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The microbiome is a critical organ in 
health, not a wellness trend
The gut microbiome is a biologically active ecosystem that interfaces with 
core physiological functions such as metabolism, immune regulation, gut 
barrier integrity, and systemic signalling — functions relevant to chronic 
gastrointestinal and systemic disease.1 



In practice, the question is rarely “is a microbe present?” It is what pattern of 
microbial functions or host-microbe interactions could be contributing to 
symptoms, inflammatory burden, barrier disruption or variable treatment 
response? 
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Microbiome science is increasingly  
integrated across immunology, 
gastroenterology, endocrinology,  
metabolic medicine and 
neuroimmunology. Its relevance is 
not trend-driven. It arises from 
measurable interactions with core 
physiological systems clinicians  
already manage.

When microbial activity influences these systems, it can contribute to symptom persistence, 
inflammatory burden and variability in treatment response. In practice, clinicians may therefore consider 
whether host–microbe interactions are influencing a patient’s presentation, particularly in complex or 
chronic conditions where symptoms cannot be fully explained by structural pathology alone. 
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Positioning the microbiome within clinical medicine also requires adherence to the evidentiary and 
regulatory standards that govern medical practice. Clinical claims must be supported by reproducible 
evidence and remain proportionate to what current data can demonstrate. This is why microbiome 
research in medical contexts avoids overstating conclusions and remains grounded in established 
biological mechanisms.
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Recognising the microbiome as clinically 
relevant does not mean attributing disease 
to microbial imbalance alone. Rather, it 
represents an additional physiological layer 
that interacts with systems already central 
to clinical medicine. 


This is where microbiome science 
becomes clinically relevant. When 
microbial activity influences these 
systems, it can contribute to symptom 
persistence, inflammatory burden and 
variability in treatment response. 

In practice, clinicians may therefore consider whether host–microbe interactions are influencing a patient's 
presentation, particularly in complex or chronic conditions where symptoms cannot be fully explained by 
structural pathology alone.

Microbiome research is no longer about detection, it's about function

Over the past two decades, microbiome research has moved from simply identifying which microbes are 
present to understanding what they do and how they interact with the body. Large population studies have 
shown that while microbial species differ widely between individuals, many core metabolic functions are 
preserved.2,3 
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Evidence suggests that microbial functional activity, rather than organism detection alone, influences 
immune regulation, nutrient metabolism and gut barrier function.4  More recently, longitudinal cohort 
studies and controlled human interventions have begun to clarify how the microbiome changes  
over time in response to diet, medications and environmental exposures.5,6
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Core physiological functions influenced by the microbiome

The microbiome influences health through measurable host–microbe interactions that affect metabolism, 
immune regulation, gut barrier integrity, and systemic signalling. Understanding these mechanisms can help 
clinicians interpret how microbial ecology may contribute to symptom patterns and disease progression.1

Immune regulation

Microbial components and metabolites interact continuously with immune cells within the intestinal mucosa, 
including gut-associated lymphoid tissue. Short-chain fatty acids and other microbial metabolites influence 
regulatory T-cell activity, cytokine production and immune signalling pathways.8

H e a l t h y  f u n c t i o n
Microbial signals support immune tolerance to dietary antigens and 
commensal microbes while preventing excessive inflammatory activation. 

D y s r e g u l a t i o n
Persistent inflammatory symptoms, heightened immune sensitivity to dietary 
triggers, mucosal inflammation, exacerbation of immune-mediated 
gastrointestinal disorders. 

Associated conditions

BD 14, type 1 diabetes 10, rheumatoid arthritis 10




Gut barrier function 

The intestinal epithelium is metabolically active and responsive to microbial signals. Microbial 
metabolites support epithelial energy metabolism, tight junction stability, and mucosal signalling, 
helping maintain a stable interface between luminal microbes and host tissues. When this regulation is 
disrupted, increased permeability and altered mucosal signalling may contribute to immune activation 
and gastrointestinal symptoms.9,13

The gut barrier functions as a stable interface between luminal microbes 
and host tissues, allowing efficient nutrient absorption while limiting 
inappropriate immune activation.

H e a l t h y  f u n c t i o n

D y s r e g u l a t i o n
Increased intestinal permeability, impaired epithelial integrity, and altered 
mucosal signalling, which may contribute to inappropriate immune activation 
and gastrointestinal symptoms. 

Associated conditions

IBS 15, IBD 14, coeliac disease 9


Systemic signalling 

Microbial metabolites interact with host receptors and influence signalling beyond the gut, including 
enteroendocrine signalling, neural circuits, and immune pathways. The gut and brain communicate 
through nerves (including the vagus nerve), hormones, and immune signals. Gut microbes can 
influence these pathways by producing or modifying neuroactive compounds and by modulating 
inflammation levels.1,13 

Coordinated neuroimmune and enteroendocrine signalling, stable 
gut-brain communication, balanced stress response. H e a l t h y  f u n c t i o n

D y s r e g u l a t i o n
Altered stress response, neuroinflammation, disrupted gut-brain 
communication, variable systemic signalling. 

Associated conditions

Cardiovascular disease, type 2 diabetes, Parkinson’s disease 6,13


Associated conditions

Cardiovascular disease, type 2 diabetes, Parkinson’s disease 6,13




The microbiome influences chronic disease through core physiological functions

Chronic diseases rarely arise from disruption of a 
single biological pathway. Instead, they typically 
involve dysregulation across interconnected 
physiological functions, including metabolism, 
immune regulation, gut barrier integrity, and systemic 
signalling.1

In clinical practice, dysbiosis should not be 
interpreted simply as the presence of a pathogen 
or depletion of a single “beneficial” organism.  
More commonly, dysbiosis reflects broader shifts 
in microbial ecology and metabolic output that 
interact with existing clinical vulnerabilities. 
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What this looks like in practice

inflammatory regultion

Microbial metabolites, including short-chain fatty acids (SCFAs) and some indole derivatives, play an important 
role in immune regulation. These compounds influence immune cell differentiation, cytokine production and 
inflammatory signalling.8 Reduced SCFA-producing capacity has been associated with conditions characterised 
by immune dysregulation, including inflammatory bowel disease, autoimmune disorders and the low-grade 
systemic inflammation observed in metabolic syndrome.5,8 

Clinical presentations

The following clinical presentations have been associated with microbiome-related immune dysregulation. Causal 
relationships are not established for all; these associations should be interpreted in the context of each patient’s 
clinical picture.1,8

Gastrointestinal

Abdominal discomfort 
or pain

Diarrhoea or urgency

Systemic

Persistent fatigue associated 
with chronic inflammation 

Cognitive symptoms reported in the 
context of systemic inflammation 

Joint inflammation 
associated with immune-
mediated conditions



Barrier integrity

The intestinal epithelium forms a critical interface between luminal microbial communities and the host 
immune system. Microbial metabolites such as butyrate support epithelial energy metabolism, tight junction 
integrity and mucosal immune signalling.9 When epithelial barrier regulation is disrupted, microbial products 
such as hexa-acylated lipopolysaccharides (hexa-LPS) may cross the intestinal barrier more readily, promoting 
immune activation and inflammatory signalling.1,9

Clinical presentations

The following clinical presentations have been associated with microbial disruption in the literature.

Causal relationships are not established for all; these associations should be interpreted in the context of 
each patient’s clinical picture 

Gastrointestinal

Bloating

Altered bowel habits

Post-prandial 
discomfort

Abdominal pain or 
cramping

Extra-intestinal

Fatigue associated 
with systemic immune 
activation 

Inflammatory skin 
responses  

Emerging food 
sensitivity patterns 

Cognitive symptoms 
associated with 
barrier disruption and 
systemic inflammation 

Metabolism

Gut microbes participate in nutrient metabolism and energy regulation through the production of bioactive 
metabolites that interact with metabolic pathways. Alterations in microbial metabolic activity have been 
associated with differences in glycaemic control, energy homeostasis and systemic inflammatory tone.12

Clinical presentations 1,13

Metabolic

Variable weight management response 
despite dietary intervention 

Central adiposity

Altered appetite signalling 

Systemic signalling 

Microbial products can influence signalling beyond the gut through several recognised routes, including 
enteroendocrine signalling, gut-innervating afferent nerves such as the vagus nerve, and immune pathways.1,13 
Short-chain fatty acids, tryptophan-derived metabolites, and hexa-acylated lipopolysaccharides can act on 
enteroendocrine and immune cells, modulate cytokine signalling,  
and influence neuronal communication between the gut and brain.13 



These interactions are bidirectional. Factors such as diet, immune status, medications and environmental 
exposures continuously shape microbial ecology, while microbial metabolites in turn influence immune regulation, 
gut barrier integrity, metabolism and systemic signalling. Patients with similar diagnoses can respond differently to 
the same interventions — differences in microbial metabolism are increasingly recognised as a 
contributing factor.1,8,9

Did you know?

These interactions are bidirectional. Diet, immune status, medication exposure and environmental factors continuously 
shape microbial ecology, while microbial metabolites in turn influence immune function, epithelial integrity and metabolic 
regulation. Patients with similar diagnoses can respond differently to the same interventions — differences in microbial 
metabolism are increasingly recognised as a contributing factor.8,9,10

Simplified microbiome models are not sufficient for clinical practice 

Wellness messaging often reduces the microbiome to simplified concepts such as “good versus bad 
bacteria” or the idea that gut health can be restored by simply “rebalancing” microbial populations.  
These narratives are appealing because they are easy to communicate, but they do not reflect how 
microbial ecosystems function within human physiology. 



Clinical science approaches the microbiome differently. Rather than focusing on individual organisms 
classified as beneficial or harmful, it considers microbial communities as dynamic ecosystems whose 
effects depend on ecological structure, functional capacity and host context.3

Wellness framing

"Good vs bad bacteria." Rebalance with a single product. 
One-size-fits-all interventions. No consideration of 
individual ecology or patient context.

Clinical science

Dynamic ecosystems. Functional capacity and ecological 
structure. Strain-level differences. Context-dependent 
metabolic effects. Bidirectional microbiome signalling.

This approach also reflects the clinical and regulatory standards that govern medical practice. In medical 
contexts, health claims must be supported by robust scientific evidence, which is why clinical microbiome 
research avoids overstating conclusions and remains grounded in established biological mechanisms. 

As a result, interventions based purely on simplified 
microbial classifications may produce inconsistent 
outcomes. Two individuals taking the same probiotic, 
dietary intervention or supplement may experience 
different effects depending on their existing microbial 
ecology, metabolic pathways and host physiology.16 

When microbiome interventions are selected without 
consideration of the clinical presentation, they may 
not target the biological mechanisms contributing to 
a patient’s symptoms. In some cases, this may result 
in minimal benefit, transient improvement or 
variability in response between individuals. 



A clinically responsible framework therefore recognises several principles 
supported by microbiome research:

Substantial variation: there is substantial variation in microbial composition between individuals, even among 
healthy populations 

Functional differences at species and strain level that influence metabolic activity

Context-dependent metabolic effects rather than outcomes determined by the presence of a single 
organism

Bidirectional signalling between host physiology and microbial activity 3,4,16,17 

Key Takeaway

The microbiome is directly involved in physiological 
functions central to chronic disease, including 
metabolism, immune regulation, gut barrier integrity, 
and systemic signalling.1 It is a biologically active 
system embedded within human physiology. 



Understanding microbial ecosystem function is 
therefore an important component of modern 
clinical medicine and interpreting how the 
microbiome influences human health.2




Better science. 
Better Insights. 
Better Health.


