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Abstract
Background  Statins or 3‑hydroxy‑3‑methyl‑glutarylcoenzyme A (HMG‑CoA) reductase inhibitors are medications 
that act by reducing the cholesterol content of liver cells Moreover, statins have been found to improve endothelial 
function and reduce vascular wall inflammation. A growing body of research suggests that statins are associated with 
less risk of migraine, and they can be used to treat symptoms. However, the evidence has been inconclusive, so we 
aim to investigate the nature and strength of the effect of statins on the prevention and prophylaxis of migraines.

Methods  We conducted a comprehensive systematic search across multiple electronic databases, including 
PubMed, Scopus, Web of Science, and the Cochrane Library, from inception until October 2024, to include studies on 
the association between statins use and migraine. The outcomes of interest involved the association of the HMG-CoA 
reductase gene with the risk of migraine, as well as the association and efficacy of statins in migraine patients.

Results  Thirteen studies were included in our systematic review. Mendelian Randomization (MR) studies revealed 
that expression of HMGCR was associated with an increased risk of migraine with odds ratio (OR) ranging from 
1.38 to 1.55 (P < 0.001). Three observational studies investigating the relationship between statins and migraine 
risk demonstrated a protective effect, with odds ratios ranging from 0.73 to 0.94 (P < 0.001). The findings suggest a 
significant reduction in overall migraine risk, particularly for migraines with aura and in patients with higher vitamin 
D levels. Meta-analysis of randomized controlled trials (RCTs) showed that statins significantly reduced monthly 
migraine frequency (MD= -3.16, 95%CI= [-5.79, -0.53]; p = 0.02, I2 = 79%; P = 0.03). RCTs supported the efficacy of 
statins in reducing migraine frequency, days, and intensity compared to placebo.

Conclusions  Statins, already well-established for cardiovascular benefits, emerge as a promising dual-purpose 
therapy for many neurological disorders. The association between the HMGCR gene and increased migraine risk, 
coupled with the possible efficacy of statins in reducing migraine frequency, may open new avenues for migraine 
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Introduction
Migraines are severe primary headache disorders 
characterized by moderate to severe intensity pulsat-
ing headache that lasts between 4 and 72 h and is often 
accompanied by nausea, vomiting, and extreme sensi-
tivity to light and sound [1, 2]. It is the sixth most com-
mon disorder in the world and one of the most common 
neurological disorders [3]. Migraine affects about 12% 
of the population and is more frequent in women more 
than men and young people more than old [4]. The main 
line of treatment for migraine includes an on-demand 
therapy for attacks, like non-steroidal anti-inflammatory 
drugs (NSAIDs), and a prophylactic treatment to prevent 
attacks. Prophylactic treatment for migraine is especially 
recommended for patients where migraine attacks have 
a profound impact on daily activities or quality of life, 
where acute medication is not sufficient when disability 
occurs on two or more days per month, or in the case 
of prolonged or frequent migraine auras [5]. Available 
prophylactic therapies for migraine include antidepres-
sants, antihypertensives, anticonvulsants, calcium chan-
nel antagonists, pizotifen, and memantine, and recently, 
statins have been suggested as a prophylaxis [6].

Statins or 3‑hydroxy‑3‑methyl‑glutarylcoenzyme A 
(HMG‑CoA) reductase inhibitors are a class of drugs 
used mainly to lower cholesterol and prevent cardiovas-
cular disease medications. They increase the expression 
of the low‑density lipoprotein (LDL) receptor, leading 
to the reduction of LDL serum levels [7]. Additionally, 
Statins can reduce very low-density lipoproteins (VLDL) 
by affecting the secretion of apolipoprotein B levels 
and have been found to improve endothelial function, 
enhance blood flow, and reduce vascular wall inflamma-
tion that could trigger migraines [8].

Statins or HMG-CoA reductase inhibitors have come 
to attention lately in the field of neurology. The use of 
statins was not only associated with a lower risk of Par-
kinson’s disease but has been investigated for possible use 
to treat Parkinson’s disease [9, 10]. Since migraines are 
often associated with changes in blood flow and neuroin-
flammation [11], targeting these pathways by statins may 
have therapeutic effects. Additionally, Chronic inflam-
mation and oxidative stress are known contributors to 
migraine [12]. Therefore statins’ anti-inflammatory and 
antioxidative properties may assist in alleviating these 
conditions, potentially lowering the frequency or sever-
ity of migraines [13]. Buettner and Burstein found in 
2015 that migraine attacks were reduced in patients on 

statins and vitamin D3 [14]. Moreover, recent random-
ized controlled trials (RCTs) suggested a beneficial effect 
of statins in migraine prophylaxis [15]. Furthermore, 
recent Mendelian Randomization (MR) studies on genes 
concerned with lipid metabolism, particularly the HMG-
CoA reductase gene, were conducted to uncover any pos-
sible link between said genes and the development as well 
as the severity of migraine [16].

Considering these recent advances in the literature 
on the effectiveness of statins or HMG-CoA reductase 
inhibition on migraine prophylaxis, as well as their rela-
tionship to lower migraine risk, We conducted the first 
systematic review and meta-analysis to comprehensively 
assess the relationship of the HMG-CoA reductase gene 
with the risk of migraine and the efficacy of statins in 
migraine patients.

Methods
Protocol registration
Following the guidelines detailed in The Cochrane Hand-
book [17], we conducted this systematic review and meta-
analysis and reported the results based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [18]. Our review’s predefined 
protocol is registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) under the 
identifier CRD42024597789.

Search strategy and data sources
We conducted a comprehensive systematic search across 
multiple electronic databases, including PubMed, Sco-
pus, Web of Science, and the Cochrane Library, from 
inception until October 2024. The search strategy incor-
porated relevant keywords and Medical Subject Head-
ings (MeSH) related to migraines associated with the 
HMG-CoA reductase (HMGCR) gene and statin medi-
cations, including simvastatin, atorvastatin, rosuvastatin, 
pravastatin, fluvastatin, and lovastatin. Specifically, our 
search strategy for PubMed was: (statin OR simvastatin 
OR atorvastatin OR rosuvastatin OR pravastatin OR fluv-
astatin OR lovastatin OR HMG-CoA OR HMGCR) AND 
(migraine), detailed search strategy and number of stud-
ies from each database are provided in supplementary 
Table 1. Duplicate records were identified and removed 
using EndNote software. Furthermore, we conducted a 
manual review of reference lists from relevant reviews to 
ensure comprehensive study selection.

prophylaxis. However, the variability in study design hinders definitive conclusions, so larger studies with longer 
follow-ups are required to ascertain both findings.

Keywords  Migraine, Statins, HMG-CoA reductase, Monthly migraine frequency, Mendelian randomization study, 
Meta-analysis
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Selection criteria
Two independent reviewers initially screened the titles 
and abstracts of the retrieved studies to identify poten-
tially relevant publications, using Rayyan software [19]. 
Full-text articles were then assessed against the inclusion 
criteria. Studies were included based on the following 
criteria: the population consisted of patients diagnosed 
with any type of migraine; the interventions or exposure 
involved statins (e.g., simvastatin, atorvastatin, rosuv-
astatin, pravastatin, fluvastatin, lovastatin) compared to 
any other treatment or placebo; the outcomes of inter-
est involved the association of the HMG-CoA reductase 
gene or statins use with the risk of migraine, as well as the 
efficacy of statins in migraine patients. The study designs 
included RCTs and observational studies (including MR 
studies, cohort studies, cross-sectional studies, and case 
series). Exclusion criteria included secondary studies, 
editorials, conference abstracts, case reports, and studies 
written in languages other than English. A discussion was 
held in case of any disagreement, or a senior author was 
invited to reach a consensus.

Data extraction
Data extraction was performed independently by the 
reviewers using a standardized Excel sheet, with a sepa-
rate reviewer verifying the extracted information. Any 
disagreements were resolved through a re-review of 
the original publications and discussion. Data sources 
included original publications, supplementary materi-
als, and information from ClinicalTrials.gov to ensure 
comprehensive and up-to-date findings. Extracted data 
included study identifiers (e.g., first author, publication 
year, trial design, and study locations), treatment dura-
tion, participant demographics (sample size, age, and 
gender), treatment regimens, key findings, and treat-
ment efficacy and safety outcomes (Monthly Migraine 
Frequency (MMF), Monthly Migraine Days (MMD), and 
migraine intensity as well as total adverse events).

Methodological quality assessment
The methodological quality of each included study was 
independently assessed by the reviewers. RCTs were 
evaluated using the Cochrane Risk of Bias tool (ROB-2), 
while observational studies including cohorts, cross-sec-
tional, and case-control designs, were assessed with the 
Newcastle-Ottawa Quality Assessment Scale (NOS) [20, 
21]. Any disagreements between reviewers were resolved 
through consensus or consulting the first author.

Data synthesis and statistical analysis
Data analysis was conducted using RevMan software. 
Effect sizes for associations were represented as odds 
ratios (OR) and 95% confidence interval (95%CI), while 
mean differences (MD) were utilized to quantify effect 

sizes for MMD, MMF, and intensity. A random-effects 
model was employed for all analyses to account for the 
variability inherent in HMGCR inhibitors and control 
groups.

Heterogeneity evaluation
Heterogeneity may exist due to differences in study 
designs, RCT methodology, and statistics between 
studies, so we performed heterogeneity analysis using 
Chi-Square test and the I² statistic. For I2 values < 25%,25- 
50%, and greater than 50%, respectively, heterogene-
ity was considered low, moderate, or high [22, 23]. A 
p-value below 0.1 or I² above 50% was considered indica-
tive of significant heterogeneity. In instances where sig-
nificant heterogeneity was detected, a sensitivity analysis 
(leave-one-out approach) was conducted to determine 
the impact of excluding individual studies on the overall 
effect size [24].

Results
Literature search
Our literature search yielded 610 results, which became 
561 after the exclusion of duplicates. Title and abstract 
screening resulted in 33 results, and after full-text 
screening, we included 13 studies in our review, involving 
2 in the meta-analysis (Fig. 1).

Characteristics of included studies
Our study included 13 studies. RCTs evaluated the effi-
cacy of statins and combination therapies for migraine 
prevention, encompassing six studies from various coun-
tries with a total of 445 patients, most of them were 
female (86.5%). Most of our RCTs were conducted in Iran 
(4 studies) [25–28], while the other two were in Brazil 
[29] and the USA [15]. Treatment duration ranged from 4 
weeks to 24 weeks. Detailed summary and baseline char-
acteristics of the included studies highlighting the key 
findings of RCTs are shown in Tables  1 and 2. The rest 
of our included studies were seven observational studies 
varied in design, containing four MR studies [13, 16, 30, 
31], two cohort studies [32, 33], and one cross-sectional 
study [14]. The Three MR studies addressed the associa-
tion between the HMGCR gene and the risk of migraine, 
while others examined the association between statin use 
and migraine. Most studies were conducted in China (4 
studies), with the rest from Norway, the USA, and Korea. 
Summary characteristics of observational studies and 
details about data sources are provided in Table 3.

Risk of bias assessment
Two of the included RCTs had a low risk of bias and fol-
lowed the standards closely [25, 26]. However, another 
two trials revealed a high risk of bias due to errors in the 
randomization method and missing outcome data [28, 
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Fig. 1  PRISMA Flow diagram of the process of study selection
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Study ID Country Study groups 
(intervention 
(Dose)/Control 
(Dose)

N Inclusion criteria Exclusion criteria Treatment 
duration

Conclusion or key findings

Buettner 
2015 [15]

USA Intervention: 
Simvastatin 
(20 mg twice 
daily) + Vitamin 
D3 (1000 IU twice 
daily)
Control: Placebo

57 Adults ≥ 18 years 
with episodic 
migraine by ICHD-III 
criteria for ≥ 3 years 
and ≥ 4 migraine 
days/month

Chronic daily 
headache (≥ 15 
headache days/
month for ≥ 3 
months), chronic 
opioid use, or 
conditions requir‑
ing or contraindi‑
cated to statins, 
severe renal dis‑
ease, pregnancy, 
and nursing.

24 weeks Simvastatin and vitamin D3 reduced mi‑
graine days by 8 in the first 12 weeks and 
9 in the final 12 weeks (p < 0.001), while 
placebo increased days by 1 and 3, re‑
spectively (p < 0.001). By 24 weeks, 29% of 
the combination group achieved ≥ 50% 
reduction in migraine days versus 3% for 
placebo (p = 0.03). The combination also 
reduced abortive medication use and 
migraine disability with comparable ad‑
verse events, suggesting it as a potential 
preventive therapy.

Ganji 
2021 [25]

Iran Intervention: 
Atorvastatin 
(20 mg) + So‑
dium Valproate 
(500 mg) 
Control: 
Placebo + So‑
dium Valproate 
(500 mg)

68 Patients aged 
18–65, with a his‑
tory of migraine 
with aura by ICHD-III 
criteria for at least 
6 months, vitamin 
D3 > 30 ng/mL, and 
≥ 3 migraine attacks 
monthly, but fewer 
than 3 high severity-
migraine attacks 
with a negative 
impact on quality
of life.

Chronic head‑
aches (> 15/
month), statin 
use for other 
conditions, liver/
renal dysfunction, 
pregnancy.

8 weeks Adding atorvastatin to sodium valproate 
reduced attack frequency (1.61 vs. 3.61, 
p = 0.0001) and pain severity (VAS: 3.27 
vs. 5.87, p = 0.0001). Satisfaction was 
higher with atorvastatin (90.9% vs. 51.6%, 
p = 0.001). Mild side effects occurred in 
both groups, supporting atorvastatin as 
an effective, well-tolerated adjunct for 
migraine prophylaxis.

Hesami 
2018 [26]

Iran Intervention: 
Atorvastatin 
(40 mg daily)
Control: Sodium 
Valproate (500 mg 
daily)

82 Adults aged 18 to 
50 years
6 to 15 migraine at‑
tacks per month in 
the last two months

Other types of 
headaches
Current use of 
prophylactic treat‑
ment for migraine
Pregnancy or 
breastfeeding
Sensitivity to ator‑
vastatin or sodium 
valproate
Liver disease 
(Child-Pugh score 
B or C)

12 weeks Atorvastatin and sodium valproate 
reduced migraine frequency, inten‑
sity, and duration with no significant 
differences between them. By three 
months, over 65% of patients in both 
groups achieved > 50% reduction in 
attack frequency (P = 0.499), and 70–75% 
had > 50% reduction in attack duration 
(P = 0.655). Analgesic use dropped by 
> 50% for over half of patients in both 
groups. Atorvastatin had fewer side 
effects (32% vs. 66%), suggesting it as 
an effective alternative for migraine 
prevention.

Mazdeh 
2020 [27]

Iran Intervention: 
Propranolol 
(10 mg twice a 
day) + Rosuvas‑
tatin (10 mg daily)
Control: Propran‑
olol (10 mg twice 
a day) + Placebo

120 Age ≥ 18 years
Migraine history of 
more than 3 years
Migraine attacks ≥ 4 
days/month
Total cholesterol 
levels between 
150–190 mg/dl

Pregnancy
Breastfeeding
Hepatic or renal 
failure
Memory defects
Sensitivity to 
statins
Presence of 
atherosclerotic 
disorders

4 weeks Propranolol and rosuvastatin reduced mi‑
graine attacks to 1.00 vs. 2.53 per week in 
controls (p < 0.001). Aura incidence was 
lower in the intervention group (1.7% vs. 
6.7%, p = 0.171). Patients with sufficient 
vitamin D levels had fewer attacks (2.35 
vs. 6.84, p = 0.002). No serious side effects 
were reported, supporting propranolol 
and rosuvastatin as effective migraine 
prevention with adequate vitamin D.

Table 1  Summary characteristics of the included studies highlighting the key findings of RCTs
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Table 2  Baseline characteristics of RCTs including clinical data of migraine (frequency or days)
Study ID Intervention Sam-

ple 
size

Age (Years) 
Mean (SD)

Gender 
(Female) 
N. (%)

Migraine frequency Mean (SD) Total 
adverse 
events (%)

Buettner 2015 
[15]

Simvastatin + Vitamin D3 28 36.3 (18) 27 (96%) MMD = 24.67 (15.23) 2 (7.1%)
Placebo 29 28 (10.13) 25 (86%) MMD = 18.3 (7.01) 6 (20.7%)

Ganji 2021 [25] Atorvastatin + Sodium Valproate 33 39.06 (26.34) 22 (66.6%) MMF = 4.67 (1.05) 10 (30.3%)
Placebo + Sodium Valproate 31 36.8 (23.31) 21 (67.7%) MMF = 4.61 (1.09) 6 (19.4%)

Hesami 2018 
[26]

Atorvastatin 46 33.56 (8.51) 45 (97.8%) MMF = 10.37 (3.25) 15 (32.6%)
Sodium Valproate 36 33.25 (9.91) 34 (94.4%) MMF = 11.14 (2.45) 24 (66.6%)

Mazdeh 2020 
[27]

Propranolol (10 mg twice a day) + Rosuvas‑
tatin (10 mg daily)

60 33.72 (10.16) 56 (93.3%) NA NA

Propranolol (10 mg twice a day) + Placebo 60 36.27 (10.58) 56 (93.3%) NA NA
Medeiros 2008 
[29]

Simvastatin 25 NA 25 (100%) MHD = 26 (3) 3 (9.37%)
Propranolol 29 NA 29 (100%) MHD = 19 (3) 3 (10.7%)

Sherafat 2022 
[28]

Atorvastatin 40 mg + Nortriptyline 25 mg 34 28.44 (7.84) 23 (69.7%) > 3 attacks/month in 21 (61.76%) 
of patients

NA

Placebo + Nortriptyline 25 mg 34 30.76 (5.78) 22 (64.7%) > 3 attacks/month in 28 (82.6%) of 
patients.

NA

MMD (Monthly Migraine Days), MMF (Monthly Migraine Frequency), MHD (Monthly Headache Days), NA (Not Available)

Study ID Country Study groups 
(intervention 
(Dose)/Control 
(Dose)

N Inclusion criteria Exclusion criteria Treatment 
duration

Conclusion or key findings

Medeiros 
2008 [29]

Brazil Intervention: 
Simvastatin 
(20 mg)
Control: Pro‑
pranolol (60 mg).

54 women aged 
18 to 45, (> 6/
month) migraine 
attacks, additionally 
other group with 
hyperlipidemia

NA 90 days 
(about 13 
weeks)

Simvastatin and propranolol reduced 
migraine frequency in the last 30 days 
of treatment compared to baseline 
(P < 0.05), with consistent decreases 
observed each month throughout the 
trial. Additionally, 88% of participants 
taking propranolol and 83% of those 
taking simvastatin experienced over a 
50% reduction in migraine frequency, 
however, the difference in responder 
rates was not statistically significant 
(P = 0.7112), with no significant differ-
ence in adverse effects.

Sherafat 
2022 [28]

Iran Intervention: 
Atorvastatin 
40 mg + Nortrip‑
tyline 25 mg
Control: Pla‑
cebo + Nortripty‑
line 25 mg

68 Aged 18–65 years, 
with migraine 
based on the IHS 
criteria, (> 4/month) 
migraine attacks, 
(> 2/month) severe 
migraine attacks 
affecting quality 
of life, Vitamin D3 
serum level > 30 
ng/ml, no mood 
disorders, and basic 
educational attain‑
ment to respond to 
questionnaires.

History of liver dis‑
ease, severe renal 
failure (GFR < 30 
mL/min), atorvas‑
tatin use for other 
conditions, ator‑
vastatin allergy, 
chronic head‑
aches (15 + at‑
tacks/month), 
recent herbal or 
magnesium use, 
pregnancy or 
lactation, and low 
medication adher‑
ence (MMAS-8 
score < 4).

24 weeks By week 24, atorvastatin combined with 
nortriptyline reduced migraine attacks 
by 46% compared to nortriptyline alone 
(OR = 0.54, P = 0.007). Fewer than one 
attack per month was reported by 85.5% 
of atorvastatin patients vs. 47% in the 
control group (P = 0.004). Quality-of-life 
scores improved significantly (18.97 vs. 
17.47), with no difference in headache 
intensity. Statins may effectively prevent 
migraines with mild side effects.

USA (United states of America), ICHD-III (International Classification of Headache Disorders, 3rd edition), IU (International Units), SD (Standard Deviation), VAS (Visual 
Analog Scale), OR (Odds Ratio), GFR (Glomerular Filtration Rate), MMAS-8 (Morisky Medication Adherence Scale-8), QOL (Quality of Life), NA (Not Applicable)

Table 1  (continued) 
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29]. The latter two studies raised some concerns about 
possible biases in the randomization process [15, 27], for 
further information see Fig. 2. We applied NOS to obser-
vational studies; all studies were found to be of high qual-
ity except Buettner 2014 was of moderate quality due to 
self-reported data [14]. Score of each study is shown in 
Table 3.

Analysis of observational studies
Association of HMGCR gene activation with risk of migraine
Studies that examined the association between the 
HMGCR genes and migraine have all involved overlap-
ping datasets in their analyses. Given the risk of multiple 
pooling of the same group of patients multiple times, no 
meta-analysis could be provided for this outcome. Hong 

et al. found that activation of HMGCR genes was associ-
ated with an increased risk of migraine (OR = 1.46, 95% 
CI= [1.03, 2.07]; P = 0.035), migraine with aura (OR = 2.03, 
95% CI = [1.2, 3.42]; P = 0.008), but not migraine with-
out aura (OR = 1.04, 95% CI = [0.6, 1.81]; P = 0.876) [16]. 
Qu et al. used data from the International Headache 
Genetics Consortium (IHGC) and revealed that expres-
sion of HMGCR was associated with an increased risk 
of migraines (OR = 1.55, 95%CI= [1.30, 1.84]; P < 0.001). 
They corroborated their findings by doing an analy-
sis of the IHGC and FinnGen datasets, showing similar 
results (OR = 1.38, 95%CI= [1.14, 1.67]; P < 0.001) [13]. 
Finally, Zhang et al. found that HMGCR was significantly 
associated with the high risk of migraine in both blood 

Fig. 2  Results of risk of bias assessment by RoB2
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(OR = 1.38, 95%CI= [1.21, 1.57]; P < 0.001) and brain 
(OR = 2.02, 95%CI= [1.49, 2.74]; P < 0.001) [31].

Association of statins or HMGCR inhibition with risk of 
migraine
Three studies have explored the relationship between 
statins or HMGCR inhibition and the risk of migraine. 
However, due to their different study designs, we could 
not conduct a meta-analysis on them. In 2014, Buettner 
et al. conducted a cross-sectional study examining the 
relationship between statin use with vitamin D status 
and severe headaches or migraine [14]. Their analysis 
of 5938 US participants demonstrated that statin use 
was significantly associated with a lower prevalence of 
severe headache or migraine (OR = 0.67, 95% CI= [0.46, 
0.98]; P = 0.04), especially in patients who had serum 
25-hydroxy vitamin D > 57 nmol/l (OR = 0.48, 95% CI= 
[0.32, 0.71]; P < 0.001) [14]. The MR study by Bi et al. sup-
ported these findings by revealing that HMGCR inhibi-
tion had a significant association with a lower incidence 
of migraine in the FinnGen dataset (OR = 0.64, 95% CI= 
[0.46, 0.88]; P < 0.001) and amarginal non-signficant asso-
ciation in the Choquet dataset (OR = 0.78, 95% CI= [0.60, 
1.01]; P = 0.06) [30]. A combined analysis of these data-
sets showed a reduced overall migraine risk (OR = 0.73, 
95% CI= [0.60, 0.89]; P < 0.001) [30]. Recently, a 2024 
Nationwide Korean Cohort by Kang et al. further con-
firmed that statin use was associated with a reduced like-
lihood of overall migraines (OR = 0.93, 95% CI= [0.91, 
0.95]; P < 0.001), particularly for migraines with aura 
(OR = 0.75, 95% CI = [0.65, 0.86]; P < 0.001) and without 
aura (OR = 0.94, 95% CI = [0.92, 0.96]; P < 0.001) [33].

Effect of statin on triptan use for migraine
According to A nationwide registry-based cohort study 
by Bjørk 2023, Out of 6096 Statin-using patients, 56.71% 
had a 30% decrease in triptan consumption over the first 
ninety days of therapy, with propensity score-adjusted 
odds ratios of 1.28, 95%CI= [1.19, 1.38) [32].

Analysis of clinical trials
Statins efficacy on migraine frequency and days
Two RCTs reported MMF with 93 statin users and 91 
controls. The findings demonstrated that statins were sig-
nificantly associated with reduced MMF versus placebo 

(MD= -3.16, 95%CI= [-5.79, -0.53]; p = 0.02), albeit with 
substantial heterogeneity (P = 0.03; I2 = 79%) due to the 
variability of treatment regimens in each study (Fig.  3). 
This aligns with the results reported by Sherafat in 
2022 which indicated that the combination of atorv-
astatin and nortriptyline reduced the risk of headache 
attacks by 46% when compared to nortriptyline alone 
(OR = 0.54; 95%CI= [0.34, 0.85]; P = 0.007) [28]. Addition-
ally, Buettner et al. revealed that simvastatin plus vita-
min D significantly reduced MMD compared to placebo 
in adults with episodic migraines (MD = -11.33, 95%CI= 
[-14.20, -8.46]; P < 0.001) [15].

Statins compared to other drugs
In 2008, Medeiros et al. compared Simvastatin 20 mg to 
Propranolol 60 mg and found that both simvastatin and 
propranolol significantly reduced MMD in women with 
Simvastatin showing greater decrease (MD = -20.65, 
95%CI= [-21.06, -20.24], P < 0.001) than propranolol 
(MD = -14.85, 95%CI= [-15.44, -14.26], P < 0.001). In 
addition to reducing the frequency of migraine attacks, 
88% of participants taking propranolol and 83% of those 
taking simvastatin experienced over a 50% reduction in 
migraine frequency [29]. Lately, in 2018, Hesami et al. 
randomized 46 patients to Atorvastatin (40 mg daily) and 
36 patients to Sodium Valproate (500 mg daily) and found 
the numbers of patients with more than 50% reduction in 
the number of attacks (responder rate) were 30 (65.2%) 
in atorvastatin group and 26 (72.2%) in sodium valpro-
ate (P = 0.499), and both treatments reduced intensity, 
and duration of migraine attacks with less adverse events 
observed in Atorvastatin group, suggesting that atorvas-
tatin could be a good alternative for migraine prophylaxis 
[26].

Statins safety and tolerability for migraine
The included studies demonstrated that statins main-
tained a favorable safety profile, showing results compa-
rable to those of the control groups. At the same time, the 
event rate of all adverse events for statins was markedly 
less than sodium valproate (32% vs. 66%). However, the 
heterogeneous nature of the arms of the studies included 
in the meta-analysis precluded the conclusion of any sig-
nificant adverse events to compare between the statin 

Fig. 3  Meta-analysis of statins efficacy on monthly migraine frequency
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group and other groups. We also provided a summary of 
all adverse events in Table 2.

Discussion
Our systematic review included 13 studies. Overall, our 
review indicated that statins had a significant associa-
tion with a lower incidence of migraine particularly for 
migraines with aura or especially in patients who had 
serum 25-hydroxy vitamin D > 57 nmol/l. Additionally, 
statins were associated with decreased migraine fre-
quency and triptan usage among migraine patients. RCTs 
included in our analysis suggested that statins might offer 
benefits similar to standard prophylactic treatments with 
a good safety profile, supporting their potential as alter-
native migraine prophylactics.

The direct evidence on the effect of HMGCR inhibi-
tion and risk of migraine was derived from 2 observa-
tional studies and one MR study. Although Buettner et al. 
may be limited by depending on self-reported data, the 
nested-case-control study by Kang et al. provides better 
evidence. Kang et al., not only the only study including 
other than the Western population (Koreans) but also 
shed light on the effect of migraine type and statin use. 
They found a larger effect of statin use on decreasing 
the risk of migraines with aura (OR = 0.75) compared to 
migraines without aura (OR = 0.94) and overall migraine 
risk (OR = 0.92). These effects were consistent among 
participants who were overweight, did not smoke, and 
consumed alcohol infrequently, further suggesting that 
statin effects were not confounding for these established 
risk factors. Furthermore, they found Lipophilic statins 
significantly reduced both types of migraines (with a 
preference for aura) while hydrophilic statins only sig-
nificantly reduced the risk of migraines without aura. 
Migraines with aura are linked to decreased cerebral 
blood flow and cortical depolarization, which trigger 
inflammation and vessel dilation [34]. Statins, especially 
lipophilic statins (e.g., lovastatin, simvastatin) inhibit key 
compounds needed for brain function, such as choles-
terol and coenzyme Q, and exhibit anti-inflammatory, 
antioxidative, and vasomotor regulatory properties [35]. 
This may explain the lower risk found for migraines with 
aura compared to those without aura. Add to that the 
weak ability of hydrophilic statins to cross the blood-
brain barrier, lipophilic statins present a better candidate 
for reducing the risk of migraines with aura more effec-
tively than hydrophilic statins, which is further supported 
by clinical trials.

The interest in lipid-lowering agents, especially statins, 
has risen from observing the association between lipids 
and migraine. In 2021, Liampas et al. conducted a meta-
analysis of serum lipids in migraine that found increased 
total low-density lipoprotein cholesterol (LDL-C), total 
cholesterol (TC), and triglycerides (TG) [36]. MR studies 

provided a groundbreaking discovery in research by its 
ability to infer causal relationships between various drug 
targets and migraine compared to the correlated nature 
of observational studies. Hong et al. found no significant 
association between SNPs related to LDL-C, TC, or TG 
and migraine. However, they discovered that genotypes 
of HMGCR related to higher LDL-C levels were associ-
ated with migraine risk. This was further elaborated by 
the findings of Qu et al., based on datasets of the IHGC 
and FinnGen, who found that HMGCR expression 
increased migraine risk. Furthermore, they concluded 
that the association between levels of LDL-C, TC, and 
TG was only evident through adjustments by HMGCR 
and not directly linked to these lipids. These findings 
further support the findings of studies on statin use or 
HMGCR inhibition and the risk of migraines.

Since the first case report in 2006 of using statins for 
successful migraine treatment [37], several trials have 
been conducted to explore the specific efficacy of statins 
in migraine prophylaxis. Most of the included stud-
ies used lipophilic statins (Simvastatin or Atorvastatin) 
except for Mazdeh et al. who used a hydrophilic statin 
(Rosuvastatin) for migraine prophylaxis. The preference 
for lipophilic statins has been explained before. Mazdeh 
found a significant decrease in several migraine attacks 
for the combination of propranolol and rosuvastatin 
compared to propranolol alone. However, this was only 
a 4-week trial compared to longer trials on lipophilic 
statins (ranging from 8 to 24 weeks). Statins showed sig-
nificant effects augmenting migraine medications (pro-
pranolol, sodium valproate, and Nortriptyline) in all of 
the included studies [25, 27, 28], and even more, showed 
comparable efficacy when used alone in migraine pro-
phylaxis compared to propranolol and sodium valpro-
ate [26, 29]. Sherafat et al. conducted the longest trial 
and found that adding statins to nortriptyline improved 
not only MMD but also the overall quality of time in 24 
weeks of follow-up. Different doses of statins were used 
in the included studies (ranging between 10 and 40 mg) 
and future trials are still needed to determine the opti-
mum dose of statins in migraine.

The use of statins showed an overall good safety pro-
file across studies. Hesami et al. found that Atorvastatin 
had similar prophylaxis efficacy with Sodium Valproate 
with significantly fewer adverse effects [26]. According 
to a recent meta-analysis, migraine patients have higher 
risks of cardiovascular and cerebrovascular events like 
stroke and myocardial infarction [38]. On the other hand, 
Statins have shown protective effects against major coro-
nary events and stroke incidence [39, 40]. The potential 
benefits of statins in preventing migraines for patients 
with a high risk of cardiovascular events are clini-
cally noteworthy. However, the known adverse events 
of statins shall be taken into consideration when we 
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consider statins as prophylaxis for migraine including its 
effects on muscles and increased liver enzymes.

This study had several limitations. First, the number of 
included trials and patients in them limited the ability to 
conduct in-depth meta-analysis. Second, the criteria for 
assessing migraine relief differed among studies. Third, 
many of the observational studies only included popula-
tions of European ancestry, which restricts the generaliz-
ability of their findings, except for the Kang et al. study 
that was based on the Korean population. MR analysis 
has high statistical power to discover genetic associa-
tions, but it is limited by the data from which it gets its 
conclusions. Fourth, Self-reported data in the Buettner 
et al. study shall be taken into consideration, while 
Kang et al. used databases for their nested-case-control 
study. Finally, the meta-analysis of the efficacy of adjunc-
tive statin use to standard treatment may be limited by 
including only two studies adding statin to different treat-
ments. However, till the proven scientific use of statins in 
migraine prophylaxis, exploring the efficacy of adjunctive 
statins rather than statins as stand-alone treatment may 
be for the best of the patients.

Future large RCTs are needed to further affirm the effi-
cacy of statins in migraine prophylaxis. Future RCTs shall 
investigate not only the augmenting effects of add-on 
statins to traditional migraine drugs but also the effects of 
statins as stand-alone prophylaxis with migraine, which 
is promising based on our findings. Long follow-up time 
and different measurements of efficacy are needed to 
explore possible long-term adverse events and enable 
further meta-analysis. Further observational studies on 
diverse populations are needed to confirm the associa-
tion between statin use and reduced risk of migraine. MR 
studies shall take into consideration the use of different 
datasets from already used datasets in previous studies to 
avoid overlapping and duplication of findings.

Conclusion
Statins, already well-established for cardiovascular ben-
efits, emerge as a promising dual-purpose therapy, par-
ticularly for patients with overlapping cardiovascular 
and neurological conditions. This systematic review 
highlights statins as a promising option for migraine 
prevention, with observational studies linking HMGCR 
gene expression to increased migraine risk, suggest-
ing a potential genetic target for future therapies. Ran-
domized controlled trials demonstrate statins’ ability to 
reduce migraine frequency and severity, offering com-
parable efficacy to standard treatments with a favorable 
safety profile. However, the limited number of trials, 
inconsistent study designs, and varying outcome mea-
sures underscore the need for robust evidence. Larger, 
well-structured RCTs with extended follow-up periods 
are essential to confirm statins’ efficacy, refine dosing 

strategies, and establish their role as standalone prophy-
lactic agents.
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