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Abstract Despite the huge health and economic burden

of migraine headache, few medications have been

approved for its prophylactic treatment, most of which

can potentially induce serious adverse effects. Coenzyme

Q10 (CoQ10) is a supplement and has shown preliminary

benefits in migraine prophylaxis. We aimed to assess this

effect in an adult population. This is an open-label, par-

allel, add-on, match-controlled trial. Eighty patients

diagnosed with migraine headache based on International

Headache Society criteria were allocated to receiving only

their current preventive drugs or their current preventive

drugs plus 100 mg CoQ10 daily, matching for their

baseline characteristics, and were assessed for frequency

and severity of attacks, and ≥50 % reduction in attack

frequency per month. Thirty-six and 37 patients were

analyzed in CoQ10 and control groups, respectively.

Number of attacks per month dropped significantly in the

CoQ10 group (mean decrease: 1.6 vs. 0.5 among CoQ10

and control groups, respectively, p\0.001). A significant

reduction was also evident in the severity of headaches

(mean decrease: 2.3 vs. 0.6 among CoQ10 and control

groups, respectively, p\ 0.001). For ≥50 % reduction in

the frequency of attacks per month, the number needed to

treat was calculated as 1.6. No side effects for CoQ10

were observed. This study suggests that CoQ10 might

reduce the frequency of headaches, and may also make

them shorter in duration, and less severe, with a favorable

safety profile.
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Introduction

Migraine headache is the third most prevalent medical

disorder and considered to be a major constituent of the

global burden of disease, with worldwide estimated

prevalence of 14.7 and 2.9 % share of all years lived with

disability, which makes it the eighth most burdensome

disease globally [1]. Despite this huge health and economic

burden imposed by this episodic disorder to the popula-

tions, few medications have been approved for its

prophylactic treatment, most of which can potentially

induce serious adverse effects. In response to the demand

for drugs with better safety profiles, the role of certain

supplements and herbals has been studied widely in the

recent years, including riboflavin, vitamin B12, and mag-

nesium. Coenzyme Q10 (CoQ10) is among these agents

[2–7].

& Nahid Olfati

olfatin921@mums.ac.ir; olfati@icloud.com

Ali Shoeibi

shoeibia@mums.ac.ir

Mohsen Soltani Sabi

soltanism901@mums.ac.ir

Maryam Salehi

salehim@mums.ac.ir

Sara Mali

malis921@mums.ac.ir

Mahsa Akbari Oryani

akbarim911@mums.ac.ir

1 Department of Neurology, Mashhad University of Medical

Sciences, Mashhad, Iran

2 Department of Community Medicine, Mashhad University of

Medical Sciences, Mashhad, Iran

3 Department of Pathology, Mashhad University of Medical

Sciences, Mashhad, Iran

123

Acta Neurol Belg (2017) 117:103–109

DOI 10.1007/s13760-016-0697-z

http://orcid.org/0000-0003-4621-2490
http://crossmark.crossref.org/dialog/?doi=10.1007/s13760-016-0697-z&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13760-016-0697-z&amp;domain=pdf


Coenzyme Q10 is a mitochondrial electron transporter

and antioxidant which transfers electron from complexes I

and II (nicotinamide adenine dinucleotide dehydrogenase

and succinate-Q-reductase, respectively) to the cytochrome

C. CoQ10 has been used in the treatment of numerous

disorders including mitochondrial disorders, fibromyalgia,

diabetes, cardiovascular disease, and some neurological

conditions including Parkinson’s disease, Huntington’s

disease, Alzheimer’s disease, and Friedreich’s ataxia [8, 9].

Investigations using phosphorus magnetic resonance

spectroscopy has shown abnormal brain metabolism in

anaerobic conditions in the interictal period in migraineurs,

resulting in diminished tolerance in high energy-demand-

ing situations. Accumulation of lactate has been considered

to trigger migraine attacks in patients who already have

abnormal sensory processing [10]. Specific genetic abnor-

malities in mitochondrial DNA are an area of avid

investigations. On the basis of the mitochondrial theory for

migraine pathogenesis, CoQ10, as a supplement without

any major side effects, has been tried by researchers in the

prophylactic treatment of migraine [2–6].

However, to the best of our knowledge, there have been

very few controlled clinical trials of adult population but

without a significant-enough population size in this area,

and therefore, in this study, we investigated the effective-

ness of CoQ10 in migraine prophylaxis including an

Iranian adult population following a controlled design.

Methods

This is an open-label, parallel, add-on, match-controlled

study. Subjects were recruited consecutively among

patients who visited at the university clinic of Mashhad

Medical University at Ghaem Hospital, during September

2014–September 2015 period. Mashhad is the capital of

Khorasan-e-Razavi district and is Iran’s second largest city,

located in northeast of the country, with an estimated

population of about 3,000,000. Ghaem Hospital is the only

referral center of Khorasan-e-Razavi district for neurolog-

ical conditions. Prevalence of migraine has not yet been

studied in Mashhad; however, a review of published

studies of migraine prevalence in different cities of Iran

showed that the prevalence of migraine is between 7.14

and 18.11 % in Iran [11]. Diagnosis of migraine was

confirmed based on the International Headache Society

criteria for inclusion of patients [12]. The applied inclusion

criterion was having at least one attack a week, or 4 attacks

per month, or if less frequent, having severe, debilitating,

or long-lasting attacks. Our exclusion criteria were: (1)

presenting serious comorbid conditions such as diabetes,

hypertension, thyroid disease, and asthma, which would

necessitate a change in preventive migraine medical

therapy, (2) receiving CoQ10, for any reasons, 6 months

prior to the start of the trial, (3) using known migraine

deteriorating drugs including: oral contraceptives, nitrate-

containing drugs, and vasodilators, etc. during the trial (4)

patient’s choosing not to continue with CoQ10. Sample

size was calculated using two-mean comparison equation,

on the outcome of number of attacks per month, in com-

pliance with previous studies [4]. Type 1 and 2 errors were

assumed 5 and 20 % respectively.

Patients were allocated to either group 1 (Control),

receiving only their current preventive drugs or group 2

(Intervention), taking their current preventive drugs plus

100 mg of CoQ10 daily (WN Pharmaceuticals Ltd., softgel

formulation). The 100 mg dosage were used, because it is

the only preparation available in the study setting, and we

intended to avoid the gastrointestinal side effects, which

thence increases adherence to the supplement. The groups

were matched for their baseline characteristics, including

the type of drugs they were using for migraine attacks and

for prophylaxis (Table 1). At the baseline, 16 patients in the

intervention group and 2 patients of the control group were

receiving prophylactic treatment. However, considering the

severity and frequency of headaches, prophylactic treat-

ment started for all patients at the baseline; hence, all

patients were receiving prophylactic treatment at least one

month prior to the study in both control and intervention

groups. The prophylactic medications used were a combi-

nation of a tricyclic antidepressant and the anticonvulsant,

sodium valproate, for all patients.

Originally, each group consisted of 40 subjects, but 2

patients from each group dropped out from the study as

they withdrew their consent before institution of the trial

treatment. Three (2 from intervention group and 1 from the

control) left the study during the first post-intervention

month because of personal issues unrelated to the treatment

effects (3.9 % loss to follow-up) (Fig. 1).

The total duration of the study was 4 months, one month

of pre-intervention and 3 months for recording the effects

of the treatment. During the baseline period and the fol-

lowing 3 months of the study, all patients were allowed to

continue their previous prophylactic drugs, in consideration

of ethical issues regarding deprivation of previously

established drugs. All patients were assessed for peak

severity of attacks using the visual analogue scale (VAS),

frequency of attacks per week and month, quality of attacks

(including accompanying symptoms of nausea, vomiting,

photophobia, and phonophobia), number of days with

headache, and number of days of absence from work

because of migraine, at the baseline and reassessed at the

end of the first, second and third months after initiating

treatment with CoQ10 during an interview session. Type of

migraine was assessed for each patient based on their

history of aura and classified as migraine with or without
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aura. Patients were also asked if they had any other

comorbid diseases or conditions as well as about their

family history of migraine and level of education. Our

primary outcome measure was the proportion of patients

with ≥50 % reduction in mean number of attacks per month

comparing resultant evidence from first month with that of

the third month. Secondary outcome measures were

severity of attacks and change in symptoms accompanying

headache.

Statistical analyses were made using SPSS version 20.

Friedman’s test was used for comparing mean number of

attacks per month and week, duration of attacks, number of

days with headache and number of days of absence from

work because of headache, among intervention and control

groups. Dichotomous data on nausea, vomiting, photo-

phobia and phonophobia were analyzed using Fisher’s

exact test for each recoding separately and Cochrane Q test

for comparing the three recordings between groups.

Number needed to treat calculated as a primary outcome

measure. We intended to evaluate if the CoQ10 plus

standard treatment is superior to the standard treatment

alone.

The study was approved by Research Ethics Committee

of Mashhad University of Medical Sciences and Health

Services. All patients signed an informed consent form

before participation.

Results

Patients in the CoQ10 and control groups did not differ

significantly in terms of their number, severity and quality

of attacks (before participation in the study) as well as their

education and sex. All patients were receiving prophylactic

medications at least one month prior to the start of the

study. Thirty-seven patients in the control group and 36 in

Table 1 Baseline

characteristics of patients and

their headache

Intervention Control p value*

Age 33.4 ± 11.6 33.6 ± 10.2 0.9

Gender

Female (%) 34 (89.5) 31 (81.6) 0.051

Male (%) 4 (10.5) 7 (18.4)

Migraine type

Migraine with aura (%) 2 (5.3) 1 (2.6) 1

Migraine without aura (%) 36 (94.7) 37 (97.4)

Education level

High school diploma or lower 24 (63.2) 31 (81.6) 0.12

Higher education 14 (36.8) 7 (18.4)

Medication

Prophylactic 16 (42.1) 2 (5.3) **

Painkiller 22 (57.9) 36 (94.7) 0.81

Positive family history 22 (57.9) 18 (47.4) 0.4

Attacks/week before the study 2.3 ± 4.8 1.6 ± 1.4 0.9

Attacks/month before the study 7.8 ± 6.6 6.5 ± 4.9 0.5

Attack duration (h) 39.7 ± 37.5 30.1 ± 19.2 0.5

Mean days with attack before study 15 ± 8.1 18 ± 7.9 0.1

Mean absence from work before study (days) 4.3 ± 6.4 5.6 ± 6.4 0.2

Nausea 32 (84.2) 30 (78.9) 0.7

Vomiting 11 (28.9) 13 (34.2) 0.8

Photophobia 32 (84.2) 36 (94.7) 0.2

Phonophobia 32 (84.2) 35 (92.1) 0.4

Severity (VAS) 8.5 ± 1.1 8.1 ± 0.1 0.2

Figures are either mean ± SD or numbers (percent)

SD standard deviation, VAS visual analogue scale

* Fisher’s exact test

** Prophylactic treatment started for all patients at the baseline; all patients were receiving prophylactic

treatment at least one month prior to the study in both control and CoQ10 groups
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CoQ10 group completed the study and were included in the

analyses. No adverse effects were reported by patients in

the CoQ10 group. Descriptive statistics of post-interven-

tion values and the level of significance of comparisons are

shown in Table 2.

Mean number of migraine attacks per month dropped

from 2.7 at the end of the first month to 1.0 at the end of the

3rd month in the CoQ10 group, and from 3.6 to 3.1 among

the control subjects (p \ 0.001, analyzed by Friedman’s

test) (Fig. 2). Accordingly, identical analysis for number of

attacks per week (reducing from 0.3 to 0.1 in CoQ10

compared to 0.8–0.5 in controls, p \ 0.001), number of

days with migraine per month (reducing from 4.5 to 1.4 in

CoQ10 compared to 12.4–8.3 in controls, p\ 0.001), and

days of absence from work due to severe migraine (re-

ducing from 0.71 to 0.65 in CoQ10 compared to 3.75 to

2.72 in controls, p \ 0.001), yielded significant results.

Severity of attacks, assessed using VAS, reduced from 3.6

to 1.3 in CoQ10 users significantly compared to the

reduction from 6.4 to 5.7 in the control group (p\ 0.001)

(Fig. 3). Analysis for the symptoms accompanying head-

ache, including nausea, photophobia, and phonophobia

revealed significant reduction of these symptoms among

CoQ10 compared to the control group (p\ 0.001, using

Cochran’s Q test) (Table 2). No significant change in

vomiting symptom was observed.

The number of attacks per month has dropped to less

than 50 % comparing to the first month in 29 (about 80 %)

patients in the CoQ10 group, and 6 (16 %) patients in the

control group. Considering ≥50 % reduction in the fre-

quency of attacks per month, the absolute risk reduction

(ARR) was 64.34 % (CI: 46.78–81.90 %), and NNT was

Recruited (n=80)

Excluded (n= unknown)
♦ Not meeting inclusion criteria (n=unknown)
♦ Declined to participate (n=unknown)
♦ Other reasons (n=unknown)

Assessed for eligibility (n= unknown)

Allocated to control (n=40)
♦ Received allocated intervention (n=38)
♦ Did not receive allocated intervention (patient

withdrew their consent) (n=2)

Allocated to CoQ10 (n=40)
♦ Received allocated intervention (n=38)
♦ Did not receive allocated intervention (patients

withdrew their consent) (n=2)

Lost to follow-up (poor compliance to attend for
visit) (n=2)

Discontinued intervention (n=0)

Lost to follow-up (poor compliance to attend for
visit) (n=1)

Discontinued intervention (n=0)

Analyzed (n=36)
♦ Excluded from analysis (n=0)

Analyzed (n=37)
♦ Excluded from analysis (n=0)

Fig. 1 Flow of patients through the study
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calculated as 1.6 (CI: 1.2–2.1). Considering a worst-case

analysis (2 and 1 lost to follow-up in CoQ10 and control

groups, respectively), ARR for aforementioned outcome is

57.90 % (CI: 39.60–76.19 %) and NNT is 1.7 (CI: 1.3, 2.5).

Discussion

This study is one of a few controlled studies that evaluated

the efficacy of CoQ10 in adult migraine prophylaxis. The

findings indicated a significant prophylactic effect resulting

from CoQ10 that not only seems to reduce the frequency of

headaches in migraineurs, but also renders their attacks

shorter in duration, less severe and more tolerable. It was

also observed to reduce symptoms of nausea, photophobia

and phonophobia in these patients. Although we did not

find any significant reduction in vomiting comparing the

first-month records to those of the third, when considering

pre-intervention values, the number of patients with vom-

iting was actually 11 at the baseline which reduced to one

in the third month in CoQ10 group, while a reduction from

13 to 7 occurred in the control group. We calculated an

NNT of 1.6 (or 1.7 based on worst-case analysis) for ≥50 %
reduction in number of attacks per month that provides a

reasonable explanation for the use of CoQ10 in clinical

settings of frequent and durable attacks as an add-on to the

standard treatment. In view of these presumably significant

Table 2 Post-intervention descriptive statistics and level of significance of comparisons

First month p value Second month p value Third month p value Total

p value
CoQ10 Control CoQ10 Control CoQ10 Control

Attacks/week 0.3 ± 0.5 0.8 ± 0.6 \0.001* 0.1 ± 0.4 0.9 ± 1.8 \0.001* 0.1 ± 0.6 0.5 ± 0.6 \0.001* \0.001*

Attacks/month 2.7 ± 2.5 3.6 ± 2.4 0.010* 1.8 ± 2.6 3.2 ± 2.0 0.010* 1.0 ± 2.8 3.1 ± 2.1 0.010* \0.001*

Attack duration

(h)

8.2 ± 7.6 22.3 ± 13.3 \0.001* 6.0 ± 6.4 18.5 ± 10.4 \0.001* 4.8 ± 10.0 16.4 ± 9.5 \0.001* \0.001*

Mean days with

attack

4.5 ± 3.6 12.4 ± 6.0 \0.001* 2.9 ± 3.1 11.0 ± 5.3 \0.001* 1.4 ± 3.1 8.3 ± 4.4 \0.001* \0.001*

Mean work

absenteeism

(days)

0.7 ± 2.8 3.7 ± 5.1 \0.001* 0.6 ± 2.8 3.4 ± 4.4 \0.001* 0.6 ± 2.8 2.7 ± 3.7 \0.001* \0.001*

Severity (VAS) 3.6 ± 2.1 6.4 ± 1.3 \0.001* 2.3 ± 1.8 6.1 ± 1.3 \0.001* 1.3 ± 1.9 5.7 ± 1.1 \0.001* \0.001*

Nausea 8 (21.6 %) 23 (60.5 %) 0.001* 3 (8.3 %) 14 (37.8 %) 0.003* 1 (2.8 %) 9 (24.3 %) 0.014* \0.001*

Vomiting 0 5 (13.2 %) 0.054 0 7 (18.9 %) 0.011* 1 (2.8 %) 7 (18.9 %) 0.056 0.45

Photophobia 2 (5.4 %) 18 (47.4 %) 0.001* 1 (2.8 %) 7 (18.9 %) 0.056 0 5 (13.2 %) 0.054 \0.001*

Phonophobia 2 (5.4 %) 17 (44.7 %) 0.001* 1 (2.8 %) 9 (24.3 %) 0.014* 1 (2.8 %) 7 (18.9 %) 0.056 \0.001*

Figures are either mean ± SD or numbers (percent)

The last four variables were analyzed with Fisher’s exact test and the rest with Friedman’s test

* Significant values
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Fig. 2 Trend of reduction of mean number of attacks per month

during trial in the CoQ10 and control groups
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findings in terms of relieving the accompanying symptoms

of nausea, photophobia and phonophobia and also the

severity of attacks, CoQ10 could probably be recom-

mended as an effective drug for patients with less frequent,

but more severe attacks.

Notably, we encountered no side effects for this drug

during the study, which makes it a preferable choice for

migraine prophylaxis, especially in patients with comorbid

conditions using multiple drugs, in children, in those who

discontinued other effective prophylactic drugs because of

their side effects, in women of childbearing age, and pos-

sibly in pregnant women.

Coenzyme Q10 has been studied in pediatric and ado-

lescent patients with variable results. In a placebo-

controlled and crossover study involving 120 children and

adolescents, researchers found no durable effect for CoQ10

on attack frequency or severity; however, it should be

mentioned that in this study, only 50 cases were available

to be analyzed at the endpoint, and researchers found sig-

nificant effects on migraine frequency only in the first

4 weeks of the study in the CoQ10 group [6]. In another

study, CoQ10 was evaluated in 1550 pediatric and ado-

lescent patients, and CoQ10 supplement was given to 252

who had CoQ10 deficiency. Results showed a significant

decrease in attack frequency and disability among these

patients; however, this study was not a controlled one [2].

In a study involving an adult population, 31 patients

were treated with 150 mg CoQ10 daily for 3 months, and

although there was no control group in this study, in

comparison with the relevant baseline records, 60 % of

patients presented a 50 % reduction in number of days with

headache. Researchers concluded that CoQ10 was effective

in preventing migraine [3]. Higher doses of CoQ10

(100 mg three times a day) were administrated in another

study [4], with smaller sample size (18 and 19 were

eventually analyzed in CoQ10 and placebo groups,

respectively), which resulted in a significant reduction in

the number of attacks (NNT at 50 % reduction in frequency

of headaches per month = 3). It should be noticed that the

study groups were not similar at the baseline in terms of

headache duration.

The theory of mitochondrial pathology in migraine

headache has been supported by a multitude of studies

[10, 13–21]. Biochemical evidence showed that energy

failure on account of a failure in oxidative phosphorylation

altered the vascular tone (due to lower levels of platelet

superoxide dismutase enzyme and impaired calcium ion

metabolism) and hindered the recycling of reactive oxygen

species, which are probable mechanisms responsible for

triggering headache in at least a subgroup of patients.

Based on these findings, the role of supplements such as

CoQ10, which have proved to generate mitochondrial

enhancing effects, has been studied among migraineurs.

Considering the non-randomized and non-blind nature

of this study, any reference to its results should be treated

with caution. The placebo effect could potentially have

interfered with the results of this trial. Therefore, it could

not be ruled out that the observed therapeutic effects have

been produced, at least partly, by the placebo effect of the

supplement. Also, this was an add-on study and patients

were allowed to continue using their previous prophylactic

drugs, and hence, results could be confounded with other

drugs that patients were already using, particularly as there

was a difference in the proportion between the intervention

and the control group using prophylactic medication longer

than one month before starting the study. Considering the

use of interview for recording the results, our results might

be confounded with the recall bias; the same explanation

could be pertinent for the report of no side effects for

CoQ10 in this study. Further studies addressing these

limitations are recommended.

Despite all, the present study was, indeed, singular in the

sense that it was a match-controlled trial with accept-

able sample size and minimal loss to follow-up which

assessed all aspects of migraine attacks in adult population

with noteworthy findings.
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