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INSOMNIA IS A FREQUENT CLINICAL COMPLAINT. 
THE PREVALENCE OF INSOMNIA SYMPTOMS ACCOM-
PANIED BY DAYTIME CONSEQUENCES RANGES FROM 
9% to 15% for the general population, whereas the prevalence 
of primary insomnia ranges from 2% to 4%.1 Insomnia may 
lead to fatigue, irritability, and impaired daytime functioning. 
It is associated with reduced quality of life, an increased risk 
of having a motor vehicle crash, impaired job performance, 
and absenteeism.2,3 Early diagnosis and treatment of insomnia 
is important, since untreated insomnia is associated with acci-
dents and functional impairments, as well as the development 
of anxiety and depressive disorders.4

Although effective pharmacologic treatments for insom-
nia are available, their uses are limited by concerns regarding 
long-term efficacy and the potential for abuse, dependence, 
and adverse effects.5 Psychological and behavioral therapies 
have empirical evidence for insomnia,6 but they have remained 
largely underutilized because of the time-intensive nature and 
requirement of significant training for effective implementa-
tion.7 Faced with the limitations of the currently available treat-
ments, the rate of complementary and alternative medicine use 
in treating insomnia increased from 20.6% in 1990 to 26.4% in 

1997 in the general population of the United States.8 Among the 
complementary treatment modalities, acupuncture has been one 
of the most popular and safest procedures.9 To treat illnesses, 
the acupuncturist inserts fine needles at special points on the 
body, called acupoints, according to the traditional Chinese 
medicine theory. Electroacupuncture, which stimulates acu-
points by electric currents via inserted acupuncture needles, is 
often a preferred form of treatment in research settings. Com-
pared with manual acupuncture, electroacupuncture is more 
readily controllable and easier to standardize, it allows stronger 
and more continuous stimulation with less pain and tissue dam-
age, it is less time consuming to apply, and its effects are more 
rapid and longer lasting. It is considered to be more effective 
than manual acupuncture.10

There have been multiple anecdotal reports and clinical stud-
ies on the use of acupuncture for the treatment of insomnia. 
We recently conducted a systematic review of traditional needle 
acupuncture for insomnia and found that acupuncture might be 
a promising treatment modality for insomnia.11 However, the 
majority of the studies were limited by poor research designs, 
such as problems in imprecise enrollment criteria, randomiza-
tion, allocation concealment, blinding, and insufficient safety 
data. Furthermore, parameters of electroacupuncture were of-
ten not stated, and acupoint selection, duration and frequency 
of acupuncture treatment, and number of acupuncture sessions 
varied greatly among studies.11 Nevertheless, in 2 higher-qual-
ity trials reviewed, traditional needle acupuncture was more 
efficacious in improving sleep than was sleep-hygiene counsel-
ing in pregnant women.12 It is also more effective than sham 
acupuncture in treating poststroke insomnia.13 From our previ-
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ous review, we found that the most commonly used acupoints 
in traditional needle acupuncture treatment for insomnia were 
Baihui (GV20), Shenting (GV24), Sishencong (EX-HN1), 
Shenmen (HT7), Neiguan (PC6), and Sanyinjiao (SP6), and the 
number of acupoints selected ranged from 4 to 16. On average, 
the course of acupuncture treatment for insomnia lasted for 22 
days and ranged from 2 to 56 days.

Based on the TCM literature, most acupoints are not limited 
to treating 1 condition.14 For example, Baihui (GV20) has been 
used for to treat insomnia and headache. There has been lim-
ited research on the mechanistic aspects of individual acupoints 
in humans. Previous studies have shown that needling at Sish-
encong (EX-HN1) and Neiguan (PC6) can reduce heart rate, 
suggesting a sympathoinhibitory effect.15,16 Another study has 
shown that acupuncture increases nocturnal melatonin secre-
tion and is associated with sleep improvement, though the exact 
acupoints used were not mentioned.17

To the best of our knowledge, there has been no random-
ized placebo-controlled study on the efficacy and safety of acu-
puncture for the treatment of primary insomnia. We therefore 
conducted a randomized controlled trial to examine the effects 
of electroacupuncture and noninvasive placebo acupuncture in 
treating primary insomnia. Our hypothesis was that electroacu-
puncture would be superior to placebo acupuncture in the short-
term treatment of primary insomnia.

mEthoD

Design

This was a randomized, single-blind, parallel-group study 
designed to compare the effects of electroacupuncture and pla-
cebo acupuncture. Major assessments were at baseline and 1 
week after treatment. We followed the CONSORT and STRIC-
TA recommendations in designing and reporting the controlled 
trial.18.19

subjects

Participants were recruited via advertisements in local news-
papers. The inclusion criteria of this study were (1) ethnic Chi-
nese; (2) aged 18 to 65 years; (3) insomnia complaint 3 or more 
nights per week; (4) diagnosis of primary insomnia according 
to the DSM-IV criteria20 for at least 3 months; and (5) total 
score of Insomnia Severity Index (ISI) (the primary outcome 
measure) was at least 15, indicating moderate severity of in-
somnia.21

Subjects were excluded if they (1) were taking herbal rem-
edies, over-the-counter medications, or psychotropic drugs that 
were intended for the treatment of insomnia within the last 2 
weeks prior to baseline or during the study; (2) were diagnosed 
to with a concurrent major depressive disorder, generalized 
anxiety disorder, panic disorder, manic or hypomanic episode, 
substance use disorder besides caffeine or nicotine use, organic 
mental disorder, schizophrenia, or any other psychotic disor-
der based on the Structured Clinical Interview for the DSM-IV 
(SCID);22,23 (3) had received any acupuncture treatment during 
the previous 12 months prior to the baseline time point; (4) had 
an apnea-hypopnea index of 10 or greater or a periodic limb 

movement index with arousal of 15 or greater, as detected dur-
ing overnight polysomnography; (5) had an infection or abscess 
close to the site of the selected acupoints; (6) were pregnant, 
breast-feeding, or a woman of childbearing potential not us-
ing adequate contraception; (7) had valvular heart defects or 
bleeding disorders or were taking anticoagulant drugs; (8) had 
a significant risk of suicide; (9) had any serious physical illness; 
or (10) had participated in any clinical trial within the 3 months 
prior to baseline. No subjects were paid for participation; how-
ever, the electroacupuncture treatment, which costs US$20-30 
per session in Hong Kong, was provided free of charge.

Our sample size estimation was based on changes in ISI 
score. A clinically significant treatment effect was defined as 
an at least 3-point difference in ISI total score between elec-
troacupuncture and placebo acupuncture. We expected that the 
active treatment would outperform the placebo treatment by 1 
point on at least 2 of the 3 severity items of the ISI and at least 1 
of the 4 impairment items. Analysis of covariance (ANCOVA) 
was used to examine changes in outcome measures between 
groups.24 Based on previous work,21 a sample size of 24 in each 
group would have a power of 80% to detect a 3-point differ-
ence in the ISI total score between the 2 groups at an α level 
of 0.05.25 Allowing a 20% attrition rate, we estimated that this 
study would require a sample size of 30 in each group.

The study was reviewed and approved by the local institu-
tional review board. Subjects showing an interest in participat-
ing in the study were assessed via telephone or email about their 
sleep, medical, and psychiatric history. Potential subjects par-
ticipated in a comprehensive face-to-face interview to obtain 
a more detailed history, including the SCID. Written informed 
consent was obtained from all participants prior to the in-person 
interview. Laboratory-based overnight polysomnography (Alice 
4 Diagnostics System, Respironics, Atlanta, GA) was arranged 
to rule out specific sleep disorders. During polysomnography, 
electroencephalogram (C3/A2 and C4/A1), electrooculogram, 
and submental and bilateral anterior tibialis electromyogram 
were recorded using surface electrodes. Airflow was measured 
by thermistors, respiratory movements by impedance plethys-
mography, and arterial oxygen saturation by pulse oximetry. 
The electrocardiogram was also assessed. Sleep variables were 
analyzed according to the standard Rechtschaffen and Kales 
criteria26 by a registered polysomnographic technologist.

Eligible subjects completed a 1-week sleep diary and a 
3-day actigraphy recording in the week prior to a scheduled 
baseline visit. At the baseline visit, the subjects returned the 
completed sleep records and were asked to fill out a set of 
self-reported questionnaires. The subjects were then randomly 
assigned to either electroacupuncture or placebo acupuncture 
in a 1:1 ratio by an independent administrator using a com-
puter-generated list of numbers27 and received their first treat-
ment on the same day. At the 1-week posttreatment visit, the 
subjects returned the 1-week sleep diary and 3-day actigraph 
recording for the previous week and completed the same set 
of questionnaires.

The subjects were instructed that they would be randomly 
assigned to traditional acupuncture or acupuncture-like placebo 
treatment. Due to the nature of the intervention, it was not pos-
sible to blind the only acupuncturist in this study. The ques-
tionnaires, sleep diaries, and actigraphy results were analyzed 
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by independent research assistants who were blinded to group 
allocation.

intervention

Electroacupuncture

Subjects assigned to electroacupuncture were needled at 
Yintang (EX-HN3) and Baihui (GV20) and bilateral Ear Shen-
men, Sishencong (EX-HN1), and Anmian (EX) using dispos-
able acupuncture needles. The acupoint selection was based on 
our systematic review11 and expert opinion. The acupoints on 
the head and ears were treated using 0.25 × 25-mm needles and 
0.20 × 25-mm needles (Tai Chi, China), respectively. De qi—
an irradiating feeling considered to be indicative of effective 
needling—was achieved if possible. Surgical tapes or hair pins 
were used to secure the needles. An electric stimulator (CE-
FAR Acus II, Lund, Sweden) was connected to the needles and 
delivered a constant-current, 0.45-ms, square-wave, brief-pulse 
stimulus of 4-Hz frequency to the subjects. The needles were 
left for 30 minutes and then removed. Subjects were treated 
3 times per week for 3 consecutive weeks in a quiet treatment 
room. The thrice-weekly treatment schedule, but not a more 
frequent or daily treatment, was selected to enhance treatment 
adherence, and the 3-week treatment duration was chosen to 
examine the short-term effect of acupuncture. The acupuncture 
was performed by a licensed acupuncturist who had 2 years of 
experience in providing needle acupuncture.

placebo acupuncture

Subjects assigned to the placebo group were treated at the 
same acupoints using placebo needles.28 The blunt needle was 
not fixed inside the copper handle. When its tip touched the 
skin, a pricking sensation was felt by the subject, thereby simu-
lating the puncturing of the skin. The needle moved inside the 
handle and appeared to be shortened. A previous study showed 
that the credibility of placebo needles is high, particularly in 
acupuncture-naïve subjects.29 Similar to the technique used in 
the electroacupuncture group, the needles were held by surgical 
tape or hair pins and connected to the same electric stimulator 
but with zero frequency and amplitude. The subjects were told 
that the electric stimulator was set at a fixed level and were 
advised to inform the acupuncturist if they felt the impulse was 
too strong. The acupuncturist, setting, treatment frequency, and 
duration of the treatment course were the same as in the elec-
troacupuncture group.

measures

The ISI is a scale assessing the perceived severity of in-
somnia symptoms and the associated functional impairment, 
whereas the Pittsburgh Sleep Quality Index (PSQI) is designed 
to measure general sleep disturbances. Both questionnaires are 
self-rating scales with higher scores suggestive of increasing 
severity of sleep disturbance.21,30 In this study, the first question 
of the ISI was phrased to assess insomnia severity in the past 
week, whereas the PSQI was used to evaluate sleep disturbances 
in the past month. The 1-week daily sleep diary inquired about 

bedtime and rising time, from which total time in bed (TIB) was 
calculated.31 Subjects were also advised to estimate sleep-onset 
latency (SOL), wake time after sleep onset (WASO), and total 
sleep time (TST). They also rated their sleep quality using a 
4-point scale (very good, fairly good, fairly bad, and very bad). 
Sleep efficiency (SE) was calculated as (TST/TIB × 100%).

Because movement correlates with wakefulness and lack of 
movement with sleep,32 wrist actigraphy was used to objective-
ly estimate sleep. Actigraphs are watch-like devices that record 
physical movement by means of an accelerometer-micropro-
cessor link. In this study, actigraphs (Octagonal Basic Motion-
logger, Ambulatory Monitoring, Inc., Ardsley, NY) were worn 
24 hours per day on the nondominant wrist for 3 days prior to 
baseline and posttreatment study visits. The subjects were asked 
to press the actigraphy event marker to indicate “lights out.” We 
used Zero-Crossing Mode for quantification of wrist movement 
and ACTION-W 2.0 software to estimate SOL, WASO, TST, 
and SE using 1-minute epoch.

The Hospital Anxiety and Depression Scale (HADS)33 was 
used to assess the severity of depression and anxiety in the past 
week; higher scores are suggestive of more severe symptoms. 
The Sheehan Disability Index (SDI)34 was used to assess oc-
cupational, family, and social functioning of the subjects dur-
ing the previous month; a higher score is indicative of more 
severe functional impairment. The Credibility of Treatment 
Rating Scale (CTRS)35 was used to assess subjects’ “perceived 
logic of the treatment,” “confidence in the treatment to alleviate 
your complaint,” “confidence in recommending the treatment 
to your friends who have similar complaints,” and “likelihood 
that the treatment would alleviate your other complaints.” The 
CTRS was completed by the subjects after the second and ninth 
treatment sessions; a lower score is suggestive of greater confi-
dence toward the received treatment.

All questionnaires were presented in the Chinese language. 
We used the Chinese versions of PSQI and HADS, known to 
be reliable and valid measures.36,37 The ISI, SDI, and CTRS 
were translated into Chinese using a 2-phase technique.38,39 The 
validity of the translation was examined in groups of medical 
students and psychiatric patients. We found that the Chinese 
and English versions of the scales were highly similar in inter-
pretation. The Pearson correlation coefficient of the total score 
of the Chinese and English version of the ISI was 0.98. The 
1-week test-retest reliability of the Chinese version of the ISI 
was 0.95.

statistical analyses

All the statistical analyses were performed using SPSS ver-
sion 15.0. Baseline differences between the electroacupuncture 
and placebo acupuncture groups were examined using either 
the unpaired t-test or χ2 test. The last observation carried for-
ward method was used to handle missing data, with the last 
post-baseline data obtained carried as the endpoint value. The 
outcome measures at the posttreatment visit were compared 
with the measures obtained at baseline using the paired t-test. 
A oneway ANCOVA with baseline measure as covariate was 
used to investigate differences between the electroacupunc-
ture and placebo acupuncture groups at posttreatment. Treat-
ment impact was estimated by standardized within-group and 
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domly assigned to electroacupuncture or placebo acupuncture 
(Figure 1). Table 1 presents the subject characteristics. There 
were no significant differences in demographic and clinical fea-
tures between the randomly assigned subjects (n = 60) and the 
subjects who withdrew before randomization (n = 23) (All P 
values > 0.05). Participants had a mean age of 48.0 years and 
had had insomnia for an average of 9.3 years. Forty-six par-
ticipants (77%) were women. About 60% of the subjects had 
used hypnotics, and the same percentage had previously taken 
Chinese herbal medicine for sleep. The most frequent insomnia 
complaint according to the ISI responses was “difficulty staying 
asleep,” with 58 participants (97%) having moderate, severe, or 
very severe problems. The next most frequent complaints were 
“problem waking up too early” (90.0%) and “difficulty falling 
asleep” (77%). The baseline characteristics were balanced be-
tween the 2 groups, except for the ISI score, which was signifi-
cantly higher in the electroacupuncture group (Table 1).

Three subjects (5%) dropped out during the 4-week study 
period, 1 from the electroacupuncture group (3.3%) during the 
first week after baseline and 2 from the placebo acupuncture 
group (6.7%) during the first and second weeks after baseline 
(Figure 1). There were no missing data in the remaining 57 sub-
jects who completed the study. None of the subjects withdrew 
due to adverse events. The dropout rates between the 2 groups 
were not significantly different (P = 1.0, Fisher exact test).

Efficacy

subjective sleep measures

Summary data for the electroacupuncture and placebo acu-
puncture groups are presented in Table 2. One-way ANCOVA 
adjusted for baseline scores showed that there was no signifi-
cant between-group difference in ISI total score, the primary 
outcome measure; PSQI total score; and sleep-diary–derived 
SOL, TST, WASO, and sleep quality at 1 week after treatment. 
The only between-group difference was in sleep-diary–derived 
SE (F1,57 = 10.83, P = 0.002), with greater improvement in the 
electroacupuncture group from baseline to posttreatment.

We assessed the clinical significance of our results by com-
puting the respective proportion of subjects in each group who 
had improved from having an SOL greater than 30 minutes, a 
WASO of greater than 30 minutes, and a SE of less than 85% at 
baseline to an SOL of 30 minutes or less, a WASO of 30 min-minutes or less, a WASO of 30 min- or less, a WASO of 30 min-min-
utes or less, and a SE of 85% or greater 1 week after treatment. 
The proportions of participants who had reached a SOL of 30 
minutes or less at 1 week after treatment were 7 of 18 for the 
electroacupuncture group (38.9%) and 3 of 17 for the placebo 
acupuncture group (17.6%). There was no significant difference 
between groups on this criterion of improvement (P = 0.26, 
Fisher exact test). The proportions of participants achieving a 
WASO of 30 minutes or less at the posttreatment visit were 8 
of 22 for the electroacupuncture group (36.4%) and 1 of 28 for 
the placebo acupuncture group (3.6%), whereas the proportions 
achieving a posttreatment SE of at least 85% were 10 of 23 for 
the electroacupuncture group (43.5%) and 1 of 26 for the pla-
cebo acupuncture group (3.8%). The electroacupuncture group 
significantly differed from the placebo acupuncture group by 
the criterion using WASO (P = 0.007) and SE (P = 0.001).

between-group effect size.40 The within-group effect size was 
calculated as the difference between pretreatment and posttreat-
ment means divided by the pooled standard deviation, whereas 
the between-group effect size was computed as the between-
group difference in posttreatment means divided by the pooled 
standard deviation. The clinical significance of the interventions 
was estimated by the proportion of participants who reached 
sleep-diary-recorded SOL or WASO of 30 minutes or less and 
a SE of at least 85%. Either the χ2 or Fisher exact test was used 
to test for group differences in the proportion of subjects who 
reached clinically significant improvement. We used stepwise 
multiple linear regression to examine the predictors of outcome. 
Sleep-diary–derived SE change from baseline to posttreatment 
was selected as the dependent variable, and demographic, clini-
cal, sleep, and treatment-related data were chosen as possible 
predictors. SE was selected as the dependent variable because 
SE is a recognized summary index of insomnia.

rEsults

participants

Two hundred and thirty-seven adults were assessed for eligi-
bility, of whom 113 were screened in person and 60 were ran-

Electroacupuncture for Insomnia—Yeung et al

Assessed for eligibility
(n = 237)

Eligible for face-to-face
Interview and PSG screening

(n = 113)

Randomized
(n = 60)

Allocated to electro-
acupuncture group

(n = 30)

Completed (n = 29)
Withdrew (n = 1)
[pregnancy (1)]

Analyzed
(n = 30)

Allocated to placebo
acupuncture group

(n = 30)

Completed (n = 28)
Withdrew (n = 2)

[incompatible working schedule (1),
left Hong Kong (1)]

Analyzed
(n = 30)

Excluded (n = 124)
 Age > 65 years (n = 21)
 Recent acupuncture treatment (n = 23)
 With specific sleep disorder (n = 2)
 With psychiatric disorder (n = 14)
 With unstable medical illness (n = 1)
 Not meeting insomnia criteria (n = 6)
 Refused to participate (n = 57)

Excluded (n = 53)
 With psychiatric disorder by SCID (n = 4)
 [major depressive disorder (n = 4)] 
 With specific sleep disorder by PSG (n = 8)
 [apnea (6), PLMD (2)]
 Not meeting insomnia criteria (n = 12)
 Refused to give consent (n = 6)
 Withdrew before randomization (n = 23)

Figure 1—Participant flowchart. PSG refers to polysomnogra-
phy; SCID, Structured Clinical Interview for DSM-IV
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actigraphic Estimates of sleep

Table 3 presents the summary data for actigraphy measures. 
One-way ANCOVA adjusted for baseline score showed that 
there was a significant between-group difference in actigraphy 
derived SE at posttreatment (F1,57 = 4.55, P = 0.04), with greater 
improvement for the electroacupuncture group from baseline 
to 1 week after treatment. No other significant between-group 
differences between the electroacupuncture and placebo acu-
puncture groups were found.

other clinical outcomes

Table 4 presents the data for HADS and SDI. One-way AN-
COVA adjusted for baseline scores showed that there were no 
significant between-group differences in HADS and SDI scores 
at 1 week after treatment. In addition, there were no significant 

The standardized within-group and between-group effect siz-
es are presented in Table 2. The within-group effect size for the 
subjective sleep measures from baseline to 1 week after treatment 
ranged from 0.30 to 1.33 in the electroacupuncture group; for the 
placebo acupuncture group, it ranged from 0.02 to 1.18. The be-
tween-group effect size at posttreatment varied from 0.05 to 0.64.

Among all demographic, clinical, sleep, and treatment-
related variables, only baseline SE, baseline PSQI score, and 
treatment group were significantly related to SE change from 
baseline to posttreatment assessment. Stepwise multiple regres-
sion revealed that baseline SE and treatment group were signifi-
cant predictors of SE change (F2,57 = 28.3, P = 0.0001). Baseline 
SE (β = -0.51, P = 0.0001) accounted for 40% of the variance of 
SE change, with higher baseline SE predictive of less improve-
ment in SE. Treatment group (β = 7.6, P = 0.002) contributed 
10% of the variance, with electroacupuncture treatment associ-
ated with greater SE improvement.

Electroacupuncture for Insomnia—Yeung et al

Table 1—Demographic and Clinical Characteristics of the Sample

Variables	 Electro-	 Placebo	 Total	 χ²/	 P	Value
  acupuncture acupuncture (n = 60) t valuea 

  (n = 30) (n = 30)   

Age, y 48.3 ± 9.5 47.8 ± 8.6 48.0 ± 9.0 0.23 0.82
Sex, male/female 8/22 6/24 14/46 0.37 0.54
Education attainment, y 14.8 ± 3.0 14.3 ± 3.4 14.5 ± 3.2 0.60 0.55
Marital status    0.31 0.86
 Never married 10 (33.3) 9 (30.0) 19 (31.7)  
 Married/cohabiting 16 (53.3) 18 (60.0) 34 (56.7)  
 Divorced/widowed 4 (13.3) 3 (10.0) 7 (11.7)  
Occupation    4.62 0.33
 Professional or associate professional 10 (33.3) 5 (16.7) 15 (25.0)  
 Skilled or semiskilled worker 9 (30.0) 11 (36.7) 20 (33.3)  
 Unskilled worker 6 (20.0) 5 (16.7) 11 (18.3)  
 Retired 4 (13.3) 4 (13.3) 8 (13.3)  
 Unemployed/housework 1 (3.3) 5 (16.7) 6 (10.0)  
Insomnia duration, y 7.7 (8.1) 10.8 (16.7) 9.3 (8.9) 1.36 0.18
Previous treatment for insomnia     
 Western medication 20 (66.7) 16 (53.3) 36 (60.0) 1.17 0.29
 Psychological treatment 3 (10.0) 1 (3.3) 4 (6.7) 1.07 0.30
 OTC drug 14 (46.7) 17 (56.7) 31 (51.7) 0.60 0.44
 Chinese herbal medicine 18 (60.0) 18 (60.0) 36 (60.0) 0.00 1.00
 Otherb 9 (30.0) 6 (20.0) 15 (25.0) 0.89 0.37
Coffee use ≥ 1 cup/d 11 (36.7) 6 (20.0) 17 (28.3) 2.05 0.15
Alcohol use ≥ 3 times/wk  3 (10.0) 2 (6.7) 5 (8.3) 0.22 0.64
Chronic medical illness  6 (20.0) 2 (6.7) 8 (13.3) 2.31 0.13
ISI total score 18.8 ± 2.8 17.4 ± 2.5 18.1 ± 2.8 2.07 0.04
PSQI total score 12.0 ± 2.8 11.9 ± 2.1 12.0 ± 2.4 0.21 0.83
HADS score     
 Anxiety  7.5 ± 4.2 7.0 ± 3.3 7.2 ± 3.8 0.47 0.64
 Depression  6.3 ± 3.8 5.9 ± 3.0 6.1 ± 3.4 0.49 0.63
Polysomnography at screening visit     
 TST 382.8 ± 71.1 370.4 ± 57.3 376.6 ± 64.3 0.74 0.46
 SOL 31.4 ± 25.6 40.7 ± 42.2 36.1 ± 34.2 1.05 0.30
 WASO 66.9 ± 46.4 80.5 ± 53.0 73.7 ± 49.8 1.06 0.29
 SE 78.0 ± 14.5 75.9 ± 12.1 77.0 ± 13.2 0.62 0.54

Note: Data are presented as mean ± SD or number (%).
Abbreviations: HADS, Hospital Anxiety and Depression Scale; ISI, Insomnia Severity Index; OTC, over-the-counter; PSQI, Pittsburgh 
Sleep Quality Index; SE, sleep efficiency; SOL, sleep-onset latency; TST, total sleep time; WASO, wake after sleep onset.
aComparison between electroacupuncture and placebo acupuncture by χ² or unpaired t-test.
bOthers, including health and dietary products, yoga, massage, and hypnosis.
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primary outcome measure, and other secondary measures at the 
posttreatment visit. In terms of safety and treatment compli-
ance, the 3-week thrice-weekly course of electroacupuncture 
and placebo acupuncture was well tolerated and accepted by 
most participants.

Although traditional needle acupuncture has previously been 
reported to be more effective than benzodiazepines, sleep-hy-
giene counseling, and sham acupuncture in the acute treatment 
of insomnia, the previous studies were generally of low meth-
odologic quality.11 In addition, none of the studies examined 
subjects with primary insomnia or used noninvasive placebo 
acupuncture as comparison; hence, it is difficult to compare our 
data with the previous findings.

The tentatively positive effects seen in the present study 
should be treated with caution. Our subjects were recruited 
through newspaper advertisements and agreed to participate 
in this time-intensive study, which could suggest that these 
subjects had high expectations in the effectiveness of acu-
puncture, thereby overoptimizing the responses in both the 
acupuncture and placebo acupuncture groups. It is impor-
tant to reexamine the efficacy of acupuncture in unselected 
“real-world” patients with insomnia. We found that baseline 
SE accounted for 40% of the variance in SE change, whereas 
electroacupuncture treatment contributed only 10% of the 
variance. The finding suggests that regression to the mean 
could be a possible factor for the sleep improvement in both 

group differences in posttreatment CTRS scores after adjusting 
the initial scores.

adverse Events

Both electroacupuncture and placebo acupuncture were well 
tolerated. Two subjects in the electroacupuncture group devel-
oped a headache, one subject developed hand numbness, and 
one developed a hematoma at the site of acupuncture; for the 
placebo acupuncture group, adverse events reported were head-
ache (n = 1), hand numbness (n = 1), and worsening of insom-
nia (n = 1). All adverse events were mild in severity.

Discussion

To the best of our knowledge, this is the first study of the 
use of acupuncture for the treatment of primary insomnia using 
a well-documented screening process, randomization, placebo 
acupuncture needles, validated subjective scales, and objective 
measures. Compared with noninvasive placebo acupuncture, 
electroacupuncture showed statistically significant improve-
ments in subjective and objective measures of SE. The propor-
tions of subjects achieving sleep-diary–derived WASO of 30 
minutes or less and a SE of at least 85% after treatment were 
significantly higher in the electroacupuncture group. However, 
there were no between-group differences in ISI total score, the 
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Table 2—Subjective Sleep Measures at Baseline and 1-week Posttreatment

 Electroacupuncture Placebo Acupuncture
  Mean SD Paired Within- Mean SD Paired Within- ANCOVA Between-
    t-test group   t-test group P valuea group
    P value effect   P value effect  effect
     size    size  size
ISI total score
 Baseline 18.8 2.8   17.4 2.5
 Posttreatment 12.9 5.6  < 0.001 1.33 13.8 3.5  < 0.001 1.18 0.12 0.19
PSQI total score
 Baseline 12.0 2.8   11.9 2.1
 Posttreatment 9.9 3.2  < 0.001 0.70 9.7 2.6  < 0.001 0.93 0.86 0.07
Sleep diary
SOL in min
 Baseline 50.2 66.2   45.7 37.1
 Posttreatment 34.4 33.7 0.04 0.30 36.9 26.8 0.05 0.27 0.29 0.08
TST in min
 Baseline 292.9 80.6   307.9 61.3
 Posttreatment 329.5 62.3 0.003 0.51 332.5 51.8 0.004 0.43 0.63 0.05
WASO in min
 Baseline 79.0 60.7   87.4 52.8
 Posttreatment 55.5 72.8 0.10 0.35 89.1 82.9 0.91 0.02 0.13 0.43
SE in %
 Baseline 69.8 17.9   70.2 12.9
 Post-treatment 81.2 10.7  < 0.001 0.77 73.7 12.7 0.06 0.27 0.002 0.64
Sleep quality b 

 Baseline 2.83 0.5   2.73 0.4
 Posttreatment 2.42 0.5 0.001 0.82 2.39 0.4 0.001 0.85 0.96 0.07

Abbreviations: ISI refers to Insomnia Severity Index; PSQI, Pittsburgh Sleep Quality Index; SE, sleep efficiency; SOL, sleep-onset latency; 
TST, total sleep time; WASO, wake after sleep onset.
aOne-way analysis of covariance (ANCOVA) using baseline sleep measures as covariates.
bA lower score represents better sleep quality.
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results found that the efficacy of electroacupuncture was less im-
pressive than that of pharmacotherapy and cognitive behavioral 
therapy,45,46 the moderate between-group effect sizes achieved 
for WASO and SE by sleep diaries suggest that acupuncture for 
the treatment of insomnia is worthy of future studies. Improved 
efficacy might be achieved by increasing session frequency and 
having individually tailored acupuncture regimens. Moreover, 
it would be worthwhile to explore whether combination treat-
ment strategies, such as acupuncture and cognitive behavioral 
therapy, could produce synergistic therapeutic effects.

groups. Measures to minimize the statistical problem in future 
studies are needed.41,42

Complementary and alternative medicine are frequently used 
by individuals suffering from insomnia;43 however, much less 
is known about the effectiveness and safety of such therapies. 
The uses of herbs, vitamins, and supplements for the treatment 
of insomnia are limited by insufficient scientific evidence and 
safety issues.44 Our data suggest that electroacupuncture can be 
considered as a safe, well-tolerated, and potentially useful non-
pharmacologic intervention for primary insomnia. Although our 
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Table 3—Actigraphy Measures of Sleep at Baseline and 1-week Posttreatment

 Electroacupuncture Placebo Acupuncture
  Mean SD Paired Within- Mean SD Paired Within- ANCOVA Between-
    t-test group   t-test group P valuea group
    P value effect   P value effect  effect
     size    size  size
Actigraphy
SOL, min
 Baseline 21.6 23.1   15.8 13.0
 Posttreatment 12.2 15.6 0.03 0.48 14.1 11.7 0.45 0.14 0.25 0.14
TST, min
 Baseline 408.4 64.5   422.0 51.9
 Posttreatment 412.3 53.4 0.63 0.07 417.8 47.1 0.72 0.08 0.97 0.11
WASO, min
 Baseline 28.7 32.9   19.2 19.1
 Posttreatment 17.0 20.1 0.01 0.43 19.7 18.9 0.89 0.03 0.10 0.14
SE, %
 Baseline 89.4 8.8   92.6 4.6
 Posttreatment 93.2 6.5 0.003 0.49 92.4 4.8 0.77 0.04 0.04 0.14

Abbreviations: SE, sleep efficiency; SOL, sleep-onset latency; TST, total sleep time; WASO, wake after sleep onset.
aOne-way analysis of covariance (ANCOVA) using baseline sleep measures as covariates.

Table 4—Other Clinical Outcomes Measures at Baseline and 1-week Posttreatment

   Electroacupuncture   Placebo Acupuncture
  Mean SD Paired Mean SD Paired ANCOVA
    t-test   t-test P value a

    P value   P value
HADS
Anxiety score
 Baseline 7.5 4.2  7.0 3.3
 Posttreatment 6.3 4.3 0.001 5.8 3.8 0.005 0.90
Depression score
 Baseline 6.3 3.8  5.9 3.0
 Posttreatment 4.8 3.3 0.001 5.3 3.8 0.29 0.19
SDI
Work
 Baseline 4.3 2.9  3.6 2.3
 Posttreatment 3.2 2.1 0.009 2.3 2.0 0.003 0.18
Social
 Baseline 3.6 2.4  2.6 2.2
 Posttreatment 2.8 2.0 0.11 2.5 1.8 0.74 0.98
Family
 Baseline 3.2 2.2  1.9 2.0
 Posttreatment 2.8 2.0 0.28 2.3 1.7 0.27 0.88

Abbreviations: HADS, Hospital Anxiety and Depression Scale; SDI, Sheehan Disability Index.
aOne-way analysis of covariance (ANCOVA) using baseline sleep measures as covariates.
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