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Abstract: Recently, attention to the lifestyle of patients has been rapidly increasing in the 

field of pain therapy, particularly with regard to the role of nutrition in pain development and 

its management. In this review, we summarize the latest findings on the role of nutrition and 

nutraceuticals, microbiome, obesity, soy, omega-3 fatty acids, and curcumin supplementation as 

key elements in modulating the efficacy of analgesic treatments, including opioids. These main 

topics were addressed during the first edition of the Study In Multidisciplinary Pain Research 

workshop: “FYD (Feed Your Destiny): Fighting Pain”, held on April 7, 2016, in Rome, Italy, 

which was sponsored by a grant from the Italian Ministry of Instruction on “Nutraceuticals 

and Innovative Pharmacology”. The take-home message of this workshop was the recognition 

that patients with chronic pain should undergo nutritional assessment and counseling, which 

should be initiated at the onset of treatment. Some foods and supplements used in personalized 

treatment will likely improve clinical outcomes of analgesic therapy and result in considerable 

improvement of patient compliance and quality of life. From our current perspective, the potential 

benefit of including nutrition in personalizing pain medicine is formidable and highly promising.

Keywords: pain, personalized nutrition, nutritional supplements

Introduction
In addition to the severity of the underlying condition, interindividual variability in 

chronic pain depends on many factors, including its sociocultural context,1 patients’ 

genetic backgrounds,2,3 psychological factors,4 and pathophysiology,5 that can be 

modulated and monitored by altering nutritional habits.6 During the eighth annual 

international meeting of the Study In Multidisciplinary Pain Research (SIMPAR), we 

attempted to remedy the knowledge gap in this field by conducting a workshop, entitled 

“FYD (Feed Your Destiny): Fighting Pain”. The main focus of this workshop was on 

the association of nutrition and nutraceuticals with pain development and perception, 

appropriate nutrition for patients with cancer, the role of obesity in pain chronifica-

tion, the microbiome involved in pain, and the specific role of soy, omega-3 fatty 

acids, curcumin, and polyphenols on inflammatory and degenerative painful diseases 

as well as on opioid tolerance (Figure 1). This workshop followed the philosophy of 

the SIMPAR group, which has strived to direct the international and multidisciplinary 

dissemination of the most innovative issues regarding pain, ranging from basic science 

to translational and clinical research. The workshop also integrated a diverse array of 

Correspondence: Manuela De Gregori 
Pain Therapy Service, Fondazione IRCCS 
Policlinico San Matteo, Viale Golgi 19, 27100 
Pavia, Italy 
Tel +39 382 501 228 
Fax +39 382 502 226 
Email manuela.degregori@unipv.it

Journal name: Journal of Pain Research 
Article Designation: REVIEW
Year: 2016
Volume: 9
Running head verso: De Gregori et al
Running head recto: First SIMPAR workshop on pain, nutrition, and nutraceuticals
DOI: http://dx.doi.org/10.2147/JPR.S115068

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2016:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1180

De Gregori et al

theoretical and practical views on the relationship between 

chronic pain and nutrition. Our ultimate goal was to identify 

a starting point for a study group aimed to define a new inter-

nationally accepted guideline that will seek the integration of 

nutrition with pharmacological approaches. To this end, we 

are designing a multicenter randomized placebo-controlled 

clinical trial evaluating the value of personalized nutrition 

and nutraceutical supplements as well as assessing the 

genetic backgrounds and epigenetic dynamicity to identify 

new objective biomarkers of efficacy for the management of 

chronic pain. This approach will further the efforts to define 

a precision medicine model in the treatment of pain. In par-

ticular, we will link personalized nutritional programs and 

nutraceutical supplements with clinical outcomes in terms 

of efficacy and safety of various therapies and analyze their 

correlation with the interindividual variability of genetic 

backgrounds and the modulation of epigenetic patterns (DNA 

methylation and microRNA expression). Our expectation 

is that this nutritional approach will further clarify the role 

of precision medicine in the treatment of pain, acting as an 

essential, integrated, non-pharmacological strategy and as 

an aspect of multidisciplinary treatment for chronic pain.

Workshop description
The workshop was divided into two sessions. Doctor Stallone, 

who is the President of the Italian National Institution for 

Social Security and Assistance for Biologists (ENPAB) from 

Rome, described the state of the art of nutrition, stressing 

the importance of current evidence on obesity comorbidity 

in the development and progression of a variety of chronic 

pain conditions. Professor Muscoli from the University of 

Magna Graecia in Catanzaro presented the current data 

regarding nutraceuticals, with a focus on their roles in pain 

conditions. Then, Professor Rondanelli from the University 

of Pavia addressed topics of nutrition in patients receiving 

opioid therapy, emphasizing the ideal nutritional pyramid to 

be followed to optimize these patients’ pain management. 

Professor Franceschi from the Catholic University of Rome 

elucidated the importance of the gut microbiome in chronic 

pain. Professor Arranz from the University of Barcelona 

provided the final lecture of the first session, demonstrating 

the role of obesity in the function and quality of life (QoL) 

in patients with chronic pain conditions.

Professor Belfer from McGill University, who served 

as one of the Presidents of the SIMPAR meeting, described 

the role of soy in pain and analgesia. She was followed by 

Professor Lorente-Cebrián from the University of Navarra 

and Doctor Salamone from Metagenics, a privately held 

company in Italy that develops nutritional products to 

maximize genetic potentials, who provided an overview of 

the effects of omega-3 fatty acids and curcumin on chronic 

pain. Finally, Doctor Ilari from the Hospital IRCCS San 

Raffaele Pisana in Rome (a private rehabilitation hospital 

and research center in Rome) clarified the crucial role of 

natural derived antioxidants in inflammation and opioid 

tolerance.

Pain therapy
(opioids)

Fighting obesity

Omega-3 fatty acids
Soy Microbiome

Precision medicine

Curcumin

Polyphenols

Exercise

Lifestyle
Multidisciplinary approach

PAIN

FYD (Feed Your Density): Fighting pain
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nutraceuticals

Figure 1 Scheme of summary of FYD workshop.
Abbreviation: FYD, Feed Your Destiny.
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Review of relevant research
The regulation of food intake involves a close relation-

ship between homeostatic and non-homeostatic factors. In 

particular, homeostatic factors influence the hypothalamic 

arcuate nucleus and the solitary tract, acting on hunger 

satiety centers. Ghrelin, YY peptide, spinal nerves, and 

the vagus nerve provide short-term signals, while leptin, 

adiponectin, and insulin provide long-term signals of body 

weight and fat storage.7 The problem of poor nutrition also 

has neurochemical implications, as levels of dopamine, the 

“neurotransmitter of pleasure”, increase with consumption 

of sugars, fats, and salt.

Alonso-Alonso et al8 recently described “food addiction”, 

explaining that food, like any other rewarding stimulus, has 

the potential to cause addictive behavior. Drugs and foods 

share certain traits, yet differ qualitatively and quantitatively. 

Indeed, drugs directly influence brain dopamine circuits, 

while food influences dopamine in more indirect ways: from 

neuronal input from the taste buds to dopamine-secreting 

neurons in the brain, as well as from signals generated by 

digestion. Moreover, some people are less influenced than 

others by the reward system, due to a D2 receptor that is less 

responsive to dopamine due to interindividual variability of 

genetic backgrounds, resulting in variability in the amount of 

food required to reach the same level of pleasure.9 Behavioral 

drives for palatable food are also moderated by cognition; 

lateral and dorsomedial regions of the cortex (dorsomedial 

region and parietal cortex) can influence the reward system. 

Therefore, the combination of cognitive behavioral therapy, 

nutritional counseling, physical exercise, and human rela-

tionship counseling should be able to suppress the reward-

ing effects of food and provide reinforcement through the 

frontal cortex.

The ENPAB and Brain Research Foundation network is 

studying eating behavioral aspects of food addiction; Italian 

nutrition biologists have recently initiated an “observatory 

for the study of eating behavior”. The nutraceutical discipline 

has been coupled with nutritional counseling in the manage-

ment and prevention of disease.6,10,11 The term “nutraceutical” 

was coined from the combination of “nutrition” and “phar-

maceutical” in 1989 by Doctor Stephen DeFelice. The term 

refers to a food, or part of a food, providing health benefits, 

including the prevention and treatment of a disease.12 The 

global nutraceutical market has been valued at approximately 

$250 billion in 2014: the market is expected to reach $385 

billion by 2020 at a compounded annual growth rate of 

7.5% from 2014 to 2020. The nutraceutical market includes 

functional foods, beverages, and dietary supplements. The 

annual sales of nutraceutical ingredients market worldwide 

have been predicted to reach 29.5 billion USD, with nutra-

ceutical product sales predicted to reach 204.8 billion USD 

in 2017.13,14 Nutraceuticals are products purified from foods 

generally sold in medicinal forms, such as powders, tablets, 

or capsules, which have been developed to provide protection 

against chronic disease. Nutraceuticals can be derived from 

plants, animals, and microorganisms (eg, essential fatty acids 

and enzymes) and from marine sources (eg, glucosamine, 

chitosan, and fish oils). A nutraceutical can also deliver 

bioactive agents in doses achievable through a healthy diet, 

although these compounds also provide specific features 

such as a formulation that enhances their absorption and/

or physiological effect. Isolated compounds (although not 

extracts) from nonfood origin can be used in nutraceuticals 

only if these compounds are also usually present in foods. 

Other dietary supplements such as those containing vitamins, 

minerals, amino acids, and other nutrients or micronutrients 

with well-known roles in human nutrition and/or known rec-

ommended daily allowances are recognized as nutraceuticals 

if the dosage provided is clearly related to a beneficial effect 

beyond their recommended daily allowance values.

For the safe use of a new dietary ingredient (NDI), the 

following information about its chemical nature should be 

provided: the nature of the extract (raw, enriched, purified), 

fermentation, chemical synthesis, chemical name of the 

efficacious molecule, and its impurity profile.15 In the case 

of non-single compound NDI, it is necessary to standard-

ize the dose/content of efficacious molecules and provide 

evidence regarding the role of other compounds with high 

prevalence in the mixture and their relevant effect; it is neces-

sary to understand the stability of a compound in its galenic 

form and ascertain its bioavailability data in humans. With the 

assumption that the safe human use of an NDI is documented 

by food-based exposure data (human plasma levels) and by 

additional preclinical and clinical safety data, the dietary 

intake of populations with the highest safe and beneficial 

dietary intake of the compound is used as a basis to define the 

intended dose.16 The intended dose can be significantly higher 

(more than threefold) than the dietary intake, provided that 

it is supported by additional safety data. The recommended 

dose must be at least a small multiple below the safe upper 

limit of the dietary ingredient.17–19

Nutrition, opioids, and cancer
Despite their drawbacks, opioids are still considered by many 

as the most effective analgesic for chronic pain.20,21 One of 

the main concerns regarding their use is opioid-induced 
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constipation (OIC), due to their binding to receptors in the 

gastrointestinal (GI) tract. In mild cases of OIC, symptoms 

can be mitigated by increasing physical activity together 

with dietary fiber and fluid intake. More severe cases require 

specialized medications that target the unique characteristics 

of OIC. Constipation has been reported to be one of the 

four factors that significantly and independently predict 

hospitalization in hospice care.22 Estimates of OIC have been 

found to vary widely, with investigations identifying rates of 

OIC among opioid users ranging from 15% to 90%.23–26 In 

addition, a series of studies conducted in a large hospice in 

Florida have evaluated the constipation induced by opioids 

and demonstrated that a considerable proportion of patients 

hospitalized with cancer (from 40% to 64%) experienced 

constipation. Interestingly, the number was found to be lower 

when the data were obtained from a screening of staff (40%) 

and higher when the researchers interviewed patients regard-

ing their symptoms (63%–64%).27–29 In conclusion, mitigat-

ing constipation is an important aspect of the management of 

patients with opioid-related adverse drug events, as various 

studies have demonstrated that the presence of constipation 

is significantly negatively correlated with overall QoL.30,31 

The ideal dietary approach for patients on opioids should 

include increased consumption of fiber and fluids (at least 

eight glasses daily unless contraindicated), in conjunction 

with physical activity,32 with abdominal exercises in bed or 

moving from bed to chair if the patient is not able to walk. 

Patients are encouraged to eat more high-fiber foods such as 

fruits (eg, raisins, prunes, peaches, and apples), vegetables 

(eg, squash, broccoli, carrots, and celery), and 100% whole-

grain cereals, breads, and bran. Nevertheless, fiber intake 

should occur several hours prior to or following the drug 

administration to mitigate a reduction in the bioavailability 

of certain drugs.33 Rondanelli et al (unpublished, 2016) have 

recently designed a food pyramid for patients requiring opioid 

analgesia, based on anti-inflammatory and antioxidant agents 

(submitted article). In the presence of a constipation problem, 

a proper distribution of five meals during the day is suggested, 

based on breakfast, mid-morning snack, lunch, mid-afternoon 

snack, and dinner, to activate gastro-ileocecal reflection and 

allow the progression of food to the rectum. Moreover, it 

is beneficial to emphasize the intake of both soluble and 

insoluble fiber, in particular, to reduce constipation.34,35

Microbiome and pain
Mutualistic bacteria (~800–1,000 g) colonize the entire GI 

tract with different orders of magnitude, increasing from 

the esophagus to the anus. The so-called gut bacteriome 

involves >10,000 genes, more than nine phyla (of which 

~95% of genes have been identified), >1,000 species (of 

which 99% of genes have been identified), and >17,000 

strains (of which 100% of genes have been identified). The 

two major phyla are Firmicutes and Bacteroidetes (which 

constitute 80%–90% of microbiota).36–38 Gut microbiota 

have specific effects in each section of the GI tract: barrier 

effect, immunocompetence/tolerance, synthesis, metabo-

lism, drug metabolism, and behavior conditioning. A strong 

balance between all microbiota species is modulated by 

several factors, including gastric acidity, biliary salts, 

mucus thickness, normal peristalsis, and normal anatomy, 

while a failure of their activity determines an imbalance 

of gut microbiota composition called dysbiosis, which, in 

turn, may cause GI and non-GI diseases, including meta-

bolic syndromes. Small intestinal bacterial overgrowth is 

a specific kind of dysbiosis that is associated with various 

manifestations, including malabsorption and small bowel 

carbohydrate fermentation with gas production, abdominal 

pain, and diarrhea.

The most commonly used agents for preventing or 

treating nonsteroidal anti-inflammatory drugs (NSAIDs)-

induced damage are proton pump inhibitors (PPIs). How-

ever, these medications do not offer protection to the lower 

small intestine and actually exacerbate NSAID-induced 

small intestinal lesions. A critical role of bacteria compos-

ing gut microbiota was recently reinforced by a study dem-

onstrating that NSAID enteropathy in rats is exacerbated 

by concomitant treatment with a PPI through a dysbiotic 

mechanism. Specifically, the investigators identified a 

marked loss of Bifidobacterium and Lactobacilli follow-

ing PPI treatment.39 NSAID-related gastroenteropathy is 

due to a decrease of Lactobacilli, with an impairment of 

the maintenance of luminal pH, mucosal permeability, 

enterocyte adhesion, mucus production, and immune system 

modulation. The concomitant decrease of Bifidobacterium 

exacerbates both intestinal motility and local immunity.40 

These data allow us to conclude that NSAIDs induce 

mucosal injuries confined not only to the stomach but also 

to the small intestine.41 This provides an explanation for 

NSAID-related abdominal pain. In this regard, paracetamol 

administration may be safer than NSAIDs, as its utilization 

does not require concomitant treatment with PPI, impair gut 

permeability, and affect platelet function.42 Opioids may 

also be a valid option in treating abdominal pain. Based 

upon the Italian Intersociety Recommendations (SIAARTI, 

SIMEU, SIS 118, AISD, SIARED, SICUT, IRC) on pain 

management in the emergency setting, statement F, pain 
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relief and the use of opioids in patients with acute abdomi-

nal pain do not increase the risk of error in diagnosis and 

therapeutic pathways in adults.43

Obesity and chronic pain
Obesity is categorized by using body mass index (BMI), 

which is calculated as the body weight divided by the 

square of body height (kg/m2). Depending on BMI val-

ues, people may be classified as underweight (<18.5), 

normal weight (18.5–24.9), overweight (25–29.9), or 

obese (≥30). Approximately 39% of adults (18 years and 

older) worldwide are overweight, with 13% obese (World 

Health Organization, 2015, http://www.who.int/mediacen-

tre/factsheets/fs311/en/). Obesity is related to important 

metabolic diseases such as diabetes, hypertension, heart 

disease, and hypercholesterolemia. Nevertheless, ~80% 

of enrolled patients fail to complete weight loss programs 

(Federation of European Nutrition Societies data). It is 

estimated that by 2025, the global obesity prevalence will 

reach 18% among men and exceed 21% among women, 

while severe obesity will exceed 6% among men and 9% 

among women.44 Growing evidence suggests that there is 

a precise relationship between obesity and chronic pain; 

they coexist and adversely impact each other (reciprocal 

negative effects).45–47 Obesity and pain serve to further 

reduce functional capacity and QoL,48 causing patients 

to become less physically active and more depressed, 

with consequences for sleep, stress, lifestyle, and chronic 

inflammation status. Accordingly, a reduction from high to 

normal BMI may improve QoL.49 The effect of obesity in 

chronic pain conditions has been studied in fibromyalgia, 

osteoarthritis, rheumatoid arthritis, and low back pain. 

Thus, the management of obesity as well as chronic pain 

should be considered synergistic. Adipose tissue is not only 

an energy store but also an active endocrine organ involved, 

among other functions, in the regulation of inflammation.50 

Obese individuals suffer more chronic pain than normal 

weight subjects;51 therefore, changes in lifestyle can help 

improve both obesity and chronic pain conditions.52,53 

A study demonstrated that increasing BMI, specifically 

android distribution of fat mass, was strongly associated 

with foot pain and disability.54 In contrast, a beneficial 

effect of a gynoid distribution of fat was observed, sug-

gesting that the mechanism of obesity’s effect on disability 

might be the result of both a mechanical effect (through 

increasing the load on the skeletal system) and a systemic 

effect related to metabolic factors and pro-inflammatory 

cytokine production.54

Soy and pain
Soybeans are a source of phytoestrogens (such as isoflavone 

genistein) with potent estrogenic activity. Studies suggest that 

soy consumption may result in several pain-related functions 

including increasing anti-nociception via GABAA receptor 

mechanisms55 inhibiting the protein kinase C,56 modulat-

ing cytokines57 and the immune response,58 and acting as 

an antioxidant.59 Interestingly, the effects of soy on human 

pain are gender based to a degree, with higher analgesia 

observed in men.60 In rats, the effects of soy on neuropathic 

pain have been demonstrated to be model specific. The US 

Food and Drug Administration in 1999 approved the claim 

of soy in lowering cholesterol, and soy immediately became 

part of a “healthy lifestyle”, with reported positive effects 

on reducing symptoms and signs of many diseases from 

diabetes and osteoporosis to diarrhea and kidney diseases.61 

However, mixed results were found for soy’s analgesic effects, 

for example, on cyclical breast pain.62 Several animal and 

human studies have been performed, suggesting that the 

effects of soy depend on the kind of soy used; soy beverages 

seem not to have an impact on women with breast cancer,63 

revival soy does not affect the symptoms of fibromyalgia 

(no improvements in pain, function, and depression),64 while 

whole soybean soymilk powder appears to reduce neuropathic 

pain when administered preemptively.57,65 The effects of soy 

on pain also depend upon the specific pain condition. It is 

protective against postsurgical (postmastectomy) pain66 and 

osteoarthritis67 and is an analgesic for menopausal68 and 

bone cancer pain,69 but it increases other types of pain such 

as migraines.70 Finally, soy protein has a gender-specific 

action, as it improves osteoarthritis pain in men although not 

in women.67 Currently, it remains to be determined when and 

how soy intervention is involved in obtaining major analgesic 

effects in the individual patient.

Omega-3 fatty acids and pain
Several diseases have an inflammatory component, such as 

obesity or neurodegenerative diseases of aging. Eicosapen-

taenoic acid (EPA) (20 carbons:5 double bonds) and doco-

sahexaenoic acid (DHA) (22 carbons:6 double bonds) are 

long-chain polyunsaturated fatty acids (LC-PUFA), omega-3 

(n-3) fatty acids, whose source is represented by fish oils and 

fish oil supplements. Both EPA and DHA derive from the 

α-linolenic acid (ALA 18:3 omega-3). They block inflamma-

tion through a variety of mechanisms of action, proresolving 

lipid mediators.71,72 In vivo studies demonstrated that omega-3 

LC-PUFAs prevent inflammatory symptoms linked to obe-

sity rather than adiposity in obese and  metabolic syndrome 
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conditions.73–93 Omega-3 LC-PUFAs also play a role in 

cardiovascular diseases.88,94–109 Various health associations 

including the American Heart Association and the American 

Diabetes Association recommend daily fish and/or n-3 LC-

PUFAs (EPA/DHA) intake for the prevention of chronic heart 

disease and cardiovascular diseases. Regarding degenerative 

disorders, longitudinal studies have demonstrated negative 

correlations between fish intake and cognitive impairment in 

mental/cognitive decline, Alzheimer disease, and dementia, 

generally.110–119 Moreover, DHA is the precursor of the neuro-

protectin D1, which reduces neuro-inflammation and protects 

neural cells against Alzheimer disease and photoreceptor 

renewal.5,120,121 Directions for further investigation include the 

analysis of the relationship between dietary EPA and DHA 

in regulating pain and the evaluation of the possible role of 

EPA and DHA as potential therapeutic agents in nociceptive 

and neuropathic pain.

Curcumin and pain
Curcumin represents a natural substance with anti-inflam-

matory activity; it is derived from the turmeric (Curcuma 

longa) plant, which is a rhizomatous, herbaceous, and 

perennial plant belonging to the Zingiberaceae family. It 

lives in mild temperatures (20°C–30°C in the tropical rainy 

regions), reaches 1 m in height and bears hermaphrodite 

flowers. The active substances of this plant are concentrated 

in the rhizomes. Turmeric powder from the rhizomes con-

tains 3%–7% of three different curcuminoids (curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin), essential 

oils, and fibers. The European Food Safety Authority, in a 

scientific evaluation of curcumin as food additive, declared 

that curcumin is not carcinogenic and there are no concerns 

regarding genotoxicity.122 The acceptable daily intake of cur-

cumin corresponds to 3 mg/kg body weight (bw)/day based 

on the no observed adverse effect level of 250–320 mg/kg 

bw/day. Intake of curcumin from the normal diet amounts 

to <7% of the acceptable daily intake of 3 mg/kg bw/day. It 

might weakly interfere with anticoagulation, although that 

normally does not require dosage adjustments.

By using the keyword “curcumin”, we identified 8,394 

publications in PubMed between January 1, 2000, and April 

30, 2016. Aggarwal et al123 identified the inflammatory targets 

modulated by curcumin. A randomized, single-blind study 

on the efficacy and tolerability of curcumin in patients with 

rheumatoid polyarthritis demonstrated that curcumin extract 

produces a significant reduction of joint pain, joint swelling, 

and disease activity score.124 Ramadan and El-Menshawy125 

demonstrated that the combination of curcumin and ginger is 

as effective as NSAIDs in a rat model of rheumatoid arthritis. 

Several animal model studies of curcumin have been per-

formed in neuropathic pain.126–128 Hu et al129 recently deter-

mined that curcumin attenuates opioid-induced hyperalgesia 

by inhibiting Ca2+/calmodulin-dependent protein kinase II α 

activity, and recently, Hu et al130 found that a nanoformulation 

of poly(lactic-co-glycolide)-cucumin–curcumin may reverse 

opioid-induced hyperalgesia by inhibiting caMKIIa and down-

stream signaling. Curcumin is an antioxidant, as demonstrated 

by the 2,367 publications published in PubMed from 1988 to 

November 18, 2015. The antioxidant power is ten times that 

of vitamin E;131 it has a direct activity on reactive oxygen 

species, on induction of NRF2, and induces mitochondrial 

biogenesis.132–134 Curcumin also plays a role in regulating 

epigenetic patterns.135 Curcumin demonstrates synergistic 

activity with numerous drugs used to treat different painful 

conditions, and ongoing studies are evaluating the effect 

of 3-month treatment with curcumin on inflammation and 

QoL of patients with metabolic syndrome and osteoarthritis. 

Curcumin has low bioavailability, although bio-optimization 

techniques can improve it, thereby increasing the therapeutic 

and preventive potentials of the natural substance.136

Polyphenols and pain
The use of natural antioxidants can be considered a useful 

approach to control the development and progression of 

several diseases. Epidemiological studies have demonstrated 

a relationship between the Mediterranean diet and a reduced 

incidence of pathologies such as coronary disease and cancer. 

A central hallmark of this diet is the high consumption of 

virgin olive oil as its main source of fat. This oil contains 

antioxidant components in the non-saponifiable fraction, 

including phenolic compounds absent in seed oils. The 

olive is the fruit of Oleaeuropaea, a tree native to the coastal 

Mediterranean region, which produces 98% of the world’s 

total (~11 million tons) and lends important economic and 

dietetic benefits to the people of that region.137 Oleuropein and 

its hydrolysis product hydroxytyrosol are the main phenolic 

constituents of olive leaves and believed to be responsible 

for their pharmacological effects, as they are the most potent 

olive oil antioxidants.

In recent years, Citrus bergamia juice also has been raising 

interest and has been the subject of several studies considering 

its potential for health promotion. Bergamot is the common 

name for Citrus bergamia Risso et Poiteau, a plant belonging 

to the Rutaceae family (subfamily Esperidea). The beneficial 

effects of bergamot juice mainly derive from the bergamot 

polyphenol fraction. Currently, bergamot polyphenol fraction 
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offers a viable alternative in the treatment of hypercholester-

olemia in patients intolerant to treatment with statins. The 

mechanisms of action of bergamot-derived polyphenolic frac-

tion include the reduction of cholesterol absorption and the 

inhibition of cholesterol biosynthesis, potentiating the effect 

of rosuvastatin.138–141 Muscoli et al142 recently demonstrated 

in a rodent model of opioid tolerance that the removal of 

free radicals with phenolic compounds of olive oil, such as 

hydroxytyrosol and oleuropein or bergamot polyphenolic frac-

tion derivatives, reinstates the analgesic action of morphine.143 

In particular, evidence exists that removal of nitric oxide, 

superoxide (SO), and peroxynitrite can prevent and reverse 

inflammatory pain, neuropathic pain, and morphine-induced 

hyperalgesia and tolerance.142–144 The identification of natural 

radical scavengers as novel non-narcotic agents is a viable 

therapeutic target for the development of non-narcotic anal-

gesics in pain of various etiologies. Recent studies reinforce 

the importance of natural antioxidant products as a source of 

drugs to alleviate chronic pain.142,143,145 Chronic injection of 

morphine in mice led to the development of tolerance associ-

ated with increased nitrotyrosine and the marker of lipid per-

oxidation malondialdehyde formation together with nitration 

and deactivation of manganese SO dismutase (MnSOD) in the 

spinal cord. Removal of free radicals by hydroxytyrosol and 

oleuropein blocked morphine tolerance by inhibiting nitra-

tion and malondialdehyde formation and replacing MnSOD 

activity. Thus, the analgesic effect in vivo of phenolic fraction 

of virgin olive oil derives from its antioxidant activities.142 In 

addition, the development of anti-nociceptive tolerance to 

repeated doses of morphine in mice is consistently associ-

ated with increased tyrosine-nitrated proteins in the dorsal 

horn of the spinal cord as the enzyme glutamine synthase. 

Nitration of this protein is intimately linked to inactivation of 

its biological function and a resulting increase of glutamate 

levels in the spinal cord. Repeated administration of berga-

mot polyphenolic fraction as well as other substances with 

antioxidant properties such as N(G)-nitro-l-arginine methyl 

ester or manganese (III) tetrakis (4-benzoic acid) porphyrin 

significantly reduces the development of opioid-induced 

hyperalgesia. This effect was accompanied by a reduction of 

SO production, prevention of glutamine synthetase nitration, 

and reestablishment of its activity and of glutamate levels.145

Conclusion
The FYD workshop focused on the role of personalized nutri-

tion and nutraceuticals, by considering how they might be 

helpful in the management of chronic pain, as well as their 

physiological features (such as body mass and microbiome) and 

pathological ones (such as cancer). We primarily focused on soy, 

curcumin, and omega-3 fatty acids, oleuropein and bergamot 

polyphenols. Although we have presented a considerable body 

of relevant literature in our review, additional investigations are 

needed to determine exactly which dietary recommendations 

and supplements are suitable in the clinical pain setting and how 

they might help patients by improving pain relief, functionality, 

and QoL according to a broader multidisciplinary therapeutic 

approach. New prospective, randomized clinical trials will need 

to be performed. A new edition of the FYD workshop will be 

organized to create a stable yet dynamic discussion within the 

scientific community to promote the employment of nutrition 

and nutraceuticals as viable tools in pain therapy and to produce 

innovative guidelines to better address the therapeutic needs of 

patients with chronic pain.
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