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prevalence in women, FM significantly 
impacts patients’ quality of life, often leading 
to considerable healthcare costs and loss 
of productivity. Despite its prevalence, the 
etiology of FM remains elusive, with genetic, 
environmental, and psychological factors, 
including nutrition, being implicated. Currently, 
no universally accepted treatment guidelines 
exist, and management strategies are often 
symptomatic. This narrative review explores 
the potential of a neuronutritional approach to 
FM management. It synthesizes existing research 
on the relationship between FM and nutrition, 
suggesting that dietary interventions could be 
a promising complementary treatment strategy. 
Various nutritional interventions, including 
vitamin D, magnesium, iron, and probiotics 
supplementation, have shown potential in 
reducing FM symptoms, such as chronic pain, 
anxiety, depression, cognitive dysfunction, 
sleep disturbances, and gastrointestinal issues. 
Additionally, weight loss has been associated 
with reduced inflammation and improved 
quality of life in FM patients. The review 
highlights the anti-inflammatory benefits 
of plant-based diets and the low-FODMAPs 
diet, which have shown promise in managing 
FM symptoms and related gastrointestinal 
disorders. Supplements such as vitamin D, 
magnesium, vitamin B12, coenzyme Q10, 
probiotics, omega-3 fatty acids, melatonin, 
S-adenosylmethionine, and acetyl-l-carnitine 

ABSTRACT

Fibromyalgia (FM) is a complex and common 
syndrome characterized by chronic widespread 
pain, fatigue, sleep disturbances, and various 
functional symptoms without clear structural 
or pathological causes. Affecting approximately 
1–5% of the global population, with a higher 

A. Badaeva (*) 
Department for Pathological Physiology, I.M. 
Sechenov First Moscow State Medical University 
of the Ministry of Health of the Russian Federation 
(Sechenov University), 119991 Moscow, Russia
e-mail: badaeva_a_v@staff.sechenov.ru

A. Danilov · A. Kosareva · M. Lepshina · V. Novikov · 
Y. Vorobyeva · A. Danilov 
Department for Nervous Diseases, I.M. 
Sechenov First Moscow State Medical University 
of the Ministry of Health of the Russian Federation 
(Sechenov University), 119991 Moscow, Russia
e-mail: danilov_a_b_2@staff.sechenov.ru

A. Kosareva 
e-mail: drkosareva@yandex.com

M. Lepshina 
e-mail: lepshina_m_m@student.sechenov.ru

V. Novikov 
e-mail: novikov_v_n@student.sechenov.ru

Y. Vorobyeva 
e-mail: vorobeva_yu_d@staff.sechenov.ru

A. Danilov 
e-mail: andreidanilov@mail.ru

http://orcid.org/0000-0002-9870-4414
http://orcid.org/0000-0003-2958-4479
http://orcid.org/0009-0007-4533-0491
http://orcid.org/0009-0005-2012-3192
http://orcid.org/0000-0002-4087-4322
http://orcid.org/0000-0002-3248-1633
http://orcid.org/0000-0001-8904-2538
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-024-00641-2&domain=pdf


 Pain Ther

are discussed for their potential benefits in FM 
management through various mechanisms, 
including anti-inflammatory effects, modulation 
of neurotransmitters, and improvement 
of mitochondrial function. In conclusion, 
this review underscores the importance of 
considering neuronutrition as a holistic 
approach to FM treatment, advocating for 
further research and clinical trials to establish 
comprehensive dietary guidelines and to 
optimize management strategies for FM patients.

Keywords: Chronic pain; Dietary 
interventions; Fibromyalgia; Inflammation; 
Neuronutrition; Nutritional supplements; 
Quality of life

Key Summary Points 

Nutritional interventions, such as vitamin 
D, magnesium, vitamin B12, coenzyme Q10, 
probiotics, omega-3 fatty acids, melatonin, 
S-adenosylmethionine, acetyl-L-carnitine, 
and curcumin supplementation have shown 
potential in reducing fibromyalgia (FM) 
symptoms.

They target different mechanisms from 
energy to neurotransmitter metabolism 
involved in FM pathogenesis.

Additionally, weight loss and plant-based 
dietary interventions have been associated 
with reduced inflammation and improved 
quality of life in FM patients.

Research on a neuronutritional approach 
to FM treatment is needed to establish 
comprehensive dietary guidelines and to 
optimize management strategies for FM 
patients.

INTRODUCTION

Fibromyalgia (FM) is one of the most common 
causes of chronic widespread pain. This 

is a complex syndrome that includes the 
following symptoms besides pain: fatigue, 
sleep disturbances, and functional symptoms—
medical conditions with no structural or 
pathological cause [1]. Patients describe pain 
in a variety of ways, but often as burning or 
nogging [2]. FM affects about 1–5% of the world 
population. The incidence is higher in women 
than in men, and the median age range of 
manifestation is between 30 and 35 years [3]. 
Fibromyalgia has a strong genetic component, 
and studies suggest that the disorder has familial 
clustering and genetic predisposition [4]. 
Researchers have found associations between the 
development of FM and specific polymorphisms 
of genes involved in serotoninergic, 
dopaminergic, and catecholaminergic pathways. 
The etiopathogenesis of FM is thought to 
involve complex interactions between genetic 
predisposition and environmental and 
biological factors, with central sensitization 
playing an important role [1, 5]. FM shows 
a marked familial aggregation, indicating 
a genetic predisposition to this disorder. 
Although the exact etiology remains unknown, 
current evidence points to a significant 
genetic component in the development and 
severity of FM  which can be associated with 
a spectrum of diseases, including infections, 
diabetes, rheumatic diseases, and psychiatric or 
neurological comorbidities [6]. Patients suffering 
from FM are characterized by significantly 
lower mental and physical health scores than 
the general population and other patients with 
chronic illnesses. The poor quality of life of 
patients with FM is reflected by the massive 
healthcare costs of patients, who frequently 
seek medical attention [1]. Some studies have 
shown that between 35 and 50% of patients 
with FM were not working [7]. The etiology of 
FM remains unknown, although it is supposed 
to be caused by a combination of genetic, 
environmental, and psychological factors 
including nutrition [8]. There are still no united, 
universally accepted treatment guidelines 
for FM, that is why treatment approaches are 
often symptomatic, including various types 
of diets [9]. Nutritional interventions used 
in FM management have been shown to be 
effective in reducing the symptoms. Clinical 
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trials with vitamin D, magnesium, iron, 
and probiotic supplementation have shown 
promising results in the chronic pain, anxiety, 
depression, cognitive function, sleep pattern, 
and gastrointestinal (GI) symptoms of FM. Also, 
weight loss seems to be associated with both a 
reduction of inflammation and improvement 
in the quality of life of patients with FM, thus 
suggesting that body weight control could have 
a role in providing treatment to these patients 
[10].

In the following review, we summarize 
available research for a correlation between 
FM and nutrition, and try to propose a new 
approach of neuronutrition management [11] 
in integrative programs of FM treatment.

MATERIALS AND METHODS

According to Paré and Kitsiou [12] and the 
PRISMA-S checklist [13], we conducted 
a comprehensive literature review using 
PubMed, Web of Science, and Medline. The 
chosen purpose of the study was to consider 
neuronutrition [13] as a new promising 
approach to FM treatment. We used the search 
terms: (fibromyalgia) AND (nutrition) OR (diet) 
OR (supplements). Other keywords used in this 
study are: “musculoskeletal pain”, “chronic 
pain”, and “nutritional interventions”. We 
included the articles on clinical medical 
research. The exclusion criteria were articles 
of fundamental medicine and clinical trials 
performed before 2005. We concluded data 
from the suitable articles with available full 
texts and provided analyzed information with 
pictured schemes and resulting summaries. This 
article is based on previously conducted studies 
and does not contain any studies with human 
participants or animals performed by any of the 
authors.

DIETARY APPROACH IN FM 
TREATMENT

FM was originally considered a non-
inflammatory pain syndrome [14]. Symptoms 

of FM were previously attributed to dysfunction 
in central nociceptive sensory processing [15], 
which was explained by altered pain perception 
in FM patients, generalized hypersensitivity to 
unpleasant stimuli, altered cognitive functions, 
and sleep disturbances [16]. However, recent 
studies have shown that inflammatory changes 
can lead to central sensitization and chronic 
pain [17]. FM has an inflammatory component 
due to elevated levels of inflammatory 
cytokines such as IL-6 and decreased levels 
of anti-inflammatory cytokines like IL-10 
[18]. Another study [19] reported increased 
serum levels of IL-1R antibody in FM patients 
and hypothesized the role of IL-6 toward 
the hypersensitivity to pain, fatigue, and 
depression. Since FM is a multifactorial disease, 
in which proinflammatory factors and central 
sensitization are currently considered to play a 
major role [14, 20], treatment should include 
pharmacological and non-pharmacological 
approaches. Among non-pharmaceutical 
strategies, there is growing evidence suggesting 
a potential beneficial effect of nutrition [21].

According to recent studies, vegetarian 
and vegan diets can be successfully used in 
FM management [22], as plant-based diets 
have a positive anti-inflammatory effect on 
gut microbiome and, in general, help resist 
systemic inflammation [23]. Meta-analysis 
provided evidence that vegan or vegetarian 
diets are associated with lower C reactive protein 
concentrations compared to an omnivorous 
diet in apparently healthy individuals and 
therefore may be a nutritional approach to 
reducing the risk of chronic disease [24]. 
Vegetarians consume large amounts of grains, 
fruits, vegetables, legumes, and nuts. Although 
the health benefits of these food components 
have been widely researched, there is no 
consensus on their anti-inflammatory effects. 
According to a meta-analysis [25], the anti-
inflammatory effects of vegan and vegetarian 
diets depend on the type of food eaten, as 
different studies have shown conflicting results, 
presumably due to the different compositions 
of various plant-based foods. A vegetarian diet 
contains anti-inflammatory substances, such as 
phytosterols, spices, salicylic acid, and dietary 
fiber. Phytosterols in particular are considered 
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to be potent anti-inflammatory agents that 
can decrease inflammatory markers [26]. 
Donaldson et al. [22] investigated the effect of 
vegetarian diet in FM patients, emphasizing 
increased, compared to conventional diets, 
vitamin A intake in the form of carrot juice. 
The diet also contained fresh fruits, salads, raw 
vegetables, nuts, seeds, whole grain products, 
tubers, flaxseed oil, and extra virgin olive oil. 
Alcohol, caffeine, foods containing refined 
sugar, corn syrup, refined and/or hydrogenated 
oil, refined flour, dairy, eggs, and all meat 
were recommended to avoid. Self-reported 
questionnaires (FIQ, SF-36, QOL) were used to 
control the results. A vegetarian diet produced 
improvements in all FM symptoms for 19 of 30 
participants. A systematic review [27] analyzed 
six studies, including four clinical trials and 
two cohort studies. The participants followed 
a vegetarian diet, with two clinical trials also 
including other physical therapies. The results 
showed significant improvements in quality of 
life, pain, sleep quality, anxiety, depression, and 
general health. Therefore, the review suggests 
that, to improve FM symptoms, physical exercise 
and an energy deficit are necessary, as elevated 
BMI levels have been directly linked to increased 
pain and functional status in FM patients [28].

According to a systematic review [29], half 
of FM patients have at least one functional 
gastrointestinal disorder (FGID), including 
irritable bowel syndrome (IBS). Both FM and 
functional gastrointestinal disorders (FGIDs) 
are thought to be linked to dysfunction of 
autonomic nervous system, which can lead to 
central sensitization, and may have a mutual 
reinforcing effect [30, 31]. The low-FODMAPs 
diet (LFD diet) has been successfully used to 
treat functional gastrointestinal disorders in 
various patient groups [32, 33]. To improve the 
quality of life of patients with FM and FGID, 
it is possible to use the LFD as an individual 
approach [34]. A low fermentable oligo-, di- 
and monosaccharides, alcohols and polyols 
diet is characterized by an exclusion of all dairy 
products, all cereals except rice, cashew, all 
fruit other than banana, citrus, pineapple, red 
berries, strawberries and kiwi, and all vegetables 
other than pumpkin, cabbage, lettuce, tomato, 
carrot and cucumber, for a 4-week period [34]. 

Marum et  al. investigated the effect of LFD 
in FM patients. Assessment tools used were: 
Revised Fibromyalgia Impact Questionnaire, 
Fibromyalgia Survey Questionnaire, Severity 
Score System, Euro-QOL quality of life 
instrument, and Visual Analogue Scale 
(VAS). LFD therapy proved to have a highly 
positive effect on symptoms in FM patients 
and significantly improved the quality of life. 
In addition, the reduction in GI symptoms 
associated with the LFD was linked to a decrease 
in pain and functional impact [34], suggesting 
a possible connection between these symptoms 
and changes in the intestinal microbiota.

Another condition that may contribute 
to FGID in FM patients is non-celiac wheat 
sensitivity (NCWS) [35], a condition in which 
GI and extraintestinal symptoms are triggered 
by wheat in the absence of celiac disease (CD) 
or wheat allergy. Extraintestinal symptoms 
of NCWS are similar to those of FM [36], 
which is thought to have an immunological 
component. It has been suggested that both 
innate and adaptive immune responses play a 
role in NCWS [37], and may share some triggers 
with FM [35]. Based on this hypothesis, a 
gluten-free diet may be a non-pharmacological 
intervention for patients with FM and gluten 
sensitivity [36]. After 8  weeks on a gluten-
free diet) [38], 30 of 63 patients experienced 
improved symptoms of FGID and FM, according 
to questionnaires. Additionally, an increase 
in the CD4+/CD8+ ratio among FM + NCWS 
patients after a gluten-free diet was observed, 
as well as a reduction in IL-17 and IL-22 levels. 
After the gluten-free diet, there was a statistically 
significant decrease in cytokine production [38].

NUTRITIONAL SUPPLEMENTS

In addition to a diet, personalized treatment for 
FM may also include the use of supplements.

Vitamin D

Observational studies have suggested a possible 
link between vitamin D deficiency and chronic 
pain, particularly in FM [39, 40]. Moreover, 
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vitamin D deficiency may have a role in central 
sensitization [41]. Several studies [42, 43] have 
confirmed the role of 25OHD deficiency in 
chronic musculoskeletal pain. Twenty-seven 
women and three men who fulfilled American 
College of Rheumatology criteria for FM, with 
serum calcifediol levels below 80 nmol/L (32 ng/
mL) were included in a double-blind, placebo-
controlled study. Depending on their serum 
calcifediol levels, the verum group received 
2400 IU (serum calcifediol levels < 60 nmol/L) or 
1200 IU (serum calcifediol levels 60–80 nmol/L) 
of cholecalciferol (vitamin D3) daily, dissolved in 
a triglyceride solution, with the aim of keeping 
calcifediol levels between 80 and 120 nmol/L. 
The placebo group received the triglyceride 
solution without cholecalciferol [44]. The 
study showed a remarkable and statistically 
significant reduction of mean scores on VAS in 
the treatment group [44].

Putative mechanisms by which vitamin D 
may be beneficial in FM include:

1. Modulation of nociceptive transmission in 
skeletal muscles, and its deficiency may lead 
to hyperinnervation and hypersensitivity to 
musculoskeletal pain. [45]

2. Vitamin D has anti-inflammatory and 
immunomodulatory effects. In particular, 
the vitamin can reduce the production of 
prostaglandin E2, which helps to regulate 
inflammatory pathways [40].

3. Vitamin D affects the synthesis and 
functioning of neurotransmitters, including 
serotonin, the level of which is altered in FM 
[46].

Magnesium

Magnesium can reduce inflammation and 
pain associated with FM symptoms. People 
with FM often have low magnesium levels, 
which reduces exercise capacity and increases 
inflammation in the body [47] and spasms. It 
plays a critical role in muscle relaxation and 
neurotransmitter functions. The underlying 
mechanism of magnesium’s effects lies in 
its important role in preventing central 
sensitization, which is considered to be the 

primary mechanism underlying FM. Magnesium 
blocks N-methyl-d-aspartate (NMDA) receptors 
in a voltage-dependent manner, preventing 
the development of central sensitization. 
Magnesium deficiency has been associated with 
muscle pain, fatigue, difficulty sleeping, and 
anxiety—common symptoms of FM. This is 
thought to be due to magnesium’s role in the 
regulation of muscle function and adenosine 
triphosphate (ATP) production. Magnesium is 
essential for ATP synthesis because ATP is stored 
in the body as a magnesium-ATP compound. 
Low ATP levels are common in people with FM, 
and this is thought to play a significant role 
in the development of many symptoms [48]. 
Magnesium is also involved in the regulation of 
hormone synthesis, including norepinephrine, 
which is often found to be overproduced in 
FM patients. This hormonal dysregulation is 
thought to contribute to the pathogenesis of 
FM [49]. In addition, magnesium is involved in 
the regulation of various nerve receptors, such 
as NMDA and 5-HT3, which are involved in the 
development of neuropathic pain experienced 
by FM patients. Magnesium’s ability to block 
these receptors may help alleviate some types 
of FM pain [49].

Vitamin B12

Putative mechanisms of Vitamin B12’s effect on 
the course of FM [46] include:

1. Inhibition of inflammatory mediators: 
vitamin B12 has been shown to inhibit 
inflammatory mediators known to 
contribute to pain.

2. Enhancing inhibitory signals in the pain 
pathway: vitamin B12 has been found to 
increase the effectiveness of norepinephrine 
and 5-hydroxytryptamine as inhibitory 
signals in the pain pathway, resulting in 
reduced pain perception.

3. Stimulating regeneration of damaged nerves 
and inhibiting spontaneous ectopic neuronal 
activity: it has been reported that vitamin 
B12 promotes regeneration of damaged 
nerves and inhibits spontaneous ectopic 
neuronal activity, which is associated with 
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gratuitous pain and increased sensitivity to 
pain.

Clinical studies have confirmed the potential 
benefit of vitamin B12 in the treatment of 
FM. One study showed that patients with 
FM who received frequent B12 injections 
with supplemental oral intake of B9 reported 
symptom relief, although the treatment was 
less effective in patients using opioids for pain 
management and more effective in patients 
taking thyroid hormones due to hypothyroidism 
[50]. In another study, daily administration of 
1000 µg of oral vitamin B12 for 50 days was 
shown to significantly improve FM severity and 
anxiety scores in patients [51].

Coenzyme Q10

Coenzyme Q10 (CoQ10) plays a crucial role in 
the electron transport chain of mitochondria, 
contributing to the production of adenosine 
triphosphate (ATP), the main energy currency of 
cells. In FM, there is a decrease in mitochondrial 
mass and CoQ10 levels, leading to impaired 
energy production and increased oxidative stress 
[52]. This compound is a powerful anti-oxidant 
that helps to protect cells from oxidative damage 
caused by reactive oxygen species (ROS). In FM, 
excess ROS formation can contribute to pain and 
inflammation, so the anti-oxidant properties of 
CoQ10 help to reduce these symptoms. CoQ10 
has been shown to regulate gene expression, 
particularly genes involved in the chronic 
inflammatory response, and has shown anti-
inflammatory properties [53], suggesting that 
CoQ10 may help to mitigate the inflammatory 
component of FM [54]. Although research is 
still in its early stages, CoQ10 shows promise in 
reducing both pain and anxiety in people with 
FM [46].

Probiotics

Another class of promising supplements for 
FM treatment are probiotics. There is growing 
evidence linking diseases to the presence (or 
absence) of certain bacteria in the digestive 
system. Up to 60% of people with IBS have 

FM, and, conversely, up to 70% of people 
with FM experience symptoms of IBS [10, 46]. 
A number of studies have shown that people 
with IBS experience noticeable changes in 
their gut bacteria, which may contribute to its 
symptoms. Probiotics have shown promising 
results in improving symptoms of anxiety, IBS, 
and depression, which are common in FM [46]. 
Probiotics have shown promise in the treatment 
of FM by modulating the gut microbiota–brain 
axis.

Studies have shown that probiotics can 
improve attention, reduce errors in cognitive 
tasks, increase impulsivity, improve decision-
making, and reduce depressive symptoms 
and anxiety in patients with FM [55]. These 
effects have been attributed to the regulation 
of the gut microbiota, which may influence 
pain, depression, sleep quality, and overall 
cognitive and emotional status in people with 
FM. Although more research is needed to fully 
understand the extent of probiotics’ effects 
on cognitive function and emotional status 
in FM, current evidence suggests a promising 
role for probiotics as a therapeutic agent for the 
treatment of FM symptoms [56].

Lipids

The mechanism of action of omega-3 fatty acids 
in FM lies in their anti-inflammatory properties, 
which target the neuroinflammation that is a 
key factor in this disease. Omega-3 fatty acids, 
particularly EPA and DHA and their derivatives, 
such as resolvins, maresins, and protectins, can 
stimulate the cessation of inflammation by 
acting on immune cells. This action helps to 
break the cycle of neuroinflammation associated 
with FM [57]. In addition, a balance of saturated 
and unsaturated fats, including omega-3 and 
omega-6, may influence endocannabinoid 
production, contributing to FM pain relief 
(Fig.  1). Omega-3 fatty acids help to reduce 
pain intensity and fatigue and to improve sleep 
quality in patients with FM [58].

Studies on combination anti-pain therapy 
have been around for a long time. Thus, in 
2015, Del Giorno et al. conducted prospective 
and retrospective observational studies on the 
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efficacy of the combination of duloxetine  (DLX) 
and pregabalin (PGB) for the treatment of FM 
syndrome, and the possibility of additional 
benefits with the addition of the lipid signaling 
molecule palmitoylethanolamide (PEA) [59]. 
The study showed that the combination of 
DLX + PGB reduced the number of pain points 
and pain intensity after 3 and 6  months of 
treatment. And when PEA was added to the 
DLX  +  PGB combination, there was further 
significant improvement in pain symptoms 
compared to DLX + PGB alone [60].

Melatonin

Melatonin has been used for a long time in 
neurology and in a number of pain syndromes, 
including headache and neurodegenerative 
and sleep disorders; FM is no exception [61]. 
The mechanism of action of melatonin in FM 
includes various pathways that contribute to 
its efficacy in the treatment of this disease. 
Melatonin, a potent endogenous antioxidant, 
plays a critical role in regulating physiological 
processes, such as circadian rhythms, pain 
modulation, mood, and immune balance 
(Fig.  2) [62]. In FM, melatonin has been 
shown to improve sleep quality, pain levels, 

and the pain threshold by enhancing the 
descending endogenous pain-modulating 
system [63]. This improvement is associated 
with decreased melatonin nuclear receptor 
expression and enhanced cytokine production 
in lymphocytic and monocytic cell lines, 
indicating its anti-inflammatory effects [64]. 
In addition, the analgesic effect of melatonin 
is mediated through activation of supraspinal 
sites, inhibition of spinal nociception, and 
modulation of various neurobiological systems, 
including GABAergic, opioid, and glutamatergic 
systems [65]. Overall, melatonin’s ability 
to affect multiple pathways involved in the 
pathophysiology of FM makes it a promising 
adjunctive treatment for this chronic pain 
syndrome [66, 67].

S‑adenosylmethionine (SAMe)

S-adenosylmethionine (SAMe) is a naturally 
occurring compound that plays a crucial 
role in various cellular processes, including 
methylation reactions, transsulfuration, and 
aminopropylation. In the context of FM, SAMe 
has been studied for its potential therapeutic 
benefits in alleviating symptoms.

SAMe’s mechanism of action in FM includes:

Fig. 1  Endocannabinoid system. CB1R cannabinoid receptor 1, CB2R cannabinoid receptor 2
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1. Methylation and gene expression: SAMe 
is a key player in the methylation process, 
which involves the transfer of a methyl 
group from SAMe to various molecules. 
This process is essential for the regulation of 
gene expression, particularly in the context 
of pain signaling pathways. In FM, altered 
methylation patterns have been observed, 
leading to changes in gene expression 
that contribute to the development and 
maintenance of chronic pain [68].

2. Pain modulation: SAMe has been shown 
to modulate pain transmission by 
influencing the activity of pain-related 
neurotransmitters, such as serotonin and 
dopamine. By increasing the levels of these 
neurotransmitters, SAMe can help reduce 
pain perception [69].

3. Inflammation reduction: SAMe has anti-
inflammatory properties, which are thought 
to contribute to its therapeutic effects in FM. 
By reducing inflammation, SAMe may help 
alleviate symptoms such as pain, fatigue, and 
stiffness [70].

4. Neuroprotection: SAMe has been found to 
have neuroprotective properties, which may 
help protect against the neurodegenerative 
changes associated with FM. This 
neuroprotection can contribute to the 

overall therapeutic benefits of SAMe in FM 
treatment [70].

5. Synergistic effects: SAMe may also exhibit 
synergistic effects when combined with 
other treatments, such as painkillers or 
antidepressants, which can enhance its 
therapeutic potential in FM management 
[69, 70].

Acetyl‑L‑Carnitine

Acetyl-L-carnitine (ALA) has shown promise 
as a treatment for FM due to its potential 
mechanisms of action:

1. ALA modulates neurotransmitters such as 
acetylcholine, serotonin, and dopamine, 
which are involved in pain perception and 
mood regulation [71, 72]. This suggests that 
ALA may help alleviate cognitive and mood 
disorders often associated with FM.

2. ALA targets neurotrophic factors such as 
nerve growth factor and metabotropic 
glutamate receptors through epigenetic 
mechanisms [72].

3. ALA has anti-oxidant properties and 
protects against oxidative stress, which 
may be beneficial given the potential 

Fig. 2  The effect of melatonin in nociception
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role of mitochondrial dysfunction and 
neuroinflammation in the pathogenesis of 
FM [72, 73].

4. In a randomized controlled trial, ALA in 
combination with the antidepressant drug 
duloxetine, and the anticonvulsant drug 
pregabalin was shown to effectively treat the 
symptoms of FM [71, 73]. The combination 
therapy resulted in significant improvement 
in pain, fatigue, sleep, and depression 
compared to duloxetine and pregabalin 
alone.

Curcumin

Curcumin, the active compound in turmeric, has 
demonstrated potential benefit for the treatment 
of FM symptoms due to its anti-inflammatory 
and anti-oxidant properties [74–77]. Putative 
mechanisms of action include:

Decreased production of pro-inflammatory 
cytokines: curcumin can block the production 

of IL-12 by CD4, CD8, and NK cells, thereby 
reducing inflammation [77].

Enhancement of anti-oxidant capacity: 
curcumin increases the levels of anti-
oxidant enzymes such as catalase, superoxide 
dismutase, and glutathione in the nervous 
system, skeletal muscles, and circulatory 
system, mitigating oxidative stress [74].

Modulat ion of  neuroinf lammation: 
curcumin may reduce the release of 
inflammatory mediators from spinal glia 
(microglia and astrocytes), reducing neuronal 
excitability and improving chronic pain [75].

We summarize all  relevant data on 
potential nutrients and its mechanisms for 
FM management following neuronutritional 
approach in Fig. 3.

Fig. 3  Neuronutritional approach to FM management: 
nutrients and mechanisms. PEA palmitoylethanolamide, 
DLX  +  PGB combination of duloxetine and pregabalin, 
SLC6A4 solute carrier family 6 member 4 gene, TRPV2 
transient receptor potential cation channel subfamily V 

member 2 gene, MYT1L myelin transcription factor 1 
like gene, NRXN3 neurexin 3 gene, COMT catechol-O-
methyltransferase gene, HTR2A 5-hydroxytryptamine 
receptor 2A gene, TAAR1 trace amine associated receptor 
1 gene
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THE SYNERGISTIC EFFECT 
OF PHYSICAL EXERCISE AND 
NUTRITIONAL INTERVENTIONS

The synergistic effect of exercise and nutrition 
in treating FM symptoms occurs when low-
impact aerobic exercise is combined with a 
balanced diet. Regular aerobic exercise, such 
as walking, swimming, or cycling, has been 
shown to improve fitness, reduce pain and 
fatigue, and increase the ability to perform 
daily tasks in people with FM [78, 79]. Exercise 
is essential to maintain muscle strength 
and flexibility, control weight, and improve 
overall well-being in people with FM, which 
can also change the levels of endorphins and 
serotonin, which affect pain threshold, mood, 
and anxiety [78].

A synergistic effect is possible only with 
the synergistic work of medical specialists, 
occupational therapists ,  nutrit ionists , 
rehabilitation specialists, and other experts, 
taking into account the comorbidities of 
specific patients [79]. In addition, there is 
evidence in the literature, including meta-
analyses,  comparing the effectiveness 
of combinations of physical and dietary 
interventions. For example, a 2022 meta-
analysis evaluated the effectiveness of 
acupuncture, intravenous lidocaine, and 
diet compared to other treatments, such as 
physiotherapy and placebo, in patients with 
FM. Acupuncture resulted in the greatest 
improvement in quality of life, pain, and 
depression levels compared to the group 
receiving placebo. Physiotherapy also showed 
significant improvement in quality of life. 
However, lidocaine and diet showed no 
significant differences compared to placebo 
[80].

CONCLUSION

FM is a complex syndrome characterized 
by chronic widespread pain, fatigue, sleep 
disturbances, and other functional symptoms. 

Current research suggests that both dietary 
interventions and nutritional supplements 
may play a role in treating FM symptoms. 
Neuronutrition interventions could help 
clinicians to provide personalized non-
pharmocogical recommendations for patients 
with FM based on their symptoms and 
mechanisms of nutrient action. However, 
evidence is still emerging, and further well-
designed randomized controlled trials are 
needed to develop the most effective and safe 
nutritional strategies for patients with FM. 
A personalized multidisciplinary approach 
combining diet, supplements, exercise, and 
other therapies appears to be the best strategy 
for managing FM.
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