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ABSTRACT Deficit of mitochondrial energy metabolism may play a role in migraine pathogenesis. We found
in a previous open study that high-dose riboflavin was effective in migraine prophylaxis. We now compared
riboflavin (400 mg) and placebo in 55 patients with migraine in a randomized trial of 3 months duration.
Using an intention-to-treat analysis, riboflavin was superior to placebo in reducing attack frequency (p =
0.005) and headache days (p = 0.012). Regarding the latter, the proportion of patients who improved by at
least 50%, i.e. “responders,” was 15% for placebo and 59% for riboflavin (p = 0.002) and the number-
needed-to-treat for effectiveness was 2.3. Three minor adverse events occurred, two in the riboflavin group
(diarrhea and polyuria) and one in the placebo group (abdominal cramps). None was serious.

Because of its high efficacy, excellent tolerability, and low cost, riboflavin is an interesting option for
migraine prophylaxis and a candidate for a comparative trial with an established prophylactic drug.
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A mitochondrial dysfunction resulting in impaired oxygen metabolism may play role in migraine. Migraine
headache can be a prominent feature in patients affected by the syndrome of mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS).7,8 Riboflavin (vitamin B2) is the
precursor of flavin mononucleotide and flavin adenine dinucleotide, which are required for the activity of
flavoenzymes involved in the electron transport chain. Given to patients with MELAS or mitochondrial
myopathies on the assumption that at large doses it might augment activity of mitochondrial complexes |
and 11, riboflavin was able to improve clinical and biochemical abnormalities. Against this background, we
performed an open pilot study of high-dose (400 mg/day) riboflavin as a prophylactic treatment for migraine
in 25 patients and found on average a 68% improvement in a severity

Index.13 Because of this encouraging result, the effectiveness of riboflavin in migraine prophylaxis was
studied in a randomized placebo-controlled trial. Methods. Patients. The study was conducted in six centers
in Be?@urn and the Grand Duchy of Luxemburg under the sponsorship of the Belgian Migraine Society.
Patients were recruited between March 1995 and March 1996, and the trial was completed on July 31,
1996. The design was in accordance with the Declaration of Helsinki and approved by the Ethics Committee
of the Faculty of Medicine, University of Liege. Patients (ages 18 to 65 years) were eligible for the study if
they met the International Headache Society (IHS) diagnostic criteria for migraine with or without aural4 and
had a history of migraine of at least 1 year, had between two and eight attacks per month, had no more
than 5 days of interval headaches per month, had no analgesic or ergotamine overconsumption, and had no
serious organic or psychiatric disease. Women were required to have adequate contraceptive protection.
Written informed consent was obtained. This was a double-blind, randomized, two-parallel group trial of
oral riboflavin 400 mg (Riboflavinum D 2914A, Federa, Brussels) and placebo (Avicel RC 581” 850 mg + p-
carotene 0.473 mg) taken in capsules once daily. Avicel is not absorbed, and to the best of our knowledge,
low doses of p-carotene, used to blind for color, have no effect on migraine. At the first visit, eligible
patients received placebo for a I-month baseline treatment. At the second visit, they were randomized to
riboflavin or placebo only if they had presented at least one migraine attack during the preceding month.



The study medications were randomized in 10 blocks of 10 packages, each block comprising ive placebo and
five active treatments. The random order of medications was different for each block and known only to the
pharmacist of the Citadelle Hospital (Liege), who prepared the study material. Each investigator received
one to three treatment blocks containing 10 packages of trial medication.

Each package, numbered serially from 1 to 100, contained three boxes of 35 placebo riboflavin capsules
labeled “B,” “C,” or “D” for the successive 3 months of the randomized treatment period. Ten to 30 boxes of
35 placebo capsules labeled “A” were given simultaneously for the 1-month baseline treatment. In each
center, patients were allocated in sequence to the randomized phase, starting with the lowest treatment
package number. No stratification was performed. Sealed envelopes containing the treatment codes were
added to treatment material; no code was broken before complete data analysis. The total blinded and
randomized treatment period was thus 3 months with monthly control visits. Patients were provided with a
diary in which they had to record each migraine attack: headache severity on a four-point scale (3, severe; 2,
moderate; 1, mild; 0, no pain), presence of nausea and vomiting, name and number of acute headache
medication, and headache duration in hours. Diaries were cross-checked by the investigator and the patient
at each visit. Acute treatments varied between patients and centers: oral or rectal analgesics with
antiemetics, oral or subcutaneous sumatriptan, and, in a few cases, ergotamine-containing preparations.
Compliance was assessed by counting the returned capsules at each monthly visit. Primary efficacy variable
was change of attack frequency in month 4 compared with the baseline month 1 (placebo) in accordance
with IHS guidelines. 15 Secondary outcome variables were reduction of migraine headache days, of mean
duration per day, of mean severity per day, of a migraine index (headache days + mean severity), of days
with nausea, vomiting, and of mean number of tablets, suppositories, or injections taken per day for the
acute treatment of the attacks. The proportion of responders (i.e., patients having an improvement equal or
superior to 50%) was calculated for attack frequency, headache days, and migraine index. We also measured
the change of outcome variables between the first baseline month and the averaged 3 subsequent months
to evaluate a global effect during the randomized treatment period. Patients were interviewed about
possible adverse events at each control visit. For responder rates (and for adverse events), the number of
patients needed to treat (NNT) was determined with the formula; Statistical analyses. Sample size
calculations were based on the following response rates: 30% for placebo based on published trials and
70%) for riboflavin inferred from an 80%1 responder rate in the open trial. To detect a significant difference
between the two treatments (5%) two sided significance level) with an 80% power, the minimum size of
each treatment group was estimated at 28 patients."

Statistical analysis (STATISTICA, STATSOFT Inc.) was carried out on an intention-to-treat basis. In the
patients' diaries, migraine headaches separated by less than 24 hours were counted as one single attack.
Values for patients who dropped out were included according to the last value-carried-forward method. The
Mann-Whitney U test was used for comparison of primary and secondary outcome variables between the
two treatment groups, chisquare for demographic and nosographic data, Fisher's two-tailed exact test for
responder rate, and the sign test for changes between baseline and the second, third, or fourth month of
treatment within placebo and riboflavin groups. All statistical tests were two-tailed. p < 0.05 was considered
significant.

Results. Study population. Eighty patients were recruited by six centers. Four patients were lost to follow-
up, 5 withdrew consent, and 16 (20%) did not report any migraine attack during the first month of baseline
placebo treatment. Fifty-five patients (69%) were randomized to receive the study medication, 27 placebo
(49%), and 28 riboflavin 400 mg (51%>0).n e patient in the placebo group had to be excluded from the
intention-to-treat analysis because of protocol violation (frequent interval headaches and simultaneous
enrollment in another clinical trial).



Four patients (7%) dropped out after randomization: three after 2 months in the placebo arm (two for
inefficacy, one lost to follow-up) and one two weeks after randomization in the riboflavin arm because of
diarrhea. Groups were comparable in demographic and migraine features, as illustrated in table |, which
summarizes patient characteristics as taken from history at the first visit before enrollment in the trial.
Treatment efficacy. The change from baseline to month 4 in attack frequency, the primary outcome variable,
was significantly different between riboflavin and placebo (table 2). Attack frequency decreased after 1
month of treatment with riboflavin and further during the last month. The difference between riboflavin and
placebo became statistically significant at month 4. When month 4 was compared with month 1, there was
also a significant difference between placebo and riboflavin for migraine days and migraine index and with a
higher p value for severity, duration, and days with nausea and vomiting but not for acute medication use.
The 50% responder rate was significantly higher in riboflavin- than in placebo treated patients. There were
no obvious differences in treatment results across centers (see figure 1).

No significant change of any outcome variable was detected in the course of treatment within the placebo
group. By contrast, in the riboflavin group, attack frequency and headache days were lower in months 2 (p =
0.0001 and p = 0.0051, 3 ( p =0.0021, and 4 ( p = 0.008 and p = 0.0001) and days with nausea were lower in
month 4 ( p = 0.024) compared with month 1. Because statistical differences between treatment groups,
however, emerged during the last month of treatment, we also analyzed the data by comparing with month
1 the averaged values of months 2, 3, and 4 combined. The differences between the riboflavin and placebo
groups remained significant for attack frequency ( p = 0.005) and headache days ( p = 0.012) (figure 2) and
for the migraine index ( p = 0.012) but not for the other efficacy variables. When the 50% responder rate
was considered, the number of patients needed to treat for effectiveness of riboflavin 400 mg compared
with placebo was 2.3 for headache days, 2.8 for attack frequency, and 3.1 for migraine index.

There were no significant changes of blood pressure or body weight (placebo, +0.4 kg; riboflavin, +0.2 kg) in
either group. As judged from capsule counts, compliance was excellent; the maximum number of capsules
returned at a follow-up visit was eight (mean, 3.5) in patients who completed the trial. Only three adverse
events were recorded during the trial. One woman in the riboflavin group had diarrhea 2 weeks after
starting the drug and withdrew from the study. On follow-up, her symptoms disappeared within 72 hours.
Another patient receiving riboflavin complained of polyuria but completed the study. In the placebo group,
one patient mentioned recurrent abdominal cramps of moderate intensity that did not interrupt the trial.
Comparing riboflavin with placebo, the number of patients needed to treat for adverse effects was 33.3.

Discussion. This randomized controlled trial demonstrates that a daily oral dose of 400 mg riboflavin is
significantly superior to placebo for migraine prophylaxis and confirms therefore the results of our previous
open study.13 The effect of riboflavin begins after 1 month but is maximal only after 3 months of treatment.
It is most pronounced on attack frequency and the number of days with migraine headache. Riboflavin's
superiority over placebo is marginal for headache severity, duration, acute antimigraine drug consumption,
or gastrointestinal symptoms associated with the attack. A 2-month lag before significant improvement over
placebo has been observed with other antimigraine prophylactics (e.g., with flunarizine), and most trials
have shown that the predominant effect of prophylactic pharmacotherapy is on migraine attack frequency.""
These features may be related to the pharmokinetics and the mode of action of these drugs. For instance,
impaired mitochondrial energy metabolism is likely to be only one functional abnormality that predisposes
to migraine. It may not play a crucial role in all patients. It is conceivable that a clinical effect due to
pharmacologic intervention on the mitochondrial metabolism builds up more slowly than one brought about
by receptor blockade (e.g., the one due to betablockers). Whether efficacy of riboflavin may increase further
beyond 3 months of treatment remains to be determined. As expected, the 50% responder rate was lower
in the present trial (56% for attack frequency, 59% for headache days) than in the open study (80%). It



compares favorably, however, with that of other prophylactic drugs used in migraine and is likely to be
clinically relevant, because the therapeutic "gain" of riboflavin over placebo is 37% for attack frequency.
Even though historical comparisons with published trials must be taken with reservation, such an advantage
over placebo is close to that calculated from studies of other established antimigraine prophylactics: 42% for
beta-blockers and flunarizine, 37% for valproate. 20,21

Using a placebo during the first baseline month, as we did in accordance with IHS guidelines, IHS revents in
theory randomization of a proportion of placebo responders, which in our study was +20% of recruited
patients. Nonetheless, the responder rate to placebo during the active treatment period is similar in the
present study and in the valproate trial that used a design with a treatment-free baseline.2n In a review of
available randomized controlled trials, 16 valproate had a calculated NNT for effectiveness of 1.6, which is
better than the 2.3 calculated for riboflavin 400 mg. However, valproate had also a low number-to-treat
(2.4) for adverse effects, whereas riboflavin’s NNT is at 33.3, suggesting that this many subjects need to be
treated before an adverse effect occurs. One major advantage of riboflavin over established prophylactic
drugs is therefore its excellent efficacy side-effect profile. High-dose oral magnesium 22 and cyclandelate
which have also an excellent tolerability were recently investigated in the prophylaxis of migraine. Their
effectiveness seems by far inferior to that of riboflavin, because for 50% responder rates, the therapeutic
gain over placebo did not exceed 18.4% for magnesium or 7.4% for cyclandelate. The hypothesis that
riboflavin exerts its beneficial effects in migraine by increasing complex | and I1 activity and mitochondrial
energy metabolism can be tested by nuclear magnetic resonance spectroscopy studies. The assumption of a
mitochondrial dysfunction in migraine is only based on biochemical investigations.

None of the mutations or deletions of mitochondrial DNA known to occur in mitochondriopathies such as
MELAS were detected in migraine up to Although unlikely, another mode of action can thus not be excluded.
In view of riboflavin’s efficacy in migraine prophylaxis, it may be of interest to study the effects of other
well-tolerated drugs enhancing mitochondrial activity, such as lipoic acid. It may also be worthwhile for cost
reasons to explore the antimigraine effect of lower doses of riboflavin. The dose of 400 mg was chosen in
the present trial because comparable high doses were previously used to treat mitochondriopathies 9-12
and because of the lack of toxicity. Despite the fact that intestinal absorption of riboflavin is a saturable
process, there is evidence that prolonged retention of the vitamin in the small intestine can increase the
total amount absorbed.25
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