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Aims: To evaluate the efficacy and safety of melatonin for migraine prophylaxis 
in adults. Methods: After a comprehensive literature search in the MEDLINE, 
Cochrane Database, and International Clinical Trial Registry Platform databases, 
reviewers extracted data from three relevant articles. PRISMA guidelines 
were followed in the selection, analysis, and reporting of the findings. Quality 
assessment was performed using the Cochrane risk of bias assessment tool. A 
random-effects model was used to estimate the effect size, and meta-regression 
was performed for variables with a likely influence on effect size. Subgroup 
analysis was performed based on the comparison used in the included studies. 
Results: Melatonin therapy in migraine was associated with a significantly higher 
responder rate when compared to both placebo and standard therapy (OR = 
1.84; 95% CI: 1.08 to 3.14; P = .03). The results of the meta-analyses indicated 
that melatonin can achieve a significant reduction in frequency of migraine 
attacks (MD = 1.00; 95% CI: 0.02 to 1.98; P = .04), migraine attack duration 
(MD = 5.02; 95% CI: 0. 91 to 9.13; P = .02), use of analgesics (MD = 1.43; 95% 
CI: 0.38 to 2.48; P = .008), and migraine severity (MD = 1.93; 95% CI: 1.23 to 
2.63; P < .0001) over placebo, but had no significant effects in comparison to 
amitriptyline or valproate. There was no significant difference in the occurrence 
of common adverse drug reactions, such as drowsiness and fatigue, between the 
melatonin group and the comparison groups. Conclusions: Melatonin showed a 
beneficial prophylactic role in migraine, with a better responder rate in comparison 
to placebo in reducing migraine severity, mean attack duration, mean attack 
frequency, and analgesic use, but did not show significant effects in comparison 
to amitriptyline or valproate. J Oral Facial Pain Headache 2022;36:207–219.  
doi: 10.11607/ofph.3211

Keywords: frequency of migraine attacks, melatonin, meta-analysis, migraine, 
migraine attack duration, migraine severity, prophylaxis, responder rate

Migraine is a chronic multifactorial brain disorder with an es-
timated global prevalence of 12% to 20%.1–3 It is one of the 
most disabling neurologic illnesses, with the resultant low 

quality of life leading to a considerable social and economic burden.2,4 
Epidemiologic studies have shown that prophylactic therapy is used by 
13% of patients out of the 38% who need it.5 Preventive therapy helps 
reduce the severity, frequency, and duration of migraine attacks, there-
by leading to increased responsiveness to acute treatment and inciden-
tally improving the patient’s quality of life.4 Although there are various 
migraine prophylaxis guidelines in place, only a very small proportion 
of patients receive adequate prophylactic medications.6 A real-world 
study by Piccinni et al concluded that the current use of prophylactic 
therapies is inadequate, with negligible benefits, and that there is a lack 
of effective preventive strategies.7

The present prophylactic therapy for migraine includes anti- 
epileptics, beta blockers, antidepressants, calcium channel blockers, 
and triptans, with adequate supporting evidence.5,8 Recently, research-
ers have shown an increased interest in the various neurotransmitters 
involved in migraine pathophysiology.1 One among the many neu-
rotransmitters being studied is melatonin. Many published scholarly 
articles have elucidated the antimigraine effects of melatonin, which 
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incidentally prevents toxic molecular damage to the 
brain.9–15 Its inherent analgesic and antioxidant prop-
erties, along with its potential to normalize circadian 
rhythm, empower melatonin as a prophylactic agent 
for reducing migraine attacks.10,16 The antinociceptive 
activity of melatonin is made up of a milieu of mech-
anisms, such as potentiation of gamma-aminobutyric 
acid (GABA) and opioid activity, promotion of neuro-
vascular regulation due to calcium entry, inhibition of 
nitric oxide synthase activity and dopamine release, 
modulation of 5-hydroxytryptamine (5-HT2) recep-
tors on cerebral vasculature, and a structure similar 
to indomethacin.13,17–19 

Clinical trials conducted over the last decade 
have generated mixed evidence on the effect of mel-
atonin as prophylactic therapy for migraine. Among 
the various clinical trials that compared melatonin to 
standard prophylactic medications, Gonçalves et al2 
and Ebrahimi-Monfared et al20 found beneficial ef-
fects of melatonin for migraine. However, Alstadhaug 
et al did not find any significant effect of melatonin 
over placebo for migraine prophylaxis.21 Long et al 
performed a systematic review on the therapeutic 
role of melatonin in migraine prophylaxis and cited 
heterogeneity as their reason for not performing fur-
ther meta-analysis; yet, they combined pediatric and 
adult age groups in their forest plots.22 The conflicting 
results in these clinical trials and the dubious state-
ments in the systematic review by Long et al signal 
an immediate need to generate conclusive evidence 
regarding the efficacy of melatonin in migraine pro-
phylaxis. Hence, this meta-analysis was carried out 
to evaluate the efficacy and safety of melatonin for 
prophylaxis of migraine in adults when compared to 
placebo and standard therapy.

Materials and Methods

Development and Registration of Protocol
A standard meta-analysis protocol was devel-
oped following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis Protocol 
(PRISMA-P) 2015 guidelines.23 The protocol was 
registered in the International Prospective Register of 
Ongoing Systematic Reviews (PROSPERO registra-
tion number: CRD42020183241). This meta-analysis 
was conducted and reported in accordance with the 
PRISMA statement.24 The Cochrane Handbook for 
Systematic Reviews of Interventions was used as a 
methodologic reference.25

Literature Search 
A systematic literature search was performed us-
ing the MEDLINE, Cochrane Database, and World 

Health Organization (WHO) International Clinical 
Trials Registry Platform (ICTRP) databases for pro-
spective clinical trials on the efficacy of melatonin 
for migraine prophylaxis in adults up to January 
2022. Embase and the Allied and Complementary 
Medicine Database (AMED) could not be used due 
to financial constraints. The search strategy was not 
restricted by date of publication, ethnicity of popu-
lation, or clinical variants of migraine. Search terms 
were constructed following the PICO (population, 
intervention, comparison, outcome) method using 
MeSH terms. The key elements used in the search 
were: P: (migraine/migraine disorders/hemicrania/
headache/status migrainosus); I: (melatonin/mela-
tonin extended-release); C: (placebo/amitriptyline/
valproic acid/propranolol/flunarizine/any other drug; 
O: (efficacy/responder rate/intensity/attack duration/
rescue medications/safety/adverse drug reactions).

Study Selection Criteria
Types of studies. 
Randomized controlled clinical trials evaluating the 
efficacy of melatonin based on the response rate 
and the frequency, severity, and/or duration of mi-
graine headache were included in this meta-analysis. 
Observational studies, preclinical/in vitro studies, 
review articles, letters to the editor, comments, case 
series, case reports, and studies where it was im-
possible to retrieve or calculate data of interest were 
excluded.
Types of participants.
Adult male or female patients ≥ 18 years of age 
with a history of disabling migraine with or with-
out aura for ≥ 1 year and fulfilling the International 
Headache Society (IHS) diagnostic criteria, sec-
ond and third editions, were included in this meta- 
analysis.26,27 The age of onset of migraine was before 
50 years of age, and the patients had a total Migraine 
Disability Assessment (MIDAS) score of ≥ 11 and a 
history of 3 to 8 migraine attacks per month (< 15 
headache days per month). The exclusion criteria 
included a history of psychiatric disorder(s), use of 
preventive medications (eg, tricyclic antidepressants, 
calcium channel blockers, beta blockers), patients on 
any combination of analgesics, patients with basic 
medical conditions and surgeries requiring medical 
interventions, history of drug allergy, and/or recent in-
take of drugs in any other research.
Types of interventions.
For available clinical trials, melatonin (2 to 3 mg) used 
as prophylaxis for migraine was considered to be the 
intervention.

For the control intervention, placebo or use of any 
prophylactic medication was considered as a com-
parator for these meta-analyses. However, studies 
were available only for valproate and amitriptyline.
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Types of outcome measures.
The primary outcome considered was responder 
rate, defined as > 50% reduction in migraine head-
ache days from baseline, as recommended by the 
guidelines of the IHS for controlled trials of preven-
tive treatment of chronic migraine in adults.28

Secondary outcomes included change in the fre-
quency of migraine attacks from baseline, change 
in mean migraine attack duration, mean decrease in 
analgesic medications, reduction in migraine severity 
(assessed by scoring on a visual analog scale [VAS]), 
and common adverse drug reactions (ADRs). 

Study Selection and Data Collection 
Selection of studies.
The selection of relevant studies was made in a 
stepwise manner. First, three review authors (H.M.P., 
R.M., and M.J.) independently checked the titles, 
abstracts, and keywords of all references retrieved. 
Then, the full texts of all selected studies were re-
trieved and assessed by the same three authors, 
and the studies that met the inclusion criteria were 
included in the meta-analysis. 
Data extraction and management. 
Three review authors (H.M.P., B.R.M., and A.M.) in-
dependently collected the data and assessed study 
quality using guidelines published by the Cochrane 
Collaboration.25 Any disagreement among the three 
review authors was resolved by consensus. Extracted 
data included study design, participants, intervention, 
comparators, and outcome measures.
Data analysis.
Meta-analysis was conducted using the Cochrane 
Program Review Manager software (version 5.3), 
and meta-regression was performed using the 
“Metapackage” function in R programming language 
(version 3.4).29,30

Assessment of risk of bias in included studies.
Three review authors (R.M., A.M., B.R.M.) inde-
pendently assessed the internal validity of the eligible 
studies according to the Cochrane Collaboration risk 
of bias tool (version 1.0)25 and resolved any disagree-
ment via discussion until consensus was obtained.
Unit of analysis issue.
This meta-analysis considered study as the unit of 
design. In the included studies, placebo or a differ-
ent standard therapy was used as a comparator to 
assess efficacy and safety; for the purposes of the 
present meta-analysis, the different comparators 
were considered as separate units of analysis.
Measures of treatment effect. 
The outcome measures of responder rate and oc-
currence of ADRs are presented as categorical data, 
for which the odds ratio (OR) was calculated and 
presented with a 95% CI to estimate the effect size. 
Outcome measures such as change in the frequency 

of migraine attacks from baseline, change in migraine 
attack duration, reduction in analgesic medications, 
and change in migraine severity are presented as con-
tinuous data, for which mean differences (MDs) were 
calculated and presented with a 95% CI to estimate 
the effect size of the outcome measures between the 
experiment (melatonin) and control (placebo/standard 
therapy) groups. In case of missing the SD of the MD 
for any continuous variable, the pooled variance and 
SD were calculated. A random-effects model was 
used for overall between-group analyses irrespective 
of the heterogeneity between individual studies.
Assessment of heterogeneity.
Keeping in mind that statistical heterogeneity is in-
evitable due to clinical and methodologic diversity in 
clinical studies, it is still important to quantify it across 
studies included in a meta-analysis. Chi-square test 
was used to assess whether the observed differenc-
es in the results were  likely due to chance alone; a 
low P value (or a large chi-square statistic relative 
to degrees of freedom) provides evidence of signif-
icant heterogeneity of the intervention effects (ie, a 
variation in effect estimates beyond chance). The I2 
statistic, which describes the percentage of the vari-
ability in effects due to heterogeneity, was calculated 
for quantifying inconsistency. A L’Abbé Plot was also 
made for showing variations in the observed results 
by plotting the event rate (ie, responder rate) in the 
treatment group on the vertical axis and the rate in 
the control group on the horizontal axis.
Subgroup analysis.
Subgroup analysis was performed for all outcome 
parameters depending on the comparator used (ie, 
placebo or standard therapy).
Meta-regression.
As different study characteristics, such as the drug 
dose of melatonin and duration of therapy, could 
potentially modify the effect size of the intervention, 
meta-regression across the included studies was 
performed to estimate how the outcome variable (the 
intervention effect) changes with a unit change in 
the explanatory variable (the potential effect modifi-
er), which can be described as the regression coef-
ficient. The statistical significance of the regression 
coefficient is a test of whether there is a linear rela-
tionship between the intervention effect and the ex-
planatory variable.
Assessment of publication bias.
Publication bias across studies was also assessed 
quantitatively using the Begg and Mazumdar rank 
correlation test.
Assessment of certainty of the evidence.
Standard Cochrane methodology and Grading of 
Recommendations, Assessment, Development, and 
Evaluation (GRADE) Working Group guidance were 
followed to create a summary of findings table, and 
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five considerations (risk of bias, consistency, impre-
cision, indirectness, and publication bias) regarding 
the methods and results of the included studies were 
considered to draw conclusions about the certainty 
of the evidence for each outcome.31

Data availability.
As the present study is secondary research, the meta- 
analysis herein involves an analysis of already pub-
lished data. All analyzed data have been incorporated 
into the manuscript.

Results

Description of Included Studies
The database searches identified 126 references for 
title and abstract screening for eligibility, and 118 of 
these studies were excluded. The reasons for exclu-
sion were: review article; preclinical/in vitro study, 
observational study, hypothesis, editorial, expert com-

ment, letter to the editor, non-English language, etc. 
The study selection and screening process is shown 
in Fig 1. After screening, 8 records were retrieved 
for full-text assessment. During the final screening, 
5 full-text records were excluded, and so 3 studies 
were included for meta-analysis (Table 1).2,20,21 Two 
studies by Fallah et al were excluded, as they were 
conducted in a pediatric population.32,33 Another two 
studies were excluded due to insufficient data or be-
cause it was impossible to retrieve or calculate data 
of interest.34,35 Bougea et al could not be included, 
as it was a single-arm study without any comparator 
group.36Assessment of risk of bias is summarized in 
Table 2.

Effects of Intervention
To evaluate the effect of melatonin, the responder rate 
and change in duration of migraine attacks, migraine 
severity, use of analgesic medications, and frequency 
of migraine attacks were assessed. The occurrence 
of ADRs in patients following the intervention was 
also estimated. The effect sizes of included studies 
were entered into Cochrane Review Manager soft-
ware (version 5.3)29 using a random-effects model.
Responder rate.
All three studies included in this meta-analysis 
compared response to melatonin in terms of head-
ache frequency in a melatonin group (n = 236) vs 
placebo/standard therapy groups (n = 236). The 
test for heterogeneity among the included studies 
was not significant (c2 = 7.57; P = .11; I2 = 47%). 
In the forest plot, the CIs for the results of individ-
ual studies (depicted graphically using horizontal 
lines) were found to have good overlap, indicating 
nonsignificant heterogeneity. Random-effects mod-
el analysis revealed an OR of 1.84 (95% CI: 1.08 
to 3.14; prediction interval [PI]: 0.38 to 8.99; z = 
2.22; P = .03) indicating that the responder rate 
was significantly greater with melatonin vs the  
comparators (Fig 2). 

Subgroup analysis was performed based on the 
comparator group (placebo or standard therapy). 
Heterogeneity was not significant in either subgroup. 
The OR of 2.31 (95% CI: 1.06 to 5.05; z = 2.10; P = 
.04) in the placebo group and the OR of 1.36 (95% 
CI: 0.69 to 2.67; z = 0.89; P = .37) in the standard 
therapy group suggest that melatonin is beneficial in 
comparison to placebo, but showed no significant 
difference compared to standard therapy (Fig 2). A 
L’Abbé plot was also generated (Appendix 1) to de-
pict the apparent effectiveness of melatonin over 
placebo in terms of response rate. The cumulative 
distribution calculator predicted a chance of 9.8% 
that future studies will show a result opposite to that 
of the present meta-analysis (ie, favoring placebo/
standard therapy).

Potentially relevant publications 
identified for assessment (n = 126)

Articles retrieved for detailed evaluation  
(n = 8)

Excluded publications (n = 118):
•	 Review article (n = 77)
•	 �Letter to editor/commentary 

(n = 3)
•	 �Systematic review/meta-

analysis (n = 4)
•	 �Preclinical/in vitro studies  

(n = 3)
•	 Case report (n = 8)
•	 Observational studies (n = 11)
•	 Hypothesis (n = 1)
•	 �Clinical studies on unrelated 

topics (n = 10)
•	 �Article in another language  

(n = 1)

Excluded studies (n = 5):
•	 �RCTs with insufficient data  

(n = 2)
•	 �RCTs in pediatric population 

(n = 2)
•	 �Clinical trial without any 

comparator (n = 1)

Studies included (n = 3)
Units of analysis (n = 5)
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Fig 1    PRISMA flowchart showing the study selection process. 
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Migraine severity.
This meta-analysis also compared the change in 
migraine severity between melatonin (n = 190) and 
placebo/standard treatment (n = 188), as measured 
in all included studies. Random-effects model analy-
sis revealed an MD of 0.91 (95% CI: –0.27 to 2.09; 
PI: –4.46 to 6.29; z = 1.52; P = .13), indicating that 
melatonin showed no significant overall effect on the 
change in migraine severity (Fig 3). In the subgroup 
analysis, no significant heterogeneity was found in 
either of the groups. The placebo group showed 
an MD of 1.93 (95% CI: 1.23 to 2.63; z = 5.39; P 
< .0001), and the standard therapy group showed 
an MD of –0.11 (95% CI: –0.77 to 0.54; z = 0.34;  
P = .73), which suggests that melatonin can reduce 
migraine severity significantly compared to placebo 
but not to standard therapy (Fig 3).
Migraine attack duration.
This meta-analysis compared the change in mean mi-
graine attack duration between melatonin (n = 190) 

and placebo/standard therapy (n = 188) in the in-
cluded studies. The heterogeneity among the includ-
ed studies was not significant (χ² = 2.87; P = .41; I² =  
0%). Random-effects model analysis for melatonin 
revealed an OR of 2.37 (95% CI: –0.34 to 5.09; PI: 
–3.59 to 8.33; z = 1.71; P = .09), suggesting a non-
significant effect of melatonin on change in mean mi-
graine attack duration (Fig 4). Subgroup analysis with 
placebo as comparator showed an OR of 5.02 (95% 
CI: 0.91 to 9.13; z = 2.39; P = .02), but against the 
standard therapy, the OR was 0.33 (95% CI: –3.29 
to 3.94; z = 0.18; P = .86) (Fig 4). These results sug-
gest that melatonin has a significant beneficial effect 
over placebo in reducing mean migraine attack du-
ration, but not when compared to standard therapy.
Frequency of migraine attacks. 
All three studies included in this meta-analysis com-
pared the change in frequency of migraine attacks 
from baseline between melatonin (n = 236) and pla-
cebo/standard therapy (n = 236). Random-effects 

Table 1  Characteristics of Studies Included in the Meta-Analyses

Study (year), 
country Methods Participants Interventions 

No. of  
participants Duration Outcomes

Notes/ 
remarks

Alstadhaug et 
al21 (2010), 
Norway 

Randomized, 
double blind-

ed, single 
center

Migraine with 
and without 

aura

Placebo 
 

Melatonin: 2 
mg/8 wk

Placebo 
 

Melatonin: 2 mg

22 wk Responder rate, fre-
quency of migraine 
attacks, migraine 

attack duration, an-
algesic medications, 

ADRs

Prolonged-release 
melatonin did not 

have any significant 
effect on migraine. 

Gonçalves 
et al2 (2016), 
Brazil

Random-
ized, double 

blinded, 
multicenter

Migraine with 
and without 

aura

Placebo 
 

Amitriptyline: 
25 mg/12 wk 

 
Melatonin: 3 
mg/12 wk

Placebo: 65 
 

Amitriptyline: 
66 
 

Melatonin: 65

12 wk Responder rate, fre-
quency of migraine 
attacks, migraine 

attack duration, an-
algesic medications, 

migraine severity, 
ADRs

Melatonin was 
effective and proved 
better than placebo 
and amitriptyline in 

responder rate.

Ebrahimi-Mon-
fared et al20 
(2017), 
Iran

Random-
ized, double 

blinded, 
multicenter

Migraine with 
and without 

aura

Placebo 
 

Sodium 
valproate: 200 

mg/8 wk 
 

Melatonin: 3 
mg/8 wk

Placebo: 35 
 

Amitriptyline: 
35 
 

Melatonin: 35

8 wk Responder rate, fre-
quency of migraine 
attacks, migraine 

attack duration, an-
algesic medications, 

migraine severity, 
ADRs

Melatonin was 
effective and proved 
better than placebo 
but comparable to 
sodium valproate in 

responder rate.

Table 2  Risk of Bias Assessment

Included studies

Risk of bias

B1 B2 B3 B4 B5 B6 B7
Alstadhaug et al,21 2010 Low Unclear Low Unclear Low Low Unclear
Gonçalves et al,2 2016 Low Low Low Low High Low Unclear
Ebrahimi-Monfared et al,20 2017 Low Low Low Low High Low Unclear
B1 = random sequence generation (selection bias); B2 = allocation concealment (selection bias); B3 = blinding of participants and personnel (perfor-
mance bias); B4 = blinding of outcome assessment (detection bias); B5 = incomplete outcome data (attrition bias); B6 = selective reporting (reporting 
bias); B7 = other type of bias.
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model analysis revealed an MD of 0.64 (95% CI: 
–0.10 to 1.37; PI: –2.06 to 3.33; z = 1.69; P = .09), 
showing a nonsignificant result of the overall effect of 
melatonin on change in frequency of migraine attacks 
(Fig 5). Subgroup analysis comparing melatonin to 
placebo revealed an MD of 1.00 (95% CI: 0.02 to 
1.98; z = 2.01; P = .04), which was significant, and 
an MD of 0.03 (95% CI: –0.74 to 0.80; z = 0.07;  
P = .94) in comparison to standard treatment (Fig 

5). These results suggest that melatonin has a sig-
nificant beneficial effect over placebo in reducing the 
frequency of migraine attacks, but not compared to 
standard therapy.
Use of analgesic medications.
This meta-analysis compared the use of analge-
sic medications between melatonin (n = 190) and  
placebo/standard therapy (n = 188) in all included 
studies. Random-effects model analysis revealed 

Study or  
subgroup

Experimental Control Weight 
(%) OR (95% CI)Events Total Events Total

Comparison: Placebo therapy
Alstadhaug et al21 21 46 19 48 21.4 1.28 (0.57, 2.91)
Gonçalves et al22 32 60 12 59 21.6 4.48 (1.99, 10.08)
Ebrahimi-Monfared et al20 12 35 7 35 15.6 2.09 (0.71, 6.16)
Total (95% CI) 141 142 58.5 2.31 (1.06, 5.05)
Heterogeneity: τ2 = 0.2673; χ2 = 4.57, df = 2 (P = .10); I2 = 56%
Test for overall effect: Z = 2.10 (P = 0.04)
Comparison: Standard therapy
Gonçalves et al2 (1) 32 60 23 59 23.9 1.79 (0.86, 3.71)
Ebrahimi-Monfared et al20 (2) 12 35 13 35 17.6 0.88 (0.33, 2.35)
Total (95% CI) 95 94 41.5 1.36 (0.69, 2.67)
Heterogeneity: τ2 = 0.0556; χ2 = 1.29, df = 1 (P = .26); I2 = 22%
Test for overall effect: Z = 0.89 (P = 0.37)
Total (95% CI) 236 236 100.0 1.84 (1.08, 3.14)
Prediction interval (0.38, 8.99)
Heterogeneity: τ2 = 0.1744; χ2 = 7.57, df = 4 (P = .11); I2 = 47%
Residual heterogeneity: τ2 = NA; χ2 = 5.85, df = 3 (P = .12); I2 = 49%
Test for overall effect: Z = 2.22 (P = 0.03) Favors

control
Favors

melatonin

0.1 0.5 1 2 10

Study or  
subgroup

Experimental Control Weight 
(%) Mean difference (95% CI)Mean SD Total Mean SD Total

Comparison: Placebo therapy
Gonçalves et al2 3.50 2.8000 60 1.80 2.5000 59 25.1 1.70 (0.75, 2.65)
Ebrahimi- 
Monfared et al20 3.80 2.0000 35 1.60 2.4000 35 24.4 2.20 (1.17, 3.23)

Total (95% CI) 95 94 49.5 1.93 (1.23, 2.63)
Heterogeneity: τ2 = 0; χ2 = 0.49, df = 1 (P = .49); I2 = 0%
Test for overall effect: Z = 5.39 (P < 0.0001)
Comparison: Standard therapy
Gonçalves et al2 (1) 3.50 2.8000 60 3.50 2.8000 59 24.7 0.0 (–1.01, 1.01)
Ebrahimi- 
Monfared et al20 (2)

3.80 2.0000 35 4.00 1.7000 35 25.8 –0.20 (–1.07, 0.67)

Total (95% CI) 95 94 50.5 –0.11 (–0.77, 0.54)
Heterogeneity: τ2 = 0; χ2 = 0.09; df = 1 (P = .77); I2 = 0%
Test for overall effect: Z = 0.34 (P = 0.73)
Total (95% CI) 190 188 100.0 0.91 (–0.27, 2.09)
Prediction interval (–4.46, 6.29)
Heterogeneity: τ2 = 1.2005; χ2 = 17.93; df = 3 (P < .01); I2 = 83%
Residual heterogeneity: τ2 = NA; χ2 = 0.57, df = 2 (P = .75); I2 = 0%
Test for overall effect: Z = 1.52 (P = 0.13)

Favors
control

Favors
melatonin

–6 –4 –2 0 2 64

Fig 2    Forest plot of included studies assessing responder rate between melatonin and placebo/standard therapy. Mantel-Haenszel, 
random-effects model. (1) = melatonin vs amitriptyline; (2) melatonin vs valproic acid. 

Fig 3    Forest plot of included studies assessing change in mean migraine severity. Inverse variance, random-effects model. (1) = mel-
atonin vs amitriptyline; (2) melatonin vs valproic acid.
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an MD of 0.74 (95% CI: –0.06 to 1.54; PI: –2.71 to 
4.19; z = 1.81; P = .07), indicating that the overall ef-
fect of melatonin on the mean decrease in the use of 
analgesic medications was nonsignificant (Fig 6). In 
subgroup analysis, no significant heterogeneity was 
found in either of the groups. The MD of 1.43 (95% 
CI: 0.38 to 2.48; z = 2.67; P = .008) in the placebo 
group and the MD of 0.09 (95% CI: –0.46 to 0.64; 

z = 0.32; P = .75) in the standard treatment group 
suggest that melatonin can significantly reduce the 
use of analgesic medications over placebo, but not 
compared to standard therapy (Fig 6).
Occurrence of ADRs.
The included studies reported different ADRs in re-
sponse to melatonin. Among the reported ADRs, 
drowsiness and fatigue were found to be very  

Study or  
subgroup

Experimental Control Weight 
(%) Mean difference (95% CI)Mean SD Total Mean SD Total

Comparison: Placebo therapy
Gonçalves et al2 7.20 11.8000 60 2.50 16.3000 59 28.1 4.70 (–0.42, 9.82)
Ebrahimi- 
Monfared et al20 11.10 15.4000 35 5.50 14.0000 35 15.5 5.60 (–1.30, 12.50)

Total (95% CI) 95 94 43.6 5.02 (0.91, 9.13)
Heterogeneity: τ2 = 0; χ2 = 0.04; df = 1 (P = .84); I2 = 0%
Test for overall effect: Z = 2.39 (P = 0.02)
Comparison: Standard therapy
Gonçalves et al2 (1) 7.20 11.8000 60 6.90 11.7000 59 41.3 0.30 (–3.92, 4.52)
Ebrahimi- 
Monfared et al20 (2)

11.10 15.4000 35 10.70 14.4000 35 15.1 0.40 (–6.58, 7.38)

Total (95% CI) 95 94 56.4 0.33 (–3.29, 3.94)
Heterogeneity: τ2 = 0; χ2 = 0, df = 1 (P = .98); I2 = 0%
Test for overall effect: Z = 0.18 (P = 0.86)
Total (95% CI) 190 188 100.0 2.37 (–0.34, 5.09)
Prediction interval (–3.59, 8.33)
Heterogeneity: τ2 = 0; χ2 = 2.87; df = 3 (P = .41); I2 = 0%
Residual heterogeneity: τ2 = NA; χ2 = 0.04, df = 2 (P = .98); I2 = 0%
Test for overall effect: Z = 1.71 (P = 0.09)

Favors
control

Favors
melatonin

–10 –5 0 5 10

Study or  
subgroup

Experimental Control Weight 
(%) Mean difference (95% CI)Mean SD Total Mean SD Total

Comparison: Placebo therapy
Alstadhaug et al21 1.40 1.4000 46 1.30 1.3000 48 21.6 0.10 (–0.45, 0.65)
Gonçalves et al2 2.70 2.5000 60 1.10 2.4000 59 18.2 1.60 (0.72, 2.48)
Ebrahimi- 
Monfared et al20 1.70 1.3000 35 0.30 1.2000 35 21.2 1.40 (0.81, 1.99)

Total (95% CI) 141 142 61.0 1.00 (0.02, 1.98)
Hetereogeneity: τ2 = 0.6286; χ2 = 13.4, df = 2 (P < .01); I2 = 85%
Test for overall effect: Z = 2.01 (P = 0.04)
Comparison: Standard therapy
Gonçalves et al2 (1) 2.70 2.5000 60 2.20 2.5000 59 18.0 0.50 (–0.40, 1.40)
Ebrahimi- 
Monfared et al20 (2)

1.70 1.3000 35 2.00 1.3000 35 21.0 –0.30 (–0.91, 0.31)

Total (95% CI) 95 94 39.0 0.03 (–0.74, 0.80)
Heterogeneity: τ2 = 0.1667; χ2 = 2.09, df = 1 (P = .15); I2 = 52%
Test for overall effect: Z = 0.07 (P = 0.94)
Total (95% CI) 236 236 100.0 0.64 (–0.10, 1.37)
Prediction interval (–2.06, 3.33)
Heterogeneity: τ2 = 0.5772; χ2 = 23.64, df = 4 (P < .01); I2 = 83%
Residual heterogeneity: τ2 = NA; χ2 = 15.48, df = 3 (P < .01); I2 = 81%
Test for overall effect: Z = 1.69 (P = 0.09) Favors

control
Favors

melatonin

–3 –2 –1 0 1 32

Fig 4    Forest plot of included studies assessing change in mean migraine attack duration. Inverse variance, random-effects model.  
(1) = melatonin vs amitriptyline; (2) melatonin vs valproic acid.

Fig 5    Forest plot of included studies assessing change in mean migraine attack frequency. Inverse variance, random-effects model.  
(1) = melatonin vs amitriptyline; (2) melatonin vs valproic acid. 
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common in all included studies. The other commonly 
reported ADRs included dry mouth, weight gain, epi-
gastralgia, night sweats, and abnormally high dream 
activity. The present meta-analysis evaluated the 
occurrence of the two most common ADRs (drows-
iness and fatigue) between melatonin (n = 238) and 
placebo/standard therapy (n = 234) in all included 
studies. The heterogeneity among the included stud-
ies was not significant (χ2  = 9.08; P = .06; I2 = 56%). 
Random-effects model analysis revealed an OR of 
1.20 (95% CI: 0.37 to 3.91; PI: 0.04 to 39.53; z = 
0.30; P = .77), indicating that the occurrence of an 
ADR was not significantly greater in the melatonin 
group compared to placebo/standard therapy (Fig 
7). In the subgroup analysis, no significant heteroge-
neity was found in either of the groups. The OR of 
1.94 (95% CI: 0.77 to 4.93; z = 1.40; P = .16) in the 
placebo group and the OR of 0.57 (95% CI: 0.08 
to 3.86; z = 0.57; P = .57) in the standard therapy 
group suggest that there is no significant difference 
in the occurrence of drowsiness and fatigue in the 
melatonin group when compared to either compari-
son group separately (Fig 7).

Meta-Regression
Meta-regression showed no statistically significant 
association between effect sizes for response rate 
and the dose or duration of therapy (Appendix 2). 
The result showed the slope coefficient to be 0.18  
(P = .06) for duration of therapy and 0.48 (P = .31) 
for the dose of melatonin, where the slope coefficient 

quantifies the change in response rate due to a unit 
change in the predictor variables.

Publication Bias in Included Studies
The assessment of publication bias using the Begg 
and Mazumdar rank correlation test showed a Kendall’s 
tau value of –0.20 (with continuity correction) with a 
two-tailed P value of .624, which was not significant. 

Certainty of Evidence
Details of the effect estimates and GRADE ratings 
are summarized in Table 3. Compared to placebo, 
the certainty of the evidence was found to be high 
for responder rate, suggesting it is very likely that the 
true effect lies close to the estimate of the effect. For 
migraine severity, mean attack duration, and a mean 
decrease in analgesic use and ADRs, the certainty of 
the evidence was found to be moderate, suggesting 
that the true effect is likely to be close to the estimate 
of the effect, but with the possibility remaining that it 
is substantially different.

Discussion

The main hurdle in generating conclusive evidence 
is the paucity of clinical studies performed in this do-
main. The main purpose of the present meta-analysis 
was to evaluate the efficacy and safety of melatonin 
as a prophylactic medication in adult migraineurs; 
therefore, responder rate and change in migraine  

Study or  
subgroup

Experimental Control Weight 
(%) Mean difference (95% CI)Mean SD Total Mean SD Total

Comparison: Placebo therapy
Gonçalves et al2 1.60 1.8000 60 0.60 1.2000 59 29.8 1.00 (0.45, 1.55)
Ebrahimi- 
Monfared et al20 5.20 2.0000 35 3.10 2.8000 35 20.3 2.10 (0.96, 3.24)

Total (95% CI) 95 94 50.2 1.43 (0.38, 2.48)
Heterogeneity: τ2 = 0.3967; χ2 = 2.9, df = 1 (P = .09); I2 = 66%
Test for overall effect: Z = 2.67 (P = 0.008)
Comparison: Standard therapy
Gonçalves et al2 (1) 1.60 1.8000 60 1.40 1.8000 59 28.3 0.20 (–0.45, 0.85)
Ebrahimi- 
Monfared et al20 (2)

5.20 2.0000 35 5.40 2.5000 35 21.5 –0.20 (–1.26, 0.86)

Total (95% CI) 95 94 49.8 0.09 (–0.46, 0.64)
Heterogeneity: τ2 = 0; χ2 = 0.4, df = 1 (P = .53); I2 = 0%
Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% CI) 190 188 100.0 0.74 (–0.06, 1.54)
Prediction interval (–2.71, 4.19)
Heterogeneity: τ2 = 0.4772, χ2 = 12.00, df = 3 (P < .01); I2 = 75%
Residual heterogeneity: τ2 = NA; χ2 = 3.30, df = 2 (P = .19); I2 = 39%
Test for overall effect: Z = 1.81 (P = 0.07)

Favors
control

Favors
melatonin

–4 –2 0 2 4

Fig 6    Forest plot of included studies assessing mean decrease in analgesic medications. Inverse variance, random-effects model.  
(1) = melatonin vs amitriptyline; (2) melatonin vs valproic acid.
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severity, mean attack duration, mean attack frequen-
cy, and mean decrease in analgesic use were com-
pared between melatonin and placebo or standard 
therapy. Subgroup analysis was performed depend-
ing on the comparator used (placebo/standard ther-
apy). Melatonin showed a significant overall greater 
responder rate than both comparators. In subgroup 
analyses, the responder rate for melatonin was sig-
nificantly greater than placebo, but there was no 
significant difference observed when compared 
to standard therapy. Similarly, melatonin therapy 
showed a significantly beneficial role in terms of re-
duction of migraine severity, mean attack duration, 
and decrease in analgesic use in comparison to 
placebo. However, the effect of melatonin was not 
significant in comparison to standard prophylactic 
therapy with amitriptyline or valproic acid. The cer-
tainty of the evidence for the standard therapy sub-
group is moderate to very low, which suggests that 
the true effect may be substantially different from 
the estimate of the effect, whereas the certainty of 
the evidence for the placebo subgroup is moderate 
to high. Thus, there is a need for a greater number of 
RCTs for more conclusive evidence on the efficacy 
of melatonin, especially in comparison to standard 
prophylactic therapy.

ADRs in response to melatonin were reported in 
all included studies, and the occurrence of the two 
most common ADRs (drowsiness and fatigue) was 
evaluated. Over the course of the treatment, no se-
rious adverse events were observed. The majority 
of ADRs were either mild or moderate in intensity 
and occurred more commonly in the standard ther-

apy group than in the melatonin group. The study 
by Gonçalves et al2 reported some common ADRs 
apart from drowsiness and fatigue, such as daytime 
sleepiness, dry mouth, and constipation. Similarly, 
Ebrahimi-Monfared et al20 and Alstadhaug et al21 
reported drowsiness, fatigue, nervousness, and 
nightmares. The two most common ADRs in these 
studies were evaluated, and the results showed 
that the occurrence of ADRs with melatonin was 
not higher than the comparators, suggesting that  
melatonin is safe. 

The differences within the three included studies 
with respect to dose and duration of treatment were 
addressed by performing meta-regression, which 
showed no statistically significant influence of dose 
or duration of treatment on effect size. As the results 
of the present meta-analysis are based on only three 
studies, the most glaring limitation of this study is its 
generalizability to the population, reinforcing the need 
for more studies to establish the effect of melatonin 
for migraine prophylaxis. A previous meta-analysis 
by Long et al combined adult and pediatric popula-
tions, and thus the true effect of melatonin in adults 
could not be obtained.22 However, the present meta- 
analysis combined studies including adult popula-
tions and calculated the PI and probability. Further 
studies are warranted for robust results as per pre-
diction statistics and certainty of evidence.  

The beneficial role of melatonin in comparison 
to placebo for migraine prophylaxis may be due to 
multiple mechanisms, as explained in previous liter-
ature. Through the free radical scavenging property 
and inhibition of inflammatory factors, melatonin can  

Study or  
subgroup

Experimental Control Weight 
(%) OR (95% CI)Events Total Events Total

Comparison: Placebo therapy
Alstadhaug et al21 2 48 0 46 11.1 5.00 (0.23, 107.01)
Gonçalves et al2 11 60 7 59 32.7 1.67 (0.60, 4.65)
Ebrahimi-Monfared et al20 1 35 0 35 10.2 3.09 (0.12, 78.41)
Total (95% CI) 143 140 54.1 1.94 (0.77, 4.93)
Heterogeneity: τ2 = 0; χ2 = 0.53, df = 2 (P = .77); I2 = 0%
Test for overall effect: Z = 1.40 (P = 0.16)
Comparison: Standard therapy
Gonçalves et al2 (1) 11 60 24 59 35.7 0.33 (0.14, 0.75)
Ebrahimi-Monfared et al20 (2) 1 35 0 35 10.2 3.09 (0.12, 78.41)
Total (95% CI) 95 94 45.9 0.57 (0.08, 3.86)
Heterogeneity: τ2 = 1.0795, χ2 = 1.74, df = 1 (P = .19); I2 = 43%
Test for overall effect: Z = 0.57 (P = 0.57)
Total (95% CI) 238 234 100.0 1.20 (0.37, 3.91)
Prediction interval (0.04, 39.53)
Heterogeneity: τ2 = 0.8428; χ2 = 9.08, df = 4 (P = .06); I2 = 56%
Residual heterogeneity: τ2 = NA; χ2 = 2.28, df = 3 (P = .52); I2 = 0%
Test for overall effect: Z = 0.30 (P = 0.77) Favors

(Control)
Favors

(Melatonin)

0.01 0.1 1 10

Fig 7    Forest plot of included studies for assessing ADRs (drowsiness and fatigue). Mantel-Haenszel, random-effects model.  
(1) = melatonin vs amitriptyline; (2) melatonin vs valproic acid.
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protect the brain from direct toxic damages and 
maintain its structural and functional integrity.37,38 
Melatonin is also known to benefit migraine treatment 
by reducing nitric oxide synthase activity, inhibiting 
dopamine release, antagonizing glutamate-induced 
excitotoxicity, and suppressing calcitonin gene- 
related peptide (CGRP).9,11,12,14Additionally, mel-
atonin exerts its analgesic property by increasing 
β-endorphin release, activating melatonin receptors, 

and augmenting GABAergic action.10,39 The pleiotro-
pic effects of melatonin strongly support its probable 
role in migraine; however, the dearth of clinical data is 
the only impediment to translating these findings into 
clinical practice. The major limitation of the present 
meta-analysis is the small number of RCTs available 
for analysis. Second, in the absence of the SD of the 
MD, the pooled variance was calculated, which gave 
only an approximate estimate of the SD.

Table 3  Summary of Findings 

Outcome
No. of  

participants Relative effect

Anticipated absolute risk

Certainty of evi-
denceRisk with control

Risk difference with 
melatonin

Responder rate
  Overall 472 

(3 RCTs) 
OR 1.84 

(1.08 to 3.14) 
314 per 1,000 143 more per 1,000 

(17 to 276 more) 
⊕⊕⊕○ 

MODERATE 
  Comparison: 
Placebo therapy 

283 
(3 RCTs) 

OR 2.31 
(1.06 to 5.05) 

268 per 1,000 190 more per 1,000 
(12 to 381 more) 

⊕⊕⊕⊕ 
HIGH

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

OR 1.36 
(0.69 to 2.67) 

383 per 1,000 75 more per 1,000 
(83 fewer to 241 more) 

⊕⊕○○ 
LOW 

Migraine severity
  Overall 378 

(2 RCTs) 
– – MD 0.91 higher 

(0.27 lower to 2.09 higher)  
⊕⊕○○ 

LOW 

  Comparison: 
Placebo therapy 

189 
(2 RCTs) 

– – MD 1.93 higher 
(1.23 to 2.63 higher)  

⊕⊕⊕○ 
MODERATE

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

– – MD 0.11 lower 
(0.77 lower to 0.54 higher)  

⊕⊕⊕○ 
MODERATE

Mean attack duration
  Overall 378 

(2 RCTs) 
– – MD 2.37 higher 

(0.34 lower to 5.09 higher) 
⊕⊕⊕○ 

MODERATE 
  Comparison: 
Placebo therapy 

189 
(2 RCTs) 

– – MD 5.02 higher 
(0.91 to 9.13 higher) 

⊕⊕⊕○ 
MODERATE 

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

– – MD 0.33 higher 
(3.29 lower to 3.94 higher) 

⊕⊕⊕○ 
MODERATE 

Mean attack frequency
Overall 472 

(3 RCTs) 
– – MD 0.64 higher 

(0.1 lower to 1.37 higher) 
⊕⊕○○ 

LOW 
  Comparison: 
Placebo therapy 

283 
(3 RCTs) 

– – MD 1 higher 
(0.02 to 1.98 higher) 

⊕⊕○○ 
LOW

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

– – MD 0.03 higher 
(0.74 lower to 0.8 higher) 

⊕⊕○○ 
LOW

Mean decrease in use of analgesics
  Overall 378 

(2 RCTs) 
– – MD 0.74 higher 

(0.06 lower to 1.54 higher) 
⊕⊕○○ 

LOW
  Comparison: 
Placebo therapy 

189 
(2 RCTs) 

– – MD 1.43 higher 
(0.38 to 2.48 higher) 

⊕⊕⊕○ 
MODERATE 

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

– – MD 0.09 higher 
(0.46 lower to 0.64 higher) 

⊕⊕⊕○ 
MODERATE 

ADRs
  Overall 472 

(3 RCTs) 
OR 1.20 

(0.37 to 3.91) 
132 per 1,000 22 more per 1,000 

(79 fewer to 241 more) 
⊕○○○ 

VERY LOW
  Comparison: 
Placebo therapy 

283 
(3 RCTs) 

OR 1.94 
(0.77 to 4.93) 

50 per 1,000 43 more per 1,000 
(11 fewer to 156 more) 

⊕⊕⊕○ 
MODERATE 

  Comparison: 
Standard therapy 

189 
(2 RCTs) 

OR 0.57 
(0.08 to 3.86) 

255 per 1,000 92 fewer per 1,000 
(229 fewer to 314 more) 

⊕○○○ 
VERY LOW
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Conclusions

Melatonin showed a beneficial role as a prophylactic 
medication for migraine in terms of better responder 
rate and reduction in migraine severity, mean attack 
duration, mean attack frequency, and analgesic use 
in comparison to placebo. Future clinical trials on 
melatonin in comparison to standard prophylactic 
therapy in migraine are warranted to generate con-
clusive evidence and a preventive strategy for better 
clinical outcomes.

Highlights

•	 The role of melatonin for migraine prophylaxis 
assessed in previous clinical trials is 
nonconclusive. 

•	 This meta-analysis evaluated the efficacy and 
safety of melatonin for prophylaxis in migraine in 
adults.

•	 Melatonin therapy in migraine is associated with 
a significantly higher responder rate and reduced 
migraine attack frequency, duration, severity, and 
use of analgesics over placebo.

•	 Melatonin may have a beneficial prophylactic role 
in migraine in comparison to placebo.
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Appendix 1    L’Abbé plot depicting the effectiveness of mela-
tonin over control treatments (placebo/standard therapy) on re-
sponder rate in adult migraineurs. The solid line represents the 
line of no effect. The dotted line represents the combined effect 
of all the studies as OR. The circle represents individual studies 
and size variations as a function of weight.

Appendix 2    Bubble plot showing the effect of duration of thera-
py on the OR for responder rate across studies. Individual studies 
are depicted by circles along the line of meta-regression.

Appendix Table 1  Search Strategy

Search: (migraine) AND 
(melatonin) Sort by: Most 
Recent

("migrain"[All Fields] OR "migraine disorders"[MeSH Terms] OR ("migraine"[All Fields] AND "disorders"[All 
Fields]) OR "migraine disorders"[All Fields] OR "migraine"[All Fields] OR "migraines"[All Fields] OR "migraine 
s"[All Fields] OR "migraineous"[All Fields] OR "migrainers"[All Fields] OR "migrainous"[All Fields]) AND 
("melatonin"[MeSH Terms] OR "melatonin"[All Fields] OR "melatonin s"[All Fields] OR "melatonine"[All Fields] 
OR "melatonins"[All Fields])

Translations

migraine: "migrain"[All Fields] OR "migraine disorders"[MeSH Terms] OR ("migraine"[All Fields] AND "disor-
ders"[All Fields]) OR "migraine disorders"[All Fields] OR "migraine"[All Fields] OR "migraines"[All Fields] OR 
"migraine's"[All Fields] OR "migraineous"[All Fields] OR "migrainers"[All Fields] OR "migrainous"[All Fields]
melatonin: "melatonin"[MeSH Terms] OR "melatonin"[All Fields] OR "melatonin's"[All Fields] OR "melatonine"[All 
Fields] OR "melatonins"[All Fields]
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