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Abstract

Background: The current study was designed to assess the effect of supplementation with a |4-strain probiotic mixture
on episodic and chronic migraine characteristics.

Methods: Forty episodic and 39 chronic migraine patients who completed this randomized double-blind controlled trial
received two capsules of multispecies probiotic or placebo. The migraine severity was assessed by visual analog scale
(VAS). The number of abortive drugs consumed, migraine days, frequency and duration of attacks were recorded on
paper-based headache diaries. Serum tumor necrosis factor alpha (TNF-o) and C- reactive protein (CRP) levels were
measured at baseline and the end of the intervention.

Results: After a 10-week intervention, among episodic migraineurs the mean frequency of migraine attacks significantly
reduced in the probiotic group compare to the placebo group (mean change: —2.64 vs. 0.06; respectively, p < 0.001).
A significant reduction was also evident in the migraine severity (mean decrease: —2.14 in the probiotic group and 0.11 in
the placebo group; p <0.001). Episodic migraineurs who received the probiotic also showed significant reduction in
abortive drug usage per week (mean change: —0.72; p <0.001) compare to baseline, while there was no significant
changes within the placebo group. In chronic migraine patients, after an 8-week intervention, the mean frequency of
migraine attacks significantly reduced in the probiotic compared to the placebo group (mean change: —9.67 vs. —0.22;
p <0.001). In contrast to the placebo, probiotic supplementation significantly decreased the severity (mean changes:
—2.69; p <0.001), duration (mean changes: —0.59; p < 0.034) of attacks and the number of abortive drugs taken per day
(mean changes: —1.02; p <0.001), in chronic migraine patients. We failed to detect any significant differences in the
serum levels of inflammatory markers at the end of the study either in chronic or in episodic migraineurs.
Discussion: The results of this study showed that the 14-strain probiotic mixture could be an effective and beneficial
supplement to improve migraine headache in both chronic and episodic migraineurs. Further research is required to
confirm our observations.
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Background

Migraine is accompanied by many comorbidities (1).
Based on International Headache Classification
(ICHD) III criteria, migraine has been divided into
two subtypes: Episodic migraine (EM) and chronic
migraine (CM). EM is more prevalent than CM, but
severe headache-related disability is considerably
higher among CM patients (2,3).

Although the pathophysiological mechanisms that
lead to migraine attacks are yet to be determined, the
role of “neurogenic inflammation” has attracted much
attention. There is accumulating evidence showing an
augmented inflammatory state marked by elevated pro-
inflammatory cytokine concentrations, which contrib-
utes to trigeminal nerve activation and increased levels
of vasoactive neuropeptides that could be involved in
pain sensitization in the head (4-10). Also, migraine is a
primary headache disorder and can be accompanied by
gastrointestinal (GI) and autonomic symptoms (11).
Several lines of research on the association between
migraine and GI disorders have observed the higher
prevalence of headache in patients who suffer from
GI complaints (12-14). Moreover, migraine headaches
might have a relationship with inflammatory bowel dis-
ease and celiac disease (15,16). Although the exact
mechanism of the relationship between migraine and
GI disorders remained unclear, the possible underlying
explanation is attributed to increased gut permeability
and inflammatory responses (12,17). Gut permeability
and inflammation have a bidirectional relationship;
not only can increased gut permeability trigger inflam-
mation, but inflammation can also increase intestinal
permeability (18,19). Pro-inflammatory cytokines can
also act on the nociceptors of the trigeminal nerve,
causing migraine (20,21). A strong trigger of pro-
inflammatory immune responses is leakage of lipopoly-
saccharides from the intestinal lumen into the circula-
tion (22).

As is well documented, probiotics can minimize
inflammation, increase short-chain fatty acid (SCFA)
levels in the gut, and attenuate intestinal epithelial cell
permeability. Considering this known role of probiotics
and neurogenic inflammation theory in migraine, we
hypothesized that probiotic supplementation might
have an effect in alleviating migraine attacks through
various mechanisms including suppressing mitogen-
activated protein kinase (MAPK) and nuclear factor
kappa-B (NF-xB) pathways, reducing the concentra-
tion of pro-inflammatory biomarkers, improving the
intestinal barrier defense and stimulating the produc-
tion of tight junctional protein mucins (22-24). With
this in mind, investigating the influences of probiotic
supplementation on migraine features to establish a
mechanistic pathway can be of great value.

So far, three studies have been conducted on the
effectiveness of probiotic supplementation in migraine
control. Two open-label studies reported that probiotic
supplementation could result in significant improve-
ment in a number of migraine-related outcomes
(25,26). However, a randomized clinical trial investigat-
ing the effects of a probiotic mixture on migraineurs
failed to show significant changes in migraine charac-
teristic compared to the placebo group (27). Thus, the
amount of previous research on this topic is limited and
the results are controversial. However, it should be
noted that the probiotic supplements in these studies
consisted of seven bacterial strains and no study speci-
fied the migraine type.

Therefore, we designed a double-blind, randomized
placebo-controlled trial to assess whether supplementa-
tion with 14 bacterial strains of probiotic is effective in
alleviating the frequency, severity, and duration of
attacks and the number of migraine days per month,
in episodic and chronic migraine suffers, as the primary
endpoints of the study. We also aimed to explore
changes in the number of abortive drugs and pro-
inflammatory cytokines including tumor necrosis
factor alpha (TNF-o) and C-reactive protein (CRP)
after the intervention, which were considered as second-
ary endpoints of the present research.

Materials and methods
Participants

A total of 50 EM (35 females and 15 males) and 50 CM
patients (37 females and 13 males) were recruited for
the current study. Participants were recruited consecu-
tively among patients who visited a tertiary private
headache clinic. The patients included were aged from
18 to 60 years old (mean age =37.97 4 8.86 years), suf-
fering from EM and CM based on an expert neurolo-
gist headache specialist’s diagnosis, according to the
ICHD III criteria (beta version). Based on these cri-
teria, patients who suffer from episodic migraine experi-
ence less than 15 headache days per month, while
chronic migraineurs had more than 15 headache days
per month (28).

Patients who had been taking any antipsychotic and/
or antibiotic drugs or probiotic supplements or foods
fortified by probiotic for 2 months prior to the begin-
ning of the study, and pregnant or breastfeeding
patients, were excluded.

This study protocol was reviewed and approved by
the ethical committee of Shahid Beheshti University of
Medical Sciences (SBMU) Tehran, Iran (ethic code:
IR.SBMU .nnftri.Rec.1395.67,
IR.SBMU.nnftri.Rec.1395.66). Informed consent was
obtained from each participant. The trial was registered
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at the Iranian Registry of Clinical Trials (IRCT201706
239157N6).

Study design

The current study was a randomized, double-blind, pla-
cebo-controlled trial. The enrollment of subjects was
performed by study researchers. Chronic and episodic
patients were randomly allocated to group A or Bin a
1:1 ratio using a four-block randomization method
both for the chronic and the episodic group. Only one
of the staff on the development committee of Protexin,
the company that supplied the probiotic or placebo,
was aware of whether group A or B was intervention
or control. Thus, both participants and researchers
were blinded and the randomization codes (A or B)
were kept confidential until all subjects had completed
the study. Several previous studies showed beneficial
effects of probiotics could be observed after 4 weeks’
supplementation (29-31). Therefore, we conducted the
present trial over 10 weeks in the EM group and over
8 weeks for the CM group.

Intervention

During the intervention, all subjects (group A and B),
received two capsules of probiotic or placebo once a
day, which had a completely similar appearance.
Patients in group A received a multispecies probiotic
product (Bio-Kult-protexin: 2 x 10° CFU/capsule)
that contained 14 bacterial strains: Bacillus subtilis
PXN 21, Bifidobacterium  bifidum PXN 23,
Bifidobacterium breve PXN 25, Bifidobacterium infantis
PXN 27, Bifidobacterium longum PXN 30, Lactobacillus
acidophilus PXN 35, Lactob. delbrueckii ssp. bulgaricus
PXN 39, Lactob. casei PXN 37, Lactob. plantarum
PXN 47, Lactob. rhamnosus PXN 54, Lactob. helveticus
PXN 45, Lactob. salivarius PXN 57, Lactococcus lactis
ssp. lactis PXN 63, and Streptococcus thermophilus
PXN 66. The placebo capsule filler was microcrystalline
cellulose in a vegetable capsule (hydroxypropyl
methylcellulose).

All other types of probiotic products were forbidden
during the study for both the intervention and placebo
group. Patients were allowed to continue their prophy-
lactic drugs for headache, but were asked not to change
their prophylactic medications throughout the study
period.

Demographic and anthropometric data

After fulfilling the inclusion and exclusion criteria, a
structured interview was performed by the first and
third researcher. At the baseline visit, demographic
data, medications and information about whether the
patient had a history of GI disorders, including consti-
pation, bloating and gastroesophageal reflux disease
(GERD), was collected from all subjects (Table 1).
The investigators also measured anthropometric char-
acteristics, including weight, height, waist and hip cir-
cumferences at baseline and the end of the trial. Body
weight was measured on a Seca 755 dial column med-
ical scale (weighing accuracy of 0-5kg), and height was
measured using a standard stadiometer (accuracy of
0.1cm). BMI was calculated as weight (kg) divided by
the square of the height (m?). Waist circumference was
measured at the level of the iliac crest and hip circum-
ference was measured at the site of the largest circum-
ference between the waist and the thighs using a tape
measure. The waist to hip ratio was calculated by divid-
ing the waist circumference by the hip circumference. A
3-day food recall was collected from each participant at
entry into and the end of the study to calculate the total
energy intake. We were in contact with all patients by
weekly telephone calls and monthly face-to-face meet-
ings during the study.

Headache diaries

The migraine headache characteristics were recorded
using a paper-based diary (designed by the senior
researcher, Dr Togha) (19) that included onset time of
attacks, duration of attacks, severity of attacks using a
visual analog scale (VAS), and the daily number of

Table 1. Prevalence of gastrointestinal problems among those studied.

Chronic migraineurs
probiotic supplemented

Chronic migraineurs
placebo supplemented

Episodic migraineurs
probiotic supplemented

Episodic migraineurs
placebo supplemented

Gastrointestinal problems (number (%))

None 8 (38.1%) 10 (55.6%)
Bloating 3 (14.3%) 4 (22.2%)
Constipation 3 (14.3%) 2 (11.1%)
Bloating and constipation 4 (19%) 2 (11.1%)

GERD | (4.8%) 0

13 (59.1%) 11 (61.1%)
2 (9.1%) 3 (16.7%)
2 (9.1%) | (5.6%)
4 (18.2%) 3 (16.7%)
| (4.5%) 0
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abortive drugs consumed. A baseline diary was com-
pleted during the month prior to the beginning of the
intervention. Then, all patients were asked to complete
a headache diary during the study. The instruction for
filling in the paper-based diary was given by our neur-
ologist and if there was any question or problem about
completion of the headache diaries, the participants
could get in touch with our researchers.

Blood collection and inflammatory marker
measurements

In order to assess C-reactive protein (CRP) and tumor
necrosis factor alpha (TNF-a) levels in serum, blood
samples (5ml) were collected by a trained laboratory
technician at the first visit and the end of the study.
After centrifuging the blood samples for 10 minutes
at room temperature, serum samples were stored at
—80°C until analysis. Serum level of TNF-o was mea-
sured using enzyme- linked immunosorbent assay
(ELIZA), via a Diaclone kit. Turbidimetric immuno-
assay was also performed in order to measure serum
CRP level.

Statistical analysis

Departure from normality was examined by the
Kolmogorov—Smirnov distribution test. Descriptive
data were presented for all variables. Comparisons
between the four groups of patients and controls were
made using a one-way analysis of variance (ANOVA)
test in the case of continuous variables and the chi
square test in the case of categorical data. Pre and
post variables were compared using a paired t-test.
Also, the Independent Student’s t-test was applied in
order to perform two-by-two comparison analysis.

The sample size was calculated based on considering
2 =0.05, $=0.2, and S=8. Thus, at least 20 subjects in
each group were estimated using 80% power with the
aim of detecting a decrease of at least 5 in the number
of attacks per month.

Furthermore, analysis of covariance (ANCOVA)
models were applied to compare headache charac-
teristics between groups, two-by-two (chronic migrain-
eurs probiotic supplemented, chronic migraineurs
placebo supplemented, episodic migraineurs probiotic
supplemented, episodic migraineurs placebo supple-
mented). The models were adjusted for gender,
age, BMI, dietary energy intake and headache char-
acteristics at baseline. Then, changes in means for
each of the headache characteristics are presented in
the figures.

The test level for statistical significance of differences
between and within the studied groups was defined as
p-value=0.05. Data were analyzed using Statistical

Package for Social Sciences software (version 19,
SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics

The study sample consisted of 50 EM and 50 CM
patients. Throughout the intervention, in episodic
migraineurs, 10 patients were excluded from the
study. Three patients in the intervention group were
excluded (one became pregnant and two started to
use antibiotic drugs because of infections). We also
failed to follow up seven patients in the EM control
group, because two patients started to take antibiotics
due to an infection, and five subjects refused to con-
tinue the study because their headache attacks were not
improved. In total, 40 episodic patients completed the
treatment, corresponding to 80% of the samples
(Figure 1). The episodic group consisted of 22 patients
(15 females and seven males) in the probiotic and
18 patients (13 females and five males) in the placebo
group.

Among chronic migraineurs, four patients from the
intervention group (one patient because of antibiotic
consumption and three patients who refused to con-
tinue because of personal problems) were excluded.
Also, seven patients from the control group (three
patients started to use antibiotics and four patients
were not willing to continue) were lost to follow-up
(Figure 1). At the end of the study, 21 probiotic-treated
CM patients (17 females and four males) and 18 pla-
cebo-treated CM patients (12 females and six males)
were evaluated.

Among those who completed the full trial, there
were no significant differences between the study
groups for any demographic or anthropometric meas-
ures (Table 2).

The prevalence of a history of gastrointestinal dis-
orders among the studied groups is demonstrated in
Table 1.

Changes in migraine characteristics

Migraine attack frequency. After the 10-week interven-
tion, attack frequency significantly reduced in the EM
probiotic-supplemented group compared to baseline;
however, it did not change significantly within the pla-
cebo group (mean changes were —2.64; p <0.001 in the
probiotic and 0.06 for the placebo groups) (Table 3).
Furthermore, after considering gender, age, BMI, diet-
ary energy intake and mean attack frequency at base-
line in the ANCOVA model, the effect of probiotics on
reducing the mean frequency of migraine attacks was
significant in EM patients (p < 0.001) (Figure 2).
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Assessed for eligibility (n=500)

Excluded (n=400)

] * Not meeting inclusion criteria (n=330)
* Declined to participate (n=30)

* Other reasons (n=40)

[ Enroliment

\4

l l

Episodic migraineurs (n=50)

| Chronic migraineurs (n=50) |

l [ Randomization ] l
Allocated to
intervention (n=25)

A4

Allocated to placebo
(n=25)

Allocated to
intervention (n=25)

Allocated to placebo
(n=25)

[ Followup |

\4 v Y A4

Lost to follow-up (n=4) Lost to follow-up (n=7) Lost to follow-up (n=3) Lost to follow-up (n=7)

*  Taking antibiotics (n=1) .
¢ Unwilling to continue (n=3) .

Unwilling to continue (n=4) .
Taking antibiotics (n=3) .

Pregnancy (n=1) .
Taking antibiotics (n=2) .

Unwilling to continue (n=5)
Taking antibiotics (n=2)

| 1

\4 \4

Analysed (n=21) Analysed (n=18) Analysed (n=22) Analysed (n=18)

Figure 1. Flow chart of studied participants.

Table 2. Baseline demographic and anthropometric characteristics and dietary intakes of migraine patients enrolled in a trial of
probiotic vs. placebo supplementation

Chronic Chronic Episodic Episodic
migraineurs migraineurs migraineurs migraineurs
probiotic placebo probiotic placebo
Variable supplemented supplemented supplemented supplemented p-value
Gender (number (%)) Female 17 (81%) 12 (66.7%) 15 (68.2%) 13 (72.2%) 0.74
Male 4 (19%) 6 (33.3%) 7 (31.8%) 5 (27.8%)
Age (mean £ SD) 37.57+10.89 39.28+£9.36 36.27 £6.99 39.22+8.11 0.66
Weight (mean £ SD) 7147+ 11.15 73.56 £ 16.59 70.84 £ 14.38 71.58£16.80 0.94
BMI (mean £ SD) 27.19 £3.59 2627 £5.25 2530+3.84 2629 +5.48 0.6l
Waist circumference 93.52+11.72 92.56 +6.57 90.50+£9.61 8839+ 15.79 0.51
(mean £ SD)
Hip circumference 104.10£8.14 102.38 £ 6.03 103.90 £ 6.62 102.78 £10.72 0.89
(mean + SD)
Waist to hip ratio 0.89 +0.09 0.91 +£0.06 0.86 +0.06 0.86 +0.06 0.13
(mean £ SD)

(continued)
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Table 2. Continued.

Variable

Chronic
migraineurs
probiotic
supplemented

Chronic
migraineurs
placebo
supplemented

Episodic
migraineurs
probiotic
supplemented

Episodic
migraineurs
placebo

supplemented p-value

Total energy intake
before intervention
(mean £ SD)

Total energy intake after
intervention (mean £ SD)

1473.36 = 466.75

1537.31 £85.02

1626.00 =414.55

1650.83 £ 125.29

1579.38 £ 368.74

1468.28 £80.91

1450.05£511.02 0.56

1582.83 £ 126.29 0.64

#BMI: body mass index

Note: p-values for categorical variables were calculated from chi-squared tests; p-values for continuous variables were calculated from one way ANOVA
tests. Letters represent significant differences between each variable and two other variables, calculated by Bonferroni test (post-hoc).

Table 3. Changes in the use of abortive drugs and in headache characteristics before and after supplementation with probiotic or
placebo in a group of migraine patients.

Chronic Chronic Episodic Episodic
migraineurs migraineurs migraineurs migraineurs
probiotic placebo probiotic placebo
supplemented supplemented supplemented supplemented p-value#
Frequency of attacks before 21.57 £5.07*° 19.39+6.34 6.59 +£2.81 6.94+3.30° 0.000
(attacks per month)
Frequency of attacks after 11.90 + 6.42%5< 19.17 £+ 6.73%%¢ 3.95+2.52°¢ 7.00 + 3.03¢¢ 0.000
(attacks per month)
Difference —9.67 £ 6.69%°< —02241.22° —2.64+1.92° 0.06 +0.73¢ 0.000
p-value* 0.000 0.449 0.000 0.749
Migraine days before 21.33+4.93*° 194 6.34¢ 6.91 +2.69*¢ 6.94+3.21°%¢ 0.000
Migraine days after 11.524637%P¢ 19.06 + 6.71%%¢ 3.91 42.49>¢ 7.114+3.08%¢ 0.000
Difference —9.81 +£6.39%°¢ 0.06 + 1.66* —342.12% 0.17 £0.99%¢ 0.000
p-value* 0.000 0.889 0.000 0.483
Attack severity (VAS) before 8524 1.72° 8.94+ 1.63°¢ 7.32+1.81° 6.44 £ | 46> 0.000
Attack severity (VAS) after 5.83+£2.12*° 8.72 4 1.27><¢ 5.18+ 1.40°¢ 6.56 & 1.62° 0.000
Difference —2.69+2.19%° —0.22+0.88%¢ —2.14+1.28%¢ 0.11 +0.83*¢ 0.000
p-value* 0.000 0.298 0.000 0.579
Attack duration 14.02 +5.59* 17.04 + 3.48°¢ 7.25 + 3.66%54 11.39 4+ 4.99<¢ 0.000
(hour/attack) before
Attack duration 13.43 +5.30° 16.84 4 3.39°¢ 7.02 + 3.66*54 I1.54+4.87°¢ 0.000
(hour/attack) after
Difference —0.59+1.19 —0.2040.50 —0.24+122 0.15+0.73 0.149
p-value* 0.034 0.109 0.370 0.397

Note: Data are presented as mean =+ standard deviation. The number of abortive drugs consumed was daily in CM and weekly in EM.
*Paired t-test was used to compare pre-post tests.

#0One-way ANOVA was used to compare between groups.

abedel etters represent significant differences between each variable and two other variables, calculated by Bonferroni test (post-hoc).

The frequency of migraine attacks significantly
reduced in the CM probiotic-supplemented group com-
pared to baseline, while no significant change was
shown in their placebo controls (mean changes were
—9.67; p<0.001 in the probiotic and —0.22 in the

placebo groups) (Table 3). Moreover, after considering
the aforementioned confounders in ANCOVA model,
migraine frequency in the CM probiotic-supplemented
group significantly reduced compared to the placebo
group (p <0.001) (Figure 3).
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Figure 2. Comparison of headache characteristics in the episodic migraineurs before and after 10-week supplementation with
probiotic or placebo after considering gender, age, BMI, dietary energy intake and means of headache characteristics at baseline in

ANCOVA model.

CM patients in the probiotic group had significantly
higher mean changes in migraine attack frequency than
other studied groups (p <0.001) (Table 3).

Migraine days per month. EM patients in the probiotic
group had a significant reduction in the number of
migraine days per month compared with baseline,
while the EM subjects in the placebo group had no
significant changes over the study in terms of migraine
days (mean changes: —3; p < 0.001; in the probiotic and
0.17 in the placebo group).

Unlike the CM patients in the placebo group, the
CM probiotic-supplemented subjects had significant
reduction in the number of migraine days per month
compared to baseline (mean changes: —9.81; p <0.001
in the probiotic and 0.06 in the placebo group).

The mean changes in migraine days per month were
significantly higher in CM patients who supplemented
with probiotic in comparison with the other three
groups studied (p <0.001).

Migraine severity. EM patients in the probiotic group had
a significant reduction in migraine severity, while there
were no significant changes observed in the EM placebo

group (mean changes were —2.14; p < 0.001). Following
adjustment of ANCOVA models for confounders
including gender, age, BMI, dietary energy intake and
mean severity of attacks at baseline, migraine severity
in EM patients in the probiotic group significantly
reduced compared to the placebo group (p < 0.001)
(Figure 2).

There was a significant decrease in migraine severity
in CM patients who received probiotic compared to
baseline, while this significant change was not observed
in the CM placebo group (mean changes were —2.69 in
the probiotic group; p <0.001 and —0.22 for the pla-
cebo groups). After adjustment for the mentioned con-
founders, the impact of probiotics on reduction of
migraine intensity in CM patients remained significant
(p <0.001) (Figure 3).

After comparing the migraine severity between the
four studied groups by ANOVA, it was shown that
there was a significantly higher mean difference
among CM patients in the probiotic group compared
to the CM and EM placebo groups (p <0.001).

Migraine duration. Neither EM patients in the probiotic
group, nor EM patients in the placebo group showed a
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Figure 3. Comparison of headache characteristics in the chronic

migraineurs before and after 8-week supplementation with pro-

biotic or placebo after considering gender, age, BMI, dietary energy intake and means of headache characteristics at baseline in

ANCOVA model.

significant change in attack duration compared to base-
line (mean changes were —0.24 in the probiotic and
0.15 in the placebo group) (Table 3). After considering
gender, age, BMI, dietary energy intake and mean dur-
ation of attacks at baseline in the ANCOVA model, no
significant difference in migraine duration was observed
between EM patients in the probiotic and placebo
groups (Figure 2).

Among CM patients, those in the probiotic group
had a significant decrease in migraine attack duration
at the end of the trial, while, no significant changes were
observed in the placebo group (mean changes were
—0.59; p=0.034 in the probiotic and —0.20 in the pla-
cebo group (Table 3). Furthermore, after adjusting for
the mentioned confounders, a significantly higher
decrease in attack duration was observed in the CM
probiotic group compared to the CM placebo group
(p=0.046) (Figure 3).

There was a significantly lower duration of attacks
among the EM supplemented group than the other
three groups, at baseline and at the end of the interven-
tion (p <0.001). However, the mean changes of dur-
ation of attacks between the four groups was not
significant.

The number of abortive drugs. The weekly number of
abortive drugs consumed was significantly reduced in
the EM probiotic-supplemented group compare to
baseline while EM patients in the placebo group did
not show a significant reduction in terms of abortive
drugs (mean changes: —0.72; p <0.001 in the probiotic
and 0.06 in the placebo groups) (Table 4).

Unlike the CM subjects in the placebo group, CM
patients in the probiotic-supplemented group had a sig-
nificant reduction in the mean number of abortive
drugs consumed per day (mean changes: —1.02;
p<0.001 for within-group comparison in the CM
probiotic group; and 0.41 in the CM placebo group)
(Table 4).

Table 5 represents the seven categories of medica-
tions consumed in the studied groups at baseline,
including triptans, non-steroidal anti-inflammatory
drugs (NSAIDs), other analgesics, and prophylactic
medications including propranolol, topiramate,
sodium valproate/depakine, and tricyclic antidepres-
sants (TCAs).

Inflammatory markers. The results of the changes in
serum levels of TNF-o and CRP in the studied
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Table 4. Changes in the number of abortive drugs consumed before and after supplementation with probiotic or placebo in a group

of migraine patients.

Chronic Chronic Episodic Episodic
migraineurs migraineurs migraineurs migraineurs
probiotic placebo probiotic placebo
supplemented supplemented  p- value® supplemented  supplemented p-value€ p-value®
Number of abortive* 2.75+0.99 223+093 0.102 2.04£0.73 1.84+0.62 0.359 -
drugs before
Number of abortive 1.724+0.60 2.63+£1.08 0.002 1.32+0.52 1.90+0.75 0.007 -
drugs after
Difference —1.02+£0.93 0.41 +0.82 0.000 —0.72+£0.66 0.06 +-0.43 0.000
p-value* 0.000 0.050 0.000 0.551 -

Note: Data are presented as mean =+ standard deviation. Letters represent significant differences between each variable and two other variables,

calculated by Bonferroni test (post-hoc).

¥The number of abortive drugs consumed was daily in CM and weekly in EM.

€Independent sample t-test was used to compare groups two by two.
*Paired t-test was used to compare pre-post tests.
#One-way ANOVA was used to compare between groups.

Table 5. Consumption of medications in the studied groups at baseline.

Chronic
migraineurs
probiotic

Drug category supplemented

Chronic Episodic Episodic
migraineurs migraineurs migraineurs
placebo probiotic placebo

supplemented supplemented supplemented

Triptans 10 (47%)
NSAIDs (Nonsteroidal 18 (85%)
anti-inflammatory drugs)
Other analgesics 13 (72%)
Propranolol 12 (57%)
Topiramate 10 (47%)
Sodium valproate/depakine 19 (89%)
Tricyclic antidepressants (TCAs) 13 (61%)

10 (55%) 10 (45%) 10 (55%)
15(83%) 14 (63%) 15(83%)
15 (71%) 15 (71%) 13 (72%)
11 (61%) 10 (47%) 10 (55%)
7 (38%) 5 (23%) 7 (39%)
14 (76%) 9 (42%) 7 (39%)
11 (61%) 9 (42%) 12 (66%)

groups are shown in Table 6. After 10 weeks of inter-
vention, the mean serum CRP concentration of the EM
supplemented group showed a non-significant reduc-
tion (from 1.09 to 0.83mg/dl), while in the EM placebo
group a slight non-significant increase in CRP levels
(from 0.55 to 0.73mg/dl) was observed. Regarding
comparison of serum TNF-a level, this was reduced
in the EM probiotic group (from 2.97 to 2.73 pg/ml),
but slightly increased in the placebo group (from 2.31
to 5.05 pg/ml).

CM patients in the probiotic group had slightly
increased serum levels of CRP after the intervention com-
pared with baseline (from 1.77mg/dl to 2.70 mg/dl), as
did the CM placebo group (from 0.57mg/dl to 0.74 mg/
dl). The increment was significant only in CM patients
who received probiotic supplementation (p=10.005).
TNF-a levels in the serum samples of CM patients had
a non-significant increase compared to baseline in both

the probiotic group (from 5.90 to 8.18 pg/ml) and the
placebo group (from 3.12 to 5.73 pg/ml).

There were no significant differences between the
four studied groups in terms of serum CRP and
TNF-a level at baseline or at the end of the study.

Discussion

This randomized, placebo controlled, double-blind study
investigated the effect of supplementing with 14 bacterial
strains of probiotic mixture on episodic and chronic
migraine characteristics. Significant improvements were
seen both in episodic and chronic migraine headaches
among those who supplemented with the probiotic mix-
ture in terms of the frequency and severity of attacks, the
number of migraine days per month and the number of
abortive drugs consumed. A comparable effect was not
observed in the placebo groups.
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Table 6. changes in the TNF-o and CRP level before and after supplementation with probiotic or placebo in a group of migraine

patients.

Chronic migraineurs

Chronic migraineurs

Episodic migraineurs Episodic migraineurs

probiotic supplemented placebo supplemented probiotic supplemented placebo supplemented p-value®

TNF before (pg/ml)  5.90 4+ 6.25 3.12+£3.46
TNF after (pg/ml) 8.18+£7.89 5.73+£5.38
p-value* 0.088 0.147

CRP before (mg/dl) .77 £2.90 0.57+£.73
CRP after (mg/dl) 2.70 £4.03 0.74£ 1.0l
p-value* 0.005 0.402

297 £5.09 231 £351 0.368

2.73£525 5.05+6.94 0.128
0.721 0.212

1.09 +1.87 0.55+ .44 0.651

0.83£1.19 0.73£.33 0.201
0.179 455

Note: Data are presented as mean =+ standard deviation. Letters represent significant differences between each variable and two other variables,

calculated by Bonferroni test (post-hoc).
*Paired t-test was used to compare pre-post tests.
#One-way ANOVA was used to compare between groups.

The results of the current study are consistent with
the two previous open-label studies concerning the bene-
ficial effect of probiotics on migraine parameters. In the
first study, Sensenig et al. showed that a probiotic sup-
plement plus minerals (magnesium aspartate, manganese
glycerylphosphate, zinc gluconate, and copper glyci-
nate), vitamins (thiamine mononitrate and pyridoxal
S-phosphate), and herbs caused near total relief of
attacks in 60% of migraine patients after 12 weeks.
Also, 80% of patients reported significant improvement
in their quality of life (25). The second open-label study
applied seven bacterial strains of probiotic mixture to
migraineurs. They observed a 25% reduction in the fre-
quency of migraine attacks and improved migraine dis-
ability after probiotic supplementation (26).

Our findings on episodic migraine subjects revealed
that 10-week probiotic supplementation among epi-
sodic migraineurs resulted in a significant decrease in
migraine frequency (mean change: —2.64), number of
migraine days per month (mean changes: —3.00), attack
severity (mean changes: —2.14) and abortive drugs con-
sumed per week (mean change: —0.72). The reduction
of the mean value of the mentioned characteristics in
episodic migraine remained significant even after
adjusting for potential confounders. Although the
mean duration of attacks within both episodic groups
did not change significantly during the trial, we
observed significant differences between groups at
both baseline and after the intervention. Based on
ICHD III (beta version) criteria, each migraine attack
can last from 4 to 72 hours (28). Thus, when studying
migraineurs, it is not possible to match all headache
characteristics including duration of attacks among
study arms in this regard, but the mean duration of
headache attacks in both groups was within the
accepted range for diagnosis of migraine attacks.

Furthermore, the study of chronic migraineurs sug-
gested that 8-week probiotic supplementation

significantly reduced migraine attack frequency (mean
changes: —9.67), number of migraine days per month
(mean changes: —9.81) severity of attacks (mean
changes: —2.69) and daily abortive drugs consumed
(mean changes: —1.02) even after considering con-
founding variables. Unlike episodic migraineurs, we
observed a significant mean reduction of 0.59 hours
per attack in the mean duration of attacks in probio-
tic-supplemented chronic migraineurs compared to
baseline.

According to the four group comparisons, CM
patients in the probiotic-supplemented group had sig-
nificantly higher mean reduction in the number and
frequency of migraine days compared to the other
three groups relative to baseline. The observed differ-
ences could be partially explained by the fact that,
because migraine characteristics are more severe in
chronic migraineurs, the effect of probiotic supplemen-
tation was more detectable in these patients.

The beneficial effects of probiotics on migraine may
be related to their role in improving gut integrity (12).
An imbalance in gut microbiota and an increase in
pathogenic and gram-negative bacteria results in the
leakage of lipopolysaccharides (LPS) from Iumen to
blood. LPS is a strong trigger of pro-inflammatory
immune responses. Pro-inflammatory markers, such as
TNF-o, IL-1B and IL-6, have been reported to be a pain
mediator in neurovascular inflammation and they could
stimulate the activation of trigeminal nerves (9,32-35).

Also, previous researches have reported a rise in the
serum levels of pro-inflammatory cytokines like PPAR-
v, TNF-o and interleukin 1f during migraine attacks
(9,20,36). Based on this hypothesis, we measured the
serum level of TNF-oo and CRP. However, only a
slight, non-significant reduction in episodic patients
and a slight increase in chronic migraineurs was
observed after probiotic supplementation. We esti-
mated the time since the last attack and the time that
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blood samples were collected from patients in order to
check whether there is any relation between the last
attack and the levels of inflammatory biomarkers in epi-
sodic migraine patients. It was shown that the mean time
was about 9 days in the probiotic group and 7 days in
the placebo arm, which were almost similar.

One of the other possible mechanisms for the bene-
ficial effects of probiotics on migraine is the role of
gastric stasis. Gastric stasis is one of the gastrointestinal
conditions co-occurring with migraine. Migraineurs
experience delay in gastric emptying during and
between attacks, and this phenomenon may complicate
migraine treatment (37). Probiotics can significantly
increase the gastric emptying rate via neuroimmune
interaction (38,39).

However, in contrast to our results, the only previ-
ous randomized clinical trial concerning migraine and
probiotics by De Roos et al. reported different results.
They showed that migraineurs who supplemented with
a probiotic mixture of seven bacterial strains for 12
weeks did not have any significant improvement in
migraine parameters compared to the placebo group
(27). The observed difference could be in part explained
by the number of bacterial strains and type of probiotic
products. In the De Roos et al. study, a seven-bacteria
strain consisting of Bifidobacterium bifidum W23, B.
lactis W52, Lactobacillus acidophilus W37, Lactob.
brevis W63, Lactob. casei W56, Lactob. salivarius
W24, Lactococcus lactis W19 and Lactoc. lactis W58
was used. Our probiotic supplement consisted of 14
bacterial strains. For example, Lactobacillus plantarum
in the currently used probiotic mixture is reported to
have a protective effect against LPS-induced inflamma-
tion and inflammatory bowel disease (40-42).
Furthermore, our probiotic mixture contained
Bifidobacterium infantis, which according to previous
results has a modulatory effect on systemic inflamma-
tory biomarkers in both gastrointestinal and extra-
intestinal inflammatory disorders (43). On the other
hand, the female-to-male ratio in the current study
was 2.7:1, which is similar to previously reported

ratios for migraine prevalence in different studies (2:1
or 3:1) (44), while this ratio was 14:1 in the De Roos
et al. study, which may not represent the female-to-
male ratio of migraine prevalence in the general
population.

The strengths of the current research are the pro-
spective, double-blind, placebo-controlled design,
using a 14 bacterial strain probiotic in episodic and
chronic migraineurs for the first time, recruiting the
subjects by expert neurologist headache specialist diag-
nosis, and obtaining a reasonable ratio of men and
women in the study. Notably, we encountered no side
effects (such as bloating, GI discomfort, diarrhea etc.)
for this probiotic product throughout the study.

Limitations in our study were that we only measured
serum levels of TNF-o and CRP as inflammatory mar-
kers, while we know that there are more inflammatory
markers involved in migraine pathophysiology. Also,
because the study was undertaken in winter and
taking antibiotics was one the exclusion criteria, the
drop-out rate (about 20%) was quite high.

However, the finding of elevated serum level of
TNF-a either during attacks or attack-free intervals
in migraineurs points to TNF-a as a potentially critical
cytokine of migraine pathology (9,45,46). Furthermore,
we did not assess the gut permeability because we were
not able to collect the patients’ urine samples in fasting
condition for a lactulose/mannitol test. Although mul-
tiple studies have indicated the possible association
between migraine and gastric stasis, the gastric empty-
ing rate was not assessed in our participants.

Conclusion

The results of this study showed that a 14-strain pro-
biotic mixture could be an effective and beneficial sup-
plement for improving migraine headaches in both
chronic and episodic migraineurs. More precise
researches are needed to establish the place of pro-
biotics in migraine treatment and find the underlying
mechanism of the probiotic effect.

Article highlights

responses.

modulating the gut-CNS axis.

e Several lines of research on the association between migraine and gastrointestinal disorders have observed
the higher prevalence of headache in patients who suffer from GI complaints.
e The possible underlying explanation might be attributed to increased gut permeability and inflammatory

e Our findings suggest probiotics as a beneficial supplement in episodic and chronic migraineurs due to their
possible effect in improving migraine characteristics.
e The beneficial effects of probiotics on migraine may be related to their role in improving gut integrity and
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