In Patients why Promising Microbiome Therapies Rarely Work

Researchers review scientific literature to explain why positive experimental outcomes observed
in preclinical studies rarely translate into observable and durable clinical benefits. The authors
argue that the field of microbiome—-metabolism research, rather than microbiome or
metabolome studies in isolation, is currently overwhelmed by a “dysbiosis deluge”, a flood of
studies linking gut bacteria to diseases largely through associative evidence without establishing
causation.

Perspective findings suggest that biological complexity, specifically the differences between
relatively well-controlled and reproducible animal experiments and highly variable human
patient systems, is a major contributor to the translational gap between laboratories and clinics,
alongside additional barriers such as trial design limitations, ecological resilience of microbial
communities, lack of standardized biomarkers, and regulatory uncertainty.

The authors suggest that while establishing causation may be restrictively expensive and
complicated, functional profiling, personalized medicine, and advances in artificial intelligence
(Al) could help bridge these gaps over time, rather than serving as immediate solutions.

Study

The completion of the Human Genome Project on April 14, 2003, sparked global scientific
optimism for curing complex diseases. Unfortunately, extensive genetic research over the
following two decades revealed that this was not the case; instead, it highlighted the polygenic
and systems-level nature of most chronic diseases, leading to the search for alternative
approaches that move beyond reductionist, one-size-fits-all models.

Growing interest in the human microbiome has revealed that humans host 100 times more
microbial genes than human genes, several of which are essential for human life. In contrast,
others are associated with chronic diseases that affect multiple systems. These discoveries led
to the concept of the “holobiont”, the idea that a human is a biomolecular network of host and
microbes working together.

Subsequent research has increasingly linked “dysbiosis”, a disruption in the microbial
community, to conditions ranging from obesity and diabetes to autism and cancer. Animal
studies suggest that correcting this dysbiosis through microbiota replacement or
supplementation could result in substantial physiological benefits; however, these outcomes are
rarely translated into durable or reproducible clinical benefits in human clinical settings,
particularly for chronic metabolic diseases.
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Similarly, while science has identified countless statistical links between specific bacteria and
diseases, determining whether these microbes cause the disease or are simply bystanders, a
consequence of the illness, treatment, medication use, or broader lifestyle factors, remains a
significant challenge.

Findings

This perspective article aims to address these “translational gaps” by reviewing two decades of
research, spanning approximately 2005-2025, across animal models, human cohort studies, and
clinical trials that primarily involve metabolic disorders, while drawing illustrative examples from
immune, neurological, and oncological contexts. The authors discuss evidence spanning a wide
range of disease settings, while maintaining a central focus on metabolic health.

The perspective identifies biological complexity as a central barrier to bridging the translational
gap. In experimental mouse models, genetics, diet, and environment are standardized. In
contrast, in humans, these factors vary significantly, leading to inconsistent or modest outcomes
across clinical studies, especially when interventions are tested over short durations despite
targeting lifelong diseases.

The authors highlight three major challenges to clinical efficacy, along with emerging strategies
that may help overcome them:

Generic interventions rarely work because human microbiomes are unique in both composition
and function. For example, while FMT has been shown to improve insulin sensitivity in men with
metabolic syndrome temporarily, it does not induce weight loss or consistent, long-lasting
metabolic changes once dietary, ecological, and host factors are reintroduced.

Microbiome research has often focused on which bacteria are present, rather than their
taxonomy, and what they are doing, specifically their function. The perspective highlights
functional redundancy, where different bacterial species can perform the same metabolic tasks.
It suggests that effective treatments must target microbial metabolic pathways and host-
microbe interactions, rather than focusing solely on bacterial names or relative abundance,
which often fail to replicate across cohorts.

Machine learning models can integrate multi-omics data, combining genetics, microbial
features, metabolites, clinical markers, and lifestyle variables, to predict which individuals are
more likely to respond to specific interventions. For instance, Al-based models have
demonstrated improved prediction of post-meal blood sugar responses compared with calorie-
based approaches alone by incorporating microbiome features. However, the authors emphasize
that these approaches remain largely predictive and exploratory, requiring extensive validation,
transparency, and real-world testing before they can be used routinely in clinical practice.

Conclusion

The perspective concludes that the translational gap in microbiome-based interventions reflects
the difficulty of moving from association-heavy dysbiosis studies to causal, functionally
grounded mechanisms, rather than a failure of microbiome science itself. This gap arises from a
convergence of biological complexity, ecological resilience, methodological variability, and
regulatory ambiguity, all of which limit the scalability of otherwise compelling preclinicalfindings.
Proving causality remains difficult and expensive, often requiring complex gain- and loss-of-
function experiments across multiple models and cohorts.
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The authors argue that the future of the field lies in precision medicine, classifying patients into
responders and non-responders using functional biomarkers, standardized methodologies, and
carefully validated Al tools.

By focusing on microbial function rather than exhaustive species catalogs, and by embracing
biological complexity rather than oversimplifying it, the field may gradually transform two
decades of microbiome research into reliable, context-aware, and clinically meaningful
strategies.
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