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Abstract

Background: Fibromyalgia syndrome (FMS) is a chronic, generalized and diffuse pain disorder accompanied by other symptoms such as emotional
and cognitive deficits. The FMS patients show a high prevalence of gastrointestinal symptoms. Recently it has been found that microbes in the
gut may regulate brain processes through the gut-microbiota-brain axis, modulating thus affection, motivation and higher cognitive functions.
Therefore, the use of probiotics might be a new treatment that could improve the physical, psychological and cognitive state in FMS; however,
no evidence about this issue is available.

Methods: This paper describes the design and protocol of a double-blind, placebo-controlled and randomized pilot study. We use validated
questionnaires, cognitive task through E-Prime and biological measures like urine cortisol and stool fecal samples. The trial aim is to explore

Key words: the effects of eight weeks of probiotics therapy in physical (pain, impact of the FMS and quality of life), emotional (depression, and anxiety) and
Fbromyalgia cognitive symptoms (attention, memory, and impulsivity) in FMS patients as compared to placebo.
Probiotics. Chronic Conclusion: This pilot study is the first, to our knowledge, to evaluate the effects of probiotics in FMS. The primary hypothesis was that FMS
pain. Clinical trial. patients will show a better performance on cognitive tasks, and an improvement in emotional and physical symptoms. These results will contribute
Nutrition. to a better understanding in the gut-brain axis. Here we present the design and protocol of the study.

Resumen

Antecedentes: el sindrome de fibromialgia (FMS) es un trastorno crénico, generalizado y difuso que produce dolor acompafiado de otros
sintomas emacionales y cognitivos. Asi mismo, los pacientes con FMS muestran una alta comorbilidad de sintomas gastrointestinales. En este
sentido, recientemente se ha encontrado que la microbiota intestinal es capaz de regular procesos cerebrales a través del eje intestino-micro-
biota-cerebro, modulando asi a nivel afectivo, emocional, motivacional y de funciones cognitivas complejas. Por lo tanto, el uso de probidticos
podria ser una nueva estrategia terapéutica para mejorar el estado fisico, psicoldgico y cognitivo en pacientes con FMS. Sin embargo, adn no
hay evidencia disponible sobre este tema.

Métodos: este articulo describe el disefio y el protocolo de un estudio piloto doble ciego, controlado con placebo y aleatorizado. Se utilizan
cuestionarios validados, tareas cognitivas a través de E-Prime y medidas bioldgicas como cortisol de orina y muestras de heces. El objetivo del

Palabras clave: estudio es explorar el efecto de un tratamiento multiespecies probidticas durante ocho semanas en la sintomatologia fisica (dolor, impacto del
Fbromialai FMS y calidad de vida), emocional (depresion y ansiedad) y cognitiva (atencién, memoria e impulsividad) en pacientes con FMS.

Ipromialgia. . . . . I
Probidticos. Dolor Conclusion: el protocolo de este estudio piloto, a nuestro conocer, s el primero que pretende evaluar los efectos de los probitticos en FMS.
cronico. Ensayo La hipétesis de partida es que los pacientes con FMS mostraran un mejor desempefio en las tareas cognitivas y una mejoria en los sintomas
clinico. Nutricion. emocionales y fisicos. Estos resultados contribuiran a una mejor comprension del eje intestino-cerebral.
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INTRODUCTION

Fibromyalgia syndrome (FMS) is a chronic, generalized and dif-
fuse pain disorder accompanied by symptoms such as morning
stiffness or rested, fatigue, depression and sleeping disorders
with unknown etiology (1,2). The global prevalence is estimated
in 2.7%, with a mean prevalence of 2.5% in Europe, 3.1% in
America and 1.7% in Asia (3). However, this prevalence could
increase until 5.4%, with a ratio of females to males of 2.3:1 (4),
using the modified 2010 criteria (5).

The FMS patients show a high prevalence of gastrointestinal
symptoms (6), 81% of them reported normal alternating with
irregular bowel pattern, and 63% had alternating diarrhea and
constipation (7). In the same line, 32% to 80% of patients with
FMS met criteria for irritable bowel syndrome (IBS), a common
functional disorder of the gastrointestinal tract (8-11) with a con-
siderable comorbidity (odds ratio 1.8-5.3) (12).

Self-reported cognitive deficits include forgetfulness, concen-
tration difficulties, loss of vocabulary and mental slowness (13-
18). Emotional and mood problems are also common in FMS. The
cognitive domains that appear to be frequently affected in this
population are attention, episodic memory and working memory
(13,19). Interestingly, it was shown that the severity of these neu-
rological and cognitive deficits could be related to reduced levels
of Bifidobacterium and increased levels of Enterococcus spp (20).
In addition, Pimentel et al. (21) found an abnormal lactulose breath
test in FMS patients (78%), suggesting bacterial overgrowth of the
small intestine. A posterior research of this group (22) has showed
that 100% of FMS patients were diagnosed with small intestinal
bacterial overgrowth compared to 84% of subjects with IBS and
20% of the healthy subjects.

Al of the above show the relevance of microbiota in FMS, point-
ing to the potential use of probiotics in this syndrome, as has been
suggested by several authors (23-25). Probiotics are live microor-
ganisms that, when administered in adequate amounts, confer a
health benefit on the host (26). Probictics has demonstrated useful
in IBS (27,28) and in another patients with small intestinal bac-
terial overgrowth (29). In the last years, the interest in probiotics
research has been increased about the effectiveness in the mood
and emotional modulation (30-33) through the gut-brain axis
(34-35), improving symptoms like depression, anxiety, cognitive
functions, and others, and not only pain symptomatology. In fact,
a recent meta-analysis shows that probiotic consumption may
have a positive effect on psychological symptoms of depression,
anxiety, and perceived stress in healthy human volunteers (46).

A better understanding of the probiotic effects in this pathology
is required to develop integrative approaches for patient care,
given the high comorbidities between FMS and gastrointestinal
pathologies, as well as the high gastrointestinal symptomatology
and the beneficial effect of probiotics in symptoms present in
FMS. To the best of our knowledge, no randomized controlled
trial has been conducted to evaluate the role of probiotics in FMS.
Consequently, the aim of this research is to evaluate the effect of
probiotic treatment in patients diagnosed with FMS. Therefore, in
the present study, we designed a randomized controlled interven-
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tion with a multispecies probiotic to improve cognitive functions
and emotional processes, as well as self-reported symptoms of
depression and anxiety in FMS patients.

MATERIAL AND METHODS

STUDY DESIGN

This is a randomized, double-blind and placebo controlled pilot
study. Study enrollment took place from December 2015 to Feb-
ruary 2016. It is designed to test whether a multispecies probi-
otic may improve cognition, emotional symptoms and functional
state in a population diagnosed with FMS. Therefore, our aim is
to explore the effects of probiotics in FMS patients as compared
to placebo. Specifically, we explore the effects of probiotics in
physical (e.g., pain), emotional (e.g., anxiety and depression) and
cognitive (e.g., attention, memory) symptoms.

PARTICIPANTS

The population of our study are patients aged 18 years or older
diagnosed with FMS by a physician according to the American
College of Rheumatology criteria (2). This study is carried out at
the University of Almeria. Participants are referred to our study
from the Almeria Fibromyalgia Association (AFIAL-Spain) or the El
Ejido Fibromyalgia Association (AFIEL-Spain). The inclusion criteria
are: a) having been diagnosed at least one year before entering
the study; b) without antibiotic treatment; and ¢) having signed
the informed consent to participate. Exclusion criteria include: a)
severe physical disability; b) being pregnant or breastfeeding; c)
medication usage other than as-needed analgesics (excluding
long-term narcotics); and d) meeting the criteria for psychiatric
disorders other than depression and/or anxiety. The recruitment is
based on an initial interview to evaluate the inclusion and exclu-
sion criteria; this first visit is carried out two weeks before the
study began. Patients do not receive any economic compensation.
Figure 1 illustrates the participants’ flow throughout the study.

ETHICAL ASPECTS

Informed written consent, including information about the dif-
ferent types of intervention (probiotics vs placebo), is obtained
from all participants. This study is done in accordance with the
Declaration of Helsinki, and it received ethics approval by the local
Human Research Committee at the University of Almeria (Spain).
The study was registered with ClinicalTrial.gov (NCT02642289).

RANDOMIZATION AND BLINDING

This study was double blinded, using identical matching place-
bo and probiotics. The bottles containing probiotics and placebo
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Figure 1.

Study timeline.

were identical and each one contained 60 pills; probiotics and
placebo pills were indistinguishable in color, taste and smell. The
group allocator, the participants, and the outcome assessor were
aware of the assigned intervention.

Participants were randomly assigned to either the placebo or
the interventions (probiotic) groups through a random-number
generator by assignment in a 1:1:1 ratio for the three groups.

INTERVENTIONS

The intervention consisted in the administration of a multispe-
cies probiotics. The subjects took the oral probiotics or placebo
every day for eight weeks. The doses were four pills each day.
The three different interventions are identical in appearance, taste
and smell.

— Probiotic 1:the oral probiotic 1, consisted of S. thermophiles,
S. faecium, L. acidophilus, L. rhamnosus, L. casel, L. bulgar-
icus, B. bifidum, and B. infantis. This probiotic was provided
by the manufacturer Complementos Fitonutricionales (CFN.
S.L., Granada, Spain) through their product Probiotic 5000.
Each capsule contains about five million bacteria.

P. Roman et al.

— Probiotic 2: the oral probiotic 2 was Ergyphilus Plus, provided
by the manufacturer Nutergia (Spain), containing six million
revivifications of germs per capsule. This probiotic contains
the following bacterial strains: L. Rhamnosus GG®, Casel,
Acidophilus, and B. Bifidus.

— Placebo: the placebo was composed by cellulose, an inert
substance, and was provided by the manufacturer Comple-
mentos Fitonutricionales (CFN. S.L., Granada, Spain). The
duration and the daily pills intake was the same than in the
probiotics groups.

INTERVENTION TIMELINE

The study timeline is shown in figure 1 and intervention details

are outlined below.

— Study visit 1: a recruitment visit was carried out two weeks
before the beginning of the study to evaluate the inclusion
an exclusion criteria.

— Study visit 2: at the second visit, week zero, the subjects
were enrolled following informed consent, and randomized
to probiotic or placebo. Initial stool and urine samples were
collected. Also, all the demographic information was taken.
This visit is considered as the baseline pre-treatment and
all the outcomes were measured.

— Study visit 3: after four weeks of treatment we carried out a
visit (visit 3) to evaluate adherence.

— Study visit 4. eight weeks after, in the fourth visit, the subject
stopped taking the probiotic or placebo. This visit is consid-
ered as the post-treatment effects and all the outcomes were
measured. Stool and urine samples were collected.

ADHERENCE

Subjects were followed through weekly by telephone calls to
identify side effects from the medication and any medication-re-
lated problems. In addition, after four weeks of treatment an inter-
view with the patients was carried out to evaluate adherence to
the treatment. Tolerability is an important factor in subject adher-
ence to get a potentially beneficial intervention.

SUBJECT WITHDRAWAL

All subjects were informed during enroliment that they may
discontinue participation at any time.
OUTCOME MEASURES

The primary outcome of this study is FMS patients cognition
improves after eight weeks of treatment. We hypothesize that

FMS patients will show a better performance on impulsive choice
and decision-making, as well as on working memory and atten-
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tional control, following the treatment with probiotics. As second-
ary outcomes, we hypothesize mean changes between baseline
and after intervention on body composition, pain, and emotional
outcomes. Additional secondary outcomes include changes on
physiological measures (free cortisol concentration in urine and
stool fecal samples).

ASSESSMENT TOOLS

The following assessment tools were used:

1. Demographic information: gender, age, time with fibromy-
algia, and years of formal education.

2. Anthropometric measurements of body mass index and cor-
poral composition (fat mass and lean mass) were assessed
by bioelectric impedance analyzer of six electrodes (Electro
Interstitial Scanner, LD Technology, Miami, FL).

3. A Spanish validated version of several questionnaires was used
to evaluate several symptoms or dimensions of FMS patients.
— Pain: Visual Analogue Scale (47) and McGuill Pain Ques-

tionnaire (48).

— Quality of life: Short-Form Health Survey (SF-36) (49).

— Impact and severity of FMS symptoms: Fibromyalgia
Impact Questionnaire (50).

— Sleep quality: Pittsburg Sleep Quality Index (51).

— Emotional symptoms: depression (Beck Depression Inven-
tory [52]) and anxiety (State-Trait Anxiety Inventory [53]).

— Cognitive dimension: general evaluation (Mini-Mental
State Examination [54]) and verbal working memory
(Digits [55]).

4. The following computerized cognitive tasks were used.
E-Prime 2.0 software (Psychology Software Tools, Pitts-
burgh, PA) controlled the presentation of the stimuli as well
as collection of the participant’s responses in the tasks:

— Working memory: Directed-forgetting Task, Corsi Task,
Simon Task, and N-Back Task.

— Inhibitory control mechanisms of attention: Go/No-Go
Task, Distractor Devaluation Effect Task, and Stroop Task
with negative priming.

— Impulsive choice and decision-making: lowa Gambling
Task, Task Switching and Two-Choice Task.

5. Free cortisol in urine, using a competitive ELISA kit (RE5224,
Cortisol ELISA, IBL International, Hamburg, Germany).

6. Stool fecal samples, using QlAampR DNA Stool Mini Kit
(QIAGEN) to extract DNA, and PCR-R to analyze the DNA.

ADVERSE EVENTS

— Safety of probiotics: Lactobacillus and Bifidobacterium spe-
cies have long been considered as safe for human consump-
tion, and their safety has been studied in many publications
(56). They were made commercially available many years
ago. In our study, our products have been supplied by CFN.
S.L. and Nutergia, which commercialize them reliably.
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— Safety of placebo: the placebo agent was composed of cellu-
lose, an inert, inactive substance. Being an inert substance,
the likelihood for adverse reaction is virtually none, and there
is no obvious foreseeable risk associated with the ingestion
of the placebo capsules.

DATA MANAGEMENT

Research data is handled with utmost confidentiality and dis-
cretion. Subjects are assigned a unique identification number that
can be traced only by the research specialist and PI. The file
linking study identification numbers to identifiable information is
stored and secured separately from the coded data. All subject
information is kept in locked drawers, file cabinets or secure com-
puter files, with access only allowed to research personnel. The
final trial dataset will be available to all research personnel.

STATISTICAL ANALYSIS

— Sample size justification. We conducted a randomized con-
trolled trial with probiotic and placebo randomized ina 1:1:1
manner. Because this is a pilot feasibility study, a sample
size calculation was not conducted as there are not previous
studies evaluating probiotics in FMS. We considered that it
was feasible to recruit an overall of 60 participants, with 20
patients randomized to each group.

— Data analysis. For baseline demographic data, question-
naires and behavioral measurement, the mean scores (total
and/or partial) were calculated using descriptive statics.
Repeated measures analysis of variance (ANOVA) was used
to evaluate the significance of the participants’ evolution
within each group by comparing the different scores at vari-
ous time points compared to baseline. Even though the data
show a non-normal distribution, Friedman test were used. A
p-value of < 0.05 is considered as statistically significant. In
addition to the statistical significance levels, the effect size
estimates were calculated by n? (eta-squared). This indica-
tor provided estimates of the magnitude of the effects that
are independent of the sample size. Statistical analysis was
performed using software SPSS for Windows, Version 21.0
(SPSS Inc., Chicago, lllinois, USA).

DISCUSSION

Ingestion of probiotics positively affects the host’s health by
improving intestinal the microbial balance (57), and also may posi-
tively affect cognitive and psychological processes via the gut-brain-
axis (44). The proposed mechanisms of action of probiotics include
competition against the pathogenic bacteria to bind to the intestinal
epithelial cells, enhancement of the intestinal epithelial barrier func-
tion, inhibition of pathogens’ growth by secretion of antimicrobial
peptides, and augmentation of the production of serum IgA (58,59).
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Probiotics may also affect the central nervous system via the gut-
brain axis by: a) enhancing the production and delivery of neuroac-
tive substances, such as gamma-amino butyric acid (GABA), sero-
tonin, dopamine and acetylcholine; b) the vagus nerve (60); and c)
decreasing pro-inflammatory cytokines, which are able to cross the
blood-brain barrier and elicit mood and behavioral changes (58). For
instance, some probiotics have been shown to induce an elevation of
tryptophan levels in plasma (61), which is a precursor of serotonin.
Serotonin has been implicated in emotional processes, cognition,
motor function and pain, as well as in neuroendocrine functions,
such as food intake, circadian rhythms and reproductive activity (62).
A very important practical implication of this is that probiotics may
then produce health benefits in patients suffering from neuropsychi-
atric disorders (60). Therefore, FMS is one of the target population.
These patients show a seemingly altered Gl microbial community
(20,63). Their symptoms include chronic, generalized and diffuse
pain disorders, as well as fatigue, depression, sleeping disorders
(1), self-reported reduced mental performance (14-18) and cognitive
deficits in inhibition and decision-making processes (64).

Previous studies with probiotics in population with a great
comorbidity with FMS, like CFS and IBS (6,11,12,65), have report-
ed beneficial effects after treatment in quality of life (60), pain
severity (67), reduced inflammation (68), and emotional symptoms
like anxiety (69).

To our knowledge, the current pilot study is the first random-
ized controlled trial evaluating the effects of probiotics on FMS.
This study will identify the potential effect of probiotics in sev-
eral dimensions of FMS, since these effects are still unknown.
Moreover, this protocol study will provide a complex and a large
evaluation of several symptoms in FMS, affecting to the physical,
emotional and cognitive symptoms. Thus, it could affect to the
quality of life of patients with FMS, improving some symptoms
that limited their daily life.

While this study adds important knowledge to the literature, it
does have some limitations. The primary limitation of this study
is the sample size. This was designed as a pilot study, planned
to assess feasibility, attrition, completion of study procedures,
and recruitment challenges, prior to undertaking a larger study.
Second, dietary measures were not included and consumption of
other fermented foods (e.g., yogurt) was not controlled. Hence, we
cannot exclude that the consumption of probiotics will be accom-
panied by spontaneous dietary changes that may have indirectly
accounted for the observed effects.

Despite the limitations, the results of this study will provide the
first evidence of the effect of probiotics on FMS. In addition, data
will have important clinical implications. Given that neither phar-
macological nor non-pharmacological interventions are effective
on FMS by themselves, a multidisciplinary intervention including
both of them is the most effective approach so far (70).
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