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Abstract
Background Acupuncture showed better improvement than sham acupuncture in reducing attack frequency of 
tension-type headache (TTH), but its effectiveness relative to first-line drugs for TTH is unknown, which impedes the 
recommendation of acupuncture for patients who are intolerant to drugs for TTH. We aimed to estimate the relative 
effectiveness between acupuncture and tricyclic antidepressants (TCAs) through indirect treatment comparison (ITC) 
meta-analysis.

Methods We searched Ovid Medline, Embase, and Cochrane Library from database inception until April 13, 2023. 
Randomized controlled trials of TCAs or acupuncture in the prevention of TTH in adults were included. The primary 
outcome was headache frequency. The secondary outcomes were headache intensity, responder rate, and adverse 
event rate. Bayesian random-effect models were used to perform ITC meta-analysis, and confidence of evidence was 
evaluated by using the GRADE approach.

Results A total of 34 trials involving 4426 participants were included. Acupuncture had similar effect with TCAs in 
decreasing TTH frequency (amitriptyline: mean difference [MD] -1.29, 95% CI -5.28 to 3.02; amitriptylinoxide: MD -0.05, 
95% CI -6.86 to 7.06) and reducing TTH intensity (amitriptyline: MD 2.35, 95% CI -1.20 to 5.78; clomipramine: MD 1.83, 
95% CI -4.23 to 8.20). Amitriptyline had a higher rate of adverse events than acupuncture (OR 4.73, 95% CI 1.42 to 
14.23).

Conclusion Acupuncture had similar effect as TCAs in reducing headache frequency of TTH, and acupuncture had a 
lower adverse events rate than amitriptyline, as shown by very low certainty of evidence.

Highlights
 • Acupuncture showed better improvement than sham acupuncture in reducing headache frequency of 

tension-type headache (TTH), but the lack of comparisons between acupuncture and first-line drugs impedes 
recommendation of acupuncture for TTH.
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Background
Tension-type headache (TTH), a common neurological 
disease, is characterized by recurrent bilateral, tightening 
or pressing, and mild-to-moderate headache [1, 2]. TTH 
represents a crucial health issue that affects approxi-
mately 26.8% of individuals worldwide and has a female 
preponderance with a gender incidence ratio of 1.2:1 [3]. 
The condition contributes to the burden of the economy 
and lowers the quality of life for the people who suffer 
from it [3]. Acute medication and lifestyle modifications 
are the major methods for controlling infrequent TTH 
(lasting from 30 min to seven days, which occur less than 
once per month), however frequent episodic TTH (occur 
on 1–14 days per month) or chronic TTH (on 15 or more 
days per month) may necessitate prophylactic medica-
tions and/or behavioral therapies [1, 2].

Tricyclic antidepressants (TCAs) are recommended for 
patients who suffer from TTH as the primary prophylac-
tic therapy [1, 4]. Evidence from randomized controlled 
trials (RCTs) and systematic reviews showed that TCAs, 
such as amitriptyline and clomipramine, are effective in 
reducing the headache frequency and intensity of TTH 
[5–7]. Additionally, the guideline of the European Feder-
ation of Neurological Societies suggested that due to the 
limitation of high side effects of pharmacological prophy-
lactic medications, non-pharmacotherapies also deserve 
to be considered [4].

Acupuncture is a treatment with a long history [8]. The 
measure has a regulatory effect on the body by stimulat-
ing the acupoints with specific tools (such as needle) [8, 
9]. Acupuncture has been applied to manage TTH, and 
RCTs and systematic reviews suggested acupuncture 
can reduce the frequency and intensity of TTH [10–13]. 
However, the most of previous studies of acupuncture 
were compared with sham acupuncture, and there is a 
lack of studies to compare with positive drugs in prevent-
ing TTH. The rare evidence compared with efficacious 
drugs might limit the use of acupuncture in the treat-
ment of TTH, as well as hamper doctors from developing 
more appropriate therapeutic plans.

Indirect treatment comparison (ITC) is a method that 
can be used to evaluate the relative efficacy of different 
interventions when there is no direct comparison [14]. 
This approach can provide evidence of the difference in 
efficacy between different interventions and can help 

physicians to select a better therapy. In this study, we per-
formed an ITC analysis of RCTs providing evidence for 
the comparison of TCAs vs. acupuncture in patients with 
TTH.

Methods
We designed, performed, and reported the study accord-
ing to the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses for Network Meta-Analyses 
(PRISMA-NMA) guidelines [15].

Literature search
The following databases were searched from inception 
to April 13, 2023: Ovid Medline, Embase, and Cochrane 
Library, without any restriction in the language of pub-
lication (QF-T). The search was performed using key-
words and Medical Subject Heading terms associated 
with TTH and acupuncture or TCAs (including amitrip-
tyline, amitriptylinoxide, clomipramine, doxepin, imipra-
mine, amoxapine, desipramine, dibenzepine, dosulepin, 
lofepramine, tianeptine, trimipramine), and the search 
strategies were provided in eTable 1–3. We also searched 
clinicaltrials.gov for any potentially missing RCTs. Addi-
tionally, the reference lists of previous systematic reviews 
were screened for eligible studies.

Study selection
The duplicate studies were eliminated firstly. Then, the 
title and abstract of the searched studies were reviewed 
by two independent reviewers (Q-FT and YB-H) for 
potential eligible research. Next, to identify the eligible 
RCTs further, they read the full text. The disagreements 
were addressed through discussion and judged by a third 
reviewer (HZ) finally.

Inclusion and exclusion criteria
The RCT was considered eligible when all of the follow-
ing conditions were met: (1) The study included adult 
patients with TTH; (2) The diagnostic standard of the 
study met the criteria conducted by the International 
Headache Society or the Ad Hoc Committee on Classi-
fication of Headache criteria of TTH; (3) The interven-
tion of the study included acupuncture and/or TCAs; 
(4) The study measured and reported at least one of the 
following outcomes: headache frequency (the number 

 • Our indirect treatment comparison meta-analysis found similar effect between acupuncture and tricyclic 
antidepressants (TCAs) in reducing TTH frequency with very low certainty of evidence.

 • Similar effect between acupuncture and TCAs were also observed in reducing headache intensity with very 
low certainty of evidence.

 • Acupuncture had a lower rate of adverse events than amitriptyline with very low certainty of evidence.

Keywords Acupuncture, Tricyclic antidepressants, Tension-type headache, Indirect treatment comparison, Meta-
analysis
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of headache days of per month), headache intensity, 
responder (reduction ≥ 50% in the number of headache 
days of per month) rate, and adverse event rate; (6) The 
study was a parallel-design RCT or a crossover-design 
RCT with data of the first phase. The study was excluded 
when the research included participants with migraine 
unless results were presented separately for participants 
with TTH.

Outcome assessments
The primary outcome was headache frequency (the 
changes of the number of headache days of per month). 
The secondary outcomes were headache intensity (the 
changes of the score that was measured on visual ana-
logue scale or numeric rating scale for pain), responder 
rate, and adverse event rate. We evaluated the outcomes 
at the end of treatment.

Data extraction
Two reviewers (YB-H and LY) independently extracted 
the relevant data by standardized extraction forms, 
involving characteristics of the eligible RCTs, details 
of intervention and control arm, and data of outcomes. 
Inconsistencies were resolved by discussion and ulti-
mately by the decision of a third reviewer (HZ).

Risk of bias assessment
Two reviewers (YZ-S and DQ) independently assessed 
the risk of bias of included RCTs by the Cochrane risk-of-
bias tool (version 2) [16]. Several questions involving the 
following five parts were required to estimate the ROB: 
randomization process, deviations from intended inter-
ventions, missing outcome data, measurement of the 
outcome, and selection of the reported result. The risk of 
bias of the eligible study was rated as low, some concerns, 
or high risk of bias.

The certainty of the evidence
We assessed the certainty of evidence by the Grading of 
Recommendations Assessment, Development, and Eval-
uation (GRADE) minimally contextualized framework 
approach that was a method designed for network meta-
analysis [17]. The certainty of evidence was assessed in 
two levels: high (moderate to high certainty) and low 
(very low to low certainty) certainty. The classification 
of intervention was assessed into category 0, category 
1, and category 2, representing among the least effec-
tive, moderately effective, and among the most effective, 
respectively.

Statistical analysis
We performed the arm-based network meta-analysis 
(NMA) by using multinma package version 0.5.1 in R 
4.3.1 environment and estimated the model in a Bayesian 

framework using Stan [18, 19]. We set N (0,1002) prior 
distributions for the treatment effects and study-specific 
intercepts and utilized half-N (52) prior for the hetero-
geneity standard deviation of the random-effect (RE) 
model. The posterior total residual deviance, the number 
of unconstrained data points, and the deviance infor-
mation criteria (DIC) of both the RE and fixed-effect 
(FE) models were calculated to estimate the model fit. A 
closer posterior total residual deviance to the number of 
unconstrained data points and a smaller DIC indicates 
a better model fit. A difference of more than 5 points 
suggests a significant difference [20]. We assessed the 
global inconsistency by drawing the dev-dev plots of the 
consistency model and inconsistency model, there is no 
evidence of inconsistency if all the points are approxi-
mately on the line of equality. Based on pooled data from 
included RCTs, pair-wise comparison analyses were used 
to assess the mean difference (MD) of continuous out-
comes and the odds ratio (OR) of binary outcomes with 
95% confidence intervals (CIs). For each outcome, we 
conducted category-level and individual-level analyses 
of TCAs. The heterogeneity among studies was evaluated 
by tau-squared, and a value of tau-squared greater than 
0.36 suggested significant heterogeneity [21]. Further, the 
surface under the cumulative rank curve (SUCRA) value 
also was calculated to estimate the ranking of each inter-
vention in the network, with a higher SUCRA value indi-
cating a higher ranking of the intervention [22, 23].

We conducted the following sensitivity analyses for pri-
mary outcome to estimate the robustness of results: (1) 
excluding RCTs at high risk of bias; (2) excluding RCTs 
with a randomized sample size of less than 50 partici-
pants. Further, we also performed subgroup analyses in 
the difference of type of TTH, classification of acupunc-
ture, and endpoint of treatment to explore the source of 
heterogeneity.

Results
Characteristics of the included RCTs
Figure 1 shows the PRISMA flowchart of literature search 
and study selection. Our study identified 620 articles, and 
after removing the duplicate articles, 351 articles were 
screened the titles and abstracts. Subsequently, 66 arti-
cles were reviewed in full text. Finally, 34 articles [5, 6, 10, 
11, 24–53] with 4426 participants were included in our 
research.

Table  1 presents the characteristics of the eligible 
RCTs. These eligible RCTs were performed in 18 coun-
tries. The average age of included participants was 41.1 
years old, and 70% of participants were female. Eighteen 
RCTs included acupuncture, and sixteen RCTs included 
TCAs, of which twelve RCTs included amitriptyline, one 
RCT included both amitriptyline and doxepin, one RCT 
included amitriptyline and amitriptylinoxide, one RCT 
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included imipramine, and one RCT included clomip-
ramine. The results of risk of bias assessment in eligible 
RCTs are presented in eFigure 1. Eight (23.53%) RCTs 
were evaluated as low risk of bias, eighteen (52.94%) 
RCTs were evaluated as some concerns, and eight 
(23.53%) were evaluated as high risk of bias.

For all the outcomes, we compared the total posterior 
residual deviance with the number of unconstrained 
data points and DIC for all RE and FE NMA models. 
As the results are shown in eTable 4, the RE model had 
a residual deviance that was closer to the number of 
unconstrained data points and a lower DIC. Meanwhile, 
according to the dev-dev plots, all points lie roughly on 
the line of equality, indicating that there is no evidence 
for inconsistency (eFigure 2). Therefore, we choose the 
RE consistency models.

Headache frequency
Nineteen RCTs containing 3046 participants were pooled 
in the analysis on headache frequency at the end of treat-
ment. Evidence from pair-wise comparison indicated no 
significant difference between TCAs and acupuncture in 
reducing the TTH frequency (MD -1.16, 95% CI -4.97 to 
2.77; tau-squared 11.30, Fig. 2A, eFigure 3). Very low cer-
tainty of evidence showed that acupuncture was no sig-
nificantly different to amitriptyline and amitriptylinoxide 

(amitriptyline: MD -1.29, 95% CI -5.28 to 3.02; amitrip-
tylinoxide: MD -0.05, 95% CI -6.86 to 7.06; tau-squared 
12.15; Fig. 2B, eFigure 4, Table 2, eTable 5). The SUCRA 
suggested amitriptyline ranked first with a value of 0.67 
(eTable 6).

Headache intensity
Twenty-four RCTs including 2062 individuals were 
entered in the analysis on headache intensity. Pair-wise 
comparisons revealed that acupuncture presented no sig-
nificant difference with TCAs in reducing the headache 
intensity (MD 2.16, 95% CI -0.91 to 5.15; tau-squared 
7.14; Fig. 3A, eFigure 5). At an individual-level, acupunc-
ture presented a similar effect size with amitriptylinoxide, 
amitriptyline, and clomipramine with very low certainty 
of evidence (amitriptylinoxide: MD 2.98, 95% CI -2.73 to 
8.51; amitriptyline: MD 2.35, 95% CI -1.20 to 5.78; clo-
mipramine: MD 1.83, 95% CI -4.23 to 8.20; tau-squared 
8.78; Fig. 3B, eFigure 6, eTable 5, eTable 7). The results of 
SUCRA showed acupuncture ranked first (SUCRA 0.77, 
eTable 6).

Responder rate
Eight RCTs involving 2536 participants were included in 
the analysis of the responder rate. Evidence from pair-
wise comparison suggested that acupuncture performs a 

Fig. 1 PRISMA flow diagram of literature search and study selection
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses
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similar effect with TCAs (OR 1.19, 95% CI 0.30 to 4.53; 
tau-squared 0.32; eFigure 7 A, eFigure 8). At an individ-
ual-level, there was no significant statistical difference 
between acupuncture and amitriptyline and amitriptylin-
oxide (amitriptyline, OR 0.81, 95% CI 0.16 to 4.20; ami-
triptylinoxide, OR 1.54, 95% CI 0.31 to 8.33; tau-squared 
0.34; eFigure 7B, eFigure 9). The GRADE evidence was 
very low (eTable 5, eTable 8). Amitriptylinoxide ranked 
first with a SUCRA value of 0.89 (eTable 6).

Adverse event rate
Nineteen RCTs containing 2052 individuals were pooled 
in the analysis of adverse events at the end of treatment. 
The main adverse events due to acupuncture were hema-
toma and pain; the main adverse events associated with 
amitriptyline were dry mouth and drowsiness. There was 
no significant difference between acupuncture and TCAs 
in adverse events rate (OR 3.37, 95% CI 0.90 to 12.99; 
tau-squared 0.80; eFigure 10 A, eFigure 11). At an indi-
vidual-level, very low certainty of evidence suggested that 
amitriptyline had a significantly higher adverse event rate 
than acupuncture, but amitriptylinoxide was similar to 
acupuncture with very low GRADE evidence (amitripty-
line: OR 4.73, 95% CI 1.42 to 14.23; amitriptylinoxide: OR 
1.15, 95% CI 0.25 to 7.05; tau-squared 0.39; eFigure 10B, 
eFigure 12, eTable 5, eTable 9). The results of SUCRA 
suggested acupuncture ranked first (SUCRA 0.37, eTable 
6).

Sensitivity analysis
To evaluate the robustness of the results, we conducted 
two sensitivity analyses of the primary outcome. When 
RCTs at high risk of bias were excluded, we found acu-
puncture showed a similar effect size with TCAs in 
decreasing the frequency of headache (14 RCTs with 
1685 participants; amitriptylinoxide: MD 0.37, 95% CI 
-6.67 to 7.95; amitriptyline: MD -0.80, 95% CI -6.19 
to 4.69; tau-squared 14.26; eFigure 13), indicating the 
results were stable. After excluding RCTs with a random-
ized sample size of less than 50 participants, acupuncture 
also presented a similar effect with TCAs (13 RCTs with 
2886 participants; amitriptylinoxide: MD -1.05, 95% CI 
-6.26 to 3.86; amitriptyline: MD -2.18, 95% CI -5.63 to 
1.26; tau-squared 5.56; eFigure 14), suggesting the results 
were stable.

Subgroup analysis
We performed subgroup analyses of the primary out-
come in the subtype of TTH, classification of acupunc-
ture, and different endpoints of treatment to explore 
the source of heterogeneity. We found these elements 
did not significantly influence the heterogeneity (eFig-
ure 15–17). Meanwhile, we also found no significant 
difference between acupuncture and TCAs in reducing St
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the frequency of chronic TTH (14 RCTs with 1130 

participants, amitriptylinoxide: MD -0.88, 95% CI -6.94 
to 5.24; amitriptyline: MD -2.18, 95% CI -6.47 to 2.11; 
tau-squared 7.78; eFigure 15). In addition, there was no 
statistical difference of the effectiveness between acu-
puncture and TCAs in managing TTH when subgroup 
analyses were performed with acupuncture classification 
(eFigure 16) and endpoints of treatment (eFigure 17).

Discussion
Main finding
In our ITC meta-analyses, we found very low evidence 
demonstrating similar effectiveness of acupuncture 

Table 2 Final classification of TCAs and acupuncture, based on 
NMA of intervention for headache frequency
Certainty of the evidence, and 
classification* of intervention

Intervention Certainty 
of the 
evidence**

Low certainty (low to very low certainty evidence)
Category 0: might be not convinc-
ingly different than acupuncture

Amitriptyline Very low
Amitriptylinoxide Very low

TCAs, tricyclic antidepressants; NMA, network meta-analysis. *Categories do 
not inform value judgements about the importance of the effects; **Certainty 
of evidence for each intervention when compared with acupuncture

Fig. 3 Estimate of comparison between acupuncture and TCAs of headache intensity
TCAs, tricyclic antidepressants; MD, mean difference; CI, confidence interval. The black vertical line corresponds to 0

 

Fig. 2 Estimate of comparison between acupuncture and TCAs of headache frequency
TCAs, tricyclic antidepressants; MD, mean difference; CI, confidence interval. The black vertical line corresponds to 0。
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and TCAs in preventing TTH attacks. There was no 
significant statistical difference between acupuncture 
and TCAs in reducing frequency and intensity, and in 
responder rate. We found amitriptyline had a higher rate 
of adverse events than acupuncture with an OR of 4.73 
(95% CI 1.42 to 14.23).

Our results showed no significant variation between acu-
puncture and TCAs, which may be attributed to the fact that 
both interventions are effective in preventing TTH. TCAs 
are the first-line drugs that have been recommended for 
preventing TTH [4, 54]. Amitriptyline was the first-choice 
drug for preventing TTH and has been assessed as evidence 
of level A [4, 55]. Acupuncture was also effective in manag-
ing TTH [10]. As the results of previous systematic review 
and meta-analysis [12, 56], both TCAs (SMD 1.29) and acu-
puncture (SMD − 1.49) had a high effect size in reducing the 
number of headache days per month compared to placebo 
or sham acupuncture [57]. Moreover, TCAs (OR 1.41) and 
acupuncture (OR 1.29) presented a similar high effect size 
in decreasing at least 50% of headache frequency per mouth 
[13, 56]. Therefore, acupuncture was presented as effective 
as TCAs with no statistically significant difference.

Evidence from studies of TCAs and acupuncture also 
demonstrated that they could exert analgesic effects 
through various mechanisms, respectively. Amitriptyline 
may exert analgesic effects by inhibiting norepinephrine 
reuptake, antagonizing n-methyl-d-aspartate receptors, 
blocking muscarinic receptors and ion channels, and mod-
ulating noradrenergic and serotonergic downstream pain 
inhibitory systems [58, 59]. Additionally, amitriptyline can 
prevent TTH attacks by relieving the central sensitization 
[60]. The mechanisms of acupuncture analgesia involve 
signal molecules such as adenosine [61], γ-aminobutyric 
acid [62], serotonin [63], opioid peptide [64], and endocan-
nabinoid [65]. Furthermore, recent studies have shown that 
acupuncture can also exert analgesic effects by recruiting 
β-END-containing ICAM-1 + /CD11b + immune cells [66].

Furthermore, we found amitriptyline presented a 
higher adverse event rate than acupuncture (OR 4.73), 
and the value of SUCRA also suggested amitriptyline had 
the lowest probability of being safe (SUCRA 0.08). Pre-
vious studies demonstrated that acupuncture is a safe 
therapy with few adverse events [13]. Adverse events 
associated with acupuncture were pain and hematoma 
near the needle, these symptoms were usually transient 
and mild. In contrast, compared with placebo, amitrip-
tyline was more likely to contribute to dry mouth and 
drowsiness [56]. Acupuncture seems to be safer than 
amitriptyline.

Implication for practice and research
Based on our ITC analyses, acupuncture was as effective 
as first-line positive drugs in decreasing TTH frequency 
and intensity, and had lower adverse events rate than 

amitriptyline. Therefore, acupuncture can be an alternative 
therapy for managing TTH, especially for patients who are 
reluctant to take medications and who have severe adverse 
reactions to them. Meanwhile, it is necessary to conduct 
head-to-head trials between acupuncture and positive 
drugs. Our study was an indirect comparison analysis, and 
we found no head-to-head study had compared the effect 
of acupuncture and positive drugs. Endres and colleagues 
attempted to design an RCT in which a proportion of par-
ticipants were randomly assigned to take amitriptyline [29]. 
However, due to participants unwilling to receive amitripty-
line, the arm was dropped. Hence head-to-head studies still 
should be conducted for more evidence of the effectiveness 
of acupuncture.

Limitations of the study
Our study also had some limitations that should be noted 
when interpreting the findings. First, we only searched three 
specific databases and clinicaltrials.gov, and we excluded 24 
studies due to the unavailability of full-text copies. There-
fore, there may be relevant literature that was not included. 
However, we tried to avoid having eligible articles over-
looked by scanning previous studies. Second, we evaluated 
the relative effectiveness between acupuncture and TCAs 
by ITC meta-analyses, and head-to-head trials are still 
needed to obtain direct evidence. Third, eight of thirteen-
four included RCTs were assessed at high risk of bias, which 
might affect the quality and stability of our results. There-
fore, we excluded the high risk of bias RCTs to verify the 
robustness of our results. Fourth, the studies we included 
were highly heterogeneous, and we attempted to explore 
the sources of heterogeneity through subgroup analyses of 
the TTH subtype, acupuncture classification, and endpoint 
of treatment. However, we found that these factors did not 
significantly contribute to the heterogeneity.

Conclusions
Our indirect comparison meta-analysis suggested very 
low evidence that acupuncture was as effective as TCAs 
in reducing the frequency and intensity of TTH, and acu-
puncture had a lower rate of adverse events than ami-
triptyline. Acupuncture can be an alternative option for 
TTH, and head-to-head studies are warranted for more 
direct evidence in the future.
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