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1. Introduction

The pathogenesis of migraine involves a complex interplay
between genetic, environmental, and hormonal factors.
There is compelling evidence that impaired brain energy
metabolism due to mitochondrial dysfunction and oxidative
stress has a prominent role (Del Moro et al., 2022; Gross
et al., 2019) together with abnormal, energy-demanding
processing of sensory information and hyperresponsivity
(de Tommaso et al., 2014; Gantenbein et al., 2013;
Goadsby, Holland, et al., 2017).

Although their precise mode of action is not fully un-
derstood, classical drug treatments for migraine prevention
such as beta-blockers, calcium antagonists, antidepressants,
and anticonvulsants are thought to normalize information
processing and brain excitability (Diener et al., 1989;
Noordhout et al., 1987; Sandor et al., 2000). Their efficacy/
adverse effect profile is rather unfavorable so that treatment
adherence and persistence are quite low (Hepp et al., 2014).

Drugs blocking CGRP neurotransmission are thought to
exert their action in the peripheral trigeminovascular sys-
tem, the final common pathway of migraine attack patho-
physiology. As such, they act as long-lasting (the
monoclonal antibodies) or daily-administered (the gepants)
acute treatments without obvious influence on the central
nervous system causes of migraine (Ferrari et al., 2022).
CGRP-blocking drugs have an excellent efficacy/adverse
effect profile, but they are expensive and inefficient in £
40%—60% of migraine patients (Schoenen et al., 2020).

The metabolic facets of migraine pathogenesis can be
targeted by so-called metabolic treatments, among which
are nutraceuticals and diets. The term ‘“nutraceutical” is
derived from the words “nutrition” and “pharmaceutical,”
and refers to food or food products that provide health
benefits beyond their basic nutritional value. As nutra-
ceuticals are unregulated in most countries, it is often stated
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that they are promoted by marketing hype rather than by
clinical evidence (Aronson, 2017). Nutraceuticals are
indeed less rigorously and extensively studied than phar-
maceuticals and, although they have undergone numerous
randomized controlled trials (RCTs), many of them
investigator-initiated, the relatively small sample sizes and
short treatment durations tend to decrease their level of
evidence in scientific literature grading systems. While
nutraceuticals are chiefly “metabolic enhancers” (i.e., sub-
stances that when supplemented improve or optimize en-
ergy metabolism), ‘“‘substrate-based treatments” are
therapies aiming to provide the most adequate or an alter-
native source of fuel for energetic processes. Ketone
bodies, be they provided by ketogenic diets or dietary
supplements, are part of the latter. We will review here the
available evidence for both nutritional strategies.

2. Metabolic enhancers
2.1 Riboflavin and its combinations
2.1.1 Riboflavin

Riboflavin (vitamin B2) is the precursor of flavin mono-
nucleotide (FMN) and flavin adenine dinucleotide (FAD),
which are required for the activity of flavoenzymes
involved in complexes I and II of the electron transport
chain. It is fundamental for the adequate functioning of
electron carriers in the inner membrane of the mitochondria
and has neuroprotective properties, as it mitigates oxidative
stress, neuroinflammation, and glutamate excitotoxicity
(Gross et al., 2019).

The first proof-of-concept trial of riboflavin in migraine
prevention (Schoenen et al., 1994) was prompted by the
MR spectroscopy findings of a reduced phosphorylation
potential in the brain of migraine patients (Barbiroli et al.,
1992; Welch et al., 1989) and the known beneficial effect of
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high dose riboflavin in certain mitochondriopathies (Penn
et al., 1992; Scholte et al., 1995). Its encouraging high
50%-responder rate of 80% led to the investigator-initiated,
pivotal RCT (Schoenen et al., 1998) showing that 53% of
episodic migraine patients treated for 3 months with ribo-
flavin 400 mg qd had a >50% decrease in monthly
migraine days compared to 15% of those receiving placebo,
i.e., a number-needed-to treat of 3. Adverse events occurred
in two patients treated with riboflavin (diarrhea and poly-
uria), and in one patient with placebo (abdominal pain). No
other placebo-controlled trial was performed in adult
migraine patients, most likely because of the lack of com-
mercial interest from the pharma industry Table 35.1.
Only one randomized, single-blinded study comparing
riboflavin 400 mg/day and sodium valproate 500 mg/day is
available (Rahimdel et al., 2015). No significant difference
in efficacy was found between the two drugs, but adverse
effects were much more frequent with valproate. Four
open-label studies confirmed riboflavin’s effectiveness in
the prevention of adult episodic migraine prevention, and in
two of them, it was not inferior to a beta-blocker (Boehnke
et al., 2004; Nambiar et al., 2011; Sandor et al., 2000).
By contrast, five randomized, double-blinded, placebo-
controlled trials were performed in childhood and adoles-
cence migraine, in addition to three retrospective surveys
Table 35.1, the superior safety and tolerability profile of
riboflavin over classical preventives being an incentive for
its use in these younger patients with migraine. Two out of
the 5 RCT found that riboflavin (200 or 400 mg/day) was
significantly superior to placebo with a 50% responder rate
up to 80% (Athaillah et al., 2012; Talebian et al., 2018). In
the three other RCT there was no significant difference in
outcome between riboflavin and placebo. In 2 trials, how-
ever, a low dose of 50 mg/day was used, and many
included children who had headaches phenotypically
resembling tension-type headache that decreased in fre-
quency after riboflavin (Bruijn et al., 2010; Nambiar et al.,
2011). The third trial used a medium dose of 200 mg/day
and found an unprecedented placebo response of 67%,
compared to 44% for riboflavin (MacLennan et al., 2008).
In a pharmacogenetic study assessing mitochondrial
DNA haplogroups, responders to riboflavin therapy
belonged in the majority to the nonH haplogroups. In
contrast, nonresponders carried the H haplotype that is
highly prevalent in Western Europe and known to provide
superior OXPHOS performance (Di Lorenzo et al., 2009).
Overall, several systematic (Chen et al., 2022; Thomp-
son & Saluja, 2017) or narrative reviews (Yamanaka et al.,
2021) confirm the effectiveness of riboflavin in migraine
prophylaxis. Considering that, in addition, it is well toler-
ated, nonteratogenic, and rather inexpensive, it can be
considered as first-line preventive treatment in many
migraine patients. Noteworthy, all published trials of
riboflavin were performed in episodic migraine. The only

exception is the one by Das & Qubty (2021), which
comprised a majority of children or adolescents with
chronic migraine and showed a >50% responder rate of
62%. The possible usefulness of riboflavin in chronic
migraine remains therefore to be proven.

Meanwhile, the following quality of evidence ratings
for riboflavin can be found in the guidelines for prophylaxis
of migraine headache by four scientific societies: American
Headache Society-American Academy of Neurology (Sil-
berstein et al., 2012): level B (probably effective); Cana-
dian Headache Society (Canadian Headache Society
Guideline for Migraine Prophylaxis, 2012): strong recom-
mendation, low-quality evidence; European Federation of
Neurological Societies (Evers et al., 2009) level C, drug of
third choice; French Headache Society (Ducros et al.,
2021): moderate recommendation.

2.1.2 Riboflavin combinations

The reduction in migraine days achieved with a combina-
tion of riboflavin, magnesium 600 mg, and coenzyme Q10
150 mg did not reach statistical significance in one study
(Gaul et al., 2015). Still, all secondary outcomes (i.e., pain
intensity, headache impact, and patients’ satisfaction) were
significantly improved. For instance, patient-reported out-
comes of “very good or good” were almost twice as
frequent for the combination (47.3%) compared to placebo
(24.6%) (Gaul et al., 2015). In another study, the effects of
riboflavin combined with magnesium 300 mg and feverfew
100 mg were compared to a low dose of riboflavin (Maizels
et al., 2004). A possible explanation for the poor effect of
the combinations could be a decrease in riboflavin’s
bioavailability because of an interaction with the other
components, especially with magnesium salts (Feldman &
Hedrick, 1983).

2.2 Combination of B vitamins

Three double-blind, placebo-controlled, RCTs of a combi-
nation of vitamins B9 (folic acid) 1 or 2 mg/day, B6
(pyridoxine) 25 mg/day and B12 (cyanocobalamin) 400
ug/day were conducted in female migraine with aura pa-
tients by the same Australian group. Interestingly, the two
trials of a combination containing 2 mg of B9 found a
significant decrease of attack frequency, severity and
disability over placebo (Lea et al., 2009; Menon et al.,
2012) as well as a decrease in blood homocysteine (Menon
et al., 2012) while there was no effect when the same doses
of B6 and B12 were combined with 1 mg of B9 (Menon
et al., 2016). A recent RCT of a low-dose multi-vitamin B
complex in children with migraine reported a significant
decrease in headache frequency after 6 months (Sadegh-
vand et al., 2023); in this trial, however, monthly headache
days decreased by only —3 days (—1 day for placebo) from
an average of 14 days/month at baseline, questioning its
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TABLE 35.1 Vitamins for migraine prevention.

Authors

Riboflavin (B2)
Adults

Schoenen et al. (1994)

Schoenen et al. (1998)

Sandor et al. (2000)

Boehnke et al. (2004)

Di Lorenzo et al.

(2009)

Nambiar et al. (2011)

Rahimdel et al. (2015)

Trial protocol

Open label, uncontrolled
400 mg/day

RCT double-blind, parallel,
3 months, 400 mg/day versus
placebo

Open label, comparative,

4 months, 400 mg/day versus
bisoprolol 10 mg/day or meto-
prolol 200 mg/day

Open-label, 6 months 400 mg/
day

Open-label, 4 months, 400 mg/
day

Open-label, randomized,
comparative, 3 months, 100 mg/
day versus propranolol

RCT single-blind, comparative,
3 months, 400 mg/day versus so-
dium valproate 500 mg/day

Children and/or adolescents

MacLennan et al.
(2008)

Condo et al. (2009)

Nambiar et al. (2011)

Bruijn et al. (2010)

Athaillah et al. (2012)

Talebian et al. (2018)

Yamanaka et al. (2021)

RCT double-blind, 3 months
200 mg/day

Retrospective, 3, 4, 6 months,
200 or 400 mg/day

RCT double-blind, cross-over
(2 x 16 weeks), 50 mg/day
versus placebo

RCT double-blind, cross-over,
2 x 16 weeks 50 mg/day

RCT double-blind, 3 months,
400 mg/day

RCT double-blind, 3 months 100
versus 200 mg versus placebo

Retrospective, 3 months 10 or
40 mg/day
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Participants

49 migraine without aura (MO)
(23 +ASA 75 mg/day)

52 MO, 3 migraine with aura
(MA)

26 MO (15 B2; 11 beta-blockers)

17 MO, 6 MA

64 MO (>MA) (subanalyzed ac-
cording to mtDNA haplotypes)

100 MO

90 MO

48 MO (>MA) children

41 MO (>MA) children &
adolescents

42 MO children (14 with TTH
phenotype)

42 MO children

98 MO adolescents

90 MO (>MA) children

68 MO (>MA) children

Migraine Pain Management, First Edition, 2025, 555—569

Outcome

| attack frequency (—5.8 days/
month)

>50% responders migraine days:
59% B215% placebo

No difference between
groups:>50% responders attack
frequency: 53% B255% beta-
blocker

| migraine days & abortive drug
intake

| attack frequency-1.9/month
globally-2.18/month if mtDNA
haplotypes nonH-1.49/month if
mtDNA haplotype H

| attack frequency (—1.2 days/
month) no difference between
groups side effects

B2 < propranolol

B2 = valproate in | attack fre-
quency, duration & intensity side
effects: B2 < valproate

No difference with placebo.
>50% responders attack fre-
quency: 67% placebo 44%
riboflavin

| attack frequency >50% re-
sponders attack frequency:
68.4%

No difference in migraine attack
frequency | TTH

No difference with placebo |
TTH

| headache frequency versus
placebo (—2.7 day/month) |
attack duration | PedMIDAS

>50% responders monthly head-
ache frequency: 20% 100 mg
80% 200 mg 13.3% placebo

>50% responders monthly head-
ache frequency: 36.7%. Comor-
bid tension-type headache in
nonresponders.

Continued
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TABLE 35.1 Vitamins for migraine prevention.—cont'd

Authors
Das & Qubty (2021)

Riboflavin combinations

Maizels et al. (2004)

Gaul et al. (2015)

Vitamin B combinations

Lea et al. (2009)

Menon et al. (2012)

Menon et al. (2016)

Sadeghvand et al.
(2023)

Vitamin D3
Ghorbani et al. (2020)

Fallah et al. (2020)

Elmala et al. (2022)

Trial protocol

Retrospective, 2—4 months,
100 mg/day (weight 20—40 kg)
200 mg/day (weight >40 kg)

RCT, double-blind, 3 months,
comparative, B2 25 mg (“pla-
cebo”) versus B2 400 mg + Mg
300 mg + feverfew 100 mg

RCT, double-blind, 3 months,
comparative, B2 400 mg, Mg
600 mg, Q10 150 mg versus
placebo

RCT double-blind, 6 months, B9
2 mg, B6 25 mg, B12 400 pg
versus placebo

RCT double-blind, 6 months, B9
2 mg, B6 25 mg, B12 400 pg
versus placebo

RCT double-blind, 6 months, B9
1 mg, B6 25 mg, B12 400 ug
versus placebo

RCT double-blind, 6 months,
low-dose complex of B1, B2, B3,
B5, B6, B7, B9, B12 versus
placebo

RCT double-blind, 3 months
2000 IU (50 u g)/day versus
placebo

RCT single-blind, 2 months to
piramate 2 mg/kg/day + 500,000
IU/week versus topiramate

RCT double-blind, 4 months top-
iramate + 5000 |U/day versus
topiramate

Participants

25 chronic MO (1 MA), 10
episodic MO, 2 NDPH, 2
chronic PTH, children &
adolescents

49 MO (>MA) (25 B2 25 mg; 24
combination)

112 MO (>MA) (55 combina-
tion; 57 placebo)

52 MA

206 female MA

300 female MA

90 MO (>MA), children, high
frequency (mean: 14—15 days/
month) (45 B complex, 45
placebo)

74 MO (38 Vit D; 36 placebo)

57 MO (>MA\) children (29 top-
iramate 4+ D3; 28 topiramate)

56 MA (>MO) children (28 per
group)

Outcome

>50% responders monthly head-
ache frequency: 61.9%. | head-
ache intensity | headache
duration

No significant difference be-
tween the 2 groups. >50% re-
sponders monthly migraine days:
40% B2 25 mg 33%
combination

No significant difference in | of
migraine days | maximal pain/
migraine day (—0.24 vs. —0.06)
PROM “very good & good”:
47.3% combination 24.6%
placebo

| attack frequency, severity &
disability

Improvement versus placebo |
blood homocysteine (varying
with MTHFR & MTRR
polymorphisms)

No significant difference be-
tween the 2 groups

| headache frequency: 3 days/
month B complex-1 day/month
placebo | blood homocysteine

—2.9 headache days/month (vs.
—0.14 placebo) —3.06 attacks/
month (vs. —0.36 placebo) |
iNOS & IL-6 serum levels versus
placebo

>50% responders monthly head-
ache frequency: 75.9% top-
iramate 4+ D360.7% topiramate

>50% responders monthly head-
ache frequency: 76.13% top-
iramate 4+ D353.5% topiramate

, statistically significant decrease; B2, riboflavin; B9, folic acid; B12, cyanocobalamine; MA, migraine with aura; MO, migraine without aura; MTHFR,
methylenetetrahydrofolate reductase; MTRR, methionine synthase reductase; NDPH, new daily persistent headache; PTH, posttraumatic headache; RCT,

randomized controlled trial; TTH, tension-type headache.

clinical relevance. Along the same line, a large population-
based survey showed a negative correlation between
migraine and dietary intake of vitamins B6 and B9 (Tian
et al., 2024).

Given that migraine with aura is an independent risk
factor for ischemic stroke in women (Kurth et al., 2020),
which can be aggravated by the high prevalence of meta-
bolic syndrome (Streel et al., 2017) and thrombophilic

Migraine Pain Management, First Edition, 2025, 555—569



alterations (Cavestro et al., 2021) including MTHFR
polymorphism with hyperhomocysteinemia (Liampas et al.,
2020; Rubino et al., 2009), adding 2 mg of folic acid to
riboflavin for migraine prophylaxis could be a worthwhile,
unexplored strategy.

Another B vitamin, niacin (B3) has been studied in
migraine prevention without conclusive results. The finding
that dietary intake of niacin was inversely associated with
migraine prevalence in a large American population sample
of the National Health and Nutrition Examination Survey
(NHANES) (Liu et al., 2023) could be an incentive for
further trials of niacin supplementation in migraine, which,
however, must be tempered considering the recent finding
that niacin metabolites promote vascular inflammation and
contribute to cardiovascular risk (Liu et al., 2022).

2.3 Vitamin D3

Vitamin D3 (or cholecalciferol) is synthesized in the lower
layers of the epidermis through a photochemical reaction
with Ultraviolet B radiation. Cholecalciferol is converted in
the liver to calcifediol (25-hydroxycholecalciferol), which
is further hydroxylated in the kidneys to form calcitriol
(1,25-dihydroxycholecalciferol), the biologically active
form of vitamin D. Besides its role in bone metabolism and
regulation of concentrations of calcium and phosphate,
vitamin D has antiinflammatory and antioxidant properties
that could be beneficial in migraine.

Three RCTs have been performed with vitamin D3
(2000 IU/day to 500,000 IU/week), one in adults against
placebo (2000 IU/day) (Ghorbani et al., 2020), two others
in children as an add-on treatment to topiramate (500,000
IU/week and 5000 IU/day) (Fallah et al., 2020; Kotb
Elmala et al., 2022). All three trials reported a superior
beneficial effect of vitamin D3 over placebo or topiramate
alone respectively. The absolute gain in 50% responders for
headache frequency by adding vitamin D3 to topiramate
was 15.2% (NNT: 7) and 22.6% (NNT: 4). In Elmala
et al.’s trial, in which the greatest effect size was observed,
most children had migraine with aura.

2.4 Coenzyme Q10 (ubiquinone)

Coenzyme-Q10 is a mobile component of the electron
transport chain, which transfers electrons to the respiratory
complex III. It also plays a key role in several redox
chemical reactions (Blanco & Blanco, 2017). When first
tested as a migraine preventive agent in an open-label trial,
61.3% of patients who completed the study observed a 50%
or larger reduction in the number of migraine days per
month. In detail, by the end of the trial, mean monthly
migraine days had decreased from 7.34 at baseline to 2.95
(P < 0.01) (Rozen et al., 2002). Soon after this open-label
study was published, the prophylactic effects of Coenzyme-
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Q10 were evaluated in a double-blind, randomized,
placebo-controlled, trial. In that trial, participants were
allocated to receive either 300 mg/day of Coenzyme-Q in a
liquid suspension or placebo. Significant reductions in the
number of migraine attacks and days with nausea/vomiting
were observed, and the >50% responder rate was much
higher in patients receiving Coenzyme-Q (Sandor et al.,
2005). More recently, another randomized controlled trial
evaluating the effects of Coenzyme-Q in migraine was
carried out. This study included only females, who received
a higher dose (400 mg) compared to previous trials. Results
showed significant benefits in attack frequency, severity,
and duration, associated with better scores in patients re-
ported outcome measures (Dahri et al., 2017). In addition,
important decreases in CGRP and TNF-a blood levels were
observed. Notably, Coenzyme-Q10 tolerance was excellent
in all the studies mentioned above.

Coenzyme Q has also proven useful as an add-on
therapy in adults (Shoeibi et al., 2017), and an open-label
trial in a pediatric population showed positive results con-
cerning attack frequency and disability (Hershey et al.,
2007). Similar positive effects in children were also
observed in a randomized placebo-controlled cross-over
trial during weeks one-to-four, although these benefits
were less important at 8 months (Slater et al., 2011).

2.5 Alpha-lipoic acid

Alpha-lipoic acid (ALA), or thioctic acid, is a cofactor of
several enzymes involved in the Krebs cycle including the
pyruvate dehydrogenase complex. A placebo-controlled
trial dedicated to evaluating the efficacy of 600 mg of
thioctic acid for migraine prevention had to be prematurely
stopped due to slow recruitment (Magis et al., 2007).
Although underpowered, within-group analyses showed
significant improvement in attack frequency and severity in
patients treated with thioctic acid for 3 months, but not in
those taking placebo (Magis et al., 2007). In addition, two
open-label trials, one in patients with insulin resistance
(Cavestro et al., 2018) and one as an add-on therapy to
topiramate (Ali et al., 2010) have shown positive results. In
a recent randomized placebo-controlled trial on 92 patients
suffering from episodic migraine, 300 mg ALA bid
significantly decreased headache frequency, intensity and
headache impact test-6 (HIT-6) compared to placebo, and
also decreased serum levels of lactate and vascular cell
adhesion molecule-1 (Kelishadi et al., 2022).

2.6 Magnesium

Magnesium is a mineral that plays a double role in con-
trolling the energetic supply/demand equilibrium. Acting as
a cofactor to various enzymes of both glycolytic pathways
and the Krebs cycle, magnesium facilitates ATP production
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and thus increases energetic supplies for neurons. In par-
allel, by antagonizing the NMDA receptor, it reduces
neural activation which decreases energetic needs (Blanco
& Blanco, 2017). Decreased magnesium levels were found
in erythrocytes of patients with migraine without aura
(Schoenen et al., 1991) and in posterior brain regions in
migraine with aura (Boska et al., 2002).

A variety of magnesium salts and dosages have been
tried for migraine prevention Table 35.2.

Three out of five double-blind RCTs reported a signif-
icant migraine frequency decrease compared to placebo
(Facchinetti et al., 1991; Peikert et al., 1996) or a similar
decrease compared to sodium valproate (Karimi et al.,
2021). In one trial (Pfaffenrath et al., 1996) of an L-aspar-
tate hydrochloride-trihydrate salt of magnesium, there was
no significant advantage over placebo. In children suffering
from high-frequency migraine there was no difference after
4 months in headache frequency decrease over time be-
tween magnesium oxide and placebo (Wang et al., 2003).

A review of preventive migraine treatment with mag-
nesium (Teigen & Boes, 2015) came to the conclusion that
“With such limited evidence, a more advantageous alter-
native to magnesium supplementation, in patients willing to
make lifestyle changes, may be to focus on increasing di-
etary magnesium intake.” This might be an appropriate
suggestion, the more so that data from the National Health
and Nutrition Examination Survey (NHANES) in a large
American population sample, show that overall dietary
magnesium intake is insufficient and inversely related to
migraine (Meng et al., 2021; Slavin et al., 2021).

2.7 -Carnitine

L-Carnitine transports fatty acids into the mitochondria,
accelerating their oxidization, and thus, energy production.
Currently available randomized controlled trials have
shown no significant benefits for patients taking L-Carnitine
alone with respect to placebo (Hagen et al., 2015), but a
significantly positive effect was observed in patients taking
L-Carnitine associated with Coenzyme Q (see below)
(Hajihashemi et al., 2019).

It remains to be confirmed if carnitine supplementation
is able to reduce migraine attacks in patients with carnitine
deficiency, as suggested by one case report (Charleston
et al., 2021).

2.8 Combinations

Various combinations of micronutrients have been studied
for migraine prevention (see Table 35.1), but only one in a
double-blind RCT. In this study, a combination of L-carnitine
(500 mg/day) and coenzyme Q10 (30 mg/day) was found
superior to placebo regarding clinical outcome and decrease
of serum lactate levels (Hajihashemi et al., 2019).

3. Substrate-based treatments
3.1 Diets

As mentioned before, a number of dietary factors could be
associated with migraine occurrence and/or its aggravation.
For instance, low dietary intake of zinc (Zheng et al., 2023),
iron (and low ferritin levels) (Meng et al., 2021) and potas-
sium (Xu et al., 2023) were found to be associated with
migraine prevalence in large population-based studies. It
must be considered, nonetheless, that in these studies the
diagnosis of migraine was simply based on the response to
one question: “During the past 3 months, did you have severe
headaches or migraines”. Similarly, high dietary intake of
sodium (Amer et al., 2014) or high oxidative score (Liu et al.,
2024) and inflammatory potential of diet (Liu et al., 2023)
were more frequently found in people with migraine. It re-
mains to be proven whether dietary interventions targeting
these various aspects are effective in migraine prophylaxis.

The only diet for which there is convincing evidence for
an effect in migraine prevention is the ketogenic diet (KD).
The ketogenic diet, or modified Atkin’s diet, is a high fat,
high protein, very low carbohydrate diet, capable of
inducing ketosis, which is the increase in blood of ace-
toacetate, beta-hydroxybutyrate, and acetone (known as
ketone bodies). These substances can be used as sources of
energy in the central nervous system, particularly upon
neuronal activation (Bélanger et al., 2011). In addition,
ketone bodies seem to reduce cerebral reactivity (Barbanti
et al., 2017; Boison, 2017), making their potential positive
effects on restoration of the energy supply and demand
mismatch twofold.

Several case reports, case series, open label studies and
three RCTs have shown the benefits of KD on migraine
prevention Table 35.3.

In the review of studies published up to 2020 by
(Caminha et al., 2022), 567 migraine patients (86% fe-
males) received either classical KD, modified Atkin’s diet,
very low calorie ketogenic (VLCKD) or nonketogenic diet
(VLCD) or low glycemic index diet (LGID). Altogether, 9
out of 10 publications demonstrated a total or partial
reduction in migraine attacks per month as a result of
treatment with the KD. Overall, 96% of patients had a
significant decrease in migraine frequency, severity and use
of rescue medication with a follow-up of 1—36 months.
Adverse effects comprised GI disturbances, muscle cramps,
fatigue and increased blood cholesterol levels. Since 2021,
six additional trials have been published Table 35.2.
Among them the only randomized controlled, cross-over
trial comparing 3:1 KD and an “antiheadache dietary
pattern” (based on evidence for common dietary-related
migraine triggers) found no difference between the two
interventions (Haslam et al., 2021). All of the remaining
five studies reported a significant benefit with up to 60% of
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TABLE 35.2 Other nutraceuticals for migraine prevention.

Authors

Coenzyme Q10 (CoQ10)

Rozen et al. (2002)

Sandor et al. (2005)

Hershey et al. (2007)

Slater et al. (2011)

Shoeibi et al. (2017)

Dabhri et al. (2017)

Alpha-lipoic acid (ALA)
Magis et al. (2007)

Ali et al. (2010)

Cavestro et al. (2018)

Magnesium (Mg)

Facchinetti et al.
(1991)

Peikert et al. (1996)

Pfaffenrath et al. (1996)

Wang et al. (2003)

Koseoglu et al. (2008)

Trial protocol

Open-label, 3 months, 150 mg/
day

RCT, double-blind, 3 months,
3 x 100 mg/day versus placebo

Open-label, 3 months, 1—3 mg/
kg/day

RCT double-blind, 2 x 112 days,
crossover, 100 mg/day versus
placebo

Open-label, parallel, add-on,
100 mg/day

RCT double-blind, 3 months,
400 mg/day versus placebo

RCT double-blind, 3 months,
600 mg/day versus placebo

Open-label, T month, compara-
tive: ALA 300 mg/day, topira-
mate 50 mg/day or both

Open-label, 6 months, uncon-
trolled, 400 mg b.i.d. as add-on

RCT double-blind, 2 months,
360 mg/day (Mg pyrrolidone car-
boxylic acid) versus placebo

RCT double-blind, 3 months
600 mg/day (triMg dicitrate)
versus placebo

RCT double-blind, 3 months
486 mg/day (Mg-L-aspartate-
hydrochloride-trihydrate) versus
placebo

RCT double-blind, 4 months
84.5 mg/day Mg oxide

RCT double blind, 3 months
600 mg/day Mg citrate versus
placebo

Participants

32M

42 MO

252 paediatric/adolescent MO
with frequent headaches & low
CoQ10 blood levels

120 paediatric/adolescent MO
with frequent headaches

73 MO, 3 MA

38 MO, 7 MA

43 MO, 11 MA

40 MO (16—20 yo)

26 MO, 6 MA patients with insu-
lin resistance

20 menstrual migraine

81 MO (>MA) (43 Mg; 38 plac.)

69 MO (35 Mg; 34 plac.)

86 MO (high frequency) children
(42 Mg; 44 plac.)

30 MO 10 plac.
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Outcome

Reduced attack frequency

Reduced attack frequency, head-
ache days & days-with-nausea

Reduced attack frequency &
disability

No signif. difference between
Q10 and placebo after 32 weeks,
(but signif. reduced from base-
line for Q10 at week 4)

Reduced attack frequency &
severity

Reduced migraine attack fre-
quency, severity & duration
reduced blood CGRP & TNF-a

Reduced attack frequency,
migraine days & severity No sig-
nif. difference for 50% responder
rate

Reduced migraine days in ALA
& topiramate groups, but not in
either alone

Reduced migraine days & abor-
tive migraine medication >50%
responders attack frequency:
69% at 6 months

Reduced number of headache
days & pain ratings reduced pre-
menstrual complaints

>50% responders attack fre-
quency: 52.8% Mg; 34.4% plac
(NS) reduced migraine days:
52.3% Mg; 19.5% plac (signif.)

Monthly migraine days: migraine
duration or intensity: no differ-
ence versus placebo.

No significant difference in
headache frequency decrease
over time between groups.

Reduced migraine attack fre-
quency & severity reduced VEP
P1 amplitude

Continued
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TABLE 35.2 Other nutraceuticals for migraine prevention.—cont’d

Authors
Karimi et al. (2021)

Omega-3
Tseng et al. (2024)

Wang et al. (2024)

Trial protocol

RCT double-blind, cross-over,
2 months, 500 mg Mg oxide
versus 800 mg Na valproate/day

Network meta-analysis of 5 trials
(compared to classical
preventives)

RCT double-blind, 3 months,
EPA 1.8 g/day (fish oil) versus

Participants

63 MO

Total number of patients: 334.
EPA/DHA: between 180/120 mg
and 1200/720 mg

70 MO (+MA) (35 EPA, 35
plac.)

Outcome

Similar significantly reduced
migraine attack frequency, days,
duration, severity & impact on
quality of life

3 negative trials 2 positive trials

Reduced migraine days/month
(EPA: —4.4; plac.: —0.6) reduced

placebo (soybean oil)
L-carnitine

Hagen et al. (2015) RCT triple-blind, 3 months cross-

over, acetyl-L-carnitine 3 g/day
versus placebo

Combinations

Tarighat Esfanjani et al.
(2012)

Open-label, comparative, paral-
lel groups, 3 months, L-carnitine
500 mg/day or Mg oxide

500 mg/day or both as add-onto
routine preventives

49 MO, 8 MA, 15 MO + MA

133 MO (33 Mg, 35 carnit,
30 Mg + carnit, 35 none)

MIDAS

No sign. difference with placebo

Reduced migraine attacks &

days in all groups, but more so
for Mg oxide

Guilbot et al. (2017) Open-label, observational, 68 MO >50% responders migraine days/
100 mg Feverfew+100 mg Coen- month: 75%reduced anxiety,
zyme Q10 + 112,5 mg Mg/day depression improved quality of

life

Hajihashemi et al. RCT double-blind, 2 months, 1- 56 MO Reduced headache severity, fre-

(2019) carnitine 500 mg/day + CoQ10

30 mg/day versus placebo

quency and duration reduced
serum lactate levels

CGRP, calcitonin-gene related peptide; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; M, migraine (not otherwise specified); MA, migraine
with aura; MIDAS, Migraine Disability Assessment Scale; MO, migraine without aura; plac., placebo; TNF-a, tumor necrosis factor alpha; VEP, visual

evoked potentials.

patients with >50% decrease in monthly headache fre-
quency, even in those suffering from refractory chronic
migraine. The clinical benefit seems to be similar for normo
caloric KD and low or very low-calorie KD, and not related
to weight loss. The effect of LGID was equivocal: clearly
inferior to KD in one study (Lovati et al., 2022), equal to
KD in another (Tereshko, Dal Bello, Di Lorenzo, Pez,
et al., 2023).

The available data suggest that ketogenic diets effec-
tively reduce migraine frequency and disability even in the
most disabled migraine patients. Given the variety of di-
etary protocols studied, it is not clear which is the most
effective, what is the optimal lipid/carbohydrate and protein
ratio that should be sought, or whether it should be tailored
individually to each patient. Adverse effects of KD are
nonserious, but long-term adherence to the treatment is
problematic in clinical practice. A multidisciplinary team
seems necessary for its implementation.

In order to increase ketone bodies concentrations in the
blood and brain, an alternative to the ketogenic diet is
exogenous ketones supplementation. This alternative en-
tails a high interest because a strict ketogenic diet might be
hard to follow, but it is hampered by patients’ tolerance.
Unfortunately, results of a recent trial showed no clinical
amelioration with respect to placebo for patients receiving
DL-beta-hydroxybutyrate at an acceptably well tolerated
dose (Putananickal et al., 2022). However, a subanalysis of
this trial showed that a subgroup of patients with increased
blood metabolic and inflammatory markers responded to
the treatment (Gross et al., 2023). Therefore, further studies
evaluating higher doses are needed.

3.2 Omega-3

The Omega-3 polyunsaturated fatty acid eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) may have
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TABLE 35.3 Ketogenesis (diets & beta-hydroxybutyrate) for migraine prevention.

Authors

Trial protocol

Ketogenic diets-systematic review 1928—2019

Caminha et al. (2022)

10 studies: RCT (2); case control
studies (2); cohort study (1); case

reports (5) follow-up: 1—36 months

diets: KD, VLCKD, VLCD, LGID,
modified Atkins

Ketogenic diets-recent studies

Bongiovanni et al.
(2021)

Haslam et al. (2021)

Valente et al. (2022)

Lovati et al. (2022)

(Tereshko, Dal Bello,
Di Lorenzo, Pez, et al.,
2023)

Tereshko, Dal Bello, Di
Lorenzo, Pittino, et al.
(2023)

Exogenous ketones

Putananickal et al.
(2022)

Gross et al. (2023)

Open-label, prospective, 3 months:

normo-caloric KD/LCKD/VLCKD
depending on BMI

Randomized, controlled, cross-
over, 3 months (4- week interven-

tion separated by 4 week-washout):

3:1 KD versus “antiheadache” die-
tary pattern

Retrospective, 3 months: 2:1 KD

Open-label, prospective, 2 months:

2:1 KD or LGID

Open-label, prospective, 3 months:

2.1 KD if BMI <24.9 or LGID if
BMI 25—29.9 or VLCKD if BMI
>25

Retrospective, 3 months: 2:1 KG if
BMI <25 or LGID if BMI >25

Randomized, controlled, cross-
over, 9 months (1 month baseline,
3 months 9 g Ca-Mg-HB or pla-
cebo, 1T month wash-out, 1T month
baseline, 3 months placebo or 9 g
Ca-Mg-HB

Posthoc analysis of Putananickal
et al.

Participants

567 individuals (86% fe-
males) MO (>MA)

23 refractory CM

16 MO (low frequency)

23 (15 MO, 8 MA, 10 CM)
individualized KD

53 refractory CM.Study 1:
13 KD, 8 LGID study 2: 26
KD, 6 LGID

76 MO (45 CM, 31 HFEM)

60 MO (33 CM, 27 HFEM)
39 LGID 21 2:1 KD

41 MO (HFEM) 40 ITT;
32 PP

32 MO PP

Outcome

Reduced migraine frequency/dura-
tion/severity in 96% (n = 544)
reduced BMI in 13% (n=71)
adverse effects: Gl disturbances,
muscle cramps, fatigue or not re-
ported. GRADE evidence: very low
to moderate (1 RCT)

Reduced hours/day with migraine
reduced monthly migraine days
reduced headache intensity

No difference between interven-
tions in migraine frequency, dura-
tion or severity.

>50% responders headache days:
65.2% efficacy not related to
weight loss

Study 1: headache frequency: KD
—6.8 day/month; LGID —1.4 day/
month (effect proportional to keto-
nuria) study 2: >50% responders:
57.7% KD, 16.6% LGID

Reduced attack frequency, duration
and disability after all 3 diets
reduced fatigue

Reduced attack frequency, duration
and disability in all groups >50%
responders migraine days: 67% af-
ter LGID or KD.

No difference between Ca-Mg-HB
(—1.7 migraine days/month) and
placebo (—1.3 migraine days/
month)

9 “responders” (—5.78 migraine
days/month compared to placebo)
metabolic markers (higher hs-CRP
& Hb1Ac, lower Pi) predict
response and tend to normalize af-
ter HB.

2:1 KD, ketogenic diet with fats two x carbs + proteins; BMI, body mass index; CM, chronic migraine; GRADE, Grading of Recommendations Assess-
ment, Development and Evaluation; HB, beta-hydroxybutyrate; HbATc, glycated hemoglobin; HFEM, high frequency episodic migraine; hs-CRP, high-
sensitivity C-reactive protein; ITT, intention-to-treat analysis; LGID, low glycemic index diet; MO, migraine without aura; PP, per protocol analysis; RCT,
randomized controlled trial; VLCKD, very low-calorie KD; VLCnKD, very low-calorie nonketogenic diet.

Migraine Pain Management, First Edition, 2025, 555—569



564 PART | V Alternative management (non-pharmacological options)

TABLE 35.4 Comparative efficacy/adverse effect profiles of preventive treatments for episodic migraine.

Number-needed-to treat (50%

Number-needed-to-

Drugs responders) harm
Anticonvulsants

Propranolol (160 mg/day) (Diener et al., 2004) 5 11

Topiramate (100 mg/g) (Diener et al., 2004) 7 7

Valproate (Shamliyan et al., 2013) 4 7

Metabolic treatments

Riboflavin (Schoenen et al., 1998) 3 33

Coenzyme Q10 (Sandor et al., 2000) 3 21

Thioctic acid (Magis et al., 2007) 33 o

Ketogenic diet (Di Lorenzo et al., 2019) 1.5 ?2 5 (drop-outs)
Anti CGRP therapies

Atogepant (60 mg/day) (Ashina et al., 2023) 3.1 17 (constipation)
Rimegepant (75 mg/2 day) (Croop et al., 2021) 13 %

Eptinezumab (100 mg/12 weeks) (Ashina et al., 2020) 8 8251

Erenumab (140 mg/4 weeks) (Coadsby, Reuter, et al., 5 319 (constipation)
2017)

Fremanezumab (225 mg/mth) (Dodick et al., 2018) 5 5665
Galcanezumab (120 mg/month) (Stauffer et al., 2018) 5 233

antiinflammatory, antinociceptive and vasodilatory actions,
which could be beneficial in migraine. The evidence for a
prophylactic effect of EPA/DHA is scarce and contradic-
tory. In a recent meta-analysis of five trials (Tseng et al.,
2024), three showed no benefit over placebo, while two did
so Table 35.1. The doses used were, however, highly var-
iable, ranging between 180/120 mg and 1200/720 mg. In
the RCT with the largest number of participants (n = 196)
and a very high dose (EPA/DHA 1080/720 mg) there was
no significant difference compared with placebo (Pradalier
et al., 2001).

4. Conclusions

Numerous metabolic-based approaches for the management
of migraine are available. They were introduced based on
findings from basic research studies investigating migraine
pathophysiology. Numbers of patients necessary to treat to
see a significant effect (NNT) is similar or lower as
compared to the anticonvulsants effective for migraine
prevention, or even some of the newer drugs blocking
CGRP neurotransmission, although it must be admitted that
the effect size of the metabolic treatments may be lower.
On the other hand, numbers of patients necessary to treat
before seeing an adverse effect (NNH) are clearly greater

for metabolic treatments, and antiCGRP therapies, than for
the anticonvulsants, underscoring their excellent tolerability
Table 35.4.

The Nutraceuticals are evidence-supported migraine
preventives and characterized by an excellent efficacy/
adverse effect profile. They are thus a worthy treatment
option, which, in contrast to the new treatments targeting
migraine-pain transmission molecules, act at the root of
migraine pathophysiology and are inexpensive. In contrast
to traditional preventives, nutraceuticals are much better
tolerated. All these aspects considered, nutraceuticals, in
particular vitamins B2 and B9, can be offered as first line
preventive treatment in migraine patients with low or
moderate disability not willing to start on drugs with po-
tential side effects, contraindications or high costs, in fe-
males without contraception or planning pregnancy, in
pregnant patients, if preventive treatment is necessary, and
in childhood migraine. Because of their favorable adverse
effect profile, they can also be associated with other pre-
ventive treatments, but evidence for their usefulness as add-
on therapy is scarce. Based on current evidence, among the
metabolic treatments only ketogenic diet can be recom-
mended for the prophylaxis of high-frequency and chronic
migraine, as controlled trials of nutraceuticals in these
highly disabled migraineurs are still lacking.
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