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ABSTRACT
Objective:  Tension-type headache is the most common type of primary headache and results in 
a huge socioeconomic burden. This network meta-analysis (NMA) aimed to compare the efficacy 
and safety of simple analgesics for the treatment of episodic tension-type headache (ETTH) in 
adults.
Methods:  We searched the Cochrane Library, PubMed, Web of Science, Embase, Chinese 
BioMedical Literature database and International Clinical Trials Registry Platform databases for 
eligible randomized clinical trials reporting the efficacy and/or safety of simple analgesics. A 
Bayesian NMA was performed to compare relative efficacy and safety. The surface under the 
cumulative ranking curve (SUCRA) was calculated to rank interventions. PROSPERO registration 
number: CRD42018090554.
Results:  We highlighted six studies including 3507 patients. For the 2 h pain-free rate,  
the SUCRA ranking was ibuprofen  >  diclofenac-K  >  ketoprofen  >  acetaminophen  >  naproxen  >   
placebo. All drugs except naproxen reported a higher 2 h pain-free rate than placebo, with a risk 
ratio (RR) of 2.86 (95% credible interval, CrI: 1.62–5.42) for ibuprofen and 2.61 (1.53–4.88) for 
diclofenac-K. For adverse events rate, the SUCRA ranking was: metamizol  >   
diclofenac-K >  ibuprofen  >  lumiracoxib  >  placebo  >  aspirin  >  acetaminophen  >   
naproxen  >  ketoprofen. The adverse event rates of all analgesics were no higher than those of 
placebo, except for ketoprofen. Moreover, all drugs were superior to placebo in the global 
assessment of efficacy. In particular, the RR of lumiracoxib was 2.47 (1.57–4.57). Global 
heterogeneity I2 between the studies was low.
Conclusions:  Simple analgesics are considered more effective and safe as a placebo for ETTH in 
adults. Our results suggest that ibuprofen and diclofenac-K may be the two best treatment 
options for patients with ETTH from a comprehensive point of view (both high-quality evidence).

KEY MESSAGES
•	 To our knowledge, this is the first network meta-analysis comparing the available data on 

adult patients with episodic tension-type headache (ETTH) treated with different simple 
analgesics recommended by the current guidelines.

•	 Ibuprofen (400 mg) and diclofenac-K (12.5 mg, 25 mg) are potentially the most effective and 
safe treatment options, supported by high-quality evidence.

Introduction

Tension-type headache (TTH) is the most common 

type of primary headache, affecting an estimated 2.3 

billion cases worldwide [1,2]. It is also one of the most 

common reasons why over-the-counter analgesics are 
purchased. TTH typically manifests as mild-to-moder-
ate pain in the head, which is usually described as a 
feeling of tight bands around the head. TTH may be 
associated with disability, lower work efficiency, 
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absenteeism or decreased learning ability, leading to 
deteriorated quality of life [2].

Since 1995, TTH has been classified as chronic 
tension-type headache (CTTH) and episodic 
tension-type headache (ETTH) by the International 
Headache Society (IHS) in the first edition of the 
International Classification of Headache Disorders 
(ICHD). The latter type is further classified into fre-
quent and infrequent subtypes in ICHD-II [3,4]. Among 
them, peripheral pain mechanism plays a dominant 
role in the pathophysiology of ETTH, while CTTH is 
induced by a central pain mechanism [5]. 
Pharmacotherapy is recommended for a TTH patient if 
non-pharmaceutical therapy shows limited effect [6]. 
Drugs for symptomatic relief are routinely prescribed 
to ETTH patients, while prophylactics should be con-
sidered for CTTH patients [4,7].

Clinical practice guidelines (CPGs) from different 
countries recommend drug therapies, among which 
simple analgesic agent monotherapies are prioritized 
for acute treatment of ETTH in adults. Other acute 
interventions could be considered when the preferred 
drugs are unresponsive, such as combination agents or 
muscle relaxants. However, the recommendation levels 
and strengths of simple analgesics are inconsistent 
among CPGs for ETTH [7–16]. Taking ibuprofen and 
ketoprofen as an example, they are recommended as 
level A in the EFNS guideline, while the Italian guide-
line lists them as level II [7,15]. Other confusion in 
CPGs is that multiple simple analgesics are listed at 
the same level without a preferential order. Such 
inconsistency in recommendation and absence of pref-
erential orders in CPGs brings clinicians and patients 
who treat with over-the-counter into bewilderment in 
their choice of simple analgesics, leading to greater 
discrepancies in clinical practice. In some cases, these 
discrepancies may lead to an increased risk of adverse 
events, drug abuse or drug dependence, especially 
when these medications are not used rationally.

This inconsistency can be attributed to the lack of 
direct evidence. Few published studies have reported 
head-to-head comparisons of medications for acute 
episodes of TTH. Thus, a pairwise meta-analysis was 
not feasible because of insufficient direct evidence. 
Previous studies have shown that combining direct 
evidence with indirect evidence may improve the 
accuracy of evaluation of therapeutic measures [17]. To 
compare all recommended therapies by synthesizing 
currently available direct and indirect clinical evidence, 
it is necessary to perform a network meta-analysis 
(NMA) [18]. Hence, we performed an NMA to provide 
a ranking of simple analgesics for ETTH in adults based 
on their efficacy and safety.

Methods

Search strategy and selection criteria

This NMA is reported in accordance with the Preferred 
Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) statement [19]. The study pro-
tocol has been registered on PROSPERO (http://www.
crd.york.ac.uk/PROSPERO; registration number 
CRD42018090554) and published on BMJ Open [20]. 
The PRISMA NMA checklist is provided in Supplementary 
Table S1. We conducted a structured search of the 
Cochrane Library, PubMed, Web of Science, Embase, 
Chinese BioMedical Literature database and International 
Clinical Trials Registry Platform (ICTRP) database from 
their inception to 30 June 2023. With free text words 
and medical subject heading, we searched for the fol-
lowing simple analgesic agents: aspirin/acetylsalicylic 
acid, acetaminophen/paracetamol, lumiracoxib, ibupro-
fen, ketoprofen, naproxen, diclofenac, diclofenac-K and 
metamizol/dipyrone. Details of the search strategy are 
presented in Supplementary Table S2. We included only 
published randomized clinical trials (RCTs) of ETTH 
treatments, in which at least one simple analgesic 
monotherapy was compared with another, or with 
either a blank control or placebo. Studies involving mul-
tiple or nonpharmaceutical therapies were excluded. 
The patients were over 18  years old and were diag-
nosed with ETTH in accordance with the ICHD-II [4]. 
There were no restrictions on sex, race and nationality 
of the studied patients or the dosage of drugs. 
Publications in either English or Chinese are acceptable. 
In addition, we manually screened the reference lists of 
the included articles for potentially eligible studies. Two 
authors (R.X. and Y.W.) independently searched for eligi-
ble studies and screened them by their titles and 
abstracts, following the inclusion and exclusion criteria 
specified above. Disagreements were resolved by a third 
referee (H.L.).

Data extraction and quality assessment

Data including characteristics of the studies, demo-
graphics of the studied patients, interventions and 
outcome measurements were extracted from the 
included studies with pre-designed spreadsheets by 
two authors (R.X. and Y.W.). Two reviewers evaluated 
the risk of bias of each study in the following areas 
using the Cochrane Risk of Bias tool [18]: random 
sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective report-
ing and other sources of bias. Each study was judged 
to have either ‘low risk bias’, ‘high risk of bias’ or 
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‘unclear risk of bias’ in accordance with the bias evalu-
ation criteria. Disagreements were resolved by a third 
expert (H.L.). Additionally, we presented a four-step 
approach to rate the quality of evidence in each of the 
direct, indirect and NMA estimates based on methods 
developed by the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
Working Group. Evidence was rated as high, moderate, 
low and very low quality depending on their research 
limitations (risk of bias), indirectness, inconsistency, 
imprecision and publication bias [21].

Outcome measures

We chose the proportion of patients being pain-free at 
two hours postdose (2 h pain free rate) as the primary 
efficacy measurement, which is recommended by the 
Guidelines for Controlled Trials of Drugs in Tension-Type 
Headache [22]. The proportion of patients coming 
across adverse events rate (adverse events rate) during 
a trial was selected as the primary safety measurement 
because it is the most commonly reported safety indi-
cator in trials [23]. The secondary efficacy measure-
ment was the proportion of patients reporting good, 
very good or excellent in global assessment of efficacy.

Data synthesis and statistical analysis

First, a summary describing the characteristics of the 
included studies, demographics of patients, interven-
tions, and an assessment of the risk of bias was pro-
vided. In addition, we summarized the evidence 
network graphically for presentation. Subsequently, a 
Bayesian NMA was conducted to compare the efficacy 
and safety of different pharmaceutical monotherapies 
using their medians of posterior distribution. 
Heterogeneity among studies was assessed using Q 
test and I2 index [24]. An NMA with fixed effects model 
within the Bayesian framework was performed on Just 
Another Gibbs Sampler (JAGS version 4.2.0) and on R 
(version 3.4.4; R Foundation for Statistical Computing, 
Vienna, Austria) using ‘gemtc’, ‘R2WinBUGS’, ‘lattice’ and 
‘coda’ packages for further analysis [25]. Pooled esti-
mates were obtained by The Markov chains Monte 
Carlo (MCMC) simulation. The effect size was captured 
using the risk ratio (RR) and 95% credible interval (95% 
CrI). The numbers needed to treat and absolute risk 
reduction were also calculated. Four Markov chains 
were run simultaneously with 5000 pre-iterations and 
50,000 iterations, and a step size of 1. The conver-
gence of MCMC was evaluated using the trace plot 
and Brooks–Gelman–Rubin statistics [26]. When a 
closed loop was formed, inconsistency between direct 

and indirect comparison of evidence was measured by 
the node-splitting model. Eventually, the probability of 
each therapy being the most efficacious treatment was 
estimated using the posterior probability. Surface 
under the cumulative ranking curve (SUCRA) was used 
to rank the medications by their probabilities to be 
the best one [27]. Similarity between clinical and 
methodological characteristics of these studies was 
compared qualitatively [28]. Publication bias and 
small-sample research effects were evaluated with fun-
nel plots. Sensitivity analysis was used to compare the 
performance of different effect models (fixed and ran-
dom) and effect sizes (RR and odds ratio (OR)) for dif-
ferent outcome measures using the deviance 
information criterion (DIC). The difference could be 
regarded as acceptable in the case of DIC < 5. We per-
formed additional subgroup analyses for the primary 
efficacy measurement of interest on medications that 
were prescribed in multiple dosages, which were com-
pared as subgroups after this type of medication was 
analysed as a single group.

Results

Database search

The PRISMA flow diagram of the study search process 
is shown in Figure 1. In total, 2933 citations were iden-
tified. One thousand eight hundred and thirty-four 
duplicates were removed, and 251 potentially eligible 
articles were retrieved in full text. Eight studies were 
included [29–36], comprising a total of 3507 patients 
diagnosed with ETTH, comparing nine types of simple 
analgesics or placebo.

Study characteristics and bias assessment 
(similarity assessment)

Supplementary Table S3 summarizes the main charac-
teristics of the included studies. The included trials 
were conducted between 1998 and 2015, with a mean 
sample size of 438 (range, 150–900). The average age 
reported in these studies ranges from 30 to 45  years. 
Women accounted for the majority of the sampled 
patients. A total of 2526 participants were randomly 
assigned to the intervention group and 981 to the pla-
cebo group. The demographics and clinical character-
istics of the patients were reported in all studies. The 
IHS/ICHD diagnostic criteria were referenced or used in 
the inclusion and exclusion criteria for almost every 
study. Fifty percent of these trials were performed in 
the United States, 25.0% in Germany and the rest in 
the UK, Spain and Brazil.

https://doi.org/10.1080/07853890.2024.2357235
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The risk of bias for each included study is presented 
in Supplementary Table S4. The methods of random 
sequence generation and allocation concealment were 
not clearly reported in most of the studies (62.5% and 
75.0%, respectively). One study was rated as having a 
high risk of bias in blinding evaluation (participants and 
personnel, outcome assessment) [31], while the other 
studies (87.5%) were considered low risk. As for attrition 
bias, the completeness of the outcome data for each 
study was rated as having a low risk of bias. Reporting 
bias was considered high in two studies (not all of the 
pre-specified primary outcomes of the study have been 

reported) [35,36], and six studies (75.0%) were rated as 
low risk. Five studies (62.5%) did not present sufficient 
information to assess whether another important risk of 
bias existed. These results indicated that the clinical and 
methodological characteristics of the included studies 
were similar and comparable.

Heterogeneity

The global I2 index for the 2 h pain-free rate and adverse 
events rate was 0, with I2 for global assessment of effi-
cacy at 17.7, all of which indicated low heterogeneity.

Figure 1.  The PRISMA flow diagram of study searching processes.

https://doi.org/10.1080/07853890.2024.2357235
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Model convergence

The Bayesian models in this study reported satisfactory 
convergence based on density plots, trace plots and 
Brooks–Gelman–Rubin diagnostic diagrams, with a 
potential scale reduction factor value approaching 1. 
Due to low heterogeneity, a fixed effects model was 
used for a 2 h pain-free rate, adverse event rate and 
global assessment of efficacy, with DIC values of 18.02, 
35.01 and 23.52, respectively.

Evidence network

Figure 2 and Supplementary Figure S1 show the evi-
dence network plots of eligible comparisons for effi-
cacy and safety, with the sample size of each drug 
being over 100 participants. Four included studies 
reported a 2 h pain-free rate as a measure of the effi-
cacy of acetaminophen, ibuprofen, ketoprofen, 
naproxen, diclofenac-K and placebo [29]. In terms of 
safety, all eight included studies reported the adverse 
event rate, involving each type of simple analgesic and 
placebo [29,32,33,35]. As for the secondary efficacy 
measurement, the global assessment of efficacy, was 
reported in four included studies, which involved acet-
aminophen, lumiracoxib, ibuprofen, ketoprofen, 
diclofenac-K and placebo [31,32,35,36].

Findings from NMA

As shown in Figure 3, forest plots for the efficacy and 
safety outcomes were generated. In terms of the 2 h 
pain-free rate, all simple analgesics except naproxen 

Figure 2. E vidence network plots of treatment comparisons 
for primary efficacy (A) and safety (B). The width of the lines 
was proportional to the number of studies comparing every 
pair of treatments. The size of each circle is proportional to 
the number of randomly assigned participants (i.e. sample 
size, given in parentheses).

Figure 3. F orest plots for the outcomes of efficacy and safety. 
Simple analgesics were compared with placebo, which was the 
reference compound.

https://doi.org/10.1080/07853890.2024.2357235
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were more effective than the placebo. Ibuprofen (RR 
2.86, 95% CrI 1.62–5.42), diclofenac-K (RR, 2.61, 1.53–
4.88), ketoprofen (RR, 1.73, 1.11–2.67) and acetamino-
phen (RR, 1.42, 1.14–1.78) were associated with a higher 
2 h pain-free rate than placebo. Regarding safety, all sim-
ple analgesics reported similar adverse event rates com-
pared to placebo, except for ketoprofen (RR 1.77, 95% 
CrI 1.18–2.71). Besides, all simple analgesics reported 
higher global assessment of efficacy than that of pla-
cebo, with RRs ranging between 2.47 (95% CrI 1.57–4.57) 
for lumiracoxib and 1.22 (1.01, 1.48) for acetaminophen.

The relative effects of head-to-head comparisons to 
assess the differences between simple analgesics for 
efficacy and safety are also shown in Figures 4 and 5 
and Supplementary Figure S2. The 2 h pain free rate of 
ibuprofen and diclofenac-K was more efficacious than 
those of acetaminophen and naproxen. Regarding 
safety, acetaminophen and metamizol reported lower 
adverse event rates than ketoprofen (RRs ranging 
between 0.41 and 0.66). Furthermore, the global assess-
ment of the efficacy of lumiracoxib was better than that 
of acetaminophen and ketoprofen (RRs 0.49).

Rankings of medications

The priority of simple analgesics for ETTH was ranked 
based on the cumulative probability plots and SUCRA 
values (Figure 6). Ibuprofen was found to have the 
highest probability (91.7%) of being the best treatment 

for ETTH, with a 2 h pain-free rate, whereas placebo was 
the worst option with a probability of 1.5%. The ranking 
of all medications of interest by efficacy was ibupro-
fen  >  diclofenac-K  >  ketoprofen  >  acetamino-
phen  >  naproxen  >  placebo. In terms of adverse event 
rates, metamizol was found to have the highest proba-
bility of 73.2% being the safest simple analgesic, 
whereas ketoprofen was the least common, with a 
probability of 6.9%. Safety was ranked as follows: met-
amizol  >  diclofenac-K  >  ibuprofen  >  lumiracoxib  >  pla-
cebo  >  aspirin  >  acetaminophen  >  naproxen  >  keto-
profen. The ranking of secondary outcomes is shown in 
Supplementary Figure S3.

Adverse events

As shown in Table 1, 315 (8.6%) adverse events among 
3648 participants were reported in all the included 
studies. No serious adverse events or deaths occurred. 
Adverse events involving the digestive system (mainly 
nausea and dyspepsia) occurred in 31.1% (98 cases) of 
the reported events. Adverse events of the nervous 
system (including drowsiness, dizziness and xerosto-
mia) totalled 85 cases (27.0%).

Consistency

Since none of the three outcome measurements made 
a closed loop, we were unable to separate evidence in 
one loop into direct and indirect comparisons using 
the node-splitting model.

Sensitivity analysis and small-study effect

The sensitivity analysis results of different effect mod-
els and effect sizes between outcomes using DICs are 
presented in Supplementary Table S5. Among the 
three outcome measures of interest, all the differences 
in DICs between the effect models (fixed- and 
random-effect models) and effect sizes (RR and OR) 
were less than 5, which could be regarded as accept-
able. We also conducted comparison-adjusted funnel 
plots for the outcome measures; see Supplementary 
Figure S4. After using the trim and fill method, the 
results were not reversed, which indicates that the 
results are robust with small sample sizes.

Subgroup analysis

As shown in Supplementary Table S6, groups of 
patients taking ibuprofen and diclofenac-K were fur-
ther divided into subgroups according to dosage or 
ingredients of tablets for subgroup analysis. Patients 

Figure 4.  Relative effects of head-to-head comparisons for 
efficacy (2 h pain free rate). Drugs are reported in the alpha-
betical order. Data are presented as risk ratios (RRs) and 95% 
credible intervals in the column-defining treatment compared 
to the row-defining treatment. RRs higher than one favour 
column-defining treatments. Reciprocals should be used to 
obtain the RRs for comparisons in the opposite direction. The 
significant results are shown in bold and underlined. The cer-
tainty of the evidence (according to GRADE) has been incorpo-
rated in Supplementary Table S7. (⊕⊕⊕⊕) High-quality 
evidence. (⊕⊕⊕O) Moderate-quality evidence. (⊕⊕OO) 
Low-quality evidence. (⊕OOO) Very low-quality evidence.
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prescribed ibuprofen were divided into two subgroups: 
sodium ibuprofen (ibuprofenNa) and standard ibupro-
fen (ibuprofenStd) by the respective ingredients. Patients 
in both subgroups received either a single dose of 
400 mg ibuprofen ibuprofenStd or ibuprofenNa at an 
equivalent dose. The IbuprofenNa group reported no 
statistically significant difference from the ibuprofenStd 
group in the 2 h pain-free rate, with an RR of 1.39 
(95% CrI 0.42–4.79). In addition, both ibuprofenNa and 
IbuprofenStd were better than placebo at a 2 h pain-free 
rate (RR 3.95 [95% CrI 1.08–15.27] and 2.81 [1.60–5.40], 
respectively). The diclofenac-K group of patients was 
divided into two subgroups by dosage (single dose of 
either 12.5 mg or 25 mg). There was no significant dif-
ference between the two subgroups in the 2 h pain-free 
rate (12.5 mg vs. 25 mg, RR 0.81 [95% CrI 0.51–1.25]), 
both of which were more efficacious than the placebo 
(RR 2.30 [1.27–4.47] and 2.85 [1.60–5.46], respectively).

Quality assessment of evidence

We presented the details of the quality assessment 
(GRADE) in Supplementary Table S7 and incorporated 

the judgments in Figures 4 and 5 and Supplementary 
Figure S2. The certainty of the evidence for the relative 
effects of efficacy and acceptability varies. It was 
graded as high- or moderate-quality evidence for most 
(73.3%) of the comparisons involving acetaminophen, 
ibuprofen and diclofenac-K at a 2 h pain-free rate. Low- 
or very-low-quality evidence was reported in 77.8% 
and 66.7% of adverse event rates and global assess-
ment of efficacy, respectively.

Discussion

This NMA is a comprehensive analysis of the available 
data on adult patients with ETTH treated with different 
simple analgesics recommended by the current guide-
lines, aiming to provide evidence-based medical evi-
dence for clinical practice decisions. Our results indicate 
that simple analgesics were more efficacious than pla-
cebo in terms of the 2 h pain-free rate and global 
assessment of efficacy, while being as safe as the latter. 
Among the acute medications of interest, ibuprofen 
(400 mg) was the most likely (91.7%) to be the optimal 
treatment for ETTH (high-quality evidence), with adverse 

Figure 5.  Relative effects of head-to-head comparisons for safety (adverse events rate). Drugs are reported in the alphabetical 
order. Data are presented as risk ratios (RRs) and 95% credible intervals in the column-defining treatment compared to the 
row-defining treatment. RRs higher than one favour column-defining treatments. Reciprocals should be used to obtain the RRs 
for comparisons in the opposite direction. The significant results are shown in bold and underlined. The certainty of the evidence 
(according to GRADE) has been incorporated in Supplementary Table S7. (⊕⊕⊕⊕) High-quality evidence. (⊕⊕⊕O) Moderate-quality 
evidence. (⊕⊕OO) Low-quality evidence. (⊕OOO) Very low-quality evidence.
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event rates similar to those of other simple analgesics. 
In addition, a previous study reported that ibuprofen 
had fewer short-term side effects than other simple 

analgesics for ETTH [37]. Hence, we recommend ibupro-
fen over other simple analgesics for the acute treatment 
of ETTH, which coincides with the recommendation of 

Figure 6. S UCRA and cumulative probability plots for primary efficacy (A) and safety (B). Higher SUCRA values indicate better 
efficacy or safety. Rank 1 is the worst and rank N is the best.
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several CPGs [7,11]. Similarly, diclofenac-K (12.5 mg and 
25 mg) was also found to be a good option (83.3% 
probability of being the best) for rapid and short-term 
ETTH relief (high quality evidence), for its efficacy and 
safety measurement were not statistically different from 
those of ibuprofen. Furthermore, dosage-wise subgroup 
analysis found no statistically significant difference 
between the two dosages when measured a 2 h 
pain-free rate. Considering that a smaller dosage lowers 
drug safety risks and eases the economic burden on 
patients, we recommend a low single dose (12.5 mg) for 
treating ETTH, unless a higher dosage is necessary 
when headache intensifies progressively. Although a 
high dosage of diclofenac-K (50–100 mg) proved effica-
cious for migraine, no trials hitherto have evaluated the 
efficacy of such a dosage on ETTH [7,32]. In addition, 
we found that ibuprofen and diclofenac-K were more 
effective for acute therapy than acetaminophen and 
naproxen (both moderate quality evidence), for a higher 
headache pain-free rate at 2 h.

Ibuprofen, known for its analgesic, anti-inflammatory 
and antipyretic properties, is rapidly and completely 
absorbed after oral administration, exhibiting a phar-
macokinetic profile with extensive (>98%) plasma pro-
tein binding and a low apparent volume of distribution 
[38]. It penetrates into the central nervous system and 
accumulates at peripheral sites, which is necessary for 
its therapeutic effects. The primary metabolic pathway 
of ibuprofen involves oxidative metabolism by CYP 
enzymes to inactive metabolites, with a relatively short 
plasma half-life, requiring frequent administration to 

maintain therapeutic plasma concentrations [38,39]. 
Regarding the pharmacodynamics, ibuprofen exerts its 
effects primarily through the non-selective reversible 
inhibition of the cyclooxygenase enzymes COX-1 and 
COX-2, leading to the suppression of prostanoid syn-
thesis, key mediators in pain perception [40]. 
Additionally, ibuprofen’s ability to cross the blood-brain 
barrier allows it to exert central analgesic effects. 
Furthermore, ibuprofen may activate the antinocicep-
tive axis through binding to the cannabinoid receptors 
and through inhibition of fatty acid amide hydrolase, 
which metabolizes the endocannabinoid anandamide 
[41]. This interaction with the endocannabinoid sys-
tem, along with previous findings suggesting that ibu-
profen may enhance the levels of anandamide, 
contributes to ibuprofen’s analgesic effects. The activa-
tion of cannabinoid receptors (CB1 and CB2) by anan-
damide in the central nervous system can offer an 
additional mechanism by which ibuprofen relieves 
pain, beyond its COX-inhibitory activity [40]. This 
potential modulation of the endocannabinoid system 
by ibuprofen could partially explain its superior effi-
cacy in the treatment of ETTH compared to other anal-
gesics. Similarly, the pharmacological action of 
diclofenac potassium is primarily based on its inhibi-
tion of cyclooxygenase [42]. Diclofenac potassium is a 
non-selective, reversible and competitive inhibitor of 
cyclooxygenase, subsequently blocking the conversion 
of arachidonic acid into prostaglandin precursors.

Another efficacy measurement, the global assess-
ment of efficacy, is provided by participants after a 

Table 1. S ummary of adverse events reported in included studies.
Body system
Adverse event

Aspirin
1000 mg

Acetaminophen
1000 mg

Diclofenac-K
12.5/25 mg

Ibuprofen
400 mg

Ketoprofen
12.5/25 mg

Lumiracoxib
200/400 mg

Metamizol
500/1000 mg

Naproxen
375 mg Placebo Total

N 314 605 316 331 466 120 178 300 1018 3648
Aes 46 57 10 4 60 0 12 35 91 315
Deaths 0 0 0 0 0 0 0 0 0 0
Serious Aes 0 0 0 0 0 0 0 0 0 0
Digestive system a 20 4 4 14 a 20 17a 98a

 N ausea 5 8 3 2 9 19 46
 D yspepsia 4b 6 b 11 6b 43b

 D ry mouth 4 2 0 6
  Vomiting 0 0 1 1
Nervous system 24 20 10 11 20 85
 S omnolence 11 4 1 5 11 32
 D izziness 11 6 3 3 23
 D ry mouth 2 8 10
Musculoskeletal 0 4 1 5
Cardiovascular 1 3 0 4
Urogenital 1 3 0 4
Respiratory 0 3 0 3
As a whole 6 14 6 9 35
  Asthenia 1 4 1 6
  Urticaria 0 0 1 1
  Abdominal 

pain
1 1

AEs: adverse events.
aNineteen cases (including metamizol, aspirin and placebo) involving the gastrointestinal tract (digestive system).
bDyspepsia was reported in 16 patients (including metamizol, aspirin and placebo).
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certain course of treatment, in comparison to a 2 h 
pain-free rate measuring rapid response. It is often 
evaluated as excellent, very good, good, fair or poor 
by participants, reflecting the combined effect of med-
ication efficacy, the natural prognosis of the disease, 
and placebo effects. Among the included studies, 
patients reported good or higher global assessment of 
efficacy in placebo groups, ranging from 20% to 52% 
(average 40.8%). Additionally, we found that all simple 
analgesics showed a greater global assessment of effi-
cacy than placebo (RRs > 1), with lumiracoxib being 
the best. Although lumiracoxib was reported to be as 
safe as other treatments based on our NMA results, we 
still need to consider its potential risk to the hepatic 
system. It was reported by European Medicines Agency 
that long-term use of lumiracoxib might cause severe 
hepatic damage [43]. They declared in December 2007 
that the risk of lumiracoxib outweighed its benefit 
after extensive evaluation, and recommended with-
drawal of this analgesic throughout the European Union.

An adverse event rate of 8.6% was estimated from 
the included studies, mainly affecting the digestive and 
nervous systems, which coincided with previous stud-
ies. Forest plots showed that the adverse event rates of 
simple analgesics were generally similar to those of 
placebo. Neither severe adverse events nor death 
events were reported in any of the included trials, indi-
cating that simple analgesics were safe for clinical use. 
Avoiding medication overuse headache (MOH) is 
another important goal in ETTH treatment. No MOH 
cases were reported in this study. Nevertheless, the fre-
quency of administering acute symptomatic drug use 
needs to be cautiously limited (i.e. no more than 
14  days per month of non-steroidal anti-inflammatory 
drug use) [44].

Regarding the risk of bias, we found that more than 
half of the studies did not specify how their random 
sequences were generated or how the allocation of 
patients was concealed. To reduce bias, it is recom-
mended that details concerning the design and imple-
mentation of studies be disclosed in future reports on 
clinical trials. When using the results of this study, the 
scope of application should be noted. Special popula-
tions (e.g. pregnant participants) were not included in 
this study. Additionally, the participants included in 
our study were dominated by European and American 
origins. Subjects from some countries and regions (e.g. 
Asia and Africa, where relevant clinical studies are 
scarce) were not included in this study. Therefore, our 
findings may not be completely applicable to patients 
in other areas, because the prevalence of TTH varies 
widely among countries and regions. For example, it 
was reported that the prevalence of TTH in Europe 

was 80%, compared to 20–30% in Asia or the Americas 
[45]. Considering such racial sensitivity, more multi-
centre trials will be needed in these countries and 
races in the future.

As with all studies, we cannot avoid several limita-
tions. One limitation of this study was the lack of cur-
rently available evidence, especially high-quality 
randomized controlled trials, from which a closed loop 
failed to form in our NMA. As a result, the node-splitting 
model cannot be used to evaluate the consistency 
between direct and indirect comparisons of evidence. 
However, we could not include monotherapies of 
other categories into our NMA, such as antiemetic and 
complementary alternative medicine. However, very 
few trials that met our criteria were found involving 
these drugs, despite extensive searches (e.g. on the 
ICTRP database, ClinicalTrials.gov or manually screened 
the reference lists of included articles). With the avail-
able data of the present study, it was feasible for us 
only to perform NMA with simple analgesics for the 
acute treatment of ETTH. Meanwhile, the possibility of 
neglecting unpublished studies or reports could not 
be ruled out, which might have led to an overestima-
tion of the efficacy and safety of these analgesics. In 
addition, studies of combination and traditional medi-
cine therapy [46], which may be our next research 
direction, were not included in this research. For exam-
ple, several guidelines have recommended that combi-
nation therapies, particularly those analgesics 
containing caffeine, are often considered second-choice 
drugs for the acute treatment of TTH [7,9,12]. In light 
of previous meta-analyses and emerging evidence, the 
findings suggest that combining caffeine 130 mg with 
analgesic medications, such as acetaminophen, acetyl-
salicylic acid and ibuprofen, significantly improves effi-
cacy over the analgesic alone [47]. It is reported that 
caffeine combination therapy is well tolerated by the 
vast majority of patients, and adverse events are pre-
dictable and almost universally mild and transient. 
Finally, since data at the individual patient level were 
not available, we only used data published in the 
included studies, which may affect the accuracy of the 
results.

While clinicians’ confusion regarding the choice of 
drugs for ETTH could be resolved by the findings of 
this study, it is important to recognize the dynamic 
nature of headache disorders and the ever-changing 
medical landscape, as exemplified by the COVID-19 
pandemic [48]. Headache is among the most frequent 
symptoms persisting or newly developing after 
COVID-19 as part of the so-called long COVID syn-
drome [49]. This condition can manifest either as a 
worsening of a pre-existing primary headache or as a 
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new headache (intermittent or daily). Notably, most 
headaches associated with COVID-19 are classified  
as headaches attributed to a systemic viral infection. 
These headaches typically exhibit bilateral and press-
ing qualities, and their presentation often aligns more 
closely with the phenotype of TTHs rather than 
migrainous ones. Acute COVID-19 headaches that 
develop into long COVID headaches are often 
treatment-resistant [50]. Treatment should take into 
account headache phenotype, comorbidities and addi-
tional post-COVID-19 symptoms. This highlights  
the complexity and the need for a nuanced approach 
to treatment. Patients with long COVID headache 
require a multidisciplinary treatment approach, includ-
ing pharmacological (acute and preventative) and 
non-pharmacological strategies [51]. This comprehen-
sive treatment approach is essential to address the 
various manifestations and the potentially resistant 
nature of long COVID headaches. In the context of 
evolving treatment strategies for headache disorders, 
recent advances have sparked a growing interest in 
exploring the potential treatment options targeting 
calcitonin gene-related peptide (CGRP) for TTH. These 
drugs, such as fremanezumab and galcanezumab [52], 
have shown efficacy in migraine and cluster headache 
prevention by modulating the trigeminovascular sys-
tem’s neuropeptide CGRP, which is implicated in head-
ache pathogenesis [53]. Additionally, acute treatments 
with CGRP receptor antagonists, such as rimegepant or 
ubrogepant, have demonstrated the capability to elim-
inate headache symptoms in a significant portion of 
patients [54]. However, they are associated with 
adverse effects like nausea and dry mouth in a minority 
of cases. These findings suggest a promising direction 
for future research in the application of CGRP-targeting 
drugs for the management of TTH.

Conclusions

In summary, this study recommends the use of simple 
analgesics as an acute treatment for ETTH in adults. 
The recommended selection order was ibuprofen, 
diclofenac-K, ketoprofen, acetaminophen and naproxen. 
Ibuprofen (400 mg) and diclofenac-K (12.5 mg and 
25 mg) may be the two best treatment options with 
respect to efficacy and safety performance (both 
high-quality evidence). Although simple analgesics 
have been proven as safe as placebo, clinicians still 
need to pay attention to potential adverse events 
related to the digestive or nervous systems. To avoid 
MOH, the frequency of administering simple analgesics 
as acute medication should be limited to no more 
than 14  days per month.
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