

.8
2 

(9
.8

4,
 1

1.
80

)
0.

03
74

0.
45

14
0.

00
48

W
ee

k 
4

7.
38

 (
6.

48
, 8

.2
7)

<0
.0

00
1

7.
94

 (
6.

87
, 9

.0
0)

<0
.0

00
1

10
.4

6 
(9

.4
9,

 1
1.

42
)

0.
00

43
0.

51
78

<0
.0

00
1

W
ee

k 
8

6.
79

 (
5.

79
, 7

.7
9)

<0
.0

00
1

7.
70

 (
6.

54
, 8

.8
6)

<0
.0

00
1

10
.1

3 
(9

.1
2,

 1
1.

14
)

0.
00

13
0.

24
88

<0
.0

00
1

W
ee

k 
12

6.
56

 (
5.

53
, 7

.5
9)

<0
.0

00
1

7.
21

 (
6.

01
, 8

.4
1)

<0
.0

00
1

9.
95

 (
8.

87
, 1

1.
03

)
0.

00
19

0.
48

48
<0

.0
00

1

Sl
ee

p 
di

ar
y 

(S
O

L,
 

m
in

) Ba
se

lin
e

63
.6

2 
(5

1.
42

, 7
5.

83
)

54
.2

8 
(4

5.
20

, 6
3.

35
)

42
.7

1 
(3

5.
26

, 5
0.

16
)

W
ee

k 
2

43
.3

2 
(3

3.
77

, 5
2.

87
)

0.
00

03
45

.3
1 

(3
6.

39
, 5

4.
22

)
0.

03
44

41
.9

9 
(3

3.
72

, 5
0.

25
)

0.
79

08
0.

26
90

0.
07

67
W

ee
k 

4
39

.3
1 

(3
0.

33
, 4

8.
30

)
<0

.0
00

1
37

.8
3 

(2
9.

85
, 4

5.
81

)
0.

00
02

40
.9

1 
(3

3.
18

, 4
8.

65
)

0.
55

39
0.

61
64

0.
01

13
W

ee
k 

8
37

.4
4 

(2
6.

88
, 4

8.
00

)
<0

.0
00

1
36

.8
2 

(2
8.

87
, 4

4.
77

)
0.

00
02

39
.5

1 
(3

2.
79

, 4
6.

23
)

0.
29

66
0.

57
05

0.
02

07
W

ee
k 

12
33

.9
5 

(2
6.

81
, 4

1.
09

)
<0

.0
00

1
34

.5
9 

(2
7.

67
, 4

1.
52

)
<0

.0
00

1
37

.4
0 

(3
0.

59
, 4

4.
22

)
0.

13
63

0.
44

36
0.

02
34

Sl
ee

p 
di

ar
y 

(W
A

SO
, 

nu
m

be
r)

Ba
se

lin
e

1.
98

 (
1.

69
, 2

.2
8)

2.
27

 (
1.

92
, 2

.6
1)

1.
78

 (
1.

45
, 2

.1
2)

W
ee

k 
2

1.
61

 (
1.

38
, 1

.8
5)

0.
00

11
1.

80
 (

1.
51

, 2
.0

9)
0.

00
01

1.
76

 (
1.

44
, 2

.0
8)

0.
85

46
0.

88
11

0.
04

35
W

ee
k 

4
1.

51
 (

1.
26

, 1
.7

6)
<0

.0
00

1
1.

77
 (

1.
48

, 2
.0

6)
<0

.0
00

1
1.

65
 (

1.
35

, 1
.9

4)
0.

22
94

0.
51

21
0.

06
67

W
ee

k 
8

1.
48

 (
1.

21
, 1

.7
5)

<0
.0

00
1

1.
82

 (
1.

48
, 2

.1
7)

0.
00

67
1.

64
 (

1.
31

, 1
.9

6)
0.

16
69

0.
33

03
0.

05
88

W
ee

k 
12

1.
34

 (
1.

10
, 1

.5
7)

<0
.0

00
1

1.
78

 (
1.

46
, 2

.0
9)

0.
00

04
1.

68
 (

1.
29

, 2
.0

7)
0.

59
23

0.
07

55
0.

03
92

Sl
ee

p 
di

ar
y 

(T
ST

, m
in

)

Ba
se

lin
e

32
7.

3 
(3

07
.9

, 3
46

.8
)

32
0.

2 
(2

98
.6

, 3
41

.8
)

32
5.

6 
(3

02
.5

, 3
48

.9
)

W
ee

k 
2

35
7.

0 
(3

39
.1

, 3
74

.9
)

<0
.0

00
1

35
0.

2 
(3

29
.9

, 3
70

.6
)

0.
00

02
32

7.
7 

(3
06

.7
, 3

48
.7

)
0.

79
01

0.
84

89
0.

00
30

W
ee

k 
4

36
5.

0 
(3

50
.8

, 3
79

.3
)

<0
.0

00
1

35
8.

9 
(3

37
.0

, 3
80

.9
)

<0
.0

00
1

33
2.

3 
(3

12
.8

, 3
51

.8
)

0.
46

40
0.

85
76

0.
00

10

(C
on

tin
ue

d)

Nature and Science of Sleep 2020:12                                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1151

Dovepress                                                                                                                                                              Lee et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and TST were significantly improved in the electroacupuncture 
group compared with those in the usual care group at Week 4 
(P = 0.0113, 0.0010); however, no differences were observed 
in these variables between the electroacupuncture and sham- 
electroacupuncture groups (P > 0.05, all) (Table 2).

The mean anxiety, depression, and total HADS scores 
significantly decreased after electroacupuncture and sham- 
electroacupuncture during the study period compared with 
those at baseline; however, these values showed no differ-
ence in the usual care group. The mean anxiety, depres-
sion, and total HADS scores significantly decreased in the 
electroacupuncture group compared with those in the usual 
care group during the study period; however, no significant 
differences were found in these parameters between elec-
troacupuncture and sham-electroacupuncture groups. 
Further, the quality of life as measured by EQ-5D and EQ- 
VAS was significantly different between electroacupunc-
ture and usual care groups only at our primary endpoint, 
which was Week 4. There were no differences in EQ-5D 
and EQ-VAS between electroacupuncture and sham- 
electroacupuncture groups. At Week 4, 24 patients (50%) 
in the electroacupuncture group reported treatment success 
as per the PGIC scale, whereas 15 patients (31.91%) in the 
sham-electroacupuncture group and 3 patients (6.52%) in 
the usual care group reported treatment success (relative 
risk (RR) between electroacupuncture and sham- 
electroacupuncture: 1.57, 95% CI: 0.95 to 2.59; RR 
between electroacupuncture and usual care: 7.67, 95% 
CI: 2.48 to 23.73). At Week 12, 30 patients (62.50%) in 
the electroacupuncture group reported treatment success, 
whereas 21 patients (44.68%) in the sham- 
electroacupuncture group and 5 patients (11.11%) in the 
usual care group reported treatment success (RR between 
electroacupuncture and sham: 1.40, 95% CI: 0.95 to 2.06; 
RR between electroacupuncture and usual care: 5.63, 95% 
CI: 2.39 to 13.23). No significant changes were observed 
in salivary melatonin and cortisol levels within each group 
during the study period and no difference was observed 
between electroacupuncture and sham-electroacupuncture 
and between electroacupuncture and usual care groups 
(Table 3).

Safety Assessment
In all, 106 AEs were reported during 1473 visits, and there 
was a statistically significant difference in the incidence of 
AEs among the three groups (electroacupuncture: 42 
cases/626 visits [6.71%], sham-electroacupuncture: 27 
cases/616 visits [4.38%], and usual care: 37 cases/231 Ta
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visits [16.02%]; P < 0.0001). The most common AE was 
upper respiratory tract infection (58.49%), followed by 
dyspepsia (14.15%) and headache (4.72%) (Table 4). 
There was no AE related to treatment, and no serious AE 
was reported. All AEs improved spontaneously during the 
study period and there were no study drop-outs because of 
AEs. In addition, no significant differences were observed 
in laboratory test results before and after treatment in all 
groups (Table S4).

Blinding Test
At Week 1 post-treatment, 36 of 49 participants in the electro-
acupuncture group (new BI: 0.612, 95% CI: 0.418 to 0.807) 
versus 31 of 48 participants in sham-electroacupuncture group 
(new BI: −0.479, 95% CI: −0.695 to −0.263) guessed their 
treatment to be real electroacupuncture. At Week 4, these 
numbers were 36 of 48 participants in the electroacupuncture 
group (new BI: 0.646, 95% CI: 0.459 to 0.833) and 27 of 47 
participants in the sham-electroacupuncture group (new BI: 
−0.255, 95% CI: −0.516 to 0.005) (Table S5). This result 
implies that blinding was appropriately maintained in the 
sham-electroacupuncture group during the study period.

Discussion
The findings of this study indicate that electroacupuncture 
leads to a greater improvement in insomnia severity as 
measured by ISI and PSQI in moderate-to-severe insomnia 
patients (ISI score of at least 15) compared with usual care 
after 4 weeks of treatment. In addition, the significant 
differences were well-maintained until Week 12 (8-week 
follow-up after the final intervention). Considering that the 
minimal clinically important differences (MCIDs) in ISI 
and PSQI scores are 6 and 3 points for insomnia patients, 
respectively,43,44 a mean decrease of 8.83 and 3.73 in ISI 
and PSQI scores, respectively, at Week 4 demonstrated 
that electroacupuncture had a clinically meaningful benefit 

in improving the sleep quality in these patients. The mean 
difference in ISI score after 4 weeks of electroacupuncture 
in this study was similar to that reported in a previous 
study measuring ISI score difference after 6 weeks of 
zolpidem plus CBT-I, although our study included patients 
with more severe insomnia; thus, a direct comparison 
cannot be made.45 The PSQI score difference and baseline 
scores were also similar to those reported in a previous 
study measuring PSQI score difference after 6 weeks of 
acupuncture or estazolam compared with baseline.46 In 
addition, electroacupuncture significantly improved sleep 
diary-derived variables, anxious and depressive moods as 
measured by HADS, and health-related quality of life as 
measured by EQ-5D and EQ-VAS compared with usual 
care.

There was no significant difference in ISI score between 
electroacupuncture and sham-electroacupuncture groups at 
Week 4, which was our primary endpoint, although there 
was a significant difference in sleep diary-derived SE 
between the two groups. Therefore, the results of this 
study cannot conclusively prove that electroacupuncture 
had a better effect than sham-electroacupuncture. Some 
previous studies have shown significant differences in ISI 
scores between acupuncture and sham-acupuncture.20,22 

However, these differ from our study because one of these 
studies included insomnia patients with major depressive 
disorders,20 and another used the same acupoints without 
electrical stimulation in both acupuncture and sham- 
acupuncture groups.22 Thus, the results of the current 
study can be interpreted based on the following ways. 
First, various factors are involved in acupuncture treatment 
during the procedure, eg, the tool (needle), psychology 
(both of the patient and the practitioner), technique, and 
education level of the practitioner.47 Some studies have 
suggested that a placebo response driven by factors such 
as interpersonal interactions plays an important role in 

Table 4 Number of Adverse Events

Adverse Event Electroacupuncture (626 Visits) Sham (616 Visits) Usual Care (231 Visits) Total

Overall 42 27 37 106

Serious adverse event 0 0 0 0

Upper respiratory infection 24 (57.14%) 13 (48.15%) 25 (67.57%) 62 (58.49%)
Dyspepsia 7 (16.67%) 4 (14.81%) 4 (10.81%) 15 (14.15%)

Headache 1 (2.38%) 4 (14.81%) 0 5 (4.72%)

Low back pain 1 (2.38%) 0 1 (2.70%) 2 (1.89%)
Pruritus 1 (2.38%) 1 (3.70%) 0 2 (1.89%)

Others 8 (19.05%) 5 (18.52%) 7 (18.92%) 20 (18.87%)
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certain disorders, eg, traumatic brain injury, migraine, 
chronic pain, depression, and insomnia.48,49 Therefore, 
there is a possibility that other related factors except the 
sham needle may have influenced the results. Second, 
although there was no difference between electroacupunc-
ture and sham-electroacupuncture in terms of ISI scores at 
Week 4, ISI scores were significantly different between the 
two groups at Weeks 8 and 12. Therefore, the trial period 
may not have been long enough to see the effect of electro-
acupuncture compared with sham-electroacupuncture. 
Accordingly, it is necessary to conduct a long-term trial to 
assess the difference between these two modalities in the 
future.

Various experimental and clinical studies have been con-
ducted to elucidate the mechanism of acupuncture treatment 
for treating insomnia. These studies suggest that neurotrans-
mitters including serotonin, glutamate, gamma-aminobutyric 
acid, and melatonin are involved in the mechanism of acu-
puncture treatment for insomnia.50–53 In particular, previous 
studies have shown the potential of acupuncture and electro-
acupuncture for treating insomnia by regulating melatonin and 
cortisol levels,54–56 although our study showed no significant 
changes in the levels of these factors after electroacupuncture. 
However, because of the differences in the acupuncture treat-
ment method and treatment period, further studies are needed 
to reach a definitive conclusion. Other experimental studies 
have suggested that acupuncture improved insomnia by 
regulating the hypothalamic-pituitary-adrenal axis.55,56 

Furthermore, although the underlying pathophysiological 
mechanisms are poorly understood, genome-wide association 
analyses have identified 57 loci associated with insomnia.57 

Several animal experiments have reported that acupuncture 
treatment for insomnia may be associated with mRNA expres-
sion or gene transcription, and clinical studies targeting 
changes in intestinal microbiome after acupuncture for insom-
nia have been conducted.58,59 Therefore, the delayed response 
of acupuncture treatment observed in our study may have 
resulted from genetic variations occurring as a cumulative 
effect of acupuncture treatment. However, to the best of our 
knowledge, the mechanisms of acupuncture treatment for 
treating insomnia still remain unclear and further experimental 
studies are warranted to reveal the underlying mechanisms.

The strength of this trial is the successful blinding of the 
sham-electroacupuncture group. Previous studies mostly 
lacked blinding assessment;20–22 therefore, their results may 
be biased depending on whether or not blinding was main-
tained. We evaluated whether the blinding was well main-
tained during the study period through two blinding tests 

conducted after the first and the last treatment. The results 
in the two tests showed that blinding in the sham- 
electroacupuncture group was well-maintained throughout 
the study period. This result is particularly encouraging, 
given that the individuals in East Asia, including Korea, are 
very familiar with acupuncture. In addition, the drop-out rate 
during the study period was as low as 13.4% in the sham- 
electroacupuncture group. For the sham-electroacupuncture 
group, we inserted a validated sham-acupuncture device, 
PSD, at non-acupoints in both the arms and legs and used 
a de-activated electroacupuncture device that made the same 
beeping sound and light indications as in the electroacupunc-
ture group. Additionally, we treated all participants in 
a treatment room environment similar to a general Korean 
medicine hospital or clinic, and the acupuncture therapist 
limited conversations not related to the treatment with the 
participants. These factors may have contributed to maintain-
ing the blindness among participants during the study period 
in the sham-electroacupuncture group, resulting in a low 
drop-out rate. Another strength of our study is the superiority 
of the study design that evaluates both the efficacy and 
effectiveness of electroacupuncture by comparing it with 
sham-electroacupuncture and usual care, respectively. 
Previous acupuncture studies on insomnia have often used 
non-penetrating sham acupuncture at real acupoints. 
However, non-penetrating sham acupuncture at real acu-
points also can lead to a “de qi” sensation that is important 
in creating a positive clinical outcome.31,60,61 Additionally, 
sham acupoints beside the real acupoints can also be sensi-
tized by an increased expression of nociceptive substances.62 

We used validated non-penetrating sham acupuncture at het-
erosegmental non-acupoints to minimize any physiological 
effect. Furthermore, efficacy trials without a usual care arm 
have been termed as a fundamental flaw because it is only 
meaningful to compare two interventions if they have been 
shown to be superior to usual care.63

However, there were some limitations to our study. 
First, the baseline characteristics of the participants showed 
that there were significantly fewer women in the usual care 
group. Although there is less concern on baseline character-
istic imbalance if a trial has a large sample size and uses 
a truly random process protected with concealed allocation 
in RCTs,64 it has been reported that females are associated 
with a 40% increased risk of developing insomnia com-
pared with males.65,66 To investigate the effect of baseline 
gender differences on effect size, we analyzed the effect 
size using baseline gender as a covariate. As a result, it was 
confirmed that gender did not significantly affect the results 
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(Table S6). In addition, we conducted a subgroup analysis 
based on gender for ISI score and observed no significant 
difference from the overall analysis results. Nonetheless, it 
is necessary to design a stratified clinical trial considering 
gender differences to prevent the possibility of such a bias 
in the future. Second, we could not measure the sleep 
patterns of participants using objective measures such as 
actigraphy or polysomnography. Although polysomnogra-
phy is considered the gold standard in sleep research, it is 
not always possible to conduct in actual clinical studies 
because of limitations such as costs involved, institution’s 
infrastructure, and patients’ inconvenience to be hospita-
lized for the measurement. Furthermore, correlations 
between ISI score, which was our primary outcome, and 
polysomnographic measures have been found to be signifi-
cant in several studies.32,67 Future studies should be 
conducted using objective measures including polysomno-
graphic measurement.

Conclusion
Results of the current trial provide supportive evidence 
that electroacupuncture can be an effective, safe, and well- 
tolerated non-pharmacological intervention for insomnia, 
using validated placebo control and validated subjective 
questionnaires. Further long-term studies with objective 
sleep measures are needed for a more definitive 
conclusion.

Data Sharing Statement
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available immediately following publication without an 
end date.
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