
Epigenetic Biomarkers



Aging is the most important risk factor for major human lifestyle diseases, including cancer, neurological and cardiometabolic disorders. Due to the 
complex interplay between genetics, lifestyle and environmental factors, some individuals seem to age faster than others, whereas centenarians seem 
to have a slower aging process. Therefore, a biochemical biomarker reflecting the relative biological age would be helpful to predict an individual's 
health status and aging disease risk. Although it is already known for years that cumulative epigenetic changes occur upon aging, DNA methylation 
patterns were only recently used to construct an epigenetic clock predictor for biological age, which is a measure of how well your body functions 
compared to your chronological age. Moreover, the epigenetic DNA methylation clock signature is increasingly applied as a biomarker to estimate 
aging disease susceptibility and mortality risk. Finally, the epigenetic clock signature could be used as a lifestyle management tool to monitor healthy 
aging, to evaluate preventive interventions against chronic aging disorders and to extend healthy lifespan. Dissecting the mechanism of the 
epigenetic aging clock will yield valuable insights into the aging process and how it can be manipulated to improve health span.

Epigenetic Biomarkers: Overview
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Source: Fu-Hui Xiao et al. Dynamic DNA Methylation During Aging. 2019, 
Declerck and Berghe. Epigenetic clock plasticity towards healthy aging. 2018
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The multi-tissue DNA methylation-based (DNAm) age 
estimator (blue line), also known as Horvath’s clock, 
stands out in terms of its correlation with chronological 
age across multiple tissue types, its high accuracy in 
children, its strong correlation with gestational age 
(differentiation day) in neuronal cell culture models and 
the homogeneity of its age estimates across tissues, 
for example, 30 tissue samples collected from a 
supercentenarian (>110 years). The phenotypic age 
estimator (green line), or DNAm PhenoAge stands out 
in terms of its predictive accuracy for time to death, its 
association with smoking status and its association 
with various markers of immunosenescence. In general, 
DNAm PhenoAge and DNAm age as calculated by the 
single-tissue age estimator known as Hannum’s clock 
(red line) outperform other blood-based biomarkers in 
regard to lifespan prediction. Supplementary 
information contains the data and details on the 
construction of this radar plot. AA stands for 
(epigenetic) age acceleration, for example, ‘AA blood’ 
denotes age acceleration in blood. BMI, body mass 
index. 

Epigenetic Biomarkers: Сomparison of Three DNA Methylation-based 
Biomarkers of Ageing 
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DeepMAge: Methylation Aging Clock

DeepMAge was trained in 4930 blood samples and verified in 1293 
samples from 15 independent studies. The median absolute error 
achieved by DeepMAge is lower than in any other comparable aging 
clock.

Deep Longevity, the Hong-Kong based Longevity start-up has 
released scientific details on its new aging clock. DeepMAge 
was trained to predict human age on more than 6000 DNA 
methylation profiles, analyzing methylation patterns to estimate 
age within a 2.77-year error margin, which the company claims 
is more accurate than any other human aging clock.

Aging Analytics Agency 96Source: EurekAlert!, DeepMAge: most accurate aging clock, Galkin et al. Biohorology and biomarkers of aging. 2020

https://deeplongevity.com/


Hillary & collaborators present further evidence that the GrimAge clock exhibits remarkable promise as a biomarker of aging. Using data 
for some 709 individuals (mean age=73) participating in the 1936 Lothian Birth Cohort (LBC), they reported that GrimAgeAA was inversely 
associated with lung function, levels of iron, LDL and total cholesterol; and positively associated with measured weight, body mass index, 
C-reactive protein, creatinine, and interleukin 6. GrimAgeAA was also found to be negatively associated with performance on a battery of 
cognitive ability measures including, choice reaction time, digit symbol-coding, symbol search, matrix reasoning, and general 
intelligence, decreased brain region volume, and increased white matter hyperintensities. It also predicted increased risk of all-cause 
mortality with an 81% increase in hazard per standard deviation increase in GrimAgeAA.

Plots describing the 
relationship of the physical 
and cognitive outcome 
measures by age and sex 
Legend: Fitted regression 
lines were estimated using 
locally weighted scatterplot 
smoothing As 
polypharmacy was a binary 
outcome, we plotted the 
proportion of cases taking 
5+ medications in 10 
year-age intervals.

GrimAgeAA: Epigenetic Ageing Clock
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Source: McCrory et al. GrimAge outperforms other epigenetic clocks in the prediction of age-related clinical phenotypes 
and all-cause mortality. 2020



Epigenetic Biomarkers: TRL Analysis

TRL average = 4.88
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Epigenetic Biomarkers: SWOT Analysis

99
Source: Fransquet et al. The epigenetic clock as a predictor of disease. 2019, Hannum et al. Genome-wide Methylation Profiles. 
2012, Steve Horvath, DNA methylation age of human tissues. 2013, Galkin at al. Biohorology and biomarkers of aging. 2020Aging Analytics Agency

Opportunities Threats

WeaknessesStrengths

● Larger cohorts, more age groups, and health conditions would be needed to 
properly take into account the interindividual variability, as well as any 
potential association with lifestyle and nutritional differences.

● DNAm markers are directly used to estimate time to death.
● Neither GrimAge not PhenoAge are aging clocks: their definitions of age 

acceleration are not intended to approximate CA. 

● DNA methylation age biomarkers may be good predictors of age-related 
diseases and mortality risk.

● The most widely used and well-validated epigenetic clocks the Horvath clock  
and Hannum’s clock.

● Age-dependent CpG signatures can be defined independently of sex, tissue 
type, disease state and array platform. Multi-tissue age predictor - high 
accuracy in the training data (age correlation 0.97, error = 2.9 years). Age 
predictor performs well in heterogeneous tissues.

● DNAm clocks are the most popular so far.

● It remains to be seen whether the  DNAm age of easily accessible 
fluids/tissues (for example, saliva, buccal cells, blood, skin) can serve as a 
surrogate marker for inaccessible tissues (for example, brain, kidney,  liver).

● Future research will need to clarify whether DNAm age is only a marker of 
aging or relates to an effector of aging.

● Methods are invasive, rely on expensive assays of tissue samples. The low 
cost methods are needed.

● Ethical and legal challenges might be a serious concern for practical 
implementation, due to negative public perception — similarly to genetic 
biomarkers. 
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CHRONOMICS (United Kingdom): Deliver excellence in objective measures of health. Specialise in the defining of, use of 
and actions from health biomarkers. Specifically, they focus on biomarkers from large biological data (omics), such as 
epigenomic data and those that are dynamic over time. Products/Services: Epi Health. Informational Purpose Test. 
Healthcare-Ready. Biotechnology.
LIFE LENGTH (Spain): The world's leading technology platform for telomere measurement. Life Length was established in 
2010 as a spin-off of the prestigious National Cancer Research Center (CNIO), positioning itself as the only company in the 
world capable of measuring telomeres in each cell at a chromosomal level, in addition to one of the few laboratories in 
Europe, and the only one in Spain, which has the CLIA certificate (granted by the FDA) and ISO 15189. Products/Services: 
Telomere length and biological age testing. Informational Purpose Test. Healthcare-Ready. Biotechnology.
MiRXES PTE LTD (Singapore): Products/Services: Biotechnology, Cancer Diagnostics, Health Care, Life Science. MiRXES 
ID3EAL mi RNA assay.  Research Use Only. Biotechnology.
TruDiagnostic (United States): TruDiagnostic is a state of the art epigenetic testing company which offers testing for clinical 
practitioners and their patients hoping to read their methylation patterns to help diagnose and affect health outcomes. 
Products/Services: TruAge™ Epigenetic Test Kit.  Informational Purpose Test. Healthcare-Ready.
TELOYEARS (United States): Privately held DNA testing company committed to helping people improve their cellular health.  
Products/Services: TeloYears + Advanced Ancestry. Informational Purpose Test. Healthcare-Ready. Clinical laboratory.
EPIFY (The Netherlands): Epify was founded when a collaboration between Maastricht University and the bioinformatics 
group of Ghent University identified a need for their knowledge of epigenetic biomarkers to be translated into care for cancer 
patients. Epify will combine the scientific expertise from these institutions with a sound business knowledge to create 
industrial applications that ensure the biomarkers are used to their full potential and are made accessible to patients and 
clinicians. Products/Services: Epigenetic cancer biomarkers. Informational Purpose Test. Research Use Only. Clinicaly 
validated. Apps, Biotechnology, Information Technology.

Epigenetic Biomarkers: Commercial Examples
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http://www.chronomics.com/
https://lifelength.com/
https://mirxes.com/
https://www.teloyears.com/home/
https://epify.nl/


Epigenetic Biomarkers: Publications Overview

Publication Index (Ratio between Aging/Longevity Biomarkers and Total Publications)

Aging Analytics Agency 101



1. Telomere length
2. DNA methylation (DNAm)
3. Histone H3K4me2/3
4. H3K36me3
5. H3K9me3
6. Remodeling of chromatin
7. CpG sites regions of DNA
8. H3K9mc3
9. H3K27me3

10. HP1

10. Activation of the p53/p21CIP1
11. p16INK4A/pRb signaling pathways
12. Increased senescence-associated β-galactosidase 

activity
13. Formation of senescence-associated 

heterochromatic foci (SAHF)
14. CpGs dinucleotides
15. Mitochondrial DNA copy number
16. Cell-free DNA

Epigenetic changes are but one of a number of emerging molecular biomarkers of altered molecular function in aging that 
may be predictive of health status. Recent studies have examined the novel molecular marker p16INK4a, which is classically 
known for its capacity to inhibit cyclin-dependent kinase activity. Long-term p16INK4a expression is a promoter of cellular 
senescence, a process of irreversible cell-cycle arrest and the loss of regenerative capacity. Therefore, precise regulation of 
p16INK4a is essential to tissue homeostasis, maintaining a coordinated balance between tumor suppression and aging. As 
yet, studies in human populations and differing cell types have yet to be conducted to provide evidence of its potential as a 
biomarker of healthy aging.
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Selected List of Epigenetic Biomarkers


