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The Increasingly Necessary Role of AI in Longevity Research

● As with the Rejuvenation Biotechnology 10 years ago, today the technology again is ahead of 
the policy, and the practical healthcare and medical frameworks of developed countries, 
necessitating a paradigm shift toward greater prevention, personalization, precision and 
patient participation, utilizing all available tools and technologies that are market-ready today 
to optimize citizens’ Healthy Longevity.

● The layering of paradigms, and the explosion of synergies that Data Aggregation in healthcare 
will produce within a short timeframe, means that by the normal methods of assessment, the 
science of Longevity will soon be comprised of tens of thousands of components, and to 
predict the effects of all of them on human health is already an incredibly complex challenge. 
The major tool for managing this will be AI. Hence why Aging Analytics Agency have long 
considered AI the major engine and driver of future Longevity science and industry.

● This is especially true of P4 medicine itself. P4 is defined by the fact that its constituent 
leading-edge technologies have already achieved a state of market-readiness and clinical 
implementation. As such, when different strands of geroscience R&D reach a state of 
validation sufficient for their practical implementation, they cross over from R&D and into the 
scope of P4 medicine.

● Given that P4 medicine, by definition, consists of those Longevity-relevant technologies and 
techniques that are in practice today, what remains to be done in terms of actually applying 
them for the extension of Healthy Longevity is largely a matter of data mining, analysis and 
management, driven by advances in biomedicine, data science and Artificial Intelligence. 

● For example, as AI for R&D in drug discovery becomes more sophisticated, drugs will become 
more customized to specific diseases and even specific patients. Drug development 
companies will transition from the current form of “blockbuster drugs” (standard drug 
formulations applicable to many millions of patients) to P4 medicine, tailoring drugs to 
specific patient cases based on age, gender, ethnicity, state of health and genetics.
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The Increasingly Necessary Role of AI in Longevity Research

The first and second Ps in P4 Medicine are personalized and precision, which refer to the drugs and treatments that will be designed and applied using 
precise, individually-tailored methods of dosing, cocktail compositions of micro-dosages, and efficient methods of delivery. Such advances also 
represent a move toward greater prevention (the third P in P4 Medicine), and a shift away from reactionary treatments and towards optimized disease 
prevention, by the application of micro-dosages of drugs long before the underlying pathology develops into actual chronic disease. Healthy Longevity 
means prevention rather than treatment, through the maintenance of optimal states of health via continuous monitoring of Biomarkers, and 
micro-adjustments in therapeutic, lifestyle and behavioural regimes to normalize those Biomarkers. 

The fourth P in P4 Medicine is participatory, which refers to the increasingly active role that patients are taking in managing their own health, 
culminating in a situation where citizens are empowered with the tools, approaches and services capable of enabling continual micro-adjustments to 
their behavioural, lifestyle and therapeutic regimens in response to continuous AI-empowered monitoring of micro-changes in Biomarkers that measure 
state of health and predict risk of diseases long before their actual onset and progression.

Biomarkers are measurable indicators of a biological state and are the primary metric in P4 medicine. They are used to measure the presence of 
disease and to help determine a prognosis. They are used in numerous kinds of research, both in vitro and in vivo, and almost always include human 
studies. The process involves continuously monitoring a person and recommending a series of corrective interventions. The ongoing monitoring of 
small changes in health, and micro-adjustments to treatment, requires a panel of biomarkers. It will be impossible to make progress in biotechnology 
and preventive medicine without such biomarkers. 

The role of AI in P4 Medicine is already remarkably apparent, especially in places such as the UK, USA, Switzerland and Singapore. For example we 
have seen very proactive efforts by the UK government, both through their AI Industrial Grand Challenge and their Aging Industrial Grand Challenge, to 
rapidly apply AI to preventive medicine, advanced biomedicine and Digital Health, and the recent establishment of the All-Party Parliamentary Group for 
Longevity, where Aging Analytics Agency was proactively involved.
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Digital Transformation of the Health and Longevity Industry
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The future of health will be driven by digital transformation enabled by radically interoperable data and open, secure platforms.  Radically 
interoperable data and AI can empower consumers in ways that are difficult to visualize today. Data about individuals, populations, institutions, and the 
environment will be at the heart of the future of health.

digital transformation

LONGEVITY INDUSTRY

Aging Analytics Agency
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Biomarkers and Data Science in the Core of P4 Medicine

Not only do new methods of standard industry 
benchmarking and forecasting need to be 
developed to combat the issues of 
overcomplexity and multidimensionality in the 
Longevity Industry, but new methods of testing 
the basic safety and efficacy of Longevity and 
Precision Health prevention, diagnostics, 
prognostics and therapeutics need to be 
adapted as well, moving away from the use of 
model organisms, towards a more 
human-centric approach. 

Digital biomarkers satisfy all these new 
industry requirements: they can be 
continuously tested on all users, notifying 
adverse micro-effects and ultra-stratifying 
patients.
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A  large  part  of  health  information  is  digitized,  which  allows  us  to  compile  enormous  amount  of  data,  access  global servers, and compare 
patient information, sort of a  dynamic  repository  of  information  that  is  constantly  being updated. The massive advance as far as these databases 
facilitates  doctors  in  their  diagnostic  process,  their  ability  to  measure,  analyze,  compare  patients,  and  produce  medical  reports  that  are  
more  accurate  and  personalized,  that  will,  in  turn,  lead  to  the  best  available  therapy  or  treatment of the time.

The intensive application of AI to all stages of Longevity and Preventive Medicine R&D, and healthcare, has the potential to rapidly accelerate the clinical 
translation of experimental, validated and non-validated biomarkers, toward diagnostics, prognostics and therapeutics, to empower patients to 
ultimately become the CEOs of their own health through continuous AI-driven monitoring of minor fluctuations in biomarkers, and the rapid 
development of the global Longevity Industry to scale.

Digital avatar visualizes a combination of Biomarkers and other diagnostic results
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The diagnostic technologies of the future 
are grounded in colossal bodies of data 
which are incomprehensible by current 
linear methods, and that will span every 
stage in the development of a  pathology, 
from the exposome to the epigenome.
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Data Science for Biomarkers

To shorten that translation delay from Research Use Only (RUO) and non-validated biomarkers and panels, to an Approved for Clinical Use (ACU) 
condition in the field of age-related diseases health care, and for a deep impact on applied health in a world of aging populations, it is an essential 
challenge, to obtain a set of biomarkers already Approved for Clinical Use with high availability and actionability, and use it in conjunction with others, 
market- and healthcare-ready although less conventional biomarkers gathered in digital real-time monitoring environments. That will enable a 
sufficiently accurate assessment of the overall process of aging, calculation of biological age, and analysis of the progression of particular elderly 
conditions nested by biomarker networks leading to the creation of a Most Viable Product, or the Minimum Required Panel.

Biomarker networks, which consist of the alignment between interactome and phenome levels, reveals new disease genes and connections between 
previously unrelated diseases or traits. Despite a great potential for novel discoveries, this approach is still rarely used in genomics and other omics. A 
biomarker network is a group of functionally related units of indicators, of any biological level, that contribute to the same phenotype - understanding by 
phenotype a molecular, metabolic, immune, physiological or physical trait, and so on-, pathological or not. The interactome - the whole set of molecular 
interactions for a trait, a condition, a disease, a cell or another biological unit-, and the phenome - the set of all phenotypes expressed by that unit-, are 
complexly connected at multiple levels. At the root of these networks is the epigenome. Only AI-driven methods can efficiently address such 
complexity, those colossal bodies of data that can be currently entered into multiple and different digital platforms.
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Data Science and AI Making Complex Biomarkers Available

Unlocking the value of epigenetic data for actionable insights will drive aging research, 
precision medicine, and ultimately population health. Fundamental questions should be 
addressed by integrative personal omics profiling with epigenomics at its center, 
combining genomic, transcriptomic, proteomic, metabolomic, and autoantibody profiles 
from an individual to reveal dynamic molecular changes in health and disease. With the 
evolution of better technologies and digital capacity, enormous amounts of omics data 
will be produced and stored in the digital space and researchers will need AI to be able to 
keep track of it. AI is already transforming the world of medicine and will help healthcare 
providers make faster and more accurate diagnoses. Based on epigenetic data, deep 
learning algorithms will predict the risk of a disease in time to prevent it and will help 
scientists understand how interindividual epigenetic variability leads to disease. 
However, ensuring security and privacy in transmitting and storing personal epigenetic 
profiles will require building a new and open multi-omics data ecosystem. Blockchain, an 
open-source technology that uses a distributed database for secure transactions, has 
the potential to address many of the challenges related to security and privacy with 
personal health information. Blockchain technology enables integrating data from a 
distributed network of participants in the healthcare value chain on a global scale. We 
are in the initial stages of a revolution in precision medicine enabled by advanced 
technologies such as epigenomics, AI, and blockchain. The pioneering effort by early 
adopters from the research space is critical for putting these technologies within reach 
of the broader healthcare ecosystem.
Multilevel artificial neural network to support epigenetics research. At the input layer, multi-omics and demographic data are fed into the network. Each circular node 
represents an artificial neuron and each line represents a connection from the output of one neuron to the input of another. Machine learning enables data-driven decision 
systems to continuously learn from new epigenetic data and adapt itself to deliver “reliable and repeatable” results.
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Systems healthcare is a holistic approach to health premised on systems 
biology and medicine. The approach integrates data from molecules, cells, 
organs, the individual, families, communities, and the natural and 
man-made environment. Both extrinsic and intrinsic influences constantly 
challenge the biological networks associated with wellness. Such 
influences may dysregulate networks and allow pathobiology to evolve, 
resulting in early clinical presentation that requires astute assessment and
timely intervention for successful mitigation.

The cornerstone of P4 Medicine, as in systems health, is the evaluation of 
dysfunctions of molecular or biomarker networks. The P4 Medicine 
paradigm involves a comprehensive understanding of the regulation and 
dysregulation of the complex molecular networks that forge the 
phenotype of an individual. In this framework, disease is a consequence 
of aberrant reconstitution of cellular and molecular networks that lead to 
organ and organismal dysfunction (e.g., the patient’s clinical  
presentation). 

The interaction of the diseased organ within the person produces a cascade of dysregulated networks, resulting in associated comorbidities, some of 
which are evident and others that are asymptomatic (preclinical). In the state of wellness, networks are precisely regulated via complex homeostatic 
mechanisms. Through one or a series of network (or sub-network) perturbations, wellness is driven toward altered nodal activity. Such nodal 
modulation constitutes the at-risk state, and although preclinical, it typically provides systemic signatures, which can be discerned and quantitated, and 
enable detection of dysregulation during a preclinical stage. Systems level wellness, disease prevention, and health, therefore, aim to characterize 
specific nodal perturbations, some environmentally mediated, others rooted in the complexities of the intrinsic multidimensional networks only 
revealed via the aforementioned perturbations.

Creation of topological maps of health and disease. 
“Omic” latin suffix, or “ome” = mass or many. 
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Machine and Deep Learning, systems health and multi-omics 
technologies revolutionize the way we acquire and process data. At their 
core, AI algorithms dissect the data to learn their structure and 
associations within, often without the need of specific knowledge on 
processes and models that generated them. The strength of AI techniques 
is proportional to the size and quality of the data amassed. At the same 
time, sequencing and molecular technologies can generate a vast amount 
of high quality data in an inexpensive, reproducible way and hence they 
allow an unprecedented system-level view of any organism. These 
datasets, which can come from a variety of sources, equipment and 
experimental settings, are in their majority not ready to serve as training 
sets to computational models, Machine and Deep Learning methods, as 
they have not been created with that function in mind. As such, there is a 
clear need for methods that process, normalize, integrate and transform 
the plethora of heterogeneous multi-omics data to cohesive compendia 
that can be used as a training grounds for further analysis and learning.

Machine and Deep Learning analytics has been applied in biology to deal 
with the intrinsic complexity in omics data with a long history and its 
integration in recent years. The high-level overview of the machine- 
learning analytic pipeline for integrated multiomics data consists of data 
preprocessing, modeling, and active learning. Once a model is constructed 
and evaluated, active learning guides what experiments to perform next to 
minimize uncertainty in the model. 

Three major steps involved in AI-driven multi-omics: Data acquisition, 
multi-omics integration and predictive modeling. An end-to-end 
pipeline for multi-omics data as a source of biomarkers for health care, 
biological age precise calculation and extension of lifespan. 

Data Science and AI Making Complex Biomarkers Available
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Machine and Deep Learning analytics over integrated multi-omics data have the capacity to make far-reaching impacts across multiple industries. In 
biomedical applications, finding therapeutic targets and biomarkers is one of the major issues in human health, and such efforts are being more and 
more translated into the real world (e.g. BERG, Eagle Genomics). Antibiotic resistance is of paramount importance as it is considered a global threat 
and machine learning methods can be applied for predicting antibiotic resistance from the molecular signature of clinical isolates to select effective 
antibiotics. In food and nutrition science, optimizing nutrition treatment for individuals is enabled by machine learning over personal omics data 
accompanied with dietary information.

One  prominent  example  of  applying  deep  learning  comes  from  gaming.  In  2016,  the  program  AlphaGo  beat  the  world  champion  Lee  Sedol  
in  four  out  of  five  games  of  Go,  a  complex  ancient  Chinese  board  game.  It  was  a  huge  victory  for  AI  that  came  decades  earlier  than  most  
experts  believed possible. AlphaGo was developed by DeepMind, a subsidiary of Google that focuses on AI. Instead of relying on explicit programming, 
DeepMind applies general-purpose learning algorithms to large data set to make predictions. It is this type of advancement in machine learning that is 
delivering on  the  promise  of  real-time  diagnostics  and  revolutionizing  the  future  of  precision  medicine.  In  the  same year, the field of machine 
learning changed significantly because most of the major information and communication technology (ICT) companies have made their deep learning 
codes open source and available to anyone. Consequently, most major machine learning implementations are available for free to use and modify for 
everybody. This means it is possible for all researchers to set up a simple machine intelligence with nothing more than a laptop and a web connection. 
Already, there are over 50 different deep learning tool sets available and most are already open source.

As a key case study that cannot be omitted, some early approaches to merge epigenetics and deep learning exist already. One of them is DeepCpG,  
which  was  designed  to  help  scientists  learn  about  the  connections  between  genomic  data  and  DNA  methylation  to  make  predictions  about  
DNA  methylation  in  single  cells. In  particular, DeepCpG is trained to predict binary CpG methylation states from local DNA sequence windows and 
observed neighboring methylation states. The trained DeepCpG model can be used for  different  downstream  analyses,  including  imputation  
low-coverage  methylation  profiles  for  sets of cells and discovery of DNA sequence motifs that are associated with methylation states and cell-to-cell  
variability. The  long-term  goal  of  using  deep  learning  algorithms  is  to  predict  the  effect  of  epigenetic  drift  and  epimutations  on  a  cell’s  
regulatory  landscape  and  how  this,  in  turn,  affects  disease  development. And aging itself.

Data Science and AI Making Complex Biomarkers Available
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Key points:
● As the complexities of Longevity science and technology increase, 

and as the volume of data continues to amass, the role of AI in both 
analyzing and understanding becomes completely necessary for 
continued progress and industry development

● While AI for Longevity is still an emerging and underrepresented 
sector within the global Longevity Industry, its extreme disruptive 
potential makes its eventual emergence as a core and integral area of 
growth and development inevitable

● AI for Longevity will become one of the most impactful sectors within 
the industry in the next several years, and make its potential to 
accelerate the continued development of the industry apparent in 
almost every sector, from Longevity R&D to therapeutic development, 
P4 Medicine, biomarker discovery, and even non-biomedical sectors 
such as the Longevity Financial Industry.

Awareness of the importance of utilising Artificial intelligence within 
aging and longevity research is rapidly increasing in academia and 
industry. Modern deep learning techniques used to develop age 
predictors offer new possibilities for diverse data types. This will 
enable a holistic view to identify novel biomarkers, but it will also 
bring novel geroprotectors and will become the core of drug 
discovery and healthcare in biotechnological, pharmaceutical and 
health industries, integrating them like never before. 

Data Science and AI Making Complex Biomarkers Available
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