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Abstract: Chronic musculoskeletal pain (CMP), defined as persistent discomfort in musculoskeletal tissues persisting for over 3 months,
afflicts an estimated 1.71 billion people globally, leading to significant functional impairments and psychological distress, thereby detrimen-
tally affecting individuals’ quality of life. The objective of this narrative review is to elucidate the complex relationship among dietary habits,
sarcopenia, and gut microbiota composition, with an eye toward enhancing patient management and outcomes. Given the burgeoning interest
in the influence of diet on CMP, a detailed examination of the current literature is warranted. Nutritional intake is a critical determinant of the
gut microbiota profile, which, in turn, is linked to musculature integrity and performance, potentially leading to sarcopenia. The development
of sarcopenia can aggravate CMP owing to diminished muscular strength and functionality. Additionally, disruptions in the gut microbiota
may directly modulate nociception, intensifying CMP manifestations. Thus, nutritional optimization emerges as a viable approach to CMP
management. Emphasizing a diet conducive to a healthy gut microbiome could forestall or mitigate sarcopenia, thereby attenuating CMP
intensity. Nevertheless, the domain calls for further empirical exploration to unravel the nuances of these interactions and to forge efficacious
dietary strategies for individuals with CMP. Beyond mere analgesia, comprehensive patient care for CMP requires acknowledgment of the
complex and multifactorial nature of pain and its foundational elements. Embracing an integrative treatment model allows healthcare
practitioners to promise better patient prognoses, enriched life quality, and a decrease in the sustained healthcare costs associated with CMP.

Plain Language Summary: Chronic musculoskeletal pain (CMP) is long-lasting pain in the bones, muscles, and joints, and it’s
a common problem affecting over 1.7 billion people worldwide. This kind of pain can really disrupt someone’s daily life, making it
hard to do everyday things and causing a lot of stress.

This review is like a deep dive into how eating habits, muscle loss, and the tiny organisms living in our guts all connect to this pain.
As we are becoming more curious about how food affects CMP, it’s important to look closely at what we already know.

What we eat can change the tiny bugs in our guts, which has a big impact on our muscles. If our muscles get weak and shrink (a
condition called sarcopenia), it can make CMP worse because weak muscles cannot support our bodies well. Also, if the balance of
bugs in our gut is off, it might even make us feel pain more intensely. So, changing what we eat might be a good way to tackle CMP.
Eating foods that keep our gut bugs happy might help prevent muscle loss and reduce pain. But we still need to do more research to
understand this better and to figure out the best foods to eat for this purpose.

Treating CMP is not just about getting rid of the pain; it’s about looking at the whole picture and all the things that contribute to the
pain. By considering everything — from our diet to our muscles to our gut bugs — doctors can help improve the lives of people with
CMP, making them more comfortable and possibly reducing medical costs in the long run.
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Introduction

Chronic musculoskeletal pain (CMP) is characterized by pain experienced in the musculoskeletal tissues for a duration of
more than 3 months."> CMP is accompanied by notable functional disability and emotional distress, significantly
impacting an individual’s quality of life (QoL).?

The prevalence of CMP is widespread, affecting approximately 1.71 billion individuals worldwide.* This condition
places a substantial burden on personal well-being, social engagement, and healthcare systems. The pain is often linked
to various musculoskeletal disorders, including osteoarthritis (OA), rheumatoid arthritis, and chronic low back pain
(cLBP), among others.> Musculoskeletal conditions rank as the primary cause of disability on a global scale, with low
back pain (LBP) standing out as the leading contributor to disability in 160 countries.®

The economic implications of this condition are significant, with substantial healthcare expenditures, loss of
productivity, and disability-related costs.” Aging demographics, sedentary lifestyles, and diverse lifestyle factors con-
tribute to the steady rise in the prevalence of CMP.® This escalating prevalence has prompted growing concerns among
healthcare professionals and researchers, leading them to explore innovative and comprehensive approaches to its
management.” As a result, the search for alternative and complementary therapeutic strategies has gained traction in
recent years.10

In the ever-evolving field of pain management, nutrition has emerged as a central, modifiable factor influencing
CMP."" Recent evidence highlights the profound impact of dietary choices and nutrient intake on the development,
progression, and management of CMP. Unhealthy dietary behavior leading to overweight and obesity is a critical aspect

1213 Emerging research into the microbiota, which is directly influenced by diet,

of nutritional status in CMP patients.
highlights numerous possible mechanistic contributors to its potential role in pain.'*'® Sarcopenia, a condition of muscle
degeneration linked to nutritional imbalances, has also been associated with the presence of CMP.'*"'® Therefore, the
impact of nutrition, along with the interplay regulated by factors such as the microbiota and sarcopenia, presents new
avenues for therapeutic strategies that could complement traditional treatments.’

With the growing interest in the potential impact of nutrition on CMP, there arises a need for a comprehensive review
of the existing evidence. Although reviews on this topic can be found in the literature, recently published studies show
the importance of this condition, and a different perspective on the topic may necessitate the need for a new review.'""!”
This narrative review aims to shed light on the intricate interplay between nutrition, sarcopenia, and microbiota, paving

the way for improved patient care and outcomes.

Chronic Pain as Bio-Psycho-Social Phenomenon

Chronic pain is increasingly understood as a complex interplay of biological, psychological, and social factors, moving
away from the outdated notion that pain intensity directly correlates with tissue damage.'® Introduced by George Engel in
1977, the biopsychosocial model has transformed our understanding of chronic conditions, such as musculoskeletal pain,
emphasizing the intertwined roles of psychological states, societal influences, and biological mechanisms in pain
perception and management.'” Over the past few decades, this model has been extensively supported by research,
leading to a more nuanced and holistic approach to pain treatment that considers the individual’s broader life context for
more effective therapeutic outcomes.*’

Chronic Pain Impacts on Patient QoL
The burden and impact of CMP on an individual’s QoL warrant significant attention and should not be underestimated.
Studies have shown that patients grappling with persistent pain often experience functional limitations that hinder daily
activities and reduce their independence.?’ Moreover, it is noteworthy that these mobility restrictions, difficulties in
performing household chores, and limitations in occupational activities can lead to frustration, loss of productivity, and
social isolation for these patients,?” further worsening their life situation.

Not only is the physical dimension of QoL affected by CMP, but the psychological toll is also significant.”> CMP
patients may grapple with anxiety, depression, and a sense of helplessness as they confront the challenges posed by
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unrelenting pain.”* The emotional distress associated with chronic pain can further exacerbate the perception of pain
itself, creating a vicious cycle that impairs both physical and mental well-being.*

Chronic Pain is One of the Most Important Causes of Disability in the World and Loss

of Productivity

According to the Global Burden of Disease Study 2019, CMP conditions rank as the foremost contributor to years lost
due to disability on a global scale.”® In this regard, it should also be highlighted that current data might potentially
underrepresent the actual prevalence and subsequent burden of CMP conditions, suggesting an even higher incidence and
burden than currently acknowledged.”’ This impact in disability, as noted in recent projections, is anticipated to escalate
in the coming years, particularly in tandem with the ongoing trend of increasing life expectancy globally.?® The economic
repercussions of the health detriments linked to persistent CMP are substantial, not just for the afflicted individual but
also for their familial circle, with significant implications for personal and societal well-being. Factors such as an
inability to sustain consistent employment,”® augmented absenteeism owing to ailments, and an uptick in inactivity
stemming from disability or premature retirement all contribute to the financial strain associated with CMP.>° The
economic strain imposed by persistent CMP spans various facets, from diminished earnings at the individual level,
reduced governmental tax inflows, and increased demand on state welfare provisions to expenses shouldered by
healthcare systems.’® Given that numerous occupational tasks necessitate optimal musculoskeletal function, CMP
ailments are predominant culprits for work-related absences.”’ In addition, the fiscal ramifications of lost workdays
and health-induced early retirements are considerable. Impairments related to CMP can significantly curtail work

efficiency,®” culminating in health-induced retirement for as many as 15% of the impacted populace.*

Most Frequent Types of Chronic Pain: Focus on LBP OA

According to the Global Burden of Disease (GBD) 2019 study data, LBP is a prominent concern within the realm of
musculoskeletal conditions, with an overwhelming 570 million cases documented globally.** This equates to 7.4% of the
global years lived with disability (YLDs). Among other significant musculoskeletal conditions are OA, which affects
528 million individuals (accounting for 19 million YLDs), fractures with a prevalence in 440 million individuals
(equivalent to 26 million YLDs), and neck pain, impacting 222 million individuals and contributing to 22 million
YLDs.** The global burden is further compounded by amputations, rheumatoid arthritis, gout, and various other
musculoskeletal conditions, which are represented by 180 million (5.5 million YLDs), 18 million (2.4 million YLDs),
54 million (1.7 million YLDs), and 453 million cases (38 million YLDs), respectively.34

LBP not only signifies a considerable public health issue but also poses occupational challenges, leading to substantial
professional, economic, and societal implications. Estimates suggest that up to 84% of the global population will
experience at least one episode of LBP in their lifetime, characterized by a high recurrence rate.>> Acute LBP is
the second leading cause for seeking medical consultations in general practice, while its chronic form is ranked eighth.*
One in every five LBP episodes culminates in sick leave, with LBP being accountable for 30% of extended sick leaves
spanning over six months and 20% of work-related injuries.

As stated, OA, a condition targeting synovial joints, is the second most prevalent CMP worldwide.** Population-based
cohort studies revealed that the lifetime risk of symptomatic hand OA is 47.2% in women and 24.6% in men.*® Concurrently, it
has been estimated that one in four individuals may encounter symptomatic hip OA during their lifetime.*” As a predominant
source of disability among the elderly population, OA also incurs substantial societal costs.*® The medical expenditure for OA
in several high-income nations is estimated to constitute 1—2.5% of their gross domestic product, with surgeries, such as hip

and knee joint replacements, accounting for the majority of these healthcare expenses.*®

Patient Profile with Chronic Pain Due to LBP and OA

CMP is linked to specific risk factors and patient demographics. In the case of cLBP, the prevalence appears to escalate
with age, reaching its zenith between 35 and 55 years.>® A recent systematic review has elucidated prognostic factors for
pain chronicity in LBP cases.*® Notably, heightened pain intensity, increased body weight, occupational heavy lifting,
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challenging work postures, and depression emerge as predominant risk factors for cLBP.** Additionally, maladaptive
behavioral strategies, prevalent anxiety, functional impediments during episodes, smoking habits, and notably, physical
labor have also been established as direct predictors of pain chronicity in LBP.*

Although the primary symptom attributable to OA is joint pain, a comprehensive understanding of the determinants of
joint-related pain in OA patients remains scant.*’ The degree to which structural abnormalities in OA influence pain
perception has been a matter of debate.** Weak correlations were observed between the severity of radiographic OA and
pain, though this discordance decreases with advanced radiographic stages.** It is well-known that radiographs do not
provide specific insights into which structural damages contribute to pain.** However, MRI studies suggest that bone
marrow lesions, synovitis, and effusions might be significant contributors.*? In addition, different studies have found that
other determinants, including higher BMI, pain hypervigilance, depressed mood, lack of weekly moderate-intensity
activity, and unfavorable subjective health status are significant factors contributing to current arthritic pain in OA
patients.*!

Nutrition and Chronic Pain
Why Nutrition/Diet Influence Chronic Pain

The association between nutrition and CMP has become a subject of increasing interest in recent years (Table 1)."!
Adequate nutritional intake plays a crucial role in modulating pain perception, managing inflammation, and promoting
overall well-being.** Unhealthy dietary behaviors and a poor diet have been implicated in predicting, perpetuating, or
contributing to CMP.*® For instance, individuals with chronic pain often exhibit high levels of obesity, excessive calorie
consumption, and diets rich in sugar, fat, sodium, and caffeine.*> Adopting a healthier diet may have significant
implications for managing chronic pain and reducing inflammation.** By promoting the consumption of nutrient-dense
and anti-inflammatory foods, healthcare professionals can play a vital role in enhancing the overall well-being and QoL
of patients with chronic musculoskeletal diseases.*’

Numerous studies have explored the link between diet and the incidence of OA. Data from the Framingham cohort
and the Osteoarthritis Initiative demonstrated a negative correlation between dietary fiber intake and the risk of
symptomatic OA.***” Further analysis suggested that this association between fiber intake and OA risk was partly
influenced by BMI and C-reactive protein (CRP) levels.>® In this study, the authors found that a higher BMI, associated
with lower fiber intake, leads to higher CRP levels, which could induce symptomatic OA according to the data analysis
results.>® Similarly, another longitudinal analysis, utilizing the Osteoarthritis Initiative database, revealed a significant
reduction in the risk of worsening pain and symptomatic knee OA with higher adherence to the Mediterranean diet.**
Two additional studies were conducted in this area, utilizing the dietary inflammatory index (DII®), a scoring algorithm

Table | Impact of Diet on Chronic Musculoskeletal Pain

Dietary Factor Influence on Chronic Musculoskeletal Pain Study
Obesity, high-calorie, sugar, fat, sodium, and caffeine | Predicts, perpetuates, or contributes to chronic musculoskeletal pain [43]
intake
Dietary fiber intake Negative correlation with the risk of symptomatic osteoarthritis [46,47]
Mediterranean diet Reduction in the risk of worsening pain and symptomatic knee osteoarthritis [48]
Dietary inflammatory index (DII®) Higher inflammatory potential increases the risk of knee osteoarthritis and other pain | [49,50]
symptoms
High-protein dietary pattern Linked to a lower prevalence of chronic lower back pain [51]
Energy-dense diet Positive association with chronic lower back pain [51]
Various dietary approaches Improvement in pain assessment and quality of life [52]
(eg intermittent fasting, ketogenic diet)
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that classifies individuals’ diets based on their inflammatory potential.>* Both studies arrived at similar conclusions; Liu
et al found that a higher inflammatory potential of the diet increased the risk of knee OA,*’ while Tonelli et al found
significant associations between DII scores and an increased risk of OA symptoms (joint pain, aching, and stiffness) in
the past year, low back pain, and any pain lasting longer than 24 hours, after adjusting for potential confounders.>

In relation to cLBP, Pasdar et al discovered that greater adherence to a high protein dietary pattern, characterized by
elevated intake of red and white meat, legumes, nuts, and eggs, was linked to a lower prevalence of chronic LBP in both
crude and adjusted models.”' Conversely, after accounting for the potential confounding factors mentioned, individuals in
the highest category of an energy-dense diet were positively associated with chronic LBP compared to those in the lowest
category.”’

Several studies have verified that implementing nutritional changes, such as modifying dietary patterns, consuming
certain nutrients, and adjusting meal frequency, can offer considerable relief for individuals suffering from chronic pain
(Table 2).* These interventions act through various molecular systems that enhance neural function and adaptability,
leading to effects comparable to those of antidepressants.”> Furthermore, nutritional interventions could provide relief for
musculoskeletal conditions and also address their underlying causes, leading to improved overall health status for
individuals.>® These positive outcomes might be connected to clinical advantages and may be attributed to the dietary
influence on central nervous system sensitization, which affects pain hypersensitivity.>’

In 2022, a systematic review examined the effectiveness of various dietary approaches, including intermittent fasting,
time-restricted feeding, caloric restriction, the ketogenic diet, and the Mediterranean diet, as part of treatment plans for
improving health and CMP.>* The review analyzed 16 articles, consisting of 11 randomized controlled trials (RCTs) and
five observational studies. Due to different inclusion criteria, the articles selected for this review are not repeated with
those mentioned above.’® Notably, six of these studies reported an improvement in pain assessment, while two indicated
contrasting results. Four studies demonstrated a reduction in inflammation, with one study showing no significant change.
Additionally, five studies indicated an improvement in the quality of life. This systematic review also concludes that,
overall, the selected studies displayed good methodological quality in their assessment scales.>?

The previous reviews encompassed studies that focused on various CMP diseases. However, among these conditions,
OA has received the most attention in terms of interventional nutritional studies, with a wealth of evidence available in
the literature. In 2023, an umbrella review conducted a comprehensive analysis, synthesizing and comparing data from
five systematic reviews and meta-analyses covering evidence-based dietary practices aimed at improving OA
symptoms.>® The findings of this umbrella review strongly supported the Mediterranean diet as an effective approach
for enhancing OA-related outcomes.”® These improvements include alleviating pain, reducing stiffness, mitigating
inflammation, and even addressing biomarkers associated with cartilage degeneration.”® Conversely, there was limited
to no evidence supporting the beneficial effects of fruits and herbs on these OA-related symptoms.”®

Although the overall lack of homogeneity between the studies limits the conclusions of the reviews and highlights the
3258 the vast body of
evidence showcases promising findings. Diverse dietary approaches and specific food components have demonstrated the

need for quality research that can identify consumer-accessible foods to improve CMP symptoms,

potential to reduce pain and inflammation while enhancing the overall health and well-being of affected individuals. As
this field of study progresses, further investigations with larger sample sizes and rigorous methodologies will help
solidify these findings and pave the way for more effective and personalized approaches to managing CMP through

nutrition.

Table 2 Specific Nutritional Interventions and Their Impact on Chronic Pain

Intervention Outcome Study

Nutritional changes Relief comparable to antidepressants, improvement in musculoskeletal conditions [45,55,56]

(dietary patterns, nutrients, meal frequency)

Mediterranean diet Alleviating pain, reducing stiffness, and addressing biomarkers in OA [58]
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Nutrition/Diet are Important for Microbiota

The microbiota refers to the community of microorganisms present in a specific environment.”” In an average adult male,
the human gut microbiome contains approximately 3.8x10'* microbes, surpassing the number of human host cells, which
stands at about 3.0x10"*.°° To underscore its significance, while the human genome comprises around 23,000 genes, the
microbiome encodes over three million, leading to the production of thousands of metabolites.®’ These metabolites
effectively replace many of the host’s functions, playing pivotal roles in determining the host’s health, fitness, and
phenotype.®’ Given this immense complexity, the gut microbiome is nowadays considered a virtual organ within the
human body.

Gut microbes are instrumental in numerous aspects of human health, encompassing immune, metabolic, and
neurobehavioral functions.®> Notably, specific foods and dietary patterns can modulate the abundance and types of
bacteria in the gut, which subsequently impacts health. A well-structured and diverse gut microbiota is paramount for
sustaining optimal health. Conversely, dysbiosis—characterized by diminished diversity and compositional alterations in
the gut microbiota—is correlated with conditions such as obesity, diabetes, and gastrointestinal diseases.> Notably,
dietary choices heavily influence the human gut microbiota’s composition and function,** emphasizing the pivotal role of
nutrition in gut health.

Dietary fiber emerges as a crucial nutrient for preserving gut microbiota diversity.®> Interestingly, diets prevalent in
industrialized nations, which are typically low in fiber but high in fats and protein, contribute significantly to the
reduction of fiber-metabolizing microbes.®® In addition, it is worth noting that certain minor dietary components, such as
polyphenols and the micronutrient selenium, can promote the proliferation of beneficial bacterial species.®® In contrast,
numerous other components like specific food additives and alcohol might compromise the intestinal barrier, potentially
triggering a leaky gut and leading to dysbiosis.®

Microbiota and Its Impact on Chronic Pain
Emerging evidence suggests that the gut microbiota plays a significant role in modulating pain perception (Table 3)."
Although still in its early stages, emerging research highlights the involvement of the gut microbiota in the release of
signal molecules, such as metabolites, neurotransmitters, and neuromodulators, which play a direct role in pain
transmission and modulation.®® This has given rise to the concept of a microbiota-gut-brain axis, which involves
a network of connections encompassing multiple biological systems that facilitate bidirectional communication between
gut bacteria and the brain.®” This axis is crucial for maintaining the homeostasis of the gastrointestinal, central nervous,
and microbial systems in animals.®’ Although initially discovered for its involvement in visceral pain, recent findings
have unveiled that the microbiota also plays a role in CMP.®®

Studies investigating the association between microbiota and pain have revealed intriguing findings. Gut dysbiosis, an
imbalance in the composition of gut microorganisms, has been linked to an increased risk of developing chronic pain
conditions.®” Dysbiosis can lead to an altered gut barrier function and increased permeability, facilitating the transloca-
tion of bacteria and microbial products into the bloodstream.®® This process triggers systemic inflammation and immune
activation, potentially contributing to chronic pain.®

In the domain of CMP, the link between the microbiome and OA has garnered considerable attention and investiga-
tion in the existing scientific literature. A Dutch study discovered significant correlations between gut microbiota
composition and knee OA, even after adjusting for various factors such as smoking, alcohol intake, and BMIL.”® The
study found an association between an increased presence of Streptococcus species in stool samples and the severity of

Table 3 Microbiota and Its Role in Chronic Pain

Microbial Factor Association with Chronic Pain Study
Gut dysbiosis Increased risk of developing chronic pain conditions [69]
Specific bacterial species (eg Streptococcus) | Correlated with severe knee osteoarthritis and increased pain [70]
Lipopolysaccharide levels Correlated with inflammation, symptoms, and abnormalities in knee osteoarthritis | [71]
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knee OA along with heightened knee pain. While the precise mechanisms by which the Streptococcus species contribute
to joint inflammation remain unidentified, the researchers hypothesized that the process could be mediated by metabolites
or membrane vesicles produced by these bacteria in the gastrointestinal tract. Ultimately, the findings suggest that
modulating gut microbiota could offer a novel therapeutic strategy for managing OA-related knee pain.

In a cohort study conducted by Huang et al,”' involving 25 patients, the researchers investigated the relationship
between lipopolysaccharide (LPS), a proinflammatory component of Gram-negative bacteria, and the severity of
inflammation, symptoms, and radiographic abnormalities in knee OA. The study revealed the presence of LPS in both
synovial fluid and serum of the knee, and it showed a significant correlation with the abundance of activated macro-
phages in the knee, the severity of radiographic OA, and joint symptoms.”"

In another study, a large cohort was compared to examine symptomatic vs asymptomatic hand OA.”* The researchers
found differences in the abundance of specific bacterial species in the symptomatic hand pain group, indicating potential
gut microbiota-related metabolic dysfunction linking systemic inflammation to OA pain symptoms.

For obese subjects with and without low back pain, one study has explored the association between LBP and gut
microbiota composition.”* A significantly higher abundance of Adlercreutzia, Roseburia, and Uncl. Christensenellacae
was found by Dekker Nitert et al in obese and overweight individuals with back pain compared to controls.”* In the same
line, Su and collaborators have performed a two-sample Mendelian randomization study, resulting in confirming the
potential causal effect of specific gut microbiota and gut microbial metabolites on low back pain, therefore providing the

theoretical basis for further explorations of targeted prevention strategies.”*

Nutrition/Diet as One of the Risk Factors for Sarcopenia

Sarcopenia, denoted by the age-associated decrease in muscle mass and strength, is notably prevalent among older adults,
leading to substantial personal and economic implications.”” Although the decline in muscle mass is an inherent
component of aging, the variance in its progression across individuals points to the potential role of adjustable factors,
primarily diet and lifestyle (Table 4).”® Alarmingly, malnutrition, which includes both overnutrition and undernutrition,
has gained global attention.’”” Present data indicates that approximately one-fourth of adults aged 65 years and above are
either malnourished or at imminent risk.”® The situation is even graver in hospital settings, with reported undernutrition
rates soaring up to 72%.”° These figures accentuate the pressing need to redress nutritional imbalances in seniors, which
could be instrumental in the development of sarcopenia.

Regarding the current state of dietary interventions, results from randomized controlled trials underscore the
prospective advantages of dietary protein in combating sarcopenia and muscle deterioration.** Initial data also points
to the potential efficacy of vitamin D in managing sarcopenia, although optimal dosing, administration protocols, and
treatment durations are yet to be firmly established.®! Other nutrients, including essential minerals, leucine, B-hydroxy-f3-
methylbutyric acid, vitamin C, vitamin E, omega-3 fatty acids, collagen peptides, creatine, inorganic nitrate, polyphenols
omega-3 fatty acids and probiotics have also been studied, and are considered potential interventions in the management
of sarcopenia.®® Furthermore, adherence to a Mediterranean dietary pattern, along with augmented consumption of fruits
and vegetables, has been linked to enhanced physical performance, potentially safeguarding against muscle atrophy,
sarcopenia, and the onset of frailty.®®

Table 4 Nutrition and Sarcopenia — Risk Factors and Impacts

Factor Association with Sarcopenia Study

Malnutrition Prevalent cause of sarcopenia, leading to muscle mass and strength decline [77,78]

(overnutrition and undernutrition)

Dietary protein, vitamin D, and other Potential interventions in the management of sarcopenia [80-82]
nutrients
Sarcopenia Associated with increased vertebral slippage, pain intensity, and risk of falls in lumbar spinal | [83-85]
stenosis
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Sarcopenia and His Impact on Chronic Pain

The discussion on musculoskeletal disorders and malnutrition would be incomplete without addressing the subject of
sarcopenia. Sarcopenia, characterized by the depletion of muscle mass and strength, is an age-related condition
frequently linked to reduced mobility and diminished quality of life in older individuals.®” Malnutrition, whether due
to insufficient calorie and protein intake (undernutrition) or excessive intake (overnutrition and obesity), is a common
cause of sarcopenia.®® In recent years, researchers have begun to unravel a potential relationship between sarcopenia and
CMP, which represents a substantial public health burden worldwide.*” Understanding the intricate interplay between
sarcopenia and CMP is crucial for developing effective preventive and therapeutic interventions.

Several studies have covered the association between sarcopenia and CMP. In patients diagnosed with lumbar spinal
stenosis, sarcopenia has shown correlations with an increased degree of vertebral slippage, heightened intensity of lower
back pain, and a higher incidence of dyslipidemia and cardiovascular disease.**** In the same line, a retrospective cohort
study underscored that grip strength values, a widely-used parameter to diagnose sarcopenia, are associated with the risk
of falls among patients undergoing decompression and fusion procedures for lumbar spinal stenosis.®> Moreover, another
investigation has revealed an elevated risk of shoulder pain in individuals diagnosed with sarcopenia. However, it is less
likely to be associated with severe rotator cuff pathology, such as tendon tears.®® Additionally, an investigation involving
older adults with multimorbidity demonstrated a meaningful association between sarcopenia and CMSP.”® In this study,
sarcopenia patients were observed to experience more painful sites. They reported greater pain severity and interference
scores, further elucidating the potential impact of sarcopenia on musculoskeletal health, with implications for pain-
related outcomes and functional decline in those affected.”’

Both sarcopenia and CMP share a number of risk factors, such as advanced age, physical inactivity, and
comorbidities.*>*! These shared risk factors may act synergistically to exacerbate the clinical manifestations of both
conditions. Furthermore, emerging evidence suggests that certain pathophysiological mechanisms, including inflamma-
tion and oxidative stress, may underlie the simultaneous occurrence of sarcopenia and CMP.>***! (Figure 1)

Management of the Patient with CMP
The Importance of the Therapeutical Goal: Not Only Pain Reduction

In CMP management, the clinical goal is not always complete pain elimination, as some underlying conditions may not
be entirely curable.” Instead, the focus is on achieving an acceptable level of pain that allows the patient to lead

------ Socioeconomic factors
« == « = Bad-diet
= = = No physical activity

— Age
iﬁf Injuries
* Genetics

~ -
TEmmm= N ==

Figure | Interrelation of sarcopenia, malnutrition, and chronic musculoskeletal pain and their risk factors.
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a functional life with a satisfactory QoL.”* The patient-acceptable symptom state (PASS) has been introduced as a means
of addressing partial symptomatic remission.”* It involves a clinically significant threshold, determined from the patient’s
perspective, which allows for the classification of patients as either being in an “acceptable state” (with the outcome
score meeting the PASS) or not (with the outcome score not meeting the PASS).%* This approach permits the inclusion of
the patient’s opinion on their health status, both at the group level and in daily clinical practice, providing insights into
their perceived well-being and allowing differentiation between treatment responders and non-responders.”
Consequently, the PASS is a pertinent and research-worthy concept that encompasses low disease activity, well-being,

and partial symptom remission.”*

Focus on Multi-Modal Approach and Interdisciplinarity

CMP often requires a collaborative and integrated approach involving various healthcare professionals.”
Multidisciplinary and interdisciplinary pain management teams may include pain specialists, physical therapists,
psychologists, nutrition specialists, and other relevant experts.”® Although similar in some aspects, it is essential to
highlight the key differences between multidisciplinarity and interdisciplinarity in patient management.”’
Multidisciplinarity involves the incorporation of diverse professionals, each contributing their expertise within the
confines of their respective fields.”” In contrast, interdisciplinarity entails the coordination and collaboration of these
various disciplines toward a unified and coherent approach.”” Both multidisciplinarity and interdisciplinarity imply
a multi-modal management approach that involves using multiple treatment modalities to address the complexities of
CMP effectively.”” Integrating various therapeutic strategies, such as pharmacological interventions, physical therapy,
psychological support, and lifestyle changes, can lead to a more comprehensive and patient-centered model of
healthcare.? Considering the intricate and multifaceted nature of CMP, an integrated approach to patient management
is highly recommended.’

Role of the Pharmacological Therapy
Pharmacological interventions play a significant role in managing CMP, but they are rarely used as stand-alone
treatments.””

Integrative management strategies, encompassing both pharmacological and non-pharmacological modalities, are
essential in the therapeutic approach to pain. Within the scope of CMP, it is recommended that initial interventions
prioritize non-pharmacological options, such as patient-engaged home exercise regimens and comprehensive rehabilitation
programs involving multiple disciplines. Should these non-pharmacological strategies prove insufficient, the introduction
of pharmacological agents, specifically nonsteroidal anti-inflammatory drugs (NSAIDs), ought to be contemplated as the
principal therapeutic recourse, which may be supplemented with or without additional adjunct therapies.’

Opioids are commonly prescribed for moderate to severe pain.”®® Nonetheless, their prescription should be reserved
exclusively for specific chronic non-cancer pain syndromes when conventional non-pharmacological and pharmacologi-
cal therapeutic strategies have proven ineffective in carefully monitored individuals within the framework of
a comprehensive, multi-modal, and interdisciplinary treatment approach.”®*? However, their potential for dependence,
tolerance, and adverse effects warrants cautious use and close monitoring.”®*® The role of pharmacological treatments is
often functional to the activity of other non-pharmacological therapeutic approaches.'® For instance, medications may be
utilized to provide pain relief and facilitate patients’ participation in non-pharmacological interventions like physiother-
apy and exercise programs.'®® Conversely, successful non-pharmacological interventions may reduce the need for high-
dose medications, mitigating their potential side effects.””

Role of the Non-Pharmacological Therapy

Non-pharmacological approaches form an integral part of comprehensive pain management for chronic musculoskeletal
conditions.'®" Physiotherapy plays a crucial role in improving mobility, strength, and flexibility while reducing pain and
disability.'”® Exercise programs tailored to the individual’s needs can enhance the patient’s functional capacity and

contribute to long-term pain relief.'%*

Journal of Pain Research 2024:17 hetps: 2231

Dove:


https://www.dovepress.com
https://www.dovepress.com

Cuomo and Parascandolo Dove

Psychological interventions, such as cognitive-behavioral therapy (CBT), aim to modify maladaptive thought patterns
and coping strategies, empowering patients to better manage their pain and emotional well-being.'** Additionally, patient
education on pain management, including nutritional education, equips individuals with self-management skills and

fosters a sense of empowerment in their journey toward recovery.'%’

Attention to Nutrition as an Important Factor for Microbiota and Muscle

In the intricate web of human physiology, nutrition stands out as a foundational pillar influencing various bodily systems.
Among these, the connection between nutrition, gut microbiota, and muscle health has sparked significant interest in the
medical and scientific communities. Our daily dietary choices, ranging from the macronutrients we consume to the
micronutrients we might overlook, can profoundly impact the gut microbial community. This diverse ecosystem,
comprising trillions of microorganisms, not only aids in digestion but also contributes to our overall health in ways
we are still unraveling. Moreover, the balance of our gut microbiota is directly linked to muscle health and function. An
imbalance, or dysbiosis, can lead to increased inflammation, which has been associated with muscle atrophy and
weakness. Conversely, a balanced gut microbiota, achieved through optimal nutrition, can support muscle protein
synthesis, enhance muscle growth, and improve physical performance.

Nutrition plays a pivotal role in supporting tissue repair, reducing inflammation, and optimizing overall physical and
mental well-being.'®® Poor nutrition is a recognized precursor to dysbiosis and sarcopenia,'®” both of which may predispose
individuals to the onset and exacerbation of CMP.”**%*! Hence, a strategically devised nutritional plan becomes
paramount. From a nutritional perspective, while diet plays an undeniable role, it may not be adequate in isolation due to
mechanisms of metabolic decay that remain elusive and lead to sarcopenia.'®® Emphasizing early muscle preservation is
vital, which can be achieved through early detection, utilizing tools like the SARC-Calf scale, and incorporating appropriate
supplementation when indicated. Proper dietary choices, along with potential supplementation when indicated, can
complement other therapeutic interventions and enhance treatment outcomes in chronic pain patients.'®

By integrating nutrition into the management plan, healthcare professionals can foster a comprehensive and patient-
centered approach that addresses the diverse needs of individuals with CMP.'" This integration underscores the
importance of considering the CMP as a whole, recognizing the interconnectedness of biological, psychological, and
social aspects, and paving the way for improved patient outcomes and enhanced overall well-being.”

Diet Integration in the Multi-Modal Treatment: Proper Diet for Less Inflammation/Pain: Focus on Microbiota
and Sarcopenia

Microbiota: Maintain the Right Equilibrium with Probiotic and Prebiotic

Probiotics and prebiotics are among the most commonly used substances in attempts to alter the microbiota.''® Probiotics
are defined as live microorganisms that confer health benefits to the host when administered in adequate amounts, while
prebiotics are substances that promote the growth or function of beneficial microorganisms, including bacteria and
fungi."'® The use of both pre- and pro-biotics has been explored in the field of CMP treatment.

Probiotic supplementation has been associated with reduced pain severity and improved functional outcomes in
patients with CMP."'" In a clinical trial with individuals with knee OA, Lei et al found that after 6 months of
Lactobacillus casei Shirota supplementation, pain scores were significantly reduced, suggesting the potential use of
this supplement as a new option for knee OA therapy.''? In another study, Lyu et al conducted a trial using Streptococcus
thermophilus (TCI633), and although there were no significant changes in certain biomarkers, the distinct pain scores
indicated that TCI633 might slow the progression of knee OA.""® Furthermore, Taye et al showed in an N-of-1 trial that
probiotic intervention was associated with lower pain scores, suggesting the role of probiotics in pain relief for OA
patients.''* Research on probiotics and other CMP conditions was also conducted.

Regarding prebiotics, in the context of CMP, Coulson et al conducted a study to analyze the impact of green-lipped
mussel extract (GLM) and glucosamine sulfate (GS) supplementation on the gut microbiome of knee OA patients.''
Both groups showed significant improvements in OA symptoms and gastrointestinal symptoms after 12 weeks of
intervention. Although changes in the gut microbiome were not significant, there was a notable decrease in Clostridia

sp., which correlated with reduced inflammation and improvement in OA and gastrointestinal symptoms.''”
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Sarcopenia: Prevention, Early Diagnosis, Less Severity

Prevention and treatment of sarcopenia could lead to a positive impact on CMP symptoms. Reducing muscle mass may
cause more prolonged pain, leading to further reductions in activity and, therefore, sustained pain, creating a vicious cycle.
In this context, several diagnostic scales for sarcopenia are available and should be considered for the early diagnosis of
CMP patients.''® In this regard, a recent study by Tsuji et al has shown that both SARC-F and SARC-CalF demonstrated
moderate diagnostic capabilities in a CMP population.''” SARC-CalF, however, exhibited higher diagnostic power
compared to SARC-F. Moreover, both SARC-F and SARC-CalF scores correlated with Psychotic Depression
Assessment Scale (PDAS) scores, signifying pain-related disability. This suggests that they can serve as screening tools
for sarcopenia and also as simple tools to assess disability in patients with CMP. Another recent study by Tsuji and
collaborators found that the phase angle may be a valid discriminator of sarcopenia in patients with CMP. They even
indicated established cutoff points that clinicians can follow."'® In this study, the phase angle showcased high accuracy in
differentiating sarcopenia in men and moderate accuracy in both genders and women. Moreover, although data has not been
published yet for CMP patients, other instruments to identify sarcopenia can be used, including the Asian Working Group
for Sarcopenia (AWGS) criteria for sarcopenia diagnosis,''® and those proposed by the European Working Group for
Sarcopenia in Older People 2 (EWGSOP2),*” or the International Working Group on Sarcopenia (IWGS).'*°

It’s important to highlight the importance of early diagnosis in CMP patients. In patients with CMP, sarcopenia was
identified even in those under 65 years of age.''” This implies that muscle deterioration is not exclusively a concern for
the elderly. Recognizing sarcopenia at an earlier stage could lead to better management and interventions. With several
instruments and scales available to diagnose sarcopenia, there is a strong argument for their adoption in routine
screenings for sarcopenia in patients with CMP. Implementing these scales during the early diagnosis phases will
allow healthcare providers to offer timely interventions, potentially improving the quality of life and management
outcomes for CMP patients.

In managing CMP patients diagnosed with sarcopenia, a multifaceted intervention approach is crucial to address both
pain and muscle wasting. Amino acids play a pivotal role in muscle protein synthesis, with essential amino acids,
particularly leucine, being shown to stimulate muscle growth and prevent muscle protein breakdown. Incorporating
protein powders, whether from vegetable or dairy origins, can help meet the elevated protein requirements of these
patients. Vegetable-based proteins, such as pea or rice protein, offer an alternative for those with lactose intolerance or
those who prefer plant-based sources, while dairy-derived proteins like whey and casein are known for their high
biological value and rich amino acid profiles. Additionally, superoxide dismutase (SOD) has been researched for its
potential antioxidative properties. Superoxide dismutase aids in the dismutation of superoxide radicals in the body,
potentially combating oxidative stress, which is believed to play a role in muscle degeneration. Thus, the integration of
these nutritional supplements, in conjunction with physical therapy and medical management, can be an effective strategy
to mitigate the effects of sarcopenia in CMP patients.

Conclusion

In conclusion, the management of CMP demands a multi-modal and multidisciplinary approach, underlining the
paramount importance of nutrition in treatment management. The relationship between nutrition, microbiota, and
sarcopenia plays a pivotal role in CMP patients. Nutritional patterns influence gut microbiota composition, which in
turn affects muscle health and function, leading to sarcopenia. The onset of sarcopenia can exacerbate CMP due to
decreased muscle strength and function. Moreover, gut microbiota imbalance can directly influence pain perception,
amplifying the effects of CMP. Therefore, optimizing nutrition could serve as a potential strategy for managing CMP.
Focusing on a balanced diet that supports a healthy gut microbiome may prevent or alleviate sarcopenia and, in turn,
reduce the severity of CMP. However, this field necessitates further research to fully understand the complex interplay
and to develop effective nutritional interventions for CMP patients. In addition, it is to be highlighted that effective
patient management with CMP encompasses more than just pain control. It is imperative to understand the multifaceted
nature of pain and its underlying components. Comprehensive care involves recognizing the physical, emotional, and
psychological aspects of pain. Additionally, addressing the unique needs and concerns of the patient is crucial. By
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adopting a holistic approach, healthcare providers can ensure improved patient outcomes, enhanced quality of life, and

a reduction in long-term healthcare burdens.

Expert opinions stress the value of a practical approach that factors in nutrition’s pivotal role, along with the gut

microbiota and other determinants, in influencing pain perception and overall health. Healthcare professionals should

prioritize nutrition as a central element of comprehensive patient care and seamlessly integrate it into standard practice.

The forward-thinking idea of modulating gut microbiota through dietary and pharmabiotic measures heralds promising

avenues for optimizing CMP management. By delving into these cutting-edge strategies, we can amplify the efficacy of

pharmacological treatments and enrich patient outcomes. Committing to an in-depth appreciation of nutrition’s influence

in CMP, coupled with a patient-centric stance, will lay the groundwork for more adept and all-encompassing pain

management protocols. As our expertise in this realm grows, we eagerly anticipate shaping the future of chronic pain

management and elevating the well-being of those afflicted by CMP.
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