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Pioneering Al
Research Unravels
the Enigmatic Link
Between Gut Health
and the Mind

Understanding how gut health influences
overall welk-being is an emerging frontier

in biomedical research. A pioneering team

of researchers in the US and Germany is
harnessing artificial intelligence to create a
digital twin that elucidates the complex links
between the stomach and the brain. This
innovative approach promises to shed light on
a range of perplexing gastrointestinal disorders

and pave the way for personalised therapies

targeting the intricate dialogue between the

digestive and central nervous systems.
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Ancient Wisdom Meets Modern Science:
Investigating Hippocrates’ Insights

The notion that diseases begin in the gut is not new — the ancient
Greek physician Hippocrates famously declared this over 2,000
years ago. However, scientists have only recently started probing
the underlying mechanisms of how the gastrointestinal tract
communicates with the central nervous system to impact both
physical and mental health. This burgeoning field of research

is uncovering a complex network of signalling pathways that
connect the gut's enteric nervous system with the brain, forming a
bidirectional communication system known as the gut-brain axis.

Disorders like irritable bowel syndrome and functional dyspepsia,
which affect hundreds of millions worldwide, are prime examples
of psychosomatic conditions potentially rooted in stomach-brain
miscommunication. These enigmatic ailments are characterised
by a constellation of gastrointestinal symptoms, such as
abdominal pain, bloating, and altered bowel habits, that occur
without any discernible organic cause. Despite the prevalence of
these disorders and their impact on quality of life, exact causes
and progression have remained elusive. This is mainly due to the
sheer intricacy of the gastrointestinal system’s biological signalling
pathways.

llluminating the Stomach-Brain Axis

Shedding light on this conundrum are Dr Roustem Miftahof and

Dr Alexander Hermann. Together, they leverage cutting-edge
computational techniques to map out the stomach-brain axis in
unprecedented detail. By combining systems biology and machine
learning, the researchers are creating a sophisticated digital twin
of the gastrointestinal system that can simulate the complex
interactions between the stomach and the brain.

The team’s approach centres on building mathematical/
computational models that combine expansive bioscience
knowledge and clinical datasets to forecast broad health trends.
These models enable the creation of real-time trendlines that
capture subtle patterns and associations that conventional
statistical methods struggle to detect. Thus, the classical artificial
intelligence approach often falters when tasked with extrapolating
beyond the confines of their training data. To overcome this
limitation, Drs Miftahof and Hermann have devised an innovative
solution that integrates deterministic computational models
based on systems biology principles, enhancing their Al platform'’s
predictive power and generalisability.

Reconstructing the Brain in Bits and Bytes

Scientists Drs R Miftahof and A Hermann have devised a
groundbreaking mathematical model of the fundamental
functional unit of the human brain — the neuro-glial-vascular unit.
This intricate model spans multiple scales, from the microscopic
level of ion channels and synaptic signalling to the macroscopic
level of tissues and organs. In a remarkable feat of computational
neuroscience, the team has successfully used this model to
replicate the activity of a crucial hub in the brainstem known

as the dorsal motor nucleus of the vagus nerve. This milestone
achievement lays the groundwork for virtually reconstructing the
entire human brain, one neuron at a time.

By interfacing the novel brain model with pre-existing
computational simulations of the human stomach, the researchers
have given rise to a trailblazing digital twin of the stomach-

brain axis. Christened the Artificial Intelligence Digital Twin, this
standalone computational platform conducts efficient multi-scale
calculations encompassing everything from genomics to whole-
body systems.



The model integrates an unparalleled breadth and depth of
biological data, including detailed representations of neuronal and
glial cells, cerebral vasculature, gastrointestinal smooth muscle,
and intracellular biochemical cascades. This comprehensive virtual
replica of the stomach-brain connection enables the researchers
to perform in silico experiments and predict the outcomes of novel
interventions, accelerating the pace of discovery and translation.

How a Digital Double Could Revolutionise Diagnosis
and Treatment

One of the most promising applications of the Artificial Intelligence
Digital Twin is in elucidating the mechanisms underlying functionall
dyspepsia, a common and often debilitating gastrointestinal
disorder that affects 5-11% of the global population. Characterised
by epigastric pain, early satiety, and postprandial fullness,
functional dyspepsia significantly impairs patients” quality of life and
productivity. Despite its prevalence, the disorder’s exact origins and
underlying biological processes remain shrouded in mystery, with
current treatments offering only modest relief.

Using the digital twin to analyse the biomechanics of functional
dyspepsia, Drs R Miftahof and A Hermann are piecing together
how gastric tissue damage, altered brain activity, and biochemical
perturbations synergistically give rise to the condition’s hallmark
symptoms. By simulating the complex interplay between the
stomach’s contractile activity, sensory innervation, and central
nervous system processing, the researchers will be able to identify
novel therapeutic targets that could transform the diagnosis and
management of functional dyspepsia. The digital twin's ability to
predict individual patient responses to specific interventions based
on their unique genetic, physiological, and lifestyle profiles promises
to usher in a new era of precision medicine for psychosomatic
gastrointestinal disorders.
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Translating Digital Insights into Real-World Relief

To ensure their model-based solution effectively addresses
real-world clinical needs, the team is actively soliciting feedback
from doctors and patients to iteratively refine the platform. They
are gearing up for a pilot study in collaboration with a hospital in
Hamburg to evaluate the digital twin’s utility in managing patients
with psychosomatic gastrointestinal conditions.

As scientists continue to unravel the enigmattic dialogue between
the stomach and the brain, digital twins are emerging as vital
translators and guides. By rendering this cryptic conversation
comprehensible, they are paving the way for novel therapies that
harness the power of the gut-brain connection to bolster human
health and well-being. In the not-too-distant future, the wisdom

of Hippocrates may be fully realised with the aid of the digital world.

By combining systems biology and
machine learning, the researchers
are creating a sophisticated digital
twin of the gastrointestinal system
that can simulate the complex
interactions between the stomach
and the brain.



MEET THE RESEARCHERS

Dr Roustem Miftahof

Dr Roustem Miftahof, an emeritus Professor, obtained his Doctor
of Medicine with Honors from Kazan Medical Institute in 1980,
Bachelor of Sciences in Numerical Mathematics and Cybernetics
with Honors from Kazan Federal University in 1981, PhD in

Mathematical and Physical Sciences from Kazan Federal University

in 1983. He later earned a Doctor of Technical Sciences degree
in 1989. Throughout his distinguished career, Dr Miftahof has held
various academic positions across North America, Europe, the
Middle East, and the Far East. He also served as a consultant for
AstraZeneca and worked at the University of lowa Hospitals and
Clinics. Currently, he is focusing on mathematical modelling of
the brain-stomach axis. Dr Miftahof has authored eight books, 16
book chapters, and over 150 scientific publications. His research
expertise lies in computational biology, biomechanics, and
mathematical modelling of complex biological systems.

DX CONTACT

roustem.miftahof@ai-biosim.com

Dr Alexander Hermann

Dr Alexander Hermann holds a PhD in engineering and continuum
mechanics. He specialises in computer simulations, heat and
mass transfer modelling, and numerical investigations into human
body-implant interactions. Dr Hermann also holds an MBA degree
from the Northern Institute of Technology Management, Hamburg,
Germany. Since 2022, he has been acknowledged as a University
Innovation Fellow at Stanford University's doctoral school. He has
coordinated and led various training sessions and workshops
focused on Innovation and Design Thinking, fostering the
development of innovative thought processes for both graduate
and undergraduate students.
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