
Vol. 2025 (10) 806 – 816 
ISSN 2688-3651 [online] 

806 

 

Investigating the Role of the Gut Microbiota  
in Chronic Pain Development and its Potential in Pain Relief 

Lahye Yun1 * 

1Korea International School Jeju Campus, Seogwipo, Jeju, South Korea 
*Corresponding Author: lhyeyun27@gmail.com 

 
Advisor: Dr. Jaeyoung Shin, jaeyoung.shin@atogen.co.kr 

 
Received October 24, 2024; Revised May 30, 2025; Accepted July 10, 2025 

 
Abstract 

Despite its extensive impact, chronic pain lacks an effective treatment due to its diverse origins, with existing options 
often causing unwanted side effects in the long term. However, emerging research suggests a promising solution: the 
gut microbiome. Continued stress induces dysbiosis of the gut microbiota, influencing an individual’s hormone levels 
and perception of pain, altering serotonin (5HT) and short-chain fatty acids (SCFA) production through the gut-brain 
axis (a bidirectional communication network of the central nervous system). These alterations engender a cycle of 
stress and neuroinflammation, ultimately leading to the development of chronic pain. Compelling evidence suggests 
a correlation between gut microbiota dysbiosis and chronic pain — posing the element as a direct agent towards the 
development and persistence of long-standing pain — further strengthening the notion that targeting the gut 
microbiome could pave the way toward the creation of innovative approaches for pain management. This review 
focused on the relationship between gut microbiota dysbiosis and chronic pain, highlighting the possibilities of 
microbiome-based treatments for chronic pain. 
 
Keywords: Gut microbiome, Serotonin(5HT), Gut-brain axis, Pain, Short-chain fat acids (SCFA), Stress, Target 
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1. Introduction 
 

Chronic pain, defined as pain persisting for more than three months, is a prevalent condition more than 20% of 
adults suffer from globally (Lucas and Sohi, 2024), with a 10% increase in patients each year (Goldberg and McGee, 
2011). In the United States alone, over 50 million individuals have been reported to experience chronic pain, leading 
to considerable physical, financial, and economic burdens (Yong et al., 2021). In fact, the total annual cost associated 
with chronic pain is estimated to range between $560 to $635 billion in the nation, surpassing the combined costs of 
other notable health conditions such as cancer ($243 billion), heart disease ($309 billion), and diabetes ($188 billion) 
(Gaskin and Richard, 2012). Moreover, its close association with mental health disorders such as depression and 
anxiety (Aaron et al., 2025), further amplifies the urgency for an effective solution that is yet to be found. 

Although chronic pain stems from diverse sources, recent studies indicate that two major factors significantly 
contribute to its overall development: acute pain and stress (Timmers et al., 2019; Basbaum et al., 2009). 

Pain, by definition, is an unpleasant feeling associated with potential tissue damage (Raja et al., 2020). Within 
the field of pain, acute pain is the immediate, intense stress response activated by the body’s stress response system 
for specific injuries or conditions that may require immediate action to prevent further consequences (Jungquist et al., 
2017). Thus, while it is often the initial source of chronic pain, acute pain itself is not inherently harmful. 

Typically, acute pain arises from tissue damage or injuries, caused by outside factors such as trauma (Johnson et 
al., 2013). This triggers the body’s stress response system, leading to the release of stress hormones such as cortisol, 
which acts as an anti-inflammatory that mobilizes glucose reserves for the modulation of inflammation (Hannibal and 
Bishop, 2014). 
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However, when acute pain persists without proper healing, patients experience detrimental effects. Lack of 
treatment can cause acute pain to evolve into long-term pain, and later, a chronic condition. Although short-term stress 
— caused by acute pain — can be adaptive, persistent stress associated with chronic pain can exert deleterious effects 
on the body (Timmers et al., 2019). 

Recent research reveals a pivotal insight: the gut and the brain are connected by the gut-brain axis, a bidirectional 
communication pathway, with prolonged stress having the potential to induce gut microbiota dysbiosis (Appleton, 
2018) — findings that may not only aid the explanation of the underlying cause of chronic pain but also provide 
critical insight into the development of a promising new treatment. This disruption can lead to changes in the 
production of serotonin (5HT) and the integrity of the gut barrier, increasing the permeability of the gut (Guo et al., 
2019). Unessential immune responses can then be triggered by heightened chances of harmful substances passing 
through the gut, leading to neuroinflammation and exacerbated stress — both of which are central to the pathogenesis 
of chronic pain (Sun et al., 2020) — reducing the production of SCFAs, whose anti-inflammatory properties are 
essential for maintaining gut health (Vinolo et al., 2011). This establishes a self-perpetuating loop of stress and pain, 
wherein reduced SCFA production leads to an inflammatory response and sensitized pain receptors, thereby 
facilitating the development of chronic pain (NINDS, 2023). 

As such, long-term stress serves as the harbinger of chronic pain, causing dysbiosis of the gut microbiota. This 
dysbiosis subsequently induces greater stress and inflammation, ultimately leading to the establishment of chronic 
pain. 

This review examines the relationship between gut microbiome dysbiosis and chronic pain, while evaluating the 
therapeutic potential of gut microbiome-target treatments as novel solutions for effective pain alleviation. 
 
2. Materials and Methods 
 

This study adopted a structured qualitative review methodology to evaluate the role of gut microbiota dysbiosis 
in the development of chronic pain and the potential of microbiome-targeted treatments. The research used in the 
paper was designed to synthesize findings across various scientific fields such as neurobiology, 
psychoneuroimmunology, gastroenterology, and microbiology. 
 
2.1 Search Engines and Databases 
 

A comprehensive literature search was conducted on peer-reviewed databases, primarily PubMed. To ensure 
greater credibility and relevance, further verification was done through Google Scholar, ScienceDirect, and JSTOR. 
 
2.2 Keywords and Filters 
 

Keywords were selected to maximize relevant sources. The primary search terms were “chronic pain,” “gut 
microbiota,” “microbiome inflammation,” “gut dysbiosis,” “gut-brain axis,” “serotonin dysregulation,” “short-chain 
fatty acids (SCFA),” “stress and dysbiosis,” “gut permeability,” and “stress and chronic pain.” 

To ensure relevance and accuracy, filters were applied to select sources that were written in English and published 
in peer-reviewed journals from 2001 onward. 
 
2.3 Inclusion and Exclusion Criteria 
 

Inclusion criteria: Systematic reviews and research articles that presented empirical data (that were peer- 
reviewed), including animal studies, molecular analyses, and focused on the relationship between the gut microbiome 
and chronic pain, associated pathways such as the gut microbiome, serotonin production, and inflammation were 
included. 

Exclusion criteria: Studies that lacked primary data (such as ones that revolved around unreferenced opinions or 
inferences rather than data), were not peer-reviewed, focused exclusively on acute pain, and did not investigate 
neuroinflammation, gut microbiota, or relevant pathways were excluded. 
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2.4 Study Categorization 
 

To enhance depth and clarity in analysis, selected studies were organized into three main categories that addressed 
their primary focuses: Neurotransmitters and Serotonin Pathways, Stress-Induced Gut Dysbiosis, and Microbiome-
Targeted Therapeutics. 

Neurotransmitters and Serotonin Pathways: Research on gut microbiota’s influence on the production, regulation, 
signaling of neurotransmitters (especially serotonin), and their effects on nociceptive processing and psychological 
well-being. 

Stress-Induced Gut Dysbiosis: Studies on chronic stress and its impact on microbial imbalance, increasing gut 
permeability, heightened pain perception due to pain sensitization, and increased serotonin production due to gut 
dysbiosis. 

Microbiome-Targeted Therapeutics: Research and clinical studies evaluating the effects of probiotic treatments 
on mice suffering from gut dysbiosis, dietary interventions, and the role of microbial transplants used to restore gut 
health and alleviate chronic pain symptoms. 

The employment of this classification allowed for a better examination of the underlying mechanisms of chronic 
pain and the multifaceted pathway linking gut health and pain perception, providing a foundation for the analysis of 
chronic pain and its potential treatments. 
 
3. Cited Evidence on the Relationship between the Gut Microbiota and Chronic Pain 
 
3.1 The Transition from Acute to Chronic Pain: Stress as a Central Mediator 
 

As previously defined, pain can be categorized into acute or chronic. Often, chronic pain arises from unresolved 
acute episodes that persist beyond the expected period of healing, typically lasting 3~6 months (Dydyk and 
Conermann, 2023). Unlike acute pain, which signals immediate harm (Woolf, 2010), chronic pain lacks a clear 
ongoing injury, marking a shift in the body’s perception of pain (and pain mechanisms in general), with the customary 
pain-signaling pathways becoming greatly altered due to redundant sensitization (Mifflin and Kerr, 2013). 

Stress, particularly cortisol, plays a central role in this process. First, prolonged stress caused by intensified 
cortisol — a primary stress hormone that mobilizes glucose reserves for energy and inflammatory modulation 
(Hannibal and Bishop, 2014) — production due to maladaptive responses to pain or other stressors (Hannibal and 
Bishop, 2014), can significantly harm the body. Over time, persistent stress can lead to overall dysfunction of cortisol 
regulation (Hannibal and Bishop, 2014), further amplifying pain perception and causing widespread inflammation. 

When acute stress persists and develops into long-standing stress, elevated levels of these hormones remain longer 
than necessary, disrupting the normal function of the brain by modifying its structure (Hannibal and Bishop, 2014). 
Stress hormones activate microglia, the brain's immune cells, leading to a prolonged pro-inflammatory state, increasing 
inflammatory cytokines production and neurodegenerative processes (Frank et al., 2011). Furthermore, chronic stress 
also impairs the integrity of the blood-brain barrier, allowing peripheral inflammatory mediators to enter and amplify 
inflammation (Roszkowski and Bohacek, 2016). Dysregulation of the hypothalamic-pituitary- adrenal axis due to 
chronic stress leads to continual cortisol elevation, promoting neurodegenerative changes and exacerbating 
inflammatory responses in the brain (Ménard et al., 2016). 
 
3.2 Gut Microbiota Dysbiosis as a Driver of Inflammation 
 

The gut microbiome, composed of numerous microorganisms such as bacteria, plays a critical role in maintaining 
gastrointestinal and systemic homeostasis (Rinninella et al., 2019). These microorganisms, collectively known as the 
gut microbiota, each perform diverse functions, including the regulation of immune responses and metabolic pathways 
(Richards et al., 2019). Under normal conditions, these microbes produce signaling molecules such as SCFAs and 
neurotransmitters, which, when balanced, allow better facilitation of immune responses and metabolic processes, 
protecting the body from harm. Specifically, SCFAs such as butyrate, propionate, and acetate — produced by gut 
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bacteria — have been revealed to alleviate inflammation, highlighting their function as anti- inflammatory properties 
(Pinilla et al., 2020) 

Yet not all microorganisms are favorable, as the gut microbiota can be broadly categorized into two categories: 
beneficial or harmful. In the gut, these microorganisms form a hierarchy. Normally, a balanced gut at equilibrium 
maintains homeostasis by allowing beneficial microorganisms — such as butyrate-producing species with anti- 
inflammatory properties (Chen and Vitetta, 2020; Pereg and McMillan, 2015) — to predominate, while the harmful 
bacteria remain subordinate (Zhang et al., 2015). 

Though various factors contribute to dysbiosis, stress has been shown to greatly alter the composition and 
diversity of the gut microbiota, potentially diminishing the population of beneficial microorganisms (Foster et al., 
2017). Given the microbiota’s crucial role in immune regulation, such imbalances can impair the body’s immune 
function and promote the proliferation of harmful microorganisms (Wu and Wu, 2012). The resulting shift intensifies 
inflammation, exacerbated by the disruption of the integrity of the gut barrier created by the decrease in SCFA 
production, allowing unfavorable substances to penetrate the gut with greater ease (Bidell et al., 2022). 
 
3.3 Serotonin Production in Stress-Related Pain Sensitization 
 

Tryptophan is an essential amino acid metabolized by the gut-inhabiting microorganisms to produce neuroactive 
compounds (Kaur et al., 2019). Serotonin, a type of chemical synthesized from tryptophan (Terry and Margolis, 2017), 
is used to transport messages through the gut-brain axis from the nerve cells in the brain to the body (Ustianowska et 
al., 2022), functioning as a regulate of mood and pain (Bosi et al., 2020). 

In terms of pain perception, by interacting with numerous serotonin receptors, the chemical modulates nociceptive 
pathways that lie within the nervous system. These receptors mediate differing effects, with some alleviating pain 
while others intensifying it (Martin et al., 2017). For example, when 5-HT3 receptors are triggered, excitatory 
neurotransmitters that promote pain are elicited, rendering heightened pain sensitivity and stimuli (Zeitz et al., 2002). 
On the other hand, the initiation of 5-HT1A receptors inhibits the release of such transmitters, minimizing pain 
perception (Haleem, 2018). 

When pain persists, it elevates chronic stress levels, disrupting serotonergic signaling by altering serotonin 
synthesis and heightening receptor sensitivity (Hao et al., 2023). In parallel, chronic stress can cause 
neuroinflammation (Calcia et al., 2016) which can activate the immune system, causing increased production of stress-
induced cytokines, signaling molecules that activate inflammatory responses (Zhang and An, 2007). As pro- 
inflammatory cytokines directly stimulate pain-sensing neurons — called nociceptors — these inflammatory 
responses increase pain perception, rendering the body more vulnerable to stressors (Shubayev et al., 2010). 
 
3.4 Experimental Evidence for the Gut-Brain Axis: Gut Microbiota Dysbiosis and Its Impact on Mood Disorders 
 

Serotonin dysregulation also connects to mood disorders such as depression and anxiety. Under conventional 
physiological conditions, serotonin helps regulate mood and emotions via the gut-brain axis (Karayol et al., 2021), 
with the blood-brain barrier playing a critical role in serotonin transportation to the central nervous system. 
Consequently, serotonin availability in the brain is limited due to alterations caused by inflammation of the blood- 
brain barrier, thereby impacting an individual’s mood (Appleton, 2018). Although the relationship between mental 
disorders and serotonin has not yet been fully understood, recent research highlights serotonin’s role in such illnesses, 
portraying a strong association between serotonin dysregulation, depression, and inflammation (Marazziti, 2017). 

The first study, “Changes in Gut Microbiota by Chronic Stress Impair the Efficacy of Fluoxetine” (Siopi et al., 
2020), focused on researching the relationship between chronic stress — the product of unresolved overwhelming 
stressors (Mariotti, 2015) — gut microbiota (GM), and the effectiveness of antidepressant medications on mice 
exhibiting symptoms of depression. The study aimed to better explore the potential of microbiota-targeted treatments 
for major depressive disorders (MDDs). 

To establish depressive-like behaviors in mice, researchers exposed the animals to unpredictable chronic mild 
stress (UCMS). To isolate the impact of stress-altered gut microbiota (GM), microbiota from stressed mice were 
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transplanted into healthy mice that were not subjected to UCMS. 
The researchers discovered that the recipient mice — which had not been exposed to direct stress-inducing factors 

— began to exhibit depression-like behaviors mirroring those of the donor mice. The recipient mice suffered from 
decreased neurogenesis in the hippocampus, a pivotal region of the brain in charge of mood regulation, and deficits in 
serotonin (5HT) bioavailability. 

However, once the mice were treated with 5-hydroxytryptophan (5-HTP), such symptoms were alleviated. The 
researchers concluded that the transferred gut microbiome hindered serotonin production and transportation. 

The second study investigated the effects of serotonin (mainly produced in the gut) on the cognitive functions of 
mice that were subjected to chronic unforeseeable mild stress stimulation (CUMS) (Ma et al., 2023). Chronic stress is 
often associated with weakened cognitive function, causing issues in areas such as memory maintenance, learning, and 
emotional control. The researchers of the following experiment sought to mitigate these detrimental effects by 
focusing on the role of the gut-brain axis in the development of depression. To do so, the researchers probing the 
experience used CUMS to induce stress-related behaviors in TPH2 knockout mice — which lacked enzymes vital for 
serotonin synthesis, causing the mice to suffer from inadequate serotonin production. Behavioral tests were then 
conducted on the mice to assess their cognitive function, along with anxiety and depressive-like behaviors. 

The findings of the study revealed the following: (1) TPH2 knockout CUMS mice showed reduced serotonin 
levels along with intensified cognitive dysfunction. (2) the mice exhibited decreased levels of neurotransmission but 
increased records of neuroinflammatory responses and hippocampal autophagy. 

In response, the researchers implemented a probiotic treatment (Lactococcus lactis E001-B-8 fungus powder), 
which improved the cognitive behavior, modulation of gut microbiome composition, and serotonin metabolism of 
CUMS mice — the probiotic treatment even outperformed fluoxetine, an antidepressant commonly used for 
alleviation of depressive and anxiety-like symptoms induced by CUMS. 
 
4. Discussion 
 

Chronic pain, long considered a condition without clearly defined fundamental origins, is now increasingly 
understood to be shaped by gut microbiota dysbiosis. Specifically, disruption in the gut-brain axis, particularly through 
dysbiosis, has been implicated in the development and persistence of chronic pain. 

A foundational starting point of chronic pain (as mentioned above) is unresolved acute pain. A central mediator 
in this transitional process is stress, which, when prolonged, triggers hyperactivation of the hypothalamic-pituitary- 
adrenal (HPA) axis (Ménard et al., 2016). Persistent release of cortisol leads to inadequate neuroplastic changes that 
amplify pain perception, with cortisol contributing to neuroinflammation, while its degradation of the blood-brain 
barrier permits peripheral cytokines to enter the central nervous system, further intensifying inflammation (Frank et 
al., 2011; Roszkowski and Bohacek, 2016). This intrusion of peripheral inflammatory mediators of the central nervous 
system intensifies inflammation within the brain, promoting a self-sustaining loop between stress and inflammation. 
The persistent state of neuroinflammation heightens pain stimuli, contributing to the remodeling in pain processing, 
illustrating how stress can initiate chronic pain even in the absence of ongoing damage. 

Integral to this process is the role of the gut microbiota. As explained, under normal conditions, these microbes 
maintain equilibrium by promoting the production of beneficial metabolites such as SCFAs, which are crucial in 
regulating immune responses, reducing inflammation, and sustaining the gut epithelial barrier (Vinolo et al., 2011). 
Thus, it can be interpreted that a balanced gut microbiome is essential for controlling inflammatory responses and 
preventing overactivation of immune cells. 

However, chronic stress disrupts this balance, reducing microbial diversity through the depletion of beneficial 
bacteria and the domination of harmful populations (Foster et al., 2017). This dysbiosis of the gut leads to a decline 
in SCFA production, impairing the gut barrier by increasing intestinal permeability — a phenomenon referred to as 
“leaky gut” (Camilleri, 2021). This increased permeability of the gut barrier allows harmful bacterial products to 
transport into the bloodstream at higher rates, triggering immune activation and inflammation. The inflammatory 
cytokines released in response travel to the brain, enhancing neuroinflammation, a significant factor in the 
development and continuation of chronic pain (Sun et al., 2020). Such relationships not only suggest the existence of 
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the gut-brain axis but also underscore the connection between microbiota dysbiosis and chronic pain. 
Additionally, beyond its influence on inflammatory processes, gut dysbiosis disrupts the synthesis and signaling 

of key neuroactive compounds. Notably, approximately 90% of serotonin is synthesized in the gastrointestinal tract 
(Bektas et al., 2020), positioning the gut as a central regulator of serotonin production and function. Consequently, 
gut dysbiosis can be interpreted as a significant contributor to altered pain perception, mood regulation, and overall 
neuroimmune communication. 

Under conditions of chronic stress, serotonergic signaling becomes disrupted as stress reduces the synthesis of 
serotonin by altering tryptophan metabolism (Hao et al., 2023). These changes result in heightened pain sensitivity, 
paving the way towards chronic pain. Moreover, dysregulation of serotonin levels contributes to the development of 
mood disorders such as depression and anxiety, which frequently coexist with chronic pain. Such mood disorders not 
only intensify stress but also the perception of pain as well, further embedding individuals in the cycle of chronic pain. 

Experimental evidence supports this cycle as well. In the study by Siopi et al. The mice who received gut 
microbiota from chronically stressed mice exhibited depression-like behaviors. These mice also exhibited reduced 
neurogenesis and serotonin bioavailability, highlighting the gut microbiota’s capacity to modulate stress and serotonin 
through the gut-brain axis (2020). Further insights were provided by the study conducted by Ma et al., which examined 
the cognitive effects of chronic stress in mice (2023). These mice showed a significant elevation in neuroinflammation. 
However, after probiotic treatment with Lactococcus lactis the mice restored serotonin metabolism along with its 
composition of the gut microbiome. The study underscores the role of the gut microbiota, supporting the notion of the 
gut-brain axis. However, its results can be applied to other aspects, especially chronic 
pain. The research supports the gut microbiota’s relationship with chronic pain, as it signifies that chronic stress — 
which is often associated with chronic pain — leads to notable changes in the gut microbiota. Such alterations were 
closely related to cognitive impairments and neuroinflammation, both of which are widely occurring features of 
chronic pain. 

This cycle is represented in Figure 1, which illustrates the 
progression of stress-induced dysbiosis to neuroinflammation and 
heightened pain sensitivity. The figure demonstrates the role of gut 
dysbiosis in the development of chronic pain, emphasizing 
mechanisms such as serotonergic disruption, immune activation, 
and SCFA deficiency. Through visual synthesis, Figure 1 reinforces 
the relevance of microbiome-targeted solutions for future chronic 
pain interventions. 

Together, these studies illustrate a cyclical relationship in 
which chronic stress (developed initially from acute pain) initiates 
gut dysbiosis, leading to impaired immune function and serotonin 
regulation. These disruptions heighten pain sensitivity and 
contribute to the development of mood disorders, which in turn 
heighten stress levels, reinforcing the cycle of inflammation, which 
ultimately progresses into chronic pain. 
 
4.1 The Therapeutic Potential of Gut Microbiota in Chronic Pain 

Management 
 

Understanding this dynamic has important implications for 
future treatments. Traditional chronic pain treatments, particularly 
opioids (Ballantyne, 2006), often fail to provide long-term relief and may result in addiction or other health issues, as 
they focus more on symptom management (which often leads to higher doses) rather than addressing the root cause 
(DuPen et al., 2007). 

However, unlike conventional methods of pain relief, probiotic treatment (noted in the second study), specifically 
with Lactococcus lactis E001-B, shows to be effective in reducing depression, anxiety-like symptoms, 

 
Figure 1. Visual representation of the gut 
microbiome-chronic pain cycle 
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neuroinflammation, and restoring serotonin production. These findings underscore the potential of microbiota- 
targeted interventions to address not only the symptoms but the underlying sources of chronic pain. 
 
5. Limitations 
 

While emerging evidence suggests a relationship between gut dysbiosis and chronic pain, several limitations and 
alternative perspectives warrant consideration, as noted in “Gut dysbiosis in patients with chronic pain: a systematic 
review and meta-analysis” (Goudman et al., 2024). 

The systematic review synthesizes data from 21 studies to examine the relationship between gut microbiota 
dysbiosis and chronic pain, reporting reduced alpha diversity and taxonomic shifts (such as decreased 
Faecalibacterium and increased Eggerthella) in patients compared to controls. However, the article also highlights 
important limitations worth consideration. Notably, results for beta-diversity, which reflect overall microbial 
community structure, were incoherent, undermining the notion of gut dysbiosis as a universal feature of chronic pain. 
Goudman et al. also acknowledge that most included studies were cross-sectional, raising the possibility that 
microbiota alterations may be consequential, rather than causational for chronic pain (2024). 

Additionally, methodological heterogeneity across cited studies (such as varieties in sequencing technologies, 
patient populations, and analytic approaches) used in the research limits direct comparability and generalizability — 
with factors such as diet, medication, and comorbidities being inconsistently controlled as well — further challenging 
the notion of the gut-brain axis and its role in chronic pain. 

While rodent models offer experimental control, the validity of these findings is limited, due to differences in 
immune system complexity, microbiota diversity, and neurocognitive functions between mice and humans. Moreover, 
inconsistency in microbial profiling methods across cited studies and short study durations introduce variability that 
complicates direct comparison of the relationship between gut dysbiosis and chronic pain — as chronic pain, by 
definition, develops and persists over months or years, raising reasonable doubt towards the reliability of conclusions 
about causality, long-term efficacy, and safely. Consequently, greater methodological rigor and mechanistic research 
are needed to clarify and justify the clinical relevance of gut microbiota changes in chronic pain. 
 
6. Ethical Concerns and Future Directions 
 

While microbiome-targeted treatments hold therapeutic potential worth consideration, certain ethical 
considerations remain unresolved. As Ma et al. emphasize, microbiome-manipulating interventions may inadvertently 
affect not only immunity and mental health, but also broader issues such as individual identity and social dynamics, 
including stigma, privacy, and ownership of biological data (2018). As long-term immunological disruptions, 
psychological impacts from incidental findings, and misinterpretation of microbial “fingerprints” also pose concerns 
regarding personal consent, microbiome-targeted treatments continue to be a topic of ethical debate (Ma et al., 2018). 
Additionally, Olesen and Alm caution against the widespread but vague usage of diagnostic terms such as “dysbiosis” 
without mechanistic clarity, explaining that such labels could lead to unjustified and premature interventions (2016). 

To address these concerns, future research should prioritize mechanistic validation by minimizing risk through 
controlled trials involving robust donor screening and sample processing protocols and enforce strong data protections 
aligned with standards such as the Health Insurance Portability and Accountability Act (HIPAA). 

Moreover, ethical review boards must also be involved in study design, particularly in research involving 
vulnerable populations or novel microbiome-targeted therapies. Only by addressing these issues can microbiome-
targeted treatments be responsibly and safely applied in clinical practices. 
 
7. Conclusion 
 

The intricate relationship between chronic pain and the gut microbiome is an area of growing interest, though 
concrete empirical evidence is still in finding, with several studies indicate that the gut microbiome is highly likely to 
play a significant role in the development and persistence of chronic pain. The process often starts with acute pain 
that, over time, triggers sustained inflammation. Though, under normal circumstances, the gut-brain axis maintains at 
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equilibrium, stress disrupts the hierarchy of the gut microbiota, leading to dysbiosis, reducing production of serotonin. 
As the gut and brain communicate through the gut-brain axis, this imbalance may also render the body to be more 
susceptible to mental health issues, further exacerbating stress and pain. 

Chronic stress can also lead to neuroinflammation, which promotes the release of pro-inflammatory cytokines, 
prolonging inflammation, and increasing pain sensitivity and stress levels. These molecules contribute to a feedback 
loop where inflammation and stress perpetuate each other, ultimately resulting in chronic pain, highlighting the 
complex relationship between stress, gut microbiota, and chronic pain. 

On a personal level, individuals can alleviate chronic pain to a certain extent by prioritizing gut health. Taking on 
a diet composed of various nutrients, particularly those high in fiber, can promote healthy gut activity. Consuming 
varieties of fruits, vegetables, and whole grains will provide essential nutrients that support the development of 
beneficial gut bacteria, while reducing the intake of processed goods and refined sugars could stabilize the balance of 
the gut environment. Beyond diet, regular exercise exerts effects on chronic pain management, as exercise is strongly 
correlated with stress management. However, individual efforts alone are not sufficient, as medical treatment remains 
a dominant source for comprehensive pain management. 

Given the potential role of the gut microbiome in chronic pain, more research is needed to explore how modulating 
the microbiome might offer a novel approach to pain management. Targeting the gut microbiome could allow for 
more direct intervention at the root of chronic pain, potentially offering relief with fewer side effects than traditional 
pain management strategies. Although such treatments may require greater time to take effect, their potential benefits, 
such as more sustainable pain relief and improved overall well-being, could outweigh these drawbacks. 
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