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Data-Driven Individual Health Will Lead to a Healthcare that Optimizes 

Wellness, Prevents Disease, Extends Healthspan and Employs 

Peptides as Rapidly Generated & Effective Drugs

N=1 Healthcare 



I Participated in Eight Paradigm Changes in 

Deciphering Human Complexity

4
Systems Biology and Systems 

Medicineðnetworks of life--2000-

present

3
Cross-disciplinary biologyðMolecular 

Biotechnology at UW Med inventing 

strategies and technologies (proteomics) 

for deciphering complexity1992-2000

6

Data-driven health (genome & 

phenome) of Individuals: Wellness 

Pioneers, Arivale --Scientific 

Wellness 2013 -2019

7

AI-Focused Healthcare enabling Wellness 

and Prevention catalyzed by the proposed10-

yr, million person phenome initiativeð2016-

present

1

Bringing Technology to Biology 

Sequencing, quantifying and 

synthesizing informational 

molecules- DNA and 

Proteins 1970-2005

5
P4 Healthcare ï

predictive, preventive, 

personalized and 

participatory 2001 -

present

2
The Human Genome Project

Source code of life 1990-2003

Realizing Paradigm Shifts 

Through Small and Agile New 

Organizations

Non-Profit Initiatives:

ǒ UW Molecular Biotechnology

ǒ P4 Health Institute

ǒ Institute for Systems Biology (ISB)

ǒ Phenome Health

For-Profit Ventures:

ǒ Applied Biosystems

ǒ Amgen

ǒ Rosetta Informatics 

ǒ NanoString

ǒ Arivale

ǒ Phenomia.ai

ǒ P4Bios

AI-Driven, Information -Based Peptide 

DrugsðP4Bios --2024 ïpresent8

Luxembourg: $100 million 

invent strategies and 

technologies of P4 healthcare --

2006-2011.



Human Genome 

Project (HGP)

1 Person = 1 
Genome

1 person = Infinite phenomes across 
oneôs longitudinal life trajectory

Oneôsbehavior and environment perturb 
the genome-dictated health trajectory 
through out life.

The phenome allows an assessment of 
oneôs always changing phenotype by 
quantifying blood analytes, gut 
microbiome and brain and  body digital 
health assays.

Arivale Wellness Companyð5000  
individuals 2x over 4 years

Data-Driven Individual Health: the Genome and the Longitudinal Phenome

Genotype Phenotype

1 Million Person Phenome 

Initiative over 10 years
10% 90%

Validate 

Individual wellness

Early detection and reversal of 

disease 

Technology development

Return results/ invent future

Trillion $s cost savings



Integration of phenomic 
measurements

Blood is a window into wellness 
and disease

Dynamic Biological Networks and 

Communities that Underpin Wellness 

and Disease

How can Big Data be Analyzed: Systems Biology Approaches

ỏ Machine Learning (ML) & Artificial Intelligence (AI)

ỏ Knowledge Graphs for connecting medical knowledge 

ỏ Digital twins for predictions and perturbations of health trajectories

ỏ Large Language Models (LLMs) for deriving actionable recommendations

Derived from 5,000 
individuals in the 

Arivale cohort
Quantify Informational Molecules:

DNA, RNA, Proteins, Metabolites

Holistic

Global 

Dynamical

Hierarchial

Integrative



Lessons from the Arivale

5000 Person Wellness 

Program



Arivale, Data-Driven Health and Emergence of Scientific Wellness                      

Price, MagisΣ 9ŀǊƭǎΧIƻƻŘΣ Nature Biotechnology, 2017;  more  than 25 published papers

Six data features

Å Genome variants

Å Proteins

Å Metabolites

Å Clinical chemistries

Å Gut microbiome

Å Physiology--fitbit

Wellness Cohort

Å5000 individuals from Arivale Wellness  Company (2015-2019) x2 per year 

ÅData generation lead to Scientific Wellness Lake to Actionable Possibilities

Three Types of Actionable Possibilities

Optimize wellness

Prevent disease

Early detection and reversal of disease



Seven Classes of Actionable Genomic Possibilities (AP)

Å American College of Medical Genetics 

81 actionable variants

Å Pharmacogenomic variants--100s AP

Å Polygenic wellness- and disease- phenotype 

scoresð100s APs

Å Rare diseasesð7000+ APs

Å Mendelian recessive diseasesð7000+ APs

Å Lifestyle geneticsðactivity, nutrition, stress, 

sleep, athletic injuriesð100s

Å Ancestryðancestry-specific disease 

propensities

Å DNA analysis of oral and gut microbiomes

Thousands of actionable 

possibilities



Microbiome 
diversity

Serotonin

Cardio
Metabolic 

Essential 
Fatty Acids

Nutritional 
status

Bladder Cancer 
Risks

70 multi-omic functional 
communities (modules) in the 
correlation network.

Deriving Insights from Data: New 
Frontiersτ3500 Statistical 
Correlations in 108 patients

Total cholesterol community 
as one of 70 communities

Å Cholesterol is negatively associated with endogenous thyroxine 
Å A beneficial side effect of the drug thryroxine (Synthroid) is lowering LDL cholesterol

Price, Magis, Earls, Hood et al, Nature Biotechnology, 2017

Statistical and Community Data Analyses Demonstrate 100s of Potential Drug Targets 

500 proteins give 3500 correlations;  5000 proteins 

give 35,000 correlations and 100s communities

ÅProtein
ÅMetabolic
ÅTranscriptional 
ÅMicrobial
ÅSynthetic & Degradative 

networks 

Systems Biology

& Biochemical 
Networks

Networks & Communities are 

core of Scientific Wellness

Data Lake



ǒ Multidimensional algorithmic metrics for distinct physiological 

trajectoriesðoptimizing wellness in multidimensional spaceð

going far beyond traditional wellness 

ǒ

ǒ Biological/Organ Ageðblood analytes

ǒ Biological BMI--metabolites 

ǒ Frailtyðblood analytes & physiology

ǒ Immune functionðsingle-cell analyses 5000 WBCs/sample

ǒ Organ-specific blood proteins to follow organ transitions

ǒ Brain cognition and autonomic nervous systemðbrain HQ 



Phenomics

Blood is a Window
Systems Approach

Discovery driven Clinical Data

EHR Data

Wearable Data

Metabolome

Genome

Proteome

Microbiome

Transcriptome

Methylome

Gero-Science
Hallmarks of Aging

Focused Approach

Hypotheses driven Epigenetic Alterations

Dysregulated Nutrient Sensing

Genomic Instability

Telomere Attrition

Loss of Proteostasis

Cellular Senescence  

Altered Intercellular 

Communication

Mitochondrial Dysfunction

Stem Cell Exhaustion

Optimized Healthspan 
of 90 Yrs and Beyond

Integration by Knowledge Graphs and Transformers



Wellness

Return to wellness

Onset of disease Disease progression

First detectable 

phenomic changes

Targeted therapy

Transition Interval

Clinical Diagnosis 

First detectable 

clinical markerConventional 

Medicine

Phenomic 

Medicine

Data-Driven P4 Healthcare: Early Detection and Reversal
Big Data and Systems -Biology Analyses of Individuals and Disease

Health has 3 stages and we can optimize each:  

wellness, transitions, disease

Transition Interval Transition Interval

Arivale 5000 4 yrs

167 transitioned

30 to cancer

10 analyzed

One



Actionable Possibilities includeé

Å Optimize wellness & agingðclinical chemistries, lifestyle optimizations, health 

trajectories

Å Ameliorate or reverse genome and/or phenome encoded deleterious 

phenotypes

Å Utilize algorithms for novel health trajectoriesðage, metabolism, frailty, 

immune function, cognition, 

Å Integrate wellness, gero-science and Traditional Chinese Medicine into the

Scientific Wellness data late to generate new health trajectories 

Å Detect early disease detection and reverse disease phenotypes

Å Enable prevention

Å Deal more effectively with the complexities of diagnosed chronic diseasesð

multimodal clinical trialsðincluding behavior change, balancing blood 

chemistries and drugs, avoiding or modifying deleterious environments

Å Identify candidate biomarkers and their drug targets for wellness, prevention 

and disease from the Scientific Wellness data lake



Where Phenome Health is taking 

data-driven health?



ǒ Generate and aggregate large -scale 

genome/longitudinal genome/phenome data  into the 

Scientific Wellness data lake for individuals both 

normal and diseased ðconnect to large federated data lakes 

from partners and bring the analytic tools to lakes to extract relevant 

meta-data

ǒ

Phenome Healthôs Objectives 

ǒ Harmonize, integrate & analyze individual genome and 

longitudinal phenome data for normal and diseased 

individuals ðyielding actionable possibilities, stratification of individuals 

and diseases, candidate biomarkers and drug targets, causal explanations 

of state transitions and IP

ǒ Invent the data -driven health of the future ðwith new 

technologies, new data types, intense analyses of existing data sets, 

AI, biobanks that capture in samples the history of disease and physiology 

cohorts for multiomic analyses and P4 education

ǒ Identify partners that provide patients, resources, new technologies, 

interesting cohorts and with an interest in joining the phenome initiative.



Five New Data Features from 

Long -Read Genomic Sequencing

1. 1. Epigenetics all methylated Cs across all human chromosomes

2. 2. Genomic indels (e.g., insertions, deletions and/or rearrangements)

3. 3. Accurate sequencing through GC rich regionsðHLA locus, pharmacogenomic genes

4. 4. Phasing of individual chromosomes (maternal and paternal contributions)ðkey to data-driven

5. family studies

6. 5. Epigenetics assessing signals from covalent DNA modifications other than methylation of Cs



Integration of Datatypes

Genomics

Epigenetics

Proteomics 

Viral History 

Immune Response

Brain Health

Microbiome

Metabolome

Wearables--
physiology

Transcriptomics 

Voice Analysis 

Algorithms for health 
trajectoriesA Multidimensional Big-Data Approach 

on Individuals with Return of Results or 
Fundamental New Disease Insights

Multispectral/saliva

Autoimmune profile


