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ABSTRACT

Introduction: Tension-type headache (TTH) is
common but challenging to manage due to
limited effectiveness of conventional treat-
ments. This study examines six complementary

and alternative medicine (CAM) interventions
through network meta-analysis to identify
effective TTH management strategies.
Methods: We searched PubMed, Embase, Web
of Science, Cochrane Library, OVID, CNKI,
Wanfang, VIP, and CBM databases for ran-
domized controlled trials on CAM for TTH
treatment. Headache frequency and intensity
were the primary outcomes. Methodological
quality was evaluated on the basis of the
Cochrane risk of bias tool. We used R software
to conduct this Bayesian network meta-analysis.
We used mean difference (MD) with 95% cred-
ible intervals (CI) to calculate the continuous
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outcomes and analyzed the percentages of the
surface under the cumulative ranking (SUCRA)
curve.
Results: In total, 32 randomized controlled
trials (RCTs) with 2405 participants were ana-
lyzed. For reducing headache intensity, the
network meta-analysis shows that acupuncture
therapy combined with traditional Chinese
medicine (AT_TCM), manual therapy (MT),
psychological treatment (PT), and traditional
Chinese medicine combined with acupuncture
and manual therapy (TCM_AT_MT) are superior
to Western medicine (WM). In the SUCRA
curve, TCM_AT_MT is the best for reducing
headache frequency (HF).
Conclusions: This review, assessed as low-
quality evidence by GRADE, cautiously suggests
potential benefits of PT over other CAM inter-
ventions for TTH and indicates TCM_AT_MT
might better reduce HF. It proposes that com-
bining CAM interventions could enhance out-
comes. Due to the preliminary nature of these
findings, further high-quality RCTs are essential
to confirm these suggestions and provide clearer
clinical guidance.
PROSPERO Registration Number: CRD420
21252073.

Keywords: Acupuncture; Aerobic exercise;
Complementary and alternative medicine;
Manual therapy; Network meta; Physical
activity; Psychological treatment; Systematic
review; Tension-type headache; Traditional
Chinese medicine

Key Summary Points

Why carry out this study?

The study was carried out to address the
challenge of managing tension-type
headache (TTH), which is common but
difficult to treat effectively with
conventional treatments.

It aimed to examine six complementary
and alternative medicine (CAM)
interventions through network meta-
analysis to identify effective TTH
management strategies.

What was learned from the study?

From the study, we learned that PT may be
more effective than other CAM
interventions in reducing the intensity of
headaches. Additionally, traditional
Chinese medicine combined with
acupuncture and manual therapy
(TCM_AT_MT) appears to be particularly
effective in reducing the frequency of
headaches.

These findings suggest that incorporating
CAM interventions into treatment
protocols for TTH could be beneficial.
However, the results also highlight the
need for further more rigorous studies to
confirm these preliminary outcomes.

INTRODUCTION

TTH is the most prevalent primary headache
and ranks as the second most common chronic
disease globally [1]. Data from the Global Bur-
den of Disease (GBD) study estimate that in
2017, approximately 2.33 billion people glob-
ally suffered from TTH, and there were
882.4 million new cases of TTH worldwide in
2017 [2]. Significantly, TTH poses a greater
social burden than migraines, incurring higher
overall costs [3]. Despite this high prevalence,
current management strategies for TTH are
limited. The condition presents challenges not
only to patients, but also to healthcare provi-
ders and society at large. In the field of head-
ache disorders, despite the pathophysiology and
etiology of migraines not being entirely clear,
innovative and effective treatments have been
developed and are widely used. The European
Federation of Neurosciences (EFNS) guidelines
currently recommend pharmacological man-
agement, primarily analgesics and nonsteroidal
antiinflammatory drugs (NSAIDs), sometimes
combined with caffeine-containing drugs [4].
However, the efficacy of these strategies
decreases with prolonged headache duration,
and drug therapy is not suitable for all patients
due to various contraindications [4].
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Additionally, up to 20% of patients with medi-
cation overuse headache (MOH) have TTH as
the primary disorder [5–7]. Given these limita-
tions, exploring a broader spectrum of man-
agement options, especially CAM, is essential.
CAM, defined as practices that supplement
mainstream medicine, enhances healthcare by
addressing unmet needs and providing diverse,
alternative solutions [8]. Examples of CAM
interventions include chiropractics for head-
aches and low back pain [9–13] and acupunc-
ture for various pain types [14–19]. The choice
of CAM is invariably aimed at enhancing man-
agement outcomes.

This paper, therefore, conducts a literature
search to compare and analyze six clinically
recommended management approaches, aim-
ing to identify the most effective CAM inter-
ventions for TTH. By bridging the gap between
existing management options and the unmet
needs in TTH management, this study con-
tributes to a more comprehensive understand-
ing and improved strategies for managing this
prevalent condition.

DATA AND METHODS

This study adheres to the Network Meta-Anal-
ysis extension of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA-NMA) guidelines [20]. It constitutes a
systematic review, sourcing data exclusively
from published literature, without involving
trials or experiments. As such, this research did
not require ethical approval since it is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors. Registration of this study was com-
pleted with PROSPERO (CRD42021252073),
and the original review protocol remains unal-
tered. The inclusion criteria are delineated
below:

• Study types: this review includes RCTs,
without geographical restrictions but limited
to studies published in Chinese and English.

• Participant types: this analysis covers studies
involving patients diagnosed with TTH. All
included participants must meet the diag-
nostic criteria outlined in the current version
of the International Classification of Head-
ache Disorders (ICHD) or respective national
standards derived from the ICHD. The study
encompasses a diverse population without
restrictions on gender, age, or nationality
but excludes individuals with other types of
primary or secondary headaches.

• Intervention types: evaluated studies inves-
tigated the effectiveness of acupuncture
therapy (AT), aerobic exercise (AE),manual
therapy (MT), physical activity (PA), psycho-
logical treatment (PT), and traditional Chi-
nese medicine (TCM) (see Table 1), including
combinations of these methods in the obser-
vation group. The control group consisted of
treatments with therapeutic effects, exclud-
ing routine nursing and blank controls.

• Outcome measure types: included studies
assessed headache frequency (HF, number of
headache days per month) and intensity
using a visual analogue scale (VAS, standard-
ized 0–10 scale).

Search Strategy

A comprehensive search strategy was imple-
mented across multiple databases, including
PubMed, Embase, Web of Science, Cochrane
Library, OVID, China National Knowledge
Infrastructure (CNKI), Wanfang, VIP, and Chi-
nese Biomedical Literature Database (CBM). An
example of the Embase search is available in
Supplementary Table 1. The final search was
conducted on 1 June 2023.

Data Collection, Extraction,
and Assessment

Study Selection and Data Extraction
Five researchers (Qin Lingli, Zhu Xueying, Cai
Lizhen, Sun Weijia, Hu Guangdi) indepen-
dently evaluated the retrieved articles on the
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basis of predefined inclusion and exclusion cri-
teria, and systematically extracted relevant data.
Discrepancies were resolved by consensus fol-
lowing discussion. Data extraction utilized a
custom-made table, encompassing details such
as authors, sample size, patient age, interven-
tion measures, course of treatment, dropouts,
adverse reactions, and follow-up.

Geometry of the Network
The treatment network will be evaluated using
the available study data, which will be graphi-
cally represented. This evaluation will deter-
mine the adequacy of the comparisons within
the network, considering the presence of closed
loops that enable the assessment of consistency
between direct and indirect comparisons.
Additionally, the feasibility of conducting a
network meta-analysis will be examined. In the
network diagram, each dot symbolizes a treat-
ment modality, with its size reflecting the
number of participants receiving that

treatment. The thickness of the lines indicates
the quantity of studies involved; directly con-
nected dots signify a direct comparison between
two treatments, while unconnected dots are
compared indirectly through the network meta-
analysis.

Assessment of Risk of Bias
We employed the risk-of-bias assessment tool
recommended by the Cochrane Institute [27].
Two researchers assessed the risk of bias in the
included articles and resolved discrepancies
through discussion. The evaluation criteria
encompassed various aspects, including the
randomization method, blinding of participants
and researchers, blinding of evaluators, alloca-
tion concealment, completeness of outcomes,
selective reporting of results, and other poten-
tial sources of bias. Each RCT included in the
analysis received an assessment of either low
risk, high risk, or unclear risk. An RCT was cat-
egorized as high quality if both the

Table 1 Definitions of interventions

Interventions Definitions

Acupuncture An ancient Chinese medical technique for relieving pain, curing diseases, and improving general

health, acupuncture was devised before 2500 BCE in China and by the late twentieth century

was utilized in many other areas of the world. It involves the insertion of one or several small

metal needles into the skin and underlying tissues at precise points on the body [21]

Aerobic exercise Exercising at an intensity where oxygen is continuously delivered and the ratio between fuel and

oxygen demand and delivery is balanced [22]

Manual therapy A therapeutic approach primarily used in rehabilitation, focusing on the treatment of

musculoskeletal disorders. It encompasses passive movements, joint manipulations, and

techniques aimed at improving function and reducing pain. Often, it integrates a

biopsychosocial model that considers psychological and social factors alongside biological

aspects [23]

Physical activity Any bodily movement produced by skeletal muscles that requires energy expenditure [24]

Psychological treatment Any form of treatment for psychological, emotional, or behavioral disorders, where trained

professionals establish a therapeutic relationship with one or more patients, with the aim of

altering or eliminating existing symptoms and promoting personality growth [25]

Traditional Chinese

medicine

A medical system that is at least 23 centuries old, originating from China, one of the world’s

oldest civilizations with a rich medical heritage. TCM aims to prevent or heal diseases by

maintaining or restoring the balance between yin and yang, which are considered fundamental

aspects of the human body and the universe in traditional Chinese philosophy [26]
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randomization method and allocation conceal-
ment were rated as low risk of bias, along with
all other aspects receiving low-risk or unclear
risk evaluations. Conversely, if either the ran-
domization method or allocation concealment
was deemed high risk of bias, the study was
considered low quality, irrespective of the risk
assessment of other aspects. When both ran-
domization method and allocation conceal-
ment were assessed as low risk of bias, and at
least one of the remaining five aspects was
determined as high risk of bias, the RCT was
classified as moderate quality.

GRADE Evaluation
The quality of evidence for each of the direct,
indirect, and network impact assessments was
determined on the basis of the primary out-
comes [28, 29]. The assessment of evidence
quality was conducted by considering five key
factors: research limitations, indirectness,
inconsistency, inaccuracy, and publication bias
[28]. Publication bias was evaluated by exam-
ining funnel plot asymmetry. The assessment of
indirect evidence quality involved estimating
indirect comparisons from network diagrams,
qualitatively assessing non-transitivity, and
quantitatively evaluating inconsistencies
through inconsistency testing [29].

Summary Measures
The VAS score and HF were reported as the MD
with 95% CI, and the treatment effect was
assessed using the SUCRA curve.

Data Analysis

Pairwise meta-analysis was conducted through
direct comparisons using a random-effects
model, followed by a Bayesian random-effects
model employing the Markov-chain Monte
Carlo method (MCMC) [30, 31]. Network meta-
analysis involving all interventions was carried
out assuming transitivity. Transitivity was
defined as the assumption that the studies
exhibited sufficient similarity in their distribu-
tion of effect modifiers, enabling the use of
indirect comparisons as a valid method to
compare two treatment regimens [32, 33].

Transitivity was assessed through a subjective
comparative study of age characteristics, inter-
ventions, and methodological aspects. The
entire network was first globally assessed, fol-
lowed by a local evaluation of each treatment
comparison using the node-splitting model
[34–36]. The SUCRA was employed to evaluate
the efficacy of each intervention. On the basis
of the SUCRA values, line charts were generated
to efficiently identify the most and least effec-
tive interventions for each outcome [37]. Baye-
sian hierarchical models with noninformative
priors assigned to all model parameters were
used for both the meta-analysis and network
meta-analysis. I2 statistics were employed to
assess trial heterogeneity in each meta-analysis
[38]. In the network meta-analysis, it was
assumed that no heterogeneity existed within
the network due to the similarity in treatment
approaches. A series of 50,000 simulations were
conducted to ensure convergence. After apply-
ing a thinning factor of 1 and discarding the
initial 20,000 simulations, the outputs were
generated. Model convergence was assessed
using the Gelman and Rubin diagnostic tests
[39]. The MD and its 95% CI were estimated
from the median and the 2.5th and 97.5th
percentiles of the posterior distributions in the
simulations. All analyses were performed using
Review Manager 5.3 and R 3.6.3.

Assessment of Inconsistency
We employed both a consistency model and an
inconsistency model, assessing the goodness of
fit for each model on the basis of the deviance
information criterion (DIC) values. A DIC dif-
ference of approximately five points was
deemed significant, indicating consistency
between the two models. In cases where the
difference exceeded five points, we selected the
model with the lower DIC value [40]. We
employed node analysis to examine consistency
and identify potential inconsistencies. A signif-
icance level of P\ 0.05 was used to detect local
inconsistency [41].

Risk of Bias across Studies
We assessed the potential presence of small
sample utility or publication bias using an
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funnel plot. In this analysis, studies with large
sample sizes and high event incidence rates had
small standard errors, leading to a concentrated
distribution in the upper part of the coordinate
system. Conversely, studies with small sample

sizes and low event incidence rates exhibited
larger standard errors, resulting in a scattered
distribution in the lower part of the coordinate
system. We visually examined each included
study for symmetry around the axis. Lack of

Fig. 1 Flowchart of the study selection process
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symmetry would suggest the potential presence
of publication bias, small sample size effects, or
other contributing factors [42, 43].

Regression Analysis
Initially, we investigated potential sources of
heterogeneity, including variables such as age,
year of publication, sample size, duration of the
disease course, and follow-up period. In cases
where a minimum of ten studies were available,
we conducted meta-regression analysis to
examine the influence of these covariates on
the study outcomes.

RESULTS

Search Results

Through a preliminary search, we identified
1427 articles: 344 from CNKI, 231 from Wang-
fang, 98 from VIP, 126 from CBM, 124 from
PubMed, 19 from Web of Science, 90 from Ovid,
98 from EMBASE, and 297 from Cochrane
Library. We utilized Endnote X9 to eliminate

duplicate articles, subsequently screening the
remaining 545 articles in a systematic manner,
which led to the inclusion of 32 articles in our
study [75–77]. The flow chart of literature
retrieval is shown in Fig. 1.

Summary of Network Geometry

The network diagram is presented in Fig. 2. In
the VAS network diagram, 28 RCTs were inclu-
ded, along with 12 nodes, each representing a
different intervention. Notably, the nodes for
AT and WM are larger, signifying a higher
number of patients receiving these treatments.
The thickest line, between AT and WM, indi-
cates that direct comparisons between these two
treatments are most frequent. The presence of
ten closed loops suggests good consistency.
However, potential heterogeneity is indicated
by indirect connections among three pairs of
interventions: AE and AT_TCM, AT_TCM and
sham acupuncture (SA), and WM and tradi-
tional Chinese medicine combined with psy-
chological treatment (TCM_PT).

Fig. 2 Network diagram of network meta-analysis

Pain Ther (2024) 13:691–717 697



In the HF network diagram, 16 RCTs are
included. This diagram features 13 nodes rep-
resenting various intervention measures, with
WM and AT having larger nodes. Lines of equal
thickness between AT and SA, AT and WM,
AT_TCM and WM, and MT and WM imply an
equal number of direct comparison experi-
ments. Six closed loops in this diagram also
suggest good consistency. The potential for
heterogeneity is again indicated, this time by
indirect connections in four intervention pairs:
SA and sham acupuncture combined with
Western medicine (SA_WM), SA and MT,
acupuncture therapy combined with physical
activity (AT_PA) and PT, and MT and acupunc-
ture therapy combined with manual therapy
(AT_MT).

Characteristics of the Included Studies

The 32 studies included in our analysis
encompassed 16 types of intervention mea-
sures: AE, AT, AT_MT, AT_TCM, AT_PA, MT,
manual therapy combined with psychological
treatment (MT_PT), PT, TCM, TCM_AT_MT,
TCM_PT, PA, physical activity combined with
manual therapy (PA_MT), SA, SA_WM, and
WM. Analysis of the basic information, includ-
ing age, sample size, treatment duration, and
follow-up period, revealed no statistically sig-
nificant differences among the studies. The
total treatment duration ranged from 2 weeks to
12 weeks. A total of 20 studies mentioned
dropouts and adverse reactions
[45, 49, 51, 53, 56, 61–75], and 12 studies
reported on follow-up outcomes
[45, 49, 50, 62, 65, 67, 69, 71–75]. Four of these
studies were three-arm trials, among which
three arms in three studies [48, 51, 54] all met
the inclusion criteria, whereas one of the
interventions in one study [70] did not meet the
inclusion and exclusion criteria of this article;
hence, this intervention was excluded. In a
four-arm study [65], one of the interventions
did not meet the inclusion and exclusion cri-
teria of this article; hence, this intervention was
excluded. Table 2 summarizes the basic features
of the included studies.

Risk of Bias in the Included Studies

We assessed the quality assessment by the
Cochrane Handbook for Systematic Reviews of
Interventions. A total of 4 articles [66–69] were
evaluated as having low risk, 7 articles
[62, 65, 70, 72–75] were evaluated as having
uncertain risk of bias, and 21 articles
[44–61, 63, 64, 71] were evaluated as having
high risk of bias. The risk-of-bias map of the
included articles is shown in Fig. 3.

The GRADE methodology provides a struc-
tured and transparent framework for evaluation
of the evidence quality of systematic reviews
and clinical practice guidelines. In this study,
the quality of each outcome index was evalu-
ated according to the GRADEmethodology. The
quality of all comparisons was graded, and the
reasons for reduction were indicated (see Sup-
plementary Table 2).

Results of Individual Studies

In terms of VAS score reduction, this study
assessed 19 types of pairwise treatments. Meta-
analysis showed that TCM_AT_MT [-3.2 (-4.4,
-2.0)], TCM [-1.9 (-2.5, -1.3)] and AT [-2.6
(-3.8, -1.4)] were superior to AT_MT. AT_TCM
[-1.8 (-3.1, -0.45)], MT [-2.1 (-4.0, -0.24)],
PT [-3.9 (-6.7, -1.1)], and TCM [-0.74 (-1.4,
-0.12)] were superior to WM. Furthermore,
TCM_AT_MT [-1.3 (-1.8, -0.76)] and TCM_PT
[-0.84 (-1.7, -0.03)] were superior to TCM.
AT_TCM [-2.0 (-2.8, -1.2)] was superior to AT.

In terms of reducing the frequency of head-
ache, we assessed 16 direct comparisons. Meta-
analysis results showed that AT [-7.6 (-12.0,
-3.0)] was superior to SA_WM. AT_MT [-6.5
(-7.3, -5.7)], PT [-4.7 (-5.6, -3.9)], and TCM
[-7.0 (-9.6, -4.4)] were superior to WM.
TCM_AT_MT [-3.3 (-5.6, -1.0)] and AT_TCM
[-3.2 (-5.2, -1.2)] were superior to TCM.
TCM_AT_MT [-4.3 (-6.9, -1.7)] was superior
to AT_MT. Additionally, PA_MT [-1.4 (-2.7,
-0.09)] was superior to PA. See Table 3 for
details.
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Table 2 Characteristics of the included studies

No. Author/years No.
patients

Interventions Age Course Dropouts and adverse
reactions

Follow-up

1 ZKM2020

[44]

41/39 AT/WM 44.24 ± 12.15/

45.19 ± 11.14

28 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

2 NWB 2019

[45]

41/41 AT/WM 50.02 ± 10.66/

46.54 ± 11.46

28 days Dropouts: one case in

the observation group

and two cases in the

control group.

Adverse reactions:

one case in the

eperisone

hydrochloride group

reported adverse

reactions, and no

adverse reactions were

reported in the

observation group

8 weeks

3 ZYJ2019 [46] 48/48 AT_TCM/

TCM

37.82 ± 4.52/

35.56 ± 5.11

30 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

4 WYN2018

[47]

29/27 AT/WM 38 ± 10/

39 ± 11

48 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

5 MY 2017

[48]

40/40/

40

MT_PT/MT/

PT

39/38/35 2 weeks Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned
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Table 2 continued

No. Author/years No.
patients

Interventions Age Course Dropouts and adverse
reactions

Follow-up

6 CXB2017

[49]

52/45 AT_MT/WM 18–65 8 weeks Dropouts: both the

control group and the

observation group

dropped out of two

cases. Adverse

reactions: no adverse

events in the

observation group;

four participants in

the control group

reported adverse

reactions

3 months

7 HLL2017

[50]

40/40 AT_MT/WM 38.5/37.3 28 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Half a year

8 WYH2016

[51]

46/48/

45

TCM_AT_MT/

TCM/

AT_MT

19–56 30 days Dropouts: four cases in

the observation

group, two cases in

control group 1, five

cases in control group

2. Adverse reactions:

no adverse reactions

Not

mentioned

9 GSY2015

[52]

40/40 AT_TCM/WM 36.5 ± 3.2/

38.7 ± 3.8

4 weeks Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

10 ZBH2014

[53]

39/38 AT_TCM/WM 37/38 4 weeks Dropouts: no dropouts.

Adverse reactions: no

adverse reactions in

the observation

group, three cases of

mild upper abdominal

discomfort in the

control group

Not

mentioned

11 LLW2014

[54]

40/40/

40

AT_TCM/

TCM/AT

35.2 ± 8.93/

35.4 ± 9.05/

35.6 ± 9.12

28 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned
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Table 2 continued

No. Author/years No.
patients

Interventions Age Course Dropouts and adverse
reactions

Follow-up

12 FM 2013

[55]

26/26 AT/WM 19–52/20–54 1 month Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

13 YW 2012

[56]

39/39 AT_TCM/WM 36.8 ± 8.7/

38.4 ± 9.1

4 weeks Dropouts: no dropouts.

Adverse reactions: no

obvious adverse

reactions in the two

groups of patients

during the treatment

Not

mentioned

14 SYZ 2012

[57]

30/30 AT/WM 43.5 ± 11.7/

42.8 ± 11.3

3 weeks Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

15 FCF2011

[58]

40/40 TCM/WM 16–50/18–51 21 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

16 ZXH 2011

[59]

30/30 AT/WM 38.21 ± 4.36/

33.26 ± 5.28

30 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

17 YBY2010

[60]

30/30 TCM_PT/

TCM

38.74 ± 8.32/

39.26 ± 8.52

21 days Dropouts: not

mentioned. Adverse

reactions: not

mentioned

Not

mentioned

18 WSW2009

[61]

30/25 AT_MT/AT 41.6 2 weeks No dropouts and

adverse reactions

No dropouts

and

adverse

reactions

19 ZL 2009 [62] 27/23 AT/SA_WM 18–65 4 weeks Dropouts: one case in

the observation group

and three cases in the

control group

16 weeks
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Table 2 continued

No. Author/years No.
patients

Interventions Age Course Dropouts and adverse
reactions

Follow-up

20 CXH2006

[63]

30/30 AT_TCM/WM 30.5 ± 5.8/

31.3 ± 6.3

4 weeks There were no adverse

reactions in the

observation group. In

the control group,

there were four

patients with fatigue

and dizziness, but

they did not affect

their work

Not

mentioned

21 LJL2005 [64] 53/50 TCM/WM 39 ± 10/

37 ± 17

30 days Dropouts: no dropouts.

Adverse reactions: no

adverse reactions in

the observation

group. In the control

group, there were four

patients reported

adverse reactions

Not

mentioned

22 Schiller, J.

2021 [65]

24/24/

24

AT_PA/AT/PA 39.0 ± 11.6/

39.8 ± 12.2/

37.0 ± 15.3

6 weeks Dropouts: two dropouts

in the AT group, nine

in the PA group, and

four in the AT_PA

group. Adverse

reactions: no adverse

reactions

Follow-up

was at

3 months

and

6 months

23 Mohamadi

2020 [66]

16/16 MT/WM 39 ± 11/

38 ± 9

5 weeks Dropouts: three cases in

the observation

group, five cases in the

control group.

Adverse reactions: no

adverse reactions

Not

mentioned

24 Gildir 2019

[67]

80/81 AT/SA 36.7 ± 7.6/

36.0 ± 8.3

2 weeks Dropouts: one case in

the control group.

Adverse reactions: no

adverse reactions

1 month

25 Deodato

2019 [68]

10/10 MT/WM 42.6 ± 15.2/

51.4 ± 17.3

3 months No dropouts and

adverse reactions

Not

mentioned

26 Alvarez-

Melcon

2018 [69]

76/76 PA_MT/PA 20.23 ± 2.50/

20.62 ± 2.21

4 weeks No dropouts and

adverse reactions

3 months
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Table 2 continued

No. Author/years No.
patients

Interventions Age Course Dropouts and adverse
reactions

Follow-up

27 Sertel 2017

[70]

20/20 PT/AE 42.6 ± 9.5/

36.20 ± 7.86

6 weeks Dropouts: two cases of

dropouts in the AE

group. Adverse

reactions: no adverse

reactions

Not

mentioned

28 Peerada

Damapong

2015 [71]

30/30 MT/WM 18–65 4 weeks Dropouts: no dropouts.

Adverse reactions: the

subjects suffering

from bruises were

treated with topical

herbal press

2 weeks

29 Anastasia

Bougea

2013 [72]

19/16 PT/WM 43.26 ± 12.34/

45.93 ± 12.2

12 weeks No dropouts and

adverse reactions

8 weeks

30 Kelun Wang

DDS2007

[73]

20/20 PA/SA Men:

47.2 ± 4.7

Women:

38.3 ± 4.7/

Men:

51.5 ± 7.4

Women:

54.9 ± 3.9

4 weeks Dropouts: four cases

dropped out. Adverse

reactions: no adverse

reactions

2, 4, and

6 weeks

31 Karst 2001

[74]

34/35 AT/SA 47.9 ± 13.8/

48.2 ± 14.6

5 weeks Dropouts: not

mentioned. Adverse

reactions: not

mentioned

5 months

32 Karst 2000

[75]

21/18 AT/SA 50.4 ± 13.5/

47.3 ± 16.5

5 weeks Dropouts: not

mentioned. Adverse

reactions: not

mentioned

6 weeks

acupuncture therapy (AT), manual therapy (MT), physical activity (PA), psychological treatment (PT), Western medicine
(WM), sham acupuncture (SA), traditional Chinese medicine (TCM), physical activity combined with manual therapy
(PA_MT), acupuncture therapy combined physical activity (AT_PA), acupuncture therapy combined with traditional
Chinese medicine (AT_TCM)
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Synthesis of Results

VAS
In reducing the VAS score, PT was superior to AT
[-2.38 (-0.14, -4.65)]; AT_TCM [-2.20 (-0.57,
-3.85)], MT [-2.60 (-0.49, -4.79)], and PT
[-3.34 (-0.90, -5.85)], TCM_AT_MT [-2.79
(-0.45, -5.15)] were superior to AT_MT;
AT_TCM [2.77 (4.75, 0.71)], MT [3.18 (5.59,
0.71)], MT_PT [3.42 (6.63, 0.12)], and PT [3.92
(6.62, 1.16)], TCM_AT_MT [3.38 (0.36, 6.28)]
were superior to SA; AT_TCM [2.03 (3.11, 0.95)],
MT [2.43 (4.12, 0.80)], and PT [3.17 (5.25,
1.14)], TCM_AT_MT [2.63 (5.09, 0.17)] were
superior to WM. See Table 4 for details.

HF
There were no statistically significant differ-
ences among treatments in reducing HF. See
Table 5 for details.

SUCRA Curve

In terms of reducing VAS scores, the order of
efficacy, as determined by SUCRA scores from
highest to lowest, is as follows: PT at 84.7%,
TCM_AT_MT at 73.7%, MT_PT at 72.6%, MT at
70.1%, AE at 69.9%, AT_TCM at 63.1%,
TCM_PT at 56.7%, TCM at 38.0%, AT at 35.2%,
WM at 15.7%, AT_MT at 13.4%, and SA at 6.6%.
When it comes to reducing HF, the hierarchy of
efficacy based on SUCRA scores from highest to
lowest is as follows: TCM_AT_MT at 80.8%,
AT_TCM at 72.4%, TCM at 63.5%, AT_MT at
62.8%, MT at 60.3%, PT at 56.6%, PA_MT at

Fig. 3 Map for risk of bias
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54.6%, AT_PA at 54.7%, PA at 47.1%, AT at
40.2%, WM at 27.0%, SA at 18.2%, and SA_WM
at 12.3%. Further details can be found in Fig. 4.

Exploration for Inconsistency

(1) VAS score: The convergence degree of the
model for the VAS score can be judged by
the trajectory map, density map, and
Brooks–Gelman–Rubin diagnostic map.
After 20,000 adapts and 50,000 iterations,
the median value and 97.5% value of the
reduction factor approximated 1 and sta-
bilized, indicating that the model had a
good convergence degree and could

effectively predict data. After calling JAGS
to run with the gemtc package in R, an
inconsistency model and a consistency
model were obtained. In the consistency
model, DIC = 108.22283 and I2 = 2%,
whereas in the inconsistency model,
DIC = 109.91461 and I2 = 2%. The DIC
difference was\5, indicating that the
models fitted consistently. The node-split-
ting test showed that P[ 0.05, reflecting
the absence of significant inconsistency
between the results of direct comparison
and indirect comparison.

(2) HF: The convergence degree of the model
for headache frequency can be judged by

Table 3 Direct comparison results of meta-analysis

VAS HF

Interventions MD (95% CI) Interventions MD (95% CI)

*TCM_AT_MT versus AT_MT -3.2 (-4.4, -2.0) *AT versus SA_WM -7.6 (-12.0, -3.0)

*TCM versus AT_MT -1.9 (-2.5, -1.3) *AT_MT versus WM -6.5 (-7.3, -5.7)

*AT versus AT_MT -2.6 (-3.8, -1.4) *PT versus WM -4.7 (-5.6, -3.9)

*AT_TCM versus WM -1.8 (-3.1, -0.45) *TCM versus WM -7.0 (-9.6, -4.4)

*MT versus WM -2.1 (-4.0, -0.24) *TCM_AT_MT versus TCM -3.3 (-5.6, -1.0)

*PT versus WM -3.9 (-6.7, -1.1) *AT_TCM versus TCM -3.2 (-5.2, -1.2)

*TCM versus WM -0.74 (-1.4, -0.12) *TCM_AT_MT versus AT_MT -4.3 (-6.9, -1.7)

*TCM_AT_MT versus TCM -1.3 (-1.8, -0.76) *PA_MT versus PA -1.4 (-2.7, -0.09)

*TCM_PT versus TCM -0.84 (-1.7, -0.03) PA versus AT_PA 1.3 (-6.6, 9.2)

*AT_TCM versus AT -2.0 (-2.8, -1.2) WM versus AT_TCM 6.2 (-4.8, 17.0)

WM versus AT 0.66 (-0.44, 1.7) WM versus MT 5.0 (-6.9, 16.0)

PT versus MT_PT -2.0 (-0.84, 0.44) WM versus AT 1.8 (-9.2, 13.0)

MT_PT versus MT 0.076 (-0.64, 0.79) TCM versus AT_MT -1.0 (-3.0, 0.98)

PT versus MT -0.13 (-2.8, 2.5) AT_PA versus AT -2.4 (-7.3, 2.5)

WM versus AT_MT 0.88 (-0.97, 2.7) PA versus AT -1.1 (-4.5, 2.3)

TCM versus AT_TCM 1.5 (-0.38, 3.3) SA versus AT 4.8 (-6.4, 16.0)

SA versus AT 1.5 (-0.09, 3.1)

TCM versus AT -0.22 (-1.0, 0.59)

PT versus AE -0.55 (-1.2, 0.12)

Both MD and 95% CI were[ 0 or\ 0, indicating a significant difference between the intervention measures (P\ 0.05)
*Significant difference between the intervention measures
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the trajectory map, density map, and
Brooks–Gelman–Rubin diagnostic map.
After 20,000 adapts and 50,000 iterations,
the median value and 97.5% value of the
reduction factor approximated 1 and
reached stability, indicating that the
model had a good convergence degree
and could effectively predict data. An
inconsistency model and a consistency
model were obtained as for the VAS score.
For the consistency model, DIC =
69.12057 and I2 = 7%, while for the
inconsistency model, DIC = 67.92035,
I2 = 3%. The DIC difference was\ 5, indi-
cating that the models fitted consistently.
The node-splitting test showed that
P[0.05, reflecting that there was no sig-
nificant inconsistency between the results
of direct comparison and indirect
comparison.

Risk of Bias across Studies

According to the funnel plot (Fig. 5), the VAS
points were concentrated in the upper part of
the funnel plot and were largely symmetrical
along the central axis, but several studies fell
outside the funnel plot. This indicates that the
presence of a small sample size effect is less
likely, but heterogeneity may exist. However,
the HF points fall mostly along the central axis,
indicating that small sample size effect and
heterogeneity are less likely to exist.

Regression Analysis

Through regression analysis of publication year
and sample size, the CI of beta coefficients
contained 0, indicating that the covariates were
meaningless. The publication year and sample
size had no statistically significant influence on
the research results.
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DISCUSSION

Summary of Evidence

We undertook a thorough and systematic
review and meta-analysis, incorporating criteria
encompassing six distinct intervention mea-
sures. These interventions could be combined
to create novel treatment strategies. Regarding
control groups, beyond standard nursing and
placebo controls, alternative therapeutic mea-
sures were also considered as control interven-
tions. Through rigorous literature screening, we
ultimately selected 32 studies, covering 16
diverse intervention measures. We employed
the Cochrane Handbook for Systematic Reviews
of Interventions to assess the risk of bias in the
studies, which comprised 4 low-risk articles, 7
articles of uncertain risk, and 21 high-risk arti-
cles. From this, it is not difficult to observe that
the overall risk of the included literature is rel-
atively high, which can affect the quality of the
literature and consequently influence the out-
come analysis. Consequently, we utilized the
GRADE methodology to assess the quality of
evidence and implement downgrading strate-
gies in our study, thus improving the trans-
parency of our reported research findings.
According to GRADE methodology, the highest
level of recommendation strength was deemed
moderate for comparing PT with WM in VAS-
related interventions. Pairwise analysis revealed
that PT was significantly more effective than
WM [-3.9 (-6.7, -1.1)], while results from the
synthesis analysis further confirmed the supe-
riority of PT over WM [3.17 (5.25, 1.14)]. In the
comparison of interventions for HF, the highest
level of recommendation was moderate,
encompassing comparisons such as AT versus
SA_WM, AT_MT versus WM, PT versus WM,
PA_MT versus PA, AT_PA versus AT, PA versus
AT, and PA versus AT_PA. Pairwise analysis
revealed that AT [-7.6 (-12.0, -3.0)] was sig-
nificantly more effective than SA_WM, AT_MT
[-6.5 (-7.3, -5.7)], and PT [-4.7 (-5.6, -3.9)]
outperformed WM, while PA_MT [-1.4 (-2.7,
-0.09)] demonstrated superiority over PA.
However, the overall assessment of interven-
tions comparing VAS and HF was rated as low,
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leading us to approach the interpretation of
final results with increased caution.

1. According to the results from SUCRA rank-
ings and comprehensive analysis results, PT
demonstrates a significant advantage in
reducing headache intensity. Pairwise anal-
ysis indicated that PT [-3.9 (-6.7, -1.1)]
was superior to WM. Synthesis analysis
further revealed the superiority of PT over
AT (-2.38 (-0.14, -4.65)], AT_MT [-3.34
(-0.90, -5.85)], SA [3.92 (6.62, 1.16)], and
WM [3.17 (5.25, 1.14)]. Although the evi-
dence quality, as per GRADE analysis, is
considered low, existing literature suggests
a direct link between TTH and symptoms
such as fatigue, stress, and inadequate sleep,
with psychological therapies providing
relief [76]. Psychological interventions,
including electromyography biofeedback,
relaxation training, and cognitive behav-
ioral therapy, have been noted to alleviate
these symptoms [77]. Increasing evidence
supports mindfulness-based therapies,
encompassing mindfulness meditation and
cognitive techniques, relaxation, and stress
management, as well as acceptance and
commitment therapy, a form of behavioral
therapy [78].

2. According to the SUCRA rankings,
TCM_AT_MT exhibited a significant advan-
tage in reducing the frequency of headache
occurrence, even though the results from

the integrated analysis were not statistically
significant. Pairwise analysis indicated that
TCM_AT_MT was superior to TCM [3.3
(-5.6, - 1.0)] and AT_MT [-4.3 (-6.9,
-1.7)]. Literature review suggests that com-
bined interventions are more effective
when single adjunctive treatment
approaches fail [79–82]. PT, AE, and MT in
particular may be beneficial in the manage-
ment of TTH [83–86]. The efficacy of AT in
the treatment of TTH is demonstrated in a
systematic review [87], and the safety of AT
in the treatment of TTH has significant
advantages compared with amitriptyline.
TCM is a characteristic treatment in China,
where it is a highly accepted therapy. There
are systematic studies showing the potential
advantages of Chinese herbal medicine in
the treatment of TTH [88]. Each of the
included interventions has been reported to
have good efficacy and potential advan-
tages, and a combination of complementary
and alternative therapies is a good choice
based on accurate physician judgment and
patient acceptance.

3. In the heterogeneity test, the P-values were
all greater than 0.05, indicating that there is
less possibility of heterogeneity among the
studies, and the studies are homogeneous
(see Supplementary Table 3).

Fig. 4 Rank plot of CAM for the TT
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Limitations

Among the included articles, 4 were assessed as
low risk, 7 had an uncertain risk of bias, and 21
were deemed high risk. This highlights a com-
mon limitation in many CAM interventions,
characterized by a lack of high-quality scientific

research supporting their efficacy and safety.
Furthermore, these studies often suffer from
small sample sizes, lax designs, or biases. We
employed the GRADE analysis method to eval-
uate the quality of evidence, ensuring trans-
parency and fairness.

Fig. 5 Funnel plot
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Minimal differences in SUCRA data can
result in unstable rankings of intervention
measures. This is due to regional variations in
CAM, where different practitioners may offer
diverse treatments such as acupuncture, mas-
sage, herbal remedies, etc. This diversity in
CAM, coupled with low standardization in
treatment, makes it challenging to find similar
studies for synthesis analysis among numerous
literature, resulting in limited original studies
meeting inclusion criteria, thus leading to
unstable rankings of intervention measures.
Within this study, there was little disparity
among AE, MT, MT_PT, and TCM_AT_MT in
the recommended order of intervention mea-
sures to reduce the VAS score. Similarly, there
was minimal variation among AT_MT, PT,
PA_MT, and TCM in the recommended order of
intervention measures to reduce HF. This
inconsistency in rankings arises from the scar-
city of similar studies. Additionally, the long-
term efficacy and duration of CAM remain
unclear, underscoring the need for more stan-
dardized, long-term studies in subsequent clin-
ical research for evaluation.

We limited our literature inclusion to Eng-
lish and Chinese languages, potentially over-
looking relevant studies in other languages.
Variations in CAM across different countries
underscore the importance of considering a
broader linguistic scope. While our study
focused on English and Chinese literature,
future researchers are encouraged to supple-
ment our work by incorporating studies from
diverse linguistic backgrounds.

Regrettably, our study was confined to RCTs
to uphold the integrity of our research. How-
ever, this stringent criterion meant that
numerous valuable single-arm studies could not
be included. These non-RCT studies might offer
significant evidence supporting the effective-
ness of CAM for TTH, despite potential biases
inherent in such literature.

In many instances, particularly with novel or
less common treatment modalities, there might
be insufficient research or data to definitively
establish their efficacy. In such scenarios,
employing non-informative priors in Bayesian
network meta-analysis ensures that the analysis
remains uninfluenced by irrelevant or uncertain

information, while allowing new data to
impartially influence the conclusions. In our
Bayesian network meta-analysis, non-informa-
tive priors are typically utilized to minimize the
impact of prior information on the final results.
This approach aims to enhance objectivity in
the analysis outcomes, ensuring they more
accurately reflect the actual data collected,
rather than being swayed by prior biases.

CONCLUSIONS

According to the GRADE methodology, the
evidence supporting the conclusions of this
review is considered of low quality. Therefore,
while the conclusions may suggest potential
trends, they should be interpreted with caution
and regarded primarily as a clinical reference.
The review tentatively suggests that PT could
offer some benefits over other CAM interven-
tions in reducing VAS scores for individuals
with TTH, advocating for the potential value of
incorporating physical and emotional relax-
ation strategies. Additionally, the review tenta-
tively identifies TCM_AT_MT as a potentially
more effective option for reducing HF, though
these findings are preliminary. It is also sug-
gested that a combined approach, integrating
multiple CAM interventions, may be more
beneficial than using single treatments in iso-
lation. However, due to the low quality of the
existing evidence, these conclusions should be
viewed as hypotheses rather than definitive
outcomes. Consequently, conducting further
high-quality RCTs is crucial to validate these
findings and provide more definitive guidance
for clinical practice.
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