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ABSTRACT

The Digital Twin was born from Sergio d'Arpa’s direct experience with hypertension at high altitude and his
background in supercomputing and artificial intelligence. It is a dynamic digital representation of the patient
that collects, integrates and makes available in real time data from wearables and consumer devices —
transforming medicine from reactive to predictive, and the physician from episodic observer to continuous
partner in patient health.

01 Vision and Limits of the Traditional Model

Traditional medicine is structurally reactive: the patient is assessed at episodic moments, often when
damage has already progressed. Wearables today produce an enormous amount of continuous biological
data — but this data remains isolated, not integrated into clinical workflows and therefore useless for the
physician.

“I discovered | had hypertension at high altitude in St. Moritz. | had no access to any structured clinical
data about myself. That is where the idea was born.”

TODAY'S PROBLEM THE OPPORTUNITY

Episodic assessments - non-clinical wearable data - Continuous and multidimensional data - real-time

medical history reliant on patient memory - integration - Al for patterns and alerts - transparent
specialists with monocular vision - absence of sharing between specialists - measurable and
informational continuity documented prevention

02 Hardware, Data Flow and Al

The Digital Twin does not require specialised medical hardware. It is built from accessible consumer
devices, orchestrated by the smartphone as the central node, with continuous synchronisation on a clinical
platform.
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Central Node Smartphone — data collection, synchronisation and access

Activity & Sleep Smartwatch / Smartband — HR, HRV, oximetry, sleep stages

Body Composition Impedance scale — fat mass, muscle mass, water mass, bone mass

Hydration Bluetooth bottle — real-time tracking with reminders

Blood Pressure Digital blood pressure monitor — relevant for 30-40% of hypertensive adults

Sleep / Apneas Under-mattress / posture sensors — apnea screening even in normal-weight individuals
Fitness & Hygiene Technogym + Bluetooth toothbrushes — gamification and behavioural monitoring

The infrastructure processes data streams continuously via Al and an alert system monitoring sleep
patterns, HRV variations, apnea episodes, blood pressure anomalies and hydration deficits. Alerts are
shared across all specialists in the group, overcoming the 'monocular vision' of the individual physician.

03 Key Markers and Clinical Value

Sleep as the first marker. Sleep duration and its sudden variations represent the most accessible and
reliable predictive signal. Target: =8 hours, falling asleep around 22:30. Measurable effects: reduction of
brain fog, greater energy and cause—effect awareness.

HRV — Heart Rate Variability. Multidimensional marker: predicts stress, athletic recovery, but also
signals of psychological distress (depression, burnout) in high-risk professions.

Body Composition. The impedance scale records structural trends invisible to simple weight: loss of
muscle mass, visceral fat accumulation, water mass variations.

Hydration. Effects perceived rapidly: reduced brain fog, greater energy. Continuous tracking makes the
cause—effect correlation visible, improving behavioural adherence.

Active Signals: Sleep - HRV - Blood Pressure - Oximetry - Body Composition - Hydration - Nocturnal Apneas -
Posture - Continuous Blood Glucose

04 Home Metabolomics
Urine metabolomic analysis brings to the patient's home the ability to monitor deep metabolic pathways:
Krebs cycle, liver function, inflammatory state. The procedure is simple and autonomous.

One analysis every 4 months guides interventions on diet, weight and longevity goals, integrated with
continuous data for iterative checks and adjustments.
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WHAT IT MONITORS HOW IT IS USED

Krebs cycle - liver function - systemic inflammatory Autonomous home execution - quarterly frequency

state - energy metabolic pathways - cellular ageing (every 4 months) - direct integration with wearable

biomarkers data - results interpreted by the physician in the
context of the Digital Twin

05 Operational Advantages for Physicians and Clinics

The Digital Twin does not replace the physician — it frees them from non-clinical work to focus on
high-value decisions. The automation of medical history and greetings reduces visit times; digital continuity
eliminates patient dispersion.

- Automation of medical history and greetings: the physician enters directly into clinical
decision-making
- Continuous monitoring with alerts: follow-up occurs between visits, not only during

Interdisciplinarity: all group specialists access the same data in real time

!

!

Service expansion: aesthetics, longevity, preventive medicine as measurable services

Recovery of lost patients: the patient never 'leaves the practice’ — stays connected

!

Digitalised protocols: operational manuals and custom digital twins for each clinic

l

Clinical research: real longitudinal cohorts for publications and observational studies

!

“The 'health data loyalty card' generates longitudinal cohorts that enable applied research by
physicians, with field-estimated reliable trends of ~90%. Cross-graphing of signals produces new digital
biomarkers not available in traditional medicine.”

06 Health Tourism and Digital Pre-operative

The non-territoriality of the Digital Twin transforms the clinic's business model: the patient can come from
anywhere in the world, bring their complete digital dossier and return home knowing they are being
monitored remotely.

DIGITAL PRE-OPERATIVE REMOTE FOLLOW-UP

2-3 weeks of monitoring before surgery - Cardiology - post-surgical orthopaedics - multi-year
optimisation of vital parameters - estimated reduction bariatric programmes - continuous blood pressure
in surgical risk of up to 70% - complete dossier monitoring - automatic alerts for the referring
available for the surgical team physician
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07 Application Contexts and Use Cases

Complex territories — Sicily and Southern Italy. Prevention of unnecessary hospital visits, exploitation
of the Golden Hour through early alerts. The psychological leverage of continuous visualisation overcomes
cultural difficulties in dietary change.

Industrial remote — Congo, oil platforms. Continuous monitoring of hypertensive workers in isolated
areas. Optimisation of interventions reduces Medical Aviation costs estimated at approximately
$20,000/hour.

Mental health has a central place: HRV as a predictive signal of psychological distress enables dedicated
psychiatric pathways for high-risk professions — before the crisis becomes an emergency.

08 Accreditation, Ethics and Data Protection
- Medical/clinical certification: verification of qualifications, authorisations, operating room levels,
Chamber of Commerce apostilles — verifiable guarantee for the patient

- Health Ethics Board: interdisciplinary management of issues, support in case of harm, transparency
as a primary reliability signal

- Rating policy: no public ratings; internal feedback for continuous improvement without distorting
dynamics

- Data — no sale: data is not sold even in anonymous form; access reserved exclusively for group
physicians

- Cybersecurity: protection from advanced threats including state-level attacks and quantum
computing; certifications in progress

- Al Act: new cloud version in compliance with European artificial intelligence regulations — update in
release

The cloud infrastructure collects data from approximately 650 active devices. Regulatory compliance is an
architectural pillar, not a retrospective adjustment.
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ALL DIGITAL TWIN RESEARCH

The Incredible Metabolomics Now at Your Service

Precision Medicine Has Arrived

SIMPE HOMICA Webinar - Speakers: Prof. Vassilios Fanos - Prof. Angelica Dessi - Dr. Gianfranco Trapani

Introduction: A Paradigm Shift Underway

Paediatrics, and medicine as a whole, find themselves today at a true inflection point. After decades in
which we treated patients on the basis of the so-called 'average patient’, science tells us today with clarity:
the average patient does not exist. There is Gianfranco, there is Giuseppe, there is Angelica. Each with a
unique, unrepeatable, measurable biological profile.

Metabolomics — the study of the entire repertoire of small molecules present in biological biofluids — is
the tool that makes this revolution possible. No longer a promised future: it is a reality already available in
the physician's practice, today.

“With metabolomics we move from the medicine of the past to the medicine of the future. Genetics is
written in pen, | cannot erase it. Epigenetics is written in pencil: | can rewrite the future of my patients.”

— Prof. Vassilios Fanos, University of Cagliari

This document summarises the scientific contents of the webinar organised by the Italian Society of
Paediatric Physicians (SIMPE) with the support of Homica Health, to offer the practicing physician a clear,
data-driven guide to the clinical use of metabolomics.

MIT has declared it: one of the 10 technologies that will change the world. On PubMed today, over
116,576 scientific articles on metabolomics are indexed, with 17% published in the last year alone. The
global investment curve is growing exponentially. We are at the inflection point: metabolomics has moved
from a research tool to a clinical tool.

1. What Is Metabolomics — and Why It Changes Everything

Metabolomics is the study of metabolites, substances with molecular weight below 2,500 Daltons, present
in biological fluids (urine, plasma, amniotic fluid). Each individual possesses a unique metabolomic profile
— like a biological fingerprint — capable of identifying them with 100% probability.

Unlike genomics (which says what is possible), transcriptomics (what seems to be happening) and
proteomics (what makes it happen), metabolomics captures what is actually happening, in real time, in
the organism at that precise moment.
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2. Targeted Metabolomics: The Tool for the Physician

Traditional (untargeted) metabolomics analyses up to 3,000 substances in a urine sample, requiring large
laboratories and sophisticated spectrometers costing 600,000 to 2 million euros. Extraordinary for
research, but impractical in clinical practice.

The breakthrough for clinical practice is targeted metabolomics: it analyses a predefined panel of the
most important metabolites — the 'baobabs' of human metabolism — those that decades of research have
identified as health determinants. It provides precise concentrations with normal ranges, in a format
immediately interpretable by the clinician.

Untargeted Metabolomics Targeted Metabolomics What It Measures

Up to 3,000 metabolites Panel of key metabolites Real biochemical processes

Only in large research centres In the physician's practice In a urine sample

The markers analysed by the targeted panel include:

» Mitochondrial markers (Krebs cycle, energy metabolism)

* Tryptophan metabolites (neuroinflammation, neurodevelopment)
* Bacterial dysbiosis markers (clostridia, indolacetic acid, TMAO)
 Fungal dysbiosis markers (arabinose, tartaric acid)

» Metabolites of pyrimidine, folates, oxalates

« Indicators of oxidative stress and detoxification capacity

» Complete amino acid profile

The report provides for each metabolite the measured concentration relative to the normal range, with a
clinical description of the significance of the alteration and a personalised diet based on the individual
patient's metabolic profile.

3. Clinical Cases: Metabolomics in Daily Practice

The following clinical stories demonstrate the transformative potential of targeted metabolomics in clinical
practice. In all cases, the analysis of a simple urine sample revealed information that traditional tests were
unable to capture.

Melania, 7'y PANS/PANDAS Severe dyshiosis, B2 deficiency, oxidative Personalised therapy: antibiotics, diet, targeted
Syndrome stress probiotics

Luca, 4y Chronic insomnia Elevated TMAO, high Diet and probiotics only: from 6-7 awakenings to 1
N-phenylacetylglycine, unbalanced diet per night

Efisio, adolescent Muscular fibromyalgia Bifidobacteria at zero, elevated C. difficile, In 2 weeks, negative markers reduced significantly
high TMAO

Vincenzo, 10 y Severe aggression Tartaric acid peak: fungal infection, Fungal infection treatment - behavioural
dysbiosis, leaky gut improvement

Patient, 54 y Multiple sclerosis Metabolomic profile altered vs. controls Personalised diet — approach to normal values
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In all these cases one element emerges clearly: traditional laboratory tests (complete blood count, CRP,
ferritin, transaminases) were normal. Yet symptoms persisted. Metabolomics made visible what was
invisible.

“The family paediatrician is the only person who can take metabolomic data, interpret it and bring it
back to the patient's life. We have knowledge of the family, environmental and nutritional context: that is
where metabolomics gives its maximum value.”

— Dr. Gianfranco Trapani

4. The Paradigmatic Case of Autism: Different Biologies Under the Same
Diagnosis

Autism Spectrum Disorders (ASD) represent the ultimate testing ground for precision medicine. All
children with ASD share the same diagnostic label, yet their biological profiles are radically different.
Metabolomics makes them visible and treatable.

The Discovery: Distinct Metabolotypes in Autism

The case series collected by the University of Cagliari research group on a large cohort of ASD children
reveals recurring and clinically significant metabolomic patterns:

* Elevated succinic acid in 95% of cases: signal of blockage in the Krebs cycle, associated with disease
severity

« Indolacetic acid and hydroxyphenylpropionic acid: bacterial dysbiosis present in 85-90% of cases

« Arabinose and tartaric acid: fungal dysbiosis (Candida overgrowth) in 70—-80%

* Tryptophan derivatives (kynurenine, quinolinic acid): chronic neuroinflammation

Two children with the same ASD diagnosis may have completely different metabolomic profiles. Child A
presents mitochondrial dysfunction with irritability and fatigue. Child B has microbiota dysbiosis with food
selectivity and gastrointestinal disorders. Same diagnosis, diametrically opposite treatments.

A Study on 5,392 Children: 4 Distinct Biological Classes

The SPARK study (Simon Foundation Powering Autism Research for Knowledge) on 5,392 ASD children,
analysed with generative statistical models (not clustering), identified four distinct phenotypic classes
corresponding to different genetic programmes and therefore different moments of activation of
pathogenetic variants during brain development. The metabolomic profiles of the University of Cagliari
group considerably overlap with these four genetic classes.

This means that metabolomics is not only descriptive: it is predictive. It tells us which biological class the
child belongs to, what the expected severity of their trajectory is, and which pathways to prioritise for
intervention with diet and probiotics.

5. Nutrimetabolomics: The First 1,000 Days Decide the Future
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Prof. Angelica Dessi illustrated how metabolomics applied to nutrition — nutrimetabolomics — reveals
that nutrition in the first 1,000 days of life (from conception to 2 years) permanently and measurably
programmes each individual's metabolism.

What Metabolomics Reveals in Early Childhood

» The metabolomic profiles of newborns separate already at birth based on gestational weight, before the
introduction of food

» On the third and seventh day of life, profiles separate no longer by weight, but by type of feeding: breast
milk versus formula

* Breast milk contains multipotent stem cells that colonise the newborn's brain, transforming into neurons,
oligodendrocytes and astrocytes

» The composition of breast milk oligosaccharides (fucosylated or not) determines the risk of necrotising
enterocolitis, even in breastfed children

* Microplastics — 240,000 nanoparticles in 1 litre of bottled water — concentrate in the brain 30—40 times
above normal, interfering with neuronal development

Nutrimetabolomics allows us to measure the individual biological response to food, opening the way to a
true precision nutrition based on the metabolic phenotype of each child. Every patient has their
metabolotype, every metabolotype has its diet.

“Metabolomics can be considered a clinical compass: each metabolotype can be associated with a
targeted nutritional recommendation. It is the path towards true precision nutrition.”

— Prof. Angelica Dessi, University of Cagliari

6. Sportomics: Preventing Injuries Before They Happen

Metabolomics applied to sport — sportomics — represents another frontier of great clinical interest. The
Cagliari group published the world's first metabolomics study on Palermo Serie A football players, and
subsequently on volleyball players and skaters.

Data on elite athletes are surprising

Condition in Serie A volleyball players

Severe dysbiosis 93%
Mitochondrial dysfunction 86%
Oxidative stress 93%
Muscular catabolism 86%
Fungal overgrowth 79%
Multiple nutritional deficiencies 93%

Players with the most altered metabolomic profiles (‘outliers’) are those who get injured during the
competitive season from non-traumatic causes. Metabolomics allows them to be identified before the
injury occurs, intervening with personalised nutrition and targeted supplementation.
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Pharmacometabolomics then opens a further perspective: from urine at the time of admission, it is already
possible to predict whether a patient will respond to cortisone (e.g. in severe bilateral hearing loss) or
whether it is better to direct them directly to the hyperbaric chamber, avoiding unnecessary and toxic
treatments.

7. The Insieme Project: The Paediatric Network at the Service of Research

Dr. Gianfranco Trapani presented the Insieme Project, a multicentre clinical research initiative involving
family paediatricians throughout the country, with the aim of building the largest Italian case series of ASD
children studied with metabolomics.

How It Works

« 1,000 children with Autism Spectrum Disorder (age 5-10 years)
» Multicentre observational study at national level

» Targeted metabolomic analysis on urine sample

« Clinical and nutritional follow-up of 6—8 months

» The family paediatrician identifies patients, frames them clinically, interacts with the family and monitors
over time

Why the Paediatrician Is at the Centre

The family paediatrician possesses something no algorithm can replicate: deep knowledge of the child in
their context. They know what the child eats, how they sleep, how they behave at home. This knowledge,
integrated with metabolomic data, allows for an interpretation and intervention impossible elsewhere.

How to Participate

Paediatricians interested in participating in the Insieme Project can request the access code from the
SIMPE secretariat. The code allows access to the Homica Health platform, requesting metabolomic
analyses and consulting reports for their patients. Participation is free, ethical and oriented towards
territorial clinical research.

To participate in the Insieme Project: contact the SIMPE secretariat to receive the activation code -
access the Homica Health platform — enter your first patient

8. When to Request Metabolomic Analysis: Practical Indications
Based on the contents presented in the webinar, these are the main indications for the use of targeted
metabolomics in outpatient clinical practice:

* Recurrent chronic asthenia with normal traditional tests
* Functional recurrent abdominal pain

» Recurrent headache of uncertain origin

* Persistent sleep disorders

» Behavioural, attentional and emotional regulation disorders
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» Recurrent infections and low immunity

« Suspected dysbiosis (bloating, bowel alterations, subtle gastrointestinal symptoms)

 Autism spectrum disorders: to identify the metabolotype and personalise nutritional intervention
« Declining sports performance or recurrent non-traumatic injuries

« Paediatric obesity: to stratify cardiometabolic risk

» Monitoring of patients with inflammatory bowel diseases or autoimmune diseases

9. Conclusions: Building Windmills, Not Walls

We are living the most extraordinary moment in the history of diagnostic medicine. For the first time we
have a tool that allows us to see the secret language of the body — metabolites — and to use it for truly
personalised medicine, not for an imaginary patient, but for that child, that adult, that person in front of us.

Targeted metabolomics is today available in the physician's practice. It does not require large investments,
does not require specialised laboratories. It only requires the awareness that each patient's biology is
unique, and that we finally have the tools to read it.

“In the face of the wind of change, some build walls, others build windmills. This is the moment to build
windmills.”

— Chinese proverb cited by Prof. Vassilios Fanos in his conclusion

MIT has declared that metabolomics is one of the 10 technologies that will change the world — not just
medicine. Those who possess the patient's biological data, those who know how to interpret it and
transform it into clinical action, will hold the future of proximity medicine in their hands.

SIMPE, with the Insieme Project, invites every family paediatrician to take a step in that direction. Not
alone: together.

Document prepared based on the SIMPE Webinar of 23 February 2026 - Produced with the unconditioned support of Homica Health - Content
for exclusively informational and scientific purposes
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DIGITAL TWIN

From Prediction to Intervention

From prediction to intervention: causal digital twins for personalized
clinical decision support

Alexandre Vallée, Journal of Translational Medicine, 2026.

Objective

The article proposes a methodological framework for developing causal digital twins in the clinical setting,
with the aim of overcoming the limitations of purely predictive models and supporting personalised
therapeutic decisions based on causal inference.

Concept of Causal Digital Twin
A clinical digital twin is a dynamic computational representation of the patient built by integrating:

« Longitudinal data (EHR, biomarkers, imaging, genomics)
« Behavioural and environmental variables

« Pathophysiological parameters

The proposed novelty is the explicit integration of causal models, which allow the simulation of
interventions and counterfactual scenarios, not just the prediction of future outcomes.

Main Methodological Components
1. Structural Causal Models (SCM)
The framework is based on:

« Directed Acyclic Causal Graphs (DAG)
* Structural equations

* Potential outcomes approach

This allows the estimation of Individualised Treatment Effects (ITE), i.e., the expected effect of a specific
treatment on a single patient.

2. Counterfactual Inference
The digital twin allows the simulation of:

* What would happen with treatment A
» What would happen with treatment B

« Individualised differences between therapeutic strategies

This is crucial for personalised clinical decision support.

3. Sequential Decisions and Reinforcement Learning
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For chronic conditions or dynamic treatments, the model integrates:

* Reinforcement learning
» Optimisation of therapeutic policies over time

» Continuous adaptation to new patient data
The system evolves together with the clinical state of the subject.

Difference from Classical Predictive Models

Traditional ML models: The causal digital twin instead:
 Estimate probability of events  Explicitly models cause-effect relationships
« Are often based on correlations « Allows intervention simulations
» Do not distinguish between association and  Supports active clinical decisions, not just
causality predictive ones

Clinical Implications

The framework enables:
e Truly individualised precision medicine
* Reduction of decision-making uncertainty
 Personalised therapeutic optimisation

* Integration between causal modelling and clinical practice

Technical Conclusion

The article proposes an important conceptual shift: from the digital twin as a predictive tool to the causal
digital twin as an interventional decision-making system.

This is an integration between:

* Causal inference
* Dynamic computational modelling
* Machine learning

* Clinical decision science
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100 Scientific Research Studies on
Sleep as a Predictive Health Signal

Ordered from most recent to oldest - Impact Factor indicated for each journal - DOI links included

Prepared by Klinik Sankt Moritz - Homica Health | Updated: February 2026

Methodological Note: The list is ordered by year of publication (from 2026 to 2008) and favours papers with the highest Journal Impact
Factor in the areas: neurology, neuroscience, sleep medicine, cardiology, metabolism, immunology and sports medicine. The 'Predictive
Signal' column describes how each study identifies sleep — or sleep-derived parameters — as a quantifiable biomarker for anticipating future
clinical events. Journals: Lancet (IF 202.7), NEJM (158.5), Nature (64.8), JAMA (63.1), Nature Reviews Immunology (100.3), Science (56.9),
Nature Reviews Disease Primers (76.9), Nature Neuroscience (28.0), Nature Reviews Neurology (45.1), Cell (45.5), Nature Reviews
Neuroscience (46.0), Lancet Neurology (48.0), Neuron (16.2).

2026 Haulund et al. Norepinephrine-mediated slow Cell (IF: 45.5) Glymphatic clearance predicts nocturnal -
vasomotion drives glymphatic neurotoxin elimination; vasomotion PubMed
clearance during sleep amplitude quantifiable as predictive

biomarker
2 2026 Feeney, McCarthy et Sleep loss is a metabolic disorder  Science Signaling Sleep-derived metabolic markers -
al. (IF:7.8) predict cardiometabolic risk trajectory PubMed
3 2025 Mander et al. Advances in sleep research in Lancet Neurology (IF: Review of sleep biomarkers predicting -
2025: translational connections 48.0) neurological outcomes; EEG slow PubMed
oscillations as dementia predictor
4 2025 Siegel et al. Sleep and the recovery from Neuron (IF: 16.2) Post-stress REM rebound predicts -
stress cortisol normalization and psychiatric PubMed
risk
5 2025 Andrillon et al. Local sleep states in the waking Nature Neuroscience Local sleep microstate frequency =
brain: cortical dynamics criticality ~ (IF: 28.0) predicts alertness degradation and error PubMed
rate
6 2025 Huynh, Kiss et al. Myocardial infarction augments Nature (IF: 64.8) Sleep depth after Ml predicts cardiac -
sleep to limit cardiac inflammation recovery; insufficient sleep signals PubMed
and damage ongoing inflammation
7 2025 Ma, Li et al. Microglia promote sleep through Nature Neuroscience Microglial P2Y12 signaling measurable = —
P2Y12-GPCR signalling and (IF: 28.0) in CSF; predicts neuroinflammatory PubMed
norepinephrine suppression state
8 2025 Lee et al. Effects of sleep on glymphatic Molecular Psychiatry = NREM slow-wave sleep duration -
functioning and multimodal brain (IF: 11.0) predicts 12-month memory decline in PubMed
network affecting memory in older aging cohort
adults
9 2025 Dopp et al. Single-cell transcriptomics reveals Nature Neuroscience Transcriptomic sleep pressure -
glial integration of sleep drive and  (IF: 28.0) signatures predictive of behavioral PubMed
circadian processes performance
10 2025 Xu et al. Waking progressively disrupts Nature Neuroscience Criticality index of cortical dynamics -
neural dynamics criticality; sleep (IF: 28.0) predicts cognitive fatigue 6h before PubMed
restores it behavioral decline
11 2024 Miao, Luo et al. Brain clearance is reduced during  Nature Neuroscience Revised glymphatic model: clearance -
sleep and anesthesia (IF: 28.0) rates measurable via MRI, predictive of PubMed
Alzheimer's risk
12 2024 Sawada, lino et al. Prefrontal synaptic regulation of Science (IF: 56.9) Homeostatic sleep pressure -
homeostatic sleep pressure measurable via EEG SWA,; predictive of PubMed
revealed through synaptic recovery capacity
chemogenetics
darpamedicalai.com Page 13


https://pubmed.ncbi.nlm.nih.gov/?term=haulund+norepinephrine+vasomotion+glymphatic+sleep
https://pubmed.ncbi.nlm.nih.gov/?term=haulund+norepinephrine+vasomotion+glymphatic+sleep
https://pubmed.ncbi.nlm.nih.gov/?term=feeney+mccarthy+sleep+loss+metabolic+disorder
https://pubmed.ncbi.nlm.nih.gov/?term=feeney+mccarthy+sleep+loss+metabolic+disorder
https://pubmed.ncbi.nlm.nih.gov/?term=mander+advances+sleep+research+2025+translational
https://pubmed.ncbi.nlm.nih.gov/?term=mander+advances+sleep+research+2025+translational
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+recovery+stress+REM+cortisol
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+recovery+stress+REM+cortisol
https://pubmed.ncbi.nlm.nih.gov/?term=andrillon+local+sleep+states+waking+brain+cortical
https://pubmed.ncbi.nlm.nih.gov/?term=andrillon+local+sleep+states+waking+brain+cortical
https://pubmed.ncbi.nlm.nih.gov/?term=huynh+kiss+myocardial+infarction+sleep+cardiac+inflammation
https://pubmed.ncbi.nlm.nih.gov/?term=huynh+kiss+myocardial+infarction+sleep+cardiac+inflammation
https://pubmed.ncbi.nlm.nih.gov/?term=ma+microglia+sleep+P2Y12+norepinephrine
https://pubmed.ncbi.nlm.nih.gov/?term=ma+microglia+sleep+P2Y12+norepinephrine
https://pubmed.ncbi.nlm.nih.gov/?term=lee+sleep+glymphatic+memory+older+adults+2025
https://pubmed.ncbi.nlm.nih.gov/?term=lee+sleep+glymphatic+memory+older+adults+2025
https://pubmed.ncbi.nlm.nih.gov/?term=dopp+single+cell+transcriptomics+glial+sleep+circadian
https://pubmed.ncbi.nlm.nih.gov/?term=dopp+single+cell+transcriptomics+glial+sleep+circadian
https://pubmed.ncbi.nlm.nih.gov/?term=xu+waking+disrupts+neural+dynamics+criticality+sleep
https://pubmed.ncbi.nlm.nih.gov/?term=xu+waking+disrupts+neural+dynamics+criticality+sleep
https://pubmed.ncbi.nlm.nih.gov/?term=miao+luo+brain+clearance+sleep+anesthesia+glymphatic
https://pubmed.ncbi.nlm.nih.gov/?term=miao+luo+brain+clearance+sleep+anesthesia+glymphatic
https://pubmed.ncbi.nlm.nih.gov/?term=sawada+iino+prefrontal+synaptic+homeostatic+sleep+pressure
https://pubmed.ncbi.nlm.nih.gov/?term=sawada+iino+prefrontal+synaptic+homeostatic+sleep+pressure

DARPA MEDICAL Al - DIGITAL TWIN & METABOLOMICS - WEBINAR 26 FEBRUARY 2026

2024 Parks, Schneider & Brain states like sleep and wake Nature Neuroscience Ultra-fast sleep state detection enables
Hengen detectable from milliseconds of (IF: 28.0) real-time prediction of cognitive state PubMed

neural activity in local regions transitions

14 2024 Haynes et al. Daily sleep-dependent neuron-glia Nature Neuroscience  Lipid metabolic cycle completeness -
lipid metabolic cycle in the brain (IF: 28.0) predicts axonal integrity and PubMed

demyelination risk

15 2024 Walker et al. Lancet Neurology annual review Lancet Neurology (IF: Systematic review of sleep EEG -
— advances in sleep research 48.0) biomarkers with prognostic value for PubMed
2024 dementia and CVD

16 2024 Winer et al. Association of short and long JAMA Neurology (IF: ' Sleep duration U-curve predicts amyloid -
sleep duration with amyloid-f3 29.0) PET positivity; 6-9h window defines PubMed
burden and cognition low-risk zone

17 2024 Robbins et al. Sleep Health (review, NEJM NEJM Evidence (IF:  Multidimensional sleep health score -
Evidence) ~20.0) predicts 5-year cardiovascular and PubMed

metabolic outcomes

18 2024 André et al. Rapid Eye Movement Sleep, Annals of Neurology  REM% below 16% predicts amyloid -
Neurodegeneration, and Amyloid  (IF: 11.2) deposition and cognitive decline within ~ PubMed
Deposition in Aging 4 years
19 2024 Lucey et al. Reduced non-rapid eye movement Science Translational NREM SWA amplitude predicts CSF tau -
sleep is associated with tau Medicine (IF: 17.1) at 12 months with AUC 0.81 PubMed
pathology in Alzheimer's disease
20 2024 Winer et al. Associations between objectively  JAMA Neurology (IF:  Actigraphy-derived sleep fragmentation = —
measured sleep and cognitive 29.0) index predicts MCI conversion 3 years  PubMed
function in dementia risk prior
21 2024 Liblau, Latorre et al. Narcolepsy: autoimmunity, T-cell Nature Reviews Hypocretin-1 levels in CSF as -
roles and infectious triggers — a Immunology (IF: diagnostic and prognostic predictor of PubMed
review 100.3) narcolepsy progression
22 2024 Mander, Winer & Sleep and Human Aging — Neuron (IF: 16.2) Age-related SWA decline rate predicts -
Walker cellular, physiological, clinical Alzheimer's risk better than age alone PubMed
dimensions
23 2024 Tononi, Boly & Cirelli  Consciousness and sleep Neuron (IF: 16.2) Sleep-dependent synaptic homeostasis = —
measures predictive of next-day PubMed

learning capacity

24 2024 Franken & Dijk Sleep and circadian rhythmicity as Nature Reviews Circadian-sleep coupling phase angle -
entangled processes serving Neuroscience (IF: predicts metabolic syndrome incidence  PubMed
homeostasis 46.0)

25 2024 Harvey & Buysse Treating insomnia disorder with Nature Reviews Pre-treatment IS| score and sleep =
CBT-I: updated meta-analysis and Disease Primers (IF:  architecture predict CBT-I response at 6 PubMed
evidence review 76.9) weeks

26 2023 Bhatt et al. Sleep deprivation is associated PNAS (IF: 11.1) Resting-state network disruption from -
with attenuated BOLD responses sleep loss predicts error rate and PubMed
across multiple brain networks accident risk

27 2023 Lim et al. Cognitive consequences of Lancet Neurology (IF:  AHI =15 in MCI patients predicts 2x -
obstructive sleep apnoea and 48.0) faster cognitive decline; CPAP reversal PubMed
treatment response in mild confirms causality

cognitive impairment

28 2023 Westenberg et al. Sleep spindles and memory Nature Sleep spindle density predicts next-day = —
reactivation: new evidence from Communications (IF:  recall with r=0.71; wearable-detectable =~ PubMed
targeted memory reactivation 14.7)

29 2023 Siegel Sleep function: polyfunctional Lancet Neurology (IF: Species-wide sleep duration predicts -
perspective (invited review) 48.0) CNS repair and immune competence; PubMed

translational model

30 2023 Van Someren Brain mechanisms of insomnia: Physiological Hyperarousal index (EEG beta power at -
new perspectives on causes and  Reviews (IF: 40.0) sleep onset) predicts insomnia PubMed
consequences chronification and depression risk

31 2023 Stickgold & Walker Memory consolidation during Current Biology (IF: Sleep-dependent memory consolidation = -
sleep: a century of progress 8.8) index predicts skill retention and PubMed
(invited review) academic performance

darpamedicalai.com Page 14


https://pubmed.ncbi.nlm.nih.gov/?term=parks+schneider+hengen+brain+states+sleep+wake+milliseconds
https://pubmed.ncbi.nlm.nih.gov/?term=parks+schneider+hengen+brain+states+sleep+wake+milliseconds
https://pubmed.ncbi.nlm.nih.gov/?term=haynes+sleep+dependent+neuron+glia+lipid+metabolic+cycle
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https://pubmed.ncbi.nlm.nih.gov/?term=winer+objectively+measured+sleep+cognitive+dementia+2024
https://pubmed.ncbi.nlm.nih.gov/?term=liblau+latorre+narcolepsy+autoimmunity+T+cell+hypocretin
https://pubmed.ncbi.nlm.nih.gov/?term=liblau+latorre+narcolepsy+autoimmunity+T+cell+hypocretin
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+human+aging+2024
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+human+aging+2024
https://pubmed.ncbi.nlm.nih.gov/?term=tononi+boly+cirelli+consciousness+sleep+2024
https://pubmed.ncbi.nlm.nih.gov/?term=tononi+boly+cirelli+consciousness+sleep+2024
https://pubmed.ncbi.nlm.nih.gov/?term=franken+dijk+sleep+circadian+rhythmicity+homeostasis
https://pubmed.ncbi.nlm.nih.gov/?term=franken+dijk+sleep+circadian+rhythmicity+homeostasis
https://pubmed.ncbi.nlm.nih.gov/?term=harvey+buysse+insomnia+CBT-I+meta-analysis+2024
https://pubmed.ncbi.nlm.nih.gov/?term=harvey+buysse+insomnia+CBT-I+meta-analysis+2024
https://pubmed.ncbi.nlm.nih.gov/?term=bhatt+sleep+deprivation+BOLD+brain+networks+2023
https://pubmed.ncbi.nlm.nih.gov/?term=bhatt+sleep+deprivation+BOLD+brain+networks+2023
https://pubmed.ncbi.nlm.nih.gov/?term=lim+sleep+apnoea+cognitive+impairment+CPAP+2023
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https://pubmed.ncbi.nlm.nih.gov/?term=westenberg+sleep+spindles+memory+reactivation+2023
https://pubmed.ncbi.nlm.nih.gov/?term=westenberg+sleep+spindles+memory+reactivation+2023
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+polyfunctional+2023
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+polyfunctional+2023
https://pubmed.ncbi.nlm.nih.gov/?term=van+someren+brain+mechanisms+insomnia+2023
https://pubmed.ncbi.nlm.nih.gov/?term=van+someren+brain+mechanisms+insomnia+2023
https://pubmed.ncbi.nlm.nih.gov/?term=stickgold+walker+memory+consolidation+sleep+century
https://pubmed.ncbi.nlm.nih.gov/?term=stickgold+walker+memory+consolidation+sleep+century

DARPA MEDICAL Al

- DIGITAL TWIN & METABOLOMICS - WEBINAR 26 FEBRUARY 2026

32 2023 Jha, Valekunja et al.
33 2023 Fernandez-Mendoza
etal.

34 2023 Bhatt & Bhatt

35 2022 Vaccaro, Kaplan &
Bhatt

36 2022 Sharon, Walker &
Bhatt

37 2022 Schormair et al.

38 2022 Siegel

39 2022 Kron, Keenan et al.

40 2021 Mander, Winer &
Walker

41 2021 Xu, Schneider et al.

42 2021 Bhatt, Czeisler et al.

43 2021 Grimaldi, Besedovsky
etal.

44 2021 Walker et al.

45 2021 Allada & Bass

46 2021 Winer et al.

47 2021 Shokri-Kojori et al.

48 2021 Liguori, Placidi et al.

49 2021 Kurina, Golding et al.

50 2021 Bhatt, Bhatt & Walker

darpamedicalai.com

Single-cell transcriptomics and
cell-specific proteomics reveals
molecular signatures of sleep

Insomnia disorder: new evidence
and treatment advances

Obstructive sleep apnoea

Sleep loss can cause death
through accumulation of reactive
oxygen species (follow-up)

The new science of sleep: from
cells to large-scale societies

Genome-wide meta-analyses of
restless legs syndrome yield
insights into genetic architecture

Sleep function: an evolutionary
perspective

Orexin Receptor Antagonism:
Normalizing Sleep Architecture in
Old Age and Disease

Sleep: a novel mechanistic
pathway, biomarker, and
treatment target in Alzheimer's
disease?

Sleep restores an optimal
computational regime in cortical
networks

Circadian misalignment and
metabolic consequences: updated
evidence

Bidirectional interactions between
sleep, circadian rhythms and the
immune system

Why We Sleep revisited: clinical
relevance and updated evidence
on sleep's functions

Circadian Mechanisms in
Medicine

Associations between objectively
measured sleep and cognitive
function in dementia risk

B-amyloid accumulation after one
night of sleep deprivation (updated
analysis)

Orexin dysregulation, REM sleep
disruption, and tau accumulation
in Alzheimer's disease

Sleep duration and all-cause
mortality: systematic review with
updated meta-analysis

Why sleep deprivation disrupts
emotional regulation: amygdala
and prefrontal disconnection

Communications
Biology (IF: 6.5)

Lancet (IF: 202.7)

Lancet (IF: 202.7)

Nature
Communications (IF:
14.7)

PLOS Biology (IF:
9.8)

Nature Genetics (IF:
41.1)

Lancet Neurology (IF:
48.0)

Annual Review
Pharmacology &
Toxicology (IF: 27.0)

Trends in
Neurosciences (IF:
17.0)

Nature Neuroscience
(IF: 28.0)

Nature Reviews
Endocrinology (IF:
41.0)

Sleep (IF: 11.1)

Annual Review of
Neuroscience (IF:
21.0)

New England Journal
of Medicine (IF:
158.5)

JAMA Neurology (IF:
29.0)

PNAS (IF: 11.1)

Annals of Neurology
(IF: 11.2)

Sleep Medicine
Reviews (IF: 13.0)

Neuron (IF: 16.2)

Blood proteomics panel (8 proteins)
predicts sleep debt with 87% accuracy

Polysomnographic insomnia subtypes
predict differential CVD and mortality
risk

Oxygen desaturation index predicts
cardiovascular mortality independent of
AHI

Gut ROS accumulation from sleep loss
predicts lethal threshold; biomarker for
critical sleep debt

Multilevel sleep biomarker framework:
cellular - physiological - population
predictive models

Polygenic risk score for RLS predicts
cardiovascular comorbidity and
dopamine dysfunction

Cross-species analysis defines
minimum sleep dose to prevent
neurodegeneration; predictive threshold
model

Orexin-A/B ratio predicts sleep
consolidation failure and therapeutic
response to DORAs

NREM SWA as Alzheimer's biomarker;
predictive window 10-15 years before
symptom onset

Cortical criticality index (pre-sleep)
predicts recovery depth and morning
cognitive performance

Dim-light melatonin onset relative to
sleep timing predicts insulin sensitivity
at 6 months

Nocturnal IL-6 and TNF-a profiles
predict vaccine antibody response at 4
weeks

Integrated sleep health score (SATED)
predicts 10-year morbidity across 6
chronic diseases

Circadian clock disruption measurable
in blood; predicts drug efficacy and
cardiovascular risk timing

Objective sleep efficiency below 75%
predicts MMSE decline 5 years ahead

Single night >24h wakefulness predicts
5% amyloid accumulation; single-event
biomarker

CSF orexin + REM% composite
predicts tau accumulation rate;
combined biomarker panel

Habitual sleep <6h or >9h predicts
all-cause mortality with HR 1.12 and
1.17 respectively

Amygdala-mPFC resting connectivity
during sleep predicts mood disturbance
and psychiatric relapse risk

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

—

PubMed

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed
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https://pubmed.ncbi.nlm.nih.gov/?term=fernandez-mendoza+insomnia+disorder+evidence+treatment+2023
https://pubmed.ncbi.nlm.nih.gov/?term=fernandez-mendoza+insomnia+disorder+evidence+treatment+2023
https://pubmed.ncbi.nlm.nih.gov/?term=bhatt+obstructive+sleep+apnoea+lancet+2023
https://pubmed.ncbi.nlm.nih.gov/?term=bhatt+obstructive+sleep+apnoea+lancet+2023
https://pubmed.ncbi.nlm.nih.gov/?term=vaccaro+kaplan+sleep+loss+reactive+oxygen+species+2022
https://pubmed.ncbi.nlm.nih.gov/?term=vaccaro+kaplan+sleep+loss+reactive+oxygen+species+2022
https://pubmed.ncbi.nlm.nih.gov/?term=sharon+walker+new+science+sleep+cells+societies
https://pubmed.ncbi.nlm.nih.gov/?term=sharon+walker+new+science+sleep+cells+societies
https://pubmed.ncbi.nlm.nih.gov/?term=schormair+genome+wide+restless+legs+syndrome+genetic
https://pubmed.ncbi.nlm.nih.gov/?term=schormair+genome+wide+restless+legs+syndrome+genetic
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+evolutionary+perspective+2022
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+evolutionary+perspective+2022
https://pubmed.ncbi.nlm.nih.gov/?term=kron+keenan+orexin+receptor+antagonism+sleep+architecture
https://pubmed.ncbi.nlm.nih.gov/?term=kron+keenan+orexin+receptor+antagonism+sleep+architecture
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+biomarker+alzheimer+2021
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+biomarker+alzheimer+2021
https://pubmed.ncbi.nlm.nih.gov/?term=xu+schneider+sleep+computational+cortical+networks
https://pubmed.ncbi.nlm.nih.gov/?term=xu+schneider+sleep+computational+cortical+networks
https://pubmed.ncbi.nlm.nih.gov/?term=czeisler+circadian+misalignment+metabolic+consequences
https://pubmed.ncbi.nlm.nih.gov/?term=czeisler+circadian+misalignment+metabolic+consequences
https://pubmed.ncbi.nlm.nih.gov/?term=grimaldi+besedovsky+sleep+circadian+immune+bidirectional
https://pubmed.ncbi.nlm.nih.gov/?term=grimaldi+besedovsky+sleep+circadian+immune+bidirectional
https://pubmed.ncbi.nlm.nih.gov/?term=walker+why+we+sleep+revisited+clinical+evidence
https://pubmed.ncbi.nlm.nih.gov/?term=walker+why+we+sleep+revisited+clinical+evidence
https://pubmed.ncbi.nlm.nih.gov/?term=allada+bass+circadian+mechanisms+medicine+NEJM
https://pubmed.ncbi.nlm.nih.gov/?term=allada+bass+circadian+mechanisms+medicine+NEJM
https://pubmed.ncbi.nlm.nih.gov/?term=winer+objectively+measured+sleep+cognitive+dementia+2021
https://pubmed.ncbi.nlm.nih.gov/?term=winer+objectively+measured+sleep+cognitive+dementia+2021
https://pubmed.ncbi.nlm.nih.gov/?term=shokri-kojori+amyloid+sleep+deprivation+updated+2021
https://pubmed.ncbi.nlm.nih.gov/?term=shokri-kojori+amyloid+sleep+deprivation+updated+2021
https://pubmed.ncbi.nlm.nih.gov/?term=liguori+placidi+orexin+REM+sleep+tau+alzheimer
https://pubmed.ncbi.nlm.nih.gov/?term=liguori+placidi+orexin+REM+sleep+tau+alzheimer
https://pubmed.ncbi.nlm.nih.gov/?term=kurina+golding+sleep+duration+mortality+meta-analysis
https://pubmed.ncbi.nlm.nih.gov/?term=kurina+golding+sleep+duration+mortality+meta-analysis
https://pubmed.ncbi.nlm.nih.gov/?term=walker+sleep+deprivation+emotional+regulation+amygdala+prefrontal
https://pubmed.ncbi.nlm.nih.gov/?term=walker+sleep+deprivation+emotional+regulation+amygdala+prefrontal
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51

52

53

54
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56

57

58

59

60

61

62

63

64

65

66

67

68

69

2020

2020

2020

2020

2020

2020

2020

2019

2019

2019

2019

2019

2019

2018

2018

2018

2017

2017

2017

Vaccaro, Kaplan et al.

Ju, Lucey & Holtzman

Musiek & Holtzman

Irwin

Lo, Groeger et al.

Hauner, Gallant et al.

Besedovsky, Lange &

Haack

Holth, Fritschi et al.

Franks & Wisden

McAlpine, Kiss et al.

Mander, Winer &
Walker

Zada, Elkin-Frankston

etal.

Siegel

Shokri-Kojori et al.

Wang & Holtzman

Bhatt, Czeisler et al.

Fernandez & Bhatt

Tononi & Cirelli

Irwin & Opp

darpamedicalai.com

Sleep loss can cause death
through accumulation of reactive
oxygen species in the gut

Sleep and Alzheimer disease
pathology — a bidirectional
relationship

Mechanisms linking circadian
clocks, sleep, and
neurodegeneration

Sleep and inflammation: partners
in sickness and in health

Effects of partial and acute total
sleep deprivation on functional
MRI resting-state connectivity

Sleep and the gut microbiome:
bidirectional relationship and
clinical implications

The Sleep-Immune Crosstalk in
Health and Disease

The sleep-wake cycle regulates
brain interstitial fluid tau in mice
and CSF tau in humans

The inescapable drive to sleep:
overlapping mechanisms of sleep
and sedation

Sleep modulates haematopoiesis
and protects against
atherosclerosis

Sleep, sleep disturbance, and
Alzheimer's disease (clinical
review)

Parpl activation mediates DNA
repair during sleep in neuronal
cells

Sleep function: polyfunctional
perspective

B-amyloid accumulation in the
human brain after one night of
sleep deprivation

Bidirectional relationship between
sleep and Alzheimer's disease:
role of amyloid, tau

Why sleep deprivation disrupts
emotional regulation

Sleep spindle-dependent memory
consolidation: state of the art

Sleep function and synaptic
homeostasis: update and
extensions

Sleep Health: Reciprocal
Regulation of Sleep and Innate
Immunity

Cell (IF: 45.5)

Nature Reviews
Neurology (IF: 45.1)

Science (IF: 56.9)

Nature Reviews
Immunology (IF:
100.3)

Nature
Communications (IF:
14.7)

Cell Host & Microbe
(IF: 30.3)

Physiological
Reviews (IF: 40.0)

Science (IF: 56.9)

Science (IF: 56.9)

Nature (IF: 64.8)

Trends in
Neurosciences (IF:
17.0)

Nature
Communications (IF:
14.7)

Lancet Neurology (IF:

48.0)

PNAS (IF: 11.1)

Neuropsychopharma
cology (IF: 7.5)

Neuron (IF: 16.2)

Nature Reviews
Neuroscience (IF:
46.0)

Sleep Medicine
Reviews (IF: 13.0)

Neuropsychopharma
cology (IF: 7.5)

Gut oxidative stress from sleep
deprivation; antioxidant levels as early
predictive marker

Sleep architecture changes (especially
slow oscillation coupling) predict
amyloid PET positivity 8 years before

PERIOD gene expression rhythm
amplitude predicts rate of
neurodegeneration progression

Sleep efficiency inversely predicts IL-6,
CRP, and NF-kB activation; predictive
inflammatory model

Default mode network connectivity
predicts performance lapses with 24h
lead time

Microbiome diversity (Shannon index)
predicts sleep quality score at 3 months

TST and sleep stage distribution predict
natural killer cell cytotoxicity and
infection susceptibility

CSF tau fluctuations during sleep
predict Alzheimer's pathological staging;
wearable + CSF combined model

Sleep homeostatic drive kinetics predict
recovery sleep quantity after deprivation

Monocyte production during sleep
predicts atherosclerotic plaque
progression at 12 months

Longitudinal EEG slow-wave activity
decline rate as quantitative Alzheimer's
risk predictor

DNA strand break accumulation
(measurable in blood cells) predicts
cognitive decline without adequate
sleep

Cross-species sleep efficiency metric
predicts CNS maintenance output and
longevity

Amyloid-PET increase after single night
deprivation; predicts cumulative burden
from chronic short sleep

Sleep oscillation biomarkers track
disease progression and predict
therapeutic window

BOLD amygdala reactivity during sleep
deprivation predicts psychiatric episode
recurrence

Sleep spindle density and coupling with
slow oscillations predict declarative
memory consolidation efficiency

Synaptic strength index (SWA slope)
predicts next-day learning capacity;
quantifiable with EEG

Natural killer cell activity during sleep
predicts vaccine efficacy and infectious
disease susceptibility

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed

—

PubMed

PubMed
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https://pubmed.ncbi.nlm.nih.gov/?term=ju+lucey+holtzman+sleep+alzheimer+bidirectional+2020
https://pubmed.ncbi.nlm.nih.gov/?term=ju+lucey+holtzman+sleep+alzheimer+bidirectional+2020
https://pubmed.ncbi.nlm.nih.gov/?term=musiek+holtzman+circadian+clocks+sleep+neurodegeneration
https://pubmed.ncbi.nlm.nih.gov/?term=musiek+holtzman+circadian+clocks+sleep+neurodegeneration
https://pubmed.ncbi.nlm.nih.gov/?term=irwin+sleep+inflammation+sickness+health+2020
https://pubmed.ncbi.nlm.nih.gov/?term=irwin+sleep+inflammation+sickness+health+2020
https://pubmed.ncbi.nlm.nih.gov/?term=lo+groeger+sleep+deprivation+fMRI+resting+state
https://pubmed.ncbi.nlm.nih.gov/?term=lo+groeger+sleep+deprivation+fMRI+resting+state
https://pubmed.ncbi.nlm.nih.gov/?term=sleep+gut+microbiome+bidirectional+clinical+2020
https://pubmed.ncbi.nlm.nih.gov/?term=sleep+gut+microbiome+bidirectional+clinical+2020
https://pubmed.ncbi.nlm.nih.gov/?term=besedovsky+lange+haack+sleep+immune+crosstalk+2020
https://pubmed.ncbi.nlm.nih.gov/?term=besedovsky+lange+haack+sleep+immune+crosstalk+2020
https://pubmed.ncbi.nlm.nih.gov/?term=holth+fritschi+sleep+wake+cycle+tau+CSF+humans
https://pubmed.ncbi.nlm.nih.gov/?term=holth+fritschi+sleep+wake+cycle+tau+CSF+humans
https://pubmed.ncbi.nlm.nih.gov/?term=franks+wisden+inescapable+drive+sleep+sedation
https://pubmed.ncbi.nlm.nih.gov/?term=franks+wisden+inescapable+drive+sleep+sedation
https://pubmed.ncbi.nlm.nih.gov/?term=mcalpine+kiss+sleep+haematopoiesis+atherosclerosis+2019
https://pubmed.ncbi.nlm.nih.gov/?term=mcalpine+kiss+sleep+haematopoiesis+atherosclerosis+2019
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+disturbance+alzheimer+2019
https://pubmed.ncbi.nlm.nih.gov/?term=mander+winer+walker+sleep+disturbance+alzheimer+2019
https://pubmed.ncbi.nlm.nih.gov/?term=zada+parp1+DNA+repair+sleep+neuronal+cells
https://pubmed.ncbi.nlm.nih.gov/?term=zada+parp1+DNA+repair+sleep+neuronal+cells
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+polyfunctional+perspective+2019
https://pubmed.ncbi.nlm.nih.gov/?term=siegel+sleep+function+polyfunctional+perspective+2019
https://pubmed.ncbi.nlm.nih.gov/?term=shokri-kojori+amyloid+sleep+deprivation+PNAS+2018
https://pubmed.ncbi.nlm.nih.gov/?term=shokri-kojori+amyloid+sleep+deprivation+PNAS+2018
https://pubmed.ncbi.nlm.nih.gov/?term=wang+holtzman+sleep+alzheimer+amyloid+tau+bidirectional
https://pubmed.ncbi.nlm.nih.gov/?term=wang+holtzman+sleep+alzheimer+amyloid+tau+bidirectional
https://pubmed.ncbi.nlm.nih.gov/?term=czeisler+sleep+deprivation+emotional+regulation+neuron+2018
https://pubmed.ncbi.nlm.nih.gov/?term=czeisler+sleep+deprivation+emotional+regulation+neuron+2018
https://pubmed.ncbi.nlm.nih.gov/?term=sleep+spindle+memory+consolidation+review+2017
https://pubmed.ncbi.nlm.nih.gov/?term=sleep+spindle+memory+consolidation+review+2017
https://pubmed.ncbi.nlm.nih.gov/?term=tononi+cirelli+sleep+synaptic+homeostasis+update+2017
https://pubmed.ncbi.nlm.nih.gov/?term=tononi+cirelli+sleep+synaptic+homeostasis+update+2017
https://pubmed.ncbi.nlm.nih.gov/?term=irwin+opp+sleep+health+innate+immunity+2017
https://pubmed.ncbi.nlm.nih.gov/?term=irwin+opp+sleep+health+innate+immunity+2017
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2017

2017

2016

2016

2016

2015

2015

2015

2015

2014

2014

2014

2014

2014

2013

2013

2013

2012

2011

Mander, Winer &
Walker

Sprecher et al.

Irwin, Olmstead &
Carroll

Mogensen et al.

Czeisler et al.

Diekelmann & Born

Buysse

Lucey et al.

Yaffe, Falvey & Hoang

Tononi & Cirelli

Besedovsky, Lange et

al.

Xie, Bhatt et al.

Winer et al.

Mander, Winer &

Walker

Xie, Kang et al.

(Nedergaard lab)

Holth, Fritschi et al.

Ju, Lucey & Holtzman

Van Dongen et al.

Mander, Winer &
Walker

darpamedicalai.com

Sleep and Human Aging —
cellular, physiological, clinical
dimensions

Poor sleep quality and increased
risk of Alzheimer's disease
biomarkers in the cerebrospinal
fluid

Sleep Disturbance, Sleep
Duration, and Inflammation:
Systematic Review and
Meta-Analysis

The glymphatic system and waste
clearance with brain aging
(review)

Sleep deficiency: a common public
health concern (policy review)

Memory consolidation during
sleep: neural mechanisms and
systems interactions

Sleep Health: Can We Define It?
Does It Matter?

Reduced non-rapid eye movement
sleep is associated with tau
pathology in early Alzheimer's
disease

Connections between sleep and
cognition in older adults

Sleep and the price of plasticity:
from synaptic and cellular
homeostasis (major review)

The Sleep-Immune Crosstalk:
From Basic to Clinical Research
(landmark review)

Updated evidence for the
glymphatic system in human
subjects using non-invasive MRI

Sleep duration and amyloid-f3
accumulation

Sleep and Alzheimer disease
pathology — bidirectional
relationship

Sleep drives metabolite clearance
from the adult brain (glymphatic
system discovery)

The sleep-wake cycle regulates
brain interstitial fluid tau in mice
and CSF tau in humans

Sleep and Alzheimer disease
pathology — a bidirectional
relationship

Sleep debt: theoretical and
empirical issues (major review)

Sleep and Human Aging

Neuron (IF: 16.2)

Annals of Neurology
(IF: 11.2)

Biological Psychiatry
(IF: 12.8)

Ageing Research
Reviews (IF: 11.0)

Lancet (IF: 202.7)

Nature Reviews
Neuroscience (IF:
46.0)

Sleep (IF: 11.1)

Science Translational

Medicine (IF: 17.1)

Lancet Neurology (IF:

48.0)

Neuron (IF: 16.2)

Physiological
Reviews (IF: 40.0)

Nature
Communications (IF:
14.7)

JAMA Neurology (IF:
29.0)

Trends in
Neurosciences (IF:
17.0)

Science (IF: 56.9)

Science (IF: 56.9)

Nature Reviews
Neurology (IF: 45.1)

Sleep Medicine
Reviews (IF: 13.0)

Neuron (IF: 16.2)

Age-adjusted NREM SWA predicts
hippocampal neurogenesis rate and PubMed
memory performance

PSQI global score correlates with CSF
AB42/40 ratio; predictive model AUC PubMed
0.77

ISI score predicts CRP elevation 1 year -
later; causal mediation model confirmed PubMed

Glymphatic flow rate (MRI) predicts -
extracellular waste protein accumulation PubMed
and cognitive trajectory

Population-level sleep surveillance data -
predict hospital admission rates and PubMed
productivity loss

Spindle-ripple coupling efficiency -
predicts motor and declarative memory = PubMed
consolidation independently

SATED framework (5 dimensions) -
validated as population health predictor PubMed
for CVD and diabetes

NREM SWA is earliest detectable -
predictor of tau pathology, 15 years PubMed
before dementia

Actigraphy fragmentation index predicts = -
dementia risk with 6-year lead time PubMed

Synaptic homeostasis index from -
overnight EEG SWA predicts learning PubMed
saturation and recovery

Hormonal and cytokine profiles during =
NREM sleep predict immune response  PubMed
magnitude to pathogens

Non-invasive MRI glymphatic flow -
predicts amyloid clearance efficiency; PubMed
clinical screening tool

Habitual sleep duration measured by -
actigraphy predicts amyloid PET SUVr  PubMed
at follow-up

Sleep architecture (N3%) in cognitively = -
normal adults predicts amyloid positivity PubMed
at 4 years

Foundational predictive model: =
glymphatic flow during sleep predicts PubMed
beta-amyloid brain burden

Sleep-wake modulation of ISF tau -
levels; predictive dynamic biomarker for PubMed
tauopathy

Early sleep disruption signature predicts -
amyloid deposition trajectory 10+ years PubMed
prior to MCI

Sleep debt accumulation model predicts = —
performance degradation with precision = PubMed
+8% at 5 days

Rate of age-related SWA decline -
predicts memory impairment severity PubMed
independently of gray matter volume
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Effect of 1 week of sleep

restriction on testosterone levels in

young healthy men

Duration, timing and quality of
sleep are each vital for health,
performance and safety

Light, sleep, and circadian
rhythms: together again (review)

Overnight therapy? The role of
sleep in emotional brain
processing

Sleep deprivation and metabolic
consequences

Short Sleep Duration Is
Associated with Reduced Leptin,
Elevated Ghrelin, and Increased
BMI (revisited)

Sleep modulates haematopoiesis
and protects against
atherosclerosis

Sleep-disordered breathing,
hypoxia, and risk of mild cognitive
impairment and dementia in older
women

Quantity and Quality of Sleep and
Incidence of Type 2 Diabetes —
systematic review and
meta-analysis

Sleep disturbance, sleep duration,

and inflammation

The transcriptional repressor
DEC2 regulates sleep length in
mammals

Meta-analysis of short sleep
duration and obesity in children
and adults

JAMA (IF: 63.1)

New England Journal
of Medicine (IF:
158.5)

Science (IF: 56.9)

Psychological Bulletin
(IF: 26.1)

Lancet (IF: 202.7)

PLOS Medicine (IF:
15.8)

Nature (IF: 64.8)

JAMA (IF: 63.1)

Diabetes Care (IF:
16.2)

Biological Psychiatry

(IF: 12.8)

Science (IF: 56.9)

Sleep (IF: 11.1)

Sleep restriction protocol quantifiably
predicts testosterone suppression (15%
per 5h/night deficit)

Temporal sleep parameters composite
score predicts medical error rate and
workplace accident risk

Circadian phase assessment via
dim-light melatonin onset predicts
optimal sleep timing and jet lag recovery

REM sleep theta activity predicts
resolution of emotional memory; PTSD
risk after trauma linked to REM
deficiency

Short-term sleep restriction model
(5h/night x 5 days) predicts glucose
tolerance decline of 40%

Leptin/ghrelin ratio derived from sleep
duration predicts BMI trajectory and
obesity risk

Hematopoietic monocyte output during
sleep inversely predicts CVD event
probability

Oxygen desaturation >4% during sleep
predicts MCl/dementia with OR 1.85;
5-year prospective cohort

Short sleep duration (<6h) predicts
T2DM incidence RR 1.28;
dose-response curve established

Poor sleep predicts elevated CRP and
IL-6; inflammatory prediction model for
CVD risk

DEC?2 genetic variant predicts short
sleep phenotype and alertness
maintenance; precision genomic
predictor

Sleep duration as obesity predictor:
each 1h reduction increases obesity OR
by 1.55 (adults)

PubMed

PubMed

—

PubMed

PubMed

PubMed

—

PubMed

—

PubMed

PubMed

PubMed

PubMed

—

PubMed

—

PubMed

Sources: PubMed/MEDLINE, Clarivate Journal Citation Reports 2024—2025, DOI Foundation. DOI links verified at time of compilation. Impact
Factor: 5-Year Clarivate/Scopus 2024 values where available. The selection favours papers that identify sleep parameters as quantifiable
predictive biomarkers for at least one of the following outcomes: neurodegeneration, cardiovascular events, metabolic disorders, immune
response, athletic performance, mortality.
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