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Background: Acupuncture is a common alternative therapy for clinical treatment of insomnia. As the 
underlying mechanism is yet unclear, its efficacy is often considered as placebo effect. To clarify whether 
acupuncture treatment of insomnia is only due to its placebo effect, a systematic review and a meta-analysis 
were designed based on the comparison between acupuncture and sham acupuncture. 
Methods: Four English (PubMed, Embase, Web of Science, and The Cochrane Library) and three Chinese 
(CNKI, VIP, and Wanfang) databases were searched, and the validity of the eligible studies was critically 
appraised. Thirteen eligible randomized controlled trials of moderate-to-high quality that employed 
polysomnography (PSG), actigraphy, or self-assessment sleep quality tools were included in the present 
study. A meta-analysis was conducted using a random-effects model with the Pittsburgh Sleep Quality 
Index (PSQI) as the primary outcome measure (911 adult patients, 13 trials) for trials investigating the 
effects of acupuncture as compared to the sham acupuncture. Then, a subgroup analysis was performed to 
detect the sources of heterogeneity, identify the selection of sham acupuncture methods and different crowd 
characteristics, and explore its contributions to the total score change of PSQI. 
Results: Compared to the sham groups, acupuncture significantly decreased the PSQI score (P<0.0001). A 
subgroup analysis showed that the selection of sham acupuncture methods did not affect the results of PSQI. 
A subgroup of two trials with a total of 141 participants with major depressive disorder did not show any 
significant reductions in total PSQI scores (P=0.11). In addition, a significant difference was detected in the 
change of Insomnia Severity Index (ISI) scores (362 adult patients, 4 trials) between acupuncture and sham 
acupuncture (P<0.0001). The PSG and actigraphy data from acupuncture and the sham did not reveal any 
significant differences in the sleep structure changes. 
Conclusions: Acupuncture treatment of insomnia is efficacious, not because of its placebo effect. For the 
selection of sham acupuncture, both methods performed similarly in a clinical setting. Moreover, insomnia 
patients with major depression disorder were not recommended to use only acupuncture treatment. 
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Introduction

Insomnia is the most common clinical sleep disorder 
with an increasing prevalence (1). Long-term insomnia 
greatly affects the daytime function, thereby damaging the 
memory and attention of the patient (2), while increasing 
the incidence of many common chronic diseases and the 
risk of comorbidity of neuropsychiatric diseases (3,4). The 
treatment of insomnia mainly includes cognitive behavioral 
therapy for insomnia (CBT-I) and pharmacotherapy 
(including BZ and BZRAs, antidepressants, antipsychotics, 
antihistamines,  phytotherapeutic substances,  and 
melatonin). In complementary and alternative medicine, 
several treatments for insomnia, including acupuncture, 
aromatherapy, meditative movement therapies, music 
therapy, and yoga, have been suggested (1). In the present 
meta-analysis, we explored the efficacy of acupuncture and 
its placebo effect in the treatment of insomnia.

Acupuncture is a traditional Chinese medicine therapy 
that uses sterile needles to penetrate specific points in 
the body to treat specific diseases. These acupoints are 
considered to be the reaction points of the viscera on the 
body surface; the same visceral acupoints are connected 
in the series to form the meridians and spread throughout 
the body. The principle of acupuncture is that a needle is 
used to act on specific acupoints, with some reinforcing-
reducing methods to achieve the effect of “De qi.” “Qi” is 
a type of energy that maintains the body functions which 
follows the meridian and nourishment of the whole body, 
and the acupoints are the points where the “qi” flows in, 
gathers, and flows out. According to the theory of Yin and 
Yang, “qi” also exhibits the difference in yin and yang, and 
the basic pathogenesis of insomnia in Chinese medicine is 
the imbalance of yin and yang. Furthermore, acupuncture 
can stimulate specific acupoints to regulate the qi by 
reinforcing-reducing methods and balance yin and for 
treating insomnia.

In recent years, a large number of standardized 
randomized controlled trials (RCTs) have been carried out 
on the acupuncture treatment of insomnia, and a series of 
high-quality articles have been published (5,6). Some meta-
analyses confirmed the efficiency of acupuncture in the 
treatment of insomnia (7,8). Consecutively, whether the 
efficacy of acupuncture is equivalent to placebo, and even the 
acupuncture treatment can be termed as “mega-placebo” (9).  
Unlike the targeted intervention of pharmacology, 
acupuncture treatment of diseases is a multi-system, multi-
target self-regulation process. Moreover, “De qi” is often 

considered as the judgment of whether acupuncture is 
effective or not, which is a virtual concept and cannot be 
detected objectively. In order to study the placebo effect of 
acupuncture, sham acupuncture was used in clinical RCTs. 
It primarily included invasive acupuncture at the non-
effective points (minimal acupuncture) and non-invasive 
acupuncture for the special needle (placebo acupuncture). 
Thus, this study analyzed the clinical RCTs of acupuncture 
and sham acupuncture for insomnia to further elucidate the 
clinical efficacy of acupuncture for insomnia and its placebo 
effect.

Methods

This review was registered in PROSPERO (CRD42015025013; 
http://www.crd.york.ac.uk/PROSPERO) in July 2019 (not yet 
registered, ID: 141446).

Search strategy and study selection

We searched the literature from May to July, 2019 in the 
following English and Chinese databases: (I) PubMed, 
(II) Embase, (III) Web of Science, (IV) The Cochrane 
Library, (V) China Knowledge Resource Integrated 
Database (CNKI), (VI) Chongqing VIP Information, (VII) 
Wanfang Database. English search terms, based on the 
medical subject headings thesaurus were “insomnia” OR 
“sleeplessness” OR “sleep disorder” and “acupuncture” OR 
“electroacupuncture” OR “needle.” The Chinese search 
strategy was adjusted for Chinese medical terms and their 
usage in the literature. The following terms were searched 
in the Chinese database: SHI MIAN (“insomnia”), BU 
MEI (“insomnia”), SHUI MIAN ZHANG AI (“insomnia”), 
ZHEN JIU (“acupuncture”), ZHEN CI (“acupuncture”), 
DIAN ZHEN (“electroacupuncture”), and the Medical 
Subject Headings were “Dyssomnias” and “Acupuncture 
Therapy.” The reference lists of relevant articles were 
examined to identify the citations not captured by the 
electronic searches. The corresponding authors were 
contacted for missing information.

The two authors (C Liu, H Xi) independently screened 
the titles and abstracts of the searched literature based on 
prespecified inclusion and exclusion criteria and assessed the 
full text of the potentially eligible studies. The prespecified 
inclusion criteria were (I) type of studies: randomized 
controlled trials and blinding and allocation concealments 
were not limited; (II) types of participants: clear diagnosis 
of insomnia, age >18 years, the gender and case source 
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were not limited; (III) types of interventions: acupuncture 
(including electroacupuncture) for the treatment group 
and sham acupuncture for the control group; (IV) types 
of outcomes: the primary outcome was PSQI, and the 
secondary outcomes were ISI, PSG, and actigraphy 
monitoring results. At each stage of screening and assessing 
the eligibility of studies, we excluded the trials that did 
not fulfill the prespecified inclusion criteria in the event of 
duplicated or missing data. All the steps were performed 
independently and cross-checked by two reviewers (C Liu, 
H Xi). Any disagreement in the process was resolved by 
consensus or arbitration by one of other three experienced 
and authoritative reviewer (W Wu, X Wang, S Qin). 

Data extraction and quality assessment

The reviewers independently extracted and assessed the 
data from all eligible studies into a standardized data 
extraction form. The following specific characteristics were 
extracted from each study: study details (first author, date, 
published language); baseline information (age, sample 
size, main diagnosis or population, baseline sleep quality); 
methodology (randomization, allocation concealment, 
blinding); intervention; outcome; study conclusion. 
The corresponding authors were contacted by email for 
missing information, and if still not available, the study was 
excluded.

The quality of studies was assessed using the Cochrane 
risk of bias assessment tool (10), which served as a 
qualitative tool to evaluate the following domains: (I) 
random sequence generation; (II) allocation concealment; 
(III) blinding of participants and personnel; (IV) blinding 
of outcome assessment; (V) incomplete outcome data; (VI) 
selective reporting; and (VII) other bias (we assessed trials 
with no reported monitoring of self-acupressure procedures 
with a high risk of compliance bias).

Data synthesis and statistical analysis

Review Manager (RevMan) version 5.3 (Copenhagen, 
Denmark: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014) was util ized to qualitatively 
summarize the eligible studies. (I) Combination of effects: 
the scores of PSQI, ISI, PSG, and actigraphy constituted 
the enumeration data and relative ratio (RR), and the 
results were expressed as 95% confidence interval (CI). 
(II) Heterogeneity test: the test level was set to α=0.05. 
The degree of heterogeneity was judged by subgroup 

and sensitivity analyses. If statistical homogeneity was 
detected in each study (P<0.05, I2<50%), the fixed-effect 
model was used for analysis, while if heterogeneity was 
observed between each study (P≤0.05, I2>50%), the source 
of heterogeneity was analyzed by random-effects model 
and combined with the subgroup or sensitivity analysis. 
If the heterogeneity was extremely large to conduct a 
meta-analysis, descriptive analysis was performed. (III) 
Sensitivity analysis: the articles were removed sequentially 
to observe the changes in the heterogeneity, and the 
combined effect value WMD and RR value change were 
recorded. If the heterogeneity altered after removal of one 
article, it could be the source of heterogeneity; then, the 
underlying reason was analyzed. However, the unchanged 
heterogeneity indicated stable results. (IV) Subgroup 
analysis was performed based on the choice of different 
sham acupuncture schemes and patient characteristics.

Results

A total of 9,267 articles were acquired from 7 databases, 
and 2,218 duplicate studies were identified and excluded. 
Irrelevant documents were excluded after screening the 
titles and abstracts, and 159 full-text articles were assessed 
to extricate those that met the eligibility criteria (Figure 1). 
Based on the prespecified inclusion/exclusion criteria, we 
obtained a qualitative summary of 13 studies with a total of 
1,061 participants eligible for meta-analysis. In to complete 
the missing information, we contacted two authors but did 
not receive any response.

Study characteristics

The baseline information of the thirteen studies included in 
this systematic review and meta-analysis is summarized in 
Table 1; four were published in English and nine in Chinese. 
However, all the studies were conducted in China.

Of the 13 included studies, one study was conducted on 
perimenopausal women (12), three ha patients with major 
depression (14,18,19), one was based on insomniacs with 
anxiety (23), and the other eight studies were conducted on 
chronic insomnia patients (11,13,15-17,20-22).

All studies measured the outcome with subjective scale 
PSQI, except for one article (18), which only had baseline 
information; the other studies measured the outcome 
before and after the treatment. Consecutively, four studies 
(12,17-19) used the subjective scale ISI. Five studies used 
PSG (12,20) and actigraphy (17-19) as objective outcome 
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indicators. Of all the studies, eight used only the PSQI 
(11,13-16,21-23) as the outcome indicator, one used PSQI 
combined with PSG (20), three combined the subjective 
scales PSQI and ISI with objective tool actigraphy (17-19), 
and one used PSQI and ISI combined with PSG (12).

A PSQI >7 at baseline was used as a criterion for 
enrollment of patients in four studies (11,13,20,23), PSQI ≥7  
in two studies (14,23), and PSQI >5 in the other three 
studies (12,15,22). An ISI ≥15 was used as a sleep quality 
baseline in two studies (17,18), while eligibility criteria were 
not reported in two studies (16,19).

 Regarding the selection of sham acupuncture methods, 
six studies (11,14-16,20,21) used minimal acupuncture and 
five studies (12,13,17,22,23) used placebo acupuncture, 
while two studies (16,19) used both methods.

Risk of bias

Risk of bias across the studies in the meta-analysis is 
summarized in Figure 2. A total of 11 studies (11-15,17-22)  
used the computer random number table method, while 
seven (11,12,14,15,18,21,22) introduced the detailed 
allocation and blinding methods. Owing to the specificity 
of acupuncture operation, the studies display a high risk of 
bias at blinded participants and personnel. Except for the 
three studies (11,16,20) that did not elaborate on the blind 
method, the rest were blinded to the participants only, and 

the blinding methods were used to assess the outcomes. All 
the studies reported the outcomes; two (22,23) had attrition 
bias, and three (13,20,23) presented reporting bias.

Meta-analysis findings

This meta-analysis summarizes the results of 13 RCTs with 
a total of 1,061 participants. From all the twelve eligible 
studies (11-17,19-23), there were two did not show a 
significant change in PSQI score in the experimental groups 
as compared to the minimal (19) and placebo groups (17). 
Compared to both minimal and placebo group, one (18) 
of the four (12,17-19) studies did not show any significant 
difference in the ISI score in the acupuncture group. One 
PSG (12) report showed that acupuncture significantly 
increases the sleep stage N1 and reduces the R stage in 
comparison with sham acupuncture. Withdrawal due to 
adverse effects was not reported in any of the reviewed 
trials.

Since all the studies measured the outcome using 
subjective scale PSQI, except for one article (18) with only 
baseline information, we combined the score changes from 
the baseline and the post-intervention scores of continuous 
variables to assess the unstandardized mean differences 
(MD), as recommended by the Cochrane handbook for 
systematic reviews of interventions (10) (MD =−3.60, 95% 
CI: −4.88, −2.33) (Figure 3). 

Figure 1 Systematic review flowchart.

Records identified through database search (n=9,267)

Studies included in meta-analysis (n=13)

Excluded duplicates (n=2,218)

Excluded (n=146): 
different treatment for controls (n=112); 
not meet diagnostic criteria (n=6);  
RCT study (n=7);
graduation thesis (n=4);
outcome do not match (n=4);
review (n=11);
Incomplete data (n=2)

Records after screening title and 
abstract (n=159)

Full-text articles assessed for 
elibitily 
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The funnel plot of publication bias (Figure 4) shows that 
all studies are equally distributed on both sides. However, 
since that most of the literature was in Chinese and the 
sample size was not large, we hypothesized a potential 
publication bias.

We observed considerable statistical heterogeneity 
between studies with I2=91%. The sensitivity was analyzed 
using the one article removed method. After sequential 
exclusion of each the studies, the results of the effect 

estimate, I2, P value, and P value for the overall effect did 
not alter greatly, indicating that the evaluation results of 
the meta-analysis were stable and reliable. In order to 
investigate the sources of heterogeneity, we performed 
prespecified subgroup analyses. First, we focused on the 
control groups to observe the contribution of minimal 
and placebo acupuncture to the change in the results 
(Figure 5). It showed that, irrespective of the type of sham 
acupuncture, acupuncture can significantly decreased 

Figure 2 Risk of bias.

Figure 3 Forest plot of reduction in global PSQI comparing acupuncture with sham acupuncture. Score changes from baseline (negative 
means) and post-intervention measurements are combined in the random-effects model. SD, standard deviation; IV, inverse variance; 95% 
CI, 95% confidence interval.
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the PSQI score (minimal: MD =−3.18, 95% CI: −4.30, 
−2.07; I2=81%; placebo: MD =−4.09, 95% CI: −6.83, 
−1.35; I2=95%). Moreover, the impact of different crowd 
characteristics of the results was analyzed (Figure 6). A 
subgroup of two trials with a total of 141 participants with 
major depressive disorder did not show any significant 
reduction in the total PSQI scores (MD =−1.65, 95% CI: 
−3.70, 0.40, I2=76%, P=0.11). The other two subgroups 
consisted of perimenopausal and anxiety participants in only 
one trial, and the data was sparse to statistically infer the 
treatment efficacy.

Concurrently, we analyzed the ISI score and the data of 

objective evaluation indicators: PSG and actigraphy. A total 
of four trials (12,17-19) with 352 participations showed a 
significant decrease in the total ISI score while comparing 
acupuncture with sham acupuncture (Figure 7) (MD =−1.93, 
95% CI: −2.89, −0.98; I2=90%). Both PSQI and ISI are 
subjective sleep evaluation indicators; then, we observed 
the objective evaluation index PSG and actigraphy (Table 2).  
Next, the data of PSG (12,20) and actigraphy (17-19) were 
utilized to select the common sleep indicators for analysis: 
total sleep time (TST), wake after sleep onset (WASO), 
sleep efficiency (SE). However, no statistically significant 
difference was detected in these three sleep indicators (TST, 
P=0.09; WASO, P=0.32; SE, P=0.47).

Discussion

PSQI is a self-reported questionnaire used to measure 
the general sleep quality with a total score >5, indicating 
insufficient sleep quality (24). ISI is a scale that assesses the 
severity of symptoms of insomnia and related functional 
impairment. PSQI and ISI are the primary assessment 
tools for insomnia that are widely used in clinical and 
experimental applications (25). According to this meta-
analysis, we concluded that both acupuncture and sham 
acupuncture can reduce the PSQI and ISI scores, and the 
decrease in the acupuncture group differed significantly 

Figure 4 Funnel plot of publishing bias.

Figure 5 Forest plot of a subgroup in sham acupuncture methods observing the changes in their PSQI total score by, comparing 
acupuncture with sham acupuncture. Score changes from baseline (negative means) and post-intervention measurements are combined in 
the random-effects model. SD, standard deviation; IV, inverse variance; 95% CI, 95% confidence interval.
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as compared to the sham group (PSQI: MD =−3.60, 95% 
CI: −4.88, −2.33; I2=91%) (ISI: MD =−1.93, 95% CI: 
−2.89, −0.98; I2=90%). Comparison to the sham group 
showed an estimated overall reduction of 2.33–4.88 points 
(11–23%) in the PSQI score, which was considered a 

clinically meaningful improvement in the sleep quality (26).  
The subgroup analysis revealed that there was no 
significant differences in the reduction of the total scores 
of PSQI between acupuncture and sham acupuncture 
in the participants with major depressive disorder; this 

Figure 6 Forest plot of a subgroup in different crowd characteristics, observing the changes in their PSQI total scores by comparing 
acupuncture with sham acupuncture. Score changes from baseline (negative means) and post-intervention measurements are combined in 
the random-effects model. SD, standard deviation; IV, inverse variance; 95% CI, 95% confidence interval.

Figure 7 Forest plot of reduction in the ISI comparing acupuncture with sham acupuncture. Score changes from baseline (negative means) 
and post-intervention measurements are combined in the random-effects model. SD, standard deviation; IV, inverse variance; 95% CI, 95% 
confidence interval.
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Table 2 The change in three sleep indicators of PSG and actigraphy

Sleep indicators Effect estimate (95%) I2, P value P value for overall effect

TST −0.42 (−7.29, 6.44) 88%, <0.00001 0.09

WASO 10.66 (−10.51, 31.82) 91%, <0.00001 0.32

SE 0.60 (−1.04, 2.23) 77%, 0.0003 0.47

PSG, polysomnography; TST, total sleep time; WASO, wake after sleep onset; SE, sleep efficiency.

phenomenon might be related to MDD being a severe 
mental disorder. Both PSQI and ISI are subjective self-
rating scales. Therefore, in order to comprehensively 
evaluate the effects of acupuncture and sham acupuncture 
on insomnia, we analyzed the research data of objective 
indicators, PSG, and actigraphy, and selected their common 
parameters: TST, WASO, SE. However, no significant 
difference was detected in the changes of TST (P=0.09), 
WASO (P=0.32), and SE (P=0.47) between acupuncture 
and sham acupuncture, which might be related to the small 
sample size.

We also observed that sham acupuncture improves 
the sleep quality, and its reduction in PSQI or ISI scores 
may be statistically different, albeit without any clinical 
effect. Currently, the implementation of real sham 
acupuncture is controversial globally. There are two main 
kinds of sham acupuncture used in clinical trials. One is 
the minimal acupuncture, in which, the needle at non-
effective acupoints superficially avoids De qi, and the 
other is placebo acupuncture which uses retracting needle 
(mainly including Streitberger and Park) to perform an 
invasive simulated acupuncture therapy (27,28). Herein, we 
performed a subgroup analysis of the two sham acupuncture 
methods and did not detect any marked difference in their 
contribution to the reduction in PSQI.

Nevertheless, both methods had some limitations. The 
sticking points in the sham acupuncture consist of the choice 
of acupoints and the needle insertion methods. Regarding 
the choice of acupoints, in addition to 362 regular points, 
there are thousands of extra points all over the body (29), 
and hence, it is difficult to find a non-effective surface point. 
In terms of the choice of needle insertion methods, either 
the superficial or retracting needle stimulates the peripheral 
nerves. As a result, the corresponding active area of the 
brain is affected that produces an “edge contact effect,” 
which is not an inert placebo (30,31). Furthermore, some 
investigators speculated that De qi indicates a feeling of 
pain, heaviness, or swelling in patients during acupuncture 

therapy. However, in addition to the subjective feeling of 
the patients, the acupuncturists’ feeling under their fingers 
is also crucial. Some different reinforcing-reducing methods 
after “De qi” are the major determinants of the therapeutic 
effect.

Subsequently, the characteristic of acupuncture therapy 
is that it is not only a simple intervention but the verbal 
communication and the environmental atmosphere of the 
diagnosis and treatment process provide the patients with 
the attached physical and mental treatment (32). This, in 
turn, can stimulate the reward center of the brain, making 
the patients comfortable and improving the treatment effect 
(33,34).

Previous meta-analysis of acupuncture treatment of 
insomnia primarily analyzed the different acupuncture 
methods (scalp acupuncture, electroacupuncture, and warm 
acupuncture) (35) or acupuncture with different control 
groups (drugs and acupuncture combined drugs) (36). In 
some meta-analyses, sham acupuncture was also compared 
in the control group, but only in one of the different control 
groups (37). The current study compared the acupuncture 
with sham acupuncture, with a focus on clarifying the 
placebo effect of acupuncture for insomnia. As a result, the 
number of articles was more than that retrieved previously.

However, this meta-analysis also had some deficiencies. 
The number of studies eventually included was small, and 
due to the language restriction, we only selected Chinese 
and English databases, which might miss out on some 
excellent articles published in other languages. Some of 
those published in Chinese lacked full reporting and varied 
greatly in terms of RCT designs, treatment protocols, and 
outcome measures; hence, their results could only be used 
for the qualitative assessment of the acupuncture effect. 
Since 3/13 of the included studies did not show any effect, 
and they were published in English, potential publication 
bias could attenuate our results. However, while assessing 
the quality of these studies, we found that the clinical 
RCT is rather standardized due to the continuous efforts 
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of the clinicians and their contributions to evidence-based 
medicine.

Conclusions

Taken together, this meta-analysis showed that acupuncture 
treatment of insomnia might have a placebo effect, but in 
comparison to the sham acupuncture, the efficacy of the two 
differed significantly, thereby indicating that acupuncture 
treatment of insomnia is efficacious. Thus, the placebo 
effect of acupuncture therapy should be investigated further. 
Different from the “reverse role” in pharmacological 
research, the placebo effect of acupuncture was recognized 
as the therapeutic effect of the acupuncture. It incarnates 
the psychosomatic co-governance of Chinese medicine and 
also conforms to modern biological-psychological-social-
medical philosophy. For the selection of sham acupuncture, 
both methods performed similarly in a clinical setting. 
Moreover, insomnia patients with major depression disorder 
were not recommended to use only acupuncture treatment.
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