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Introduction to Epigenetic 
Methylation Biomarkers 

About TruDiagnostic: Epigenetic Methylation Specialists

Collaborative Research 
with the top epigenetic 

research institutions

Over 35 institutional 
research board approved 

clinical trials

20,000 sq ft CLIA Lab 
3 Custom Aging and 
Imprintome Arrays

Started in July of 2020. 

Have tested over 19,000 
patients in that time with 

multi-omic covariates.

What is 

Epigenetics?
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Every cell in your body 

has the exact same DNA 

sequence.

So how do your cells act 
so differently?

It is due to what DNA 

expression is turned on 

and turn off!

https://en.wikipedia.org/wiki/Methyl_group
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Promoter_(genetics)
https://en.wikipedia.org/wiki/Transcription_(genetics)
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What do we measure? How much is measured?

Why should we measure?
The Famous Agouti Mouse Experiment

Methylation as a Biomarker and Treatment Target

Biomarkers have been defined as: 

“indicators of biological and 

pathogenic processes, or 

pharmacologic responses to a 

therapeutic intervention that defines 
what is normal while predicting or 

detecting what is abnormal.”
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Methylation as a Biomarker 

Measurement means nothing without 
interpretation of the data

12

What can Epigenetic Measurements Tell Us?

1212

Methylation is different in every cell and 
each cell has over 26 million CpG 

methylation locations. 

Due to its large coverage and its place 
in the hierarchy of the multi-ome, it is 

able to be trained more accurately than 
most other multi-omic biomarkers to 

predict many different outcomes with a 
single test. 

Beyond disease and phenotypes, 
methylation markers have been shown 

to predict prior exposures/lifestyle, 
future outcomes, and current behaviors

Tru’s epigenetic methylation methodology can be trained 
to predict all other multi-omic values
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One test to predict many chronic 
diseases, exposures and other 

omic biomarkers

TruDiagnostic becomes the best 
aging and disease predictor 

available on the market

Possibly, ONE test

● Efficacy and side effects response to 
medication

● Death prediction 
● Biological aging rate

● DNA epigenetic acetylation markers
● Serum albumin
● Adrenomedullin
● Beta-2-microglobulin
● CD56
● Cystatin C
● EGF ECM protein 1

● Aflatoxin B1
● Air pollution
● Arsenic 
● Bisphenol A
● Cadmium
● Chromium
● Lead
● Mercury

● Leptin
● Myoglobin
● Plasminogen activator inhibitor
● Tissue inhibitor metalloproteinase
● Immune cell subsets
● Senescent T Cells
● SNP polymorphisms

● Polycyclic aromatic hydrocarbons
● Persistent organic pollutants
● Smoking status (active, former, current)
● Smoking pack years
● Current alcohol intake
● Radiation exposure
● Nutrient status

... to replace MANY

13

Methylation trained to predict health phenotypes (diagnostics, prognosis, status):

Methylation trained to predict other omic biomarkers:

Methylation trained to predict exposures:

● Schizophrenia diagnosis
● Cancer (multiple types at as early as 

stage zero)
● Viral infections
● Immunodeficiencies
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Aging is the #1 risk factor for 
almost ALL chronic diseases. 

However, delaying the aging rate 
by 7 years would cut the 
incidence of disease in half!

If everyone were to increase life 
expectancy by 1 year, we would 
save  $256.7 billion and $8.8 
trillion for +10 years life 
expectancy.

Aging As a Disease

17

Since aging is the greatest risk factor for every disease, 
how can we appropriately measure it? Are there better 
methods than chronological age?

Chronological age (CA) is a commonly used indicator for 

aging. However, life expectancy shows considerable variation 

among individuals with equal or similar CAs due to diversity in 

genotypes and in living habits and environments.

A 50-year-old individual may have 60-year-old body functions, 

and many people look older or younger compared to others at 

the same CA (even in twins). Therefore, CA is not an optimal 

indicator for the aging progress.
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The History Of Biological Age Measurements

During the past decades, extensive effort has been made to identify such aging biomarkers that, according to the 

stage-setting definition (Baker and Sprott, 1988), are “biological parameters of an organism that either alone or in 

some multivariate composite will, in the absence of disease, better predict functional capability at some late age, than 

will chronological age”. Later on, the American Federation for Aging Research (AFAR) formulated the criteria for aging 

biomarkers as follows:

1. It must predict the rate of aging. In other words, it would tell exactly where a person is in their total life span. It must 

be a better predictor of life span than chronological age.

2. It must monitor a basic process that underlies the aging process, not the effects of disease.

3. It must be able to be tested repeatedly without harming the person. For example, a blood test or an imaging 

technique.

4. It must be something that works in humans and in laboratory animals, such as mice. This is so that it can be tested 

in lab animals before being validated in humans.

However, until 2013, no such marker or marker combination had emerged.

We need a way to track age… Thankfully we finally have 
one. Epigenetics Clocks!
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The Predictive Power of Epigenetic Aging: Cancer

Cancer is an age-related condition linked to epigenetic 
age acceleration

“For each one year increase in the difference between 
chronological and epigenetic age (the Δage), there was 
a 6% increased risk of developing cancer within three 
years and a 17%  increased risk of dying of cancer in the 
next five years” (Jylhävä et al 2017)

“Some cancers, tumours with fewer somatic mutations, 
indicative of more stable genomes, have greater 
epigenetic age acceleration” (Horvath & Raj 2018)

TruDiagnostic’s Focus on Aging

TruAge Pace Of Aging Intrinsic & Extrinsic Age Telomere Length

Patient Reports
Exclusively 

Licensed from Duke 
for All Verticals

Contains Immune 
Cell Subset 

Novel IP

Built for contextual benefit to 
the patient and for 

epidemiological review on 
epigenetic aging.

One of the most accurate 
clocks and most predictive 

of age related outcomes

Reported in almost every 
publication, this helps us 

most decide clinical 
recommendations

More correlated and 
predictive of outcomes than 
regular telomere length but 
not clinically relevant yet.
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The History of Epigenetic Clocks 
Landscape of Clocks

1st Gen. Clock

Trained using Chronological Age

Age ~ CpG Methylation + Age + Sex 

+ …

2nd Gen. Clock

Trained using Aging Phenotypes

Biomarker ~ CpG Methylation + Age 

+ Sex + …

3rd Gen. Clock

Trained using Aging Phenotype and 

measurements, produces a 

instantaneous rate of aging 

Bergesma and Rogaeva, 2020

We can also tell you your rate of aging!
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Faster Pace of AgingSlower Pace of Aging

The DunedinPACE is the Most Predictive Clock

Dunedin Study members with methylation 

data at age 45, N = 817 had measured Pace of 

Aging (M = 0.99, SD = 0.30). This group 

formed the analysis sample to develop 

DunedinPACE.
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The DunedinPACE is the Most Predictive Clock
DunedinPACE associations with health-

span endpoints were little-changed by 

covariate adjustment for the Horvath, 

Hannum, or PhenoAge Clocks. In 

models adjusted for GrimAge, 

DunedinPACE associations with 

mortality, CVD, and disability were 

attenuated, but remained statistically 

different from zero (mortality HR = 1.24 

[1.49–1.74], CVD HR = 1.18 [1.05–

1.34], Nagi ADL IRR = 1.27 [1.02–

1.58], Katz ADL IRR = 1.26 [1.02–

1.54], Rosow-Breslau ADL IRR = 1.27 

[1.08–1.50]); associations with stroke 

were similar to unadjusted models (HR = 

1.33 [1.05–1.69]). Results for all models 

are reported in Supplementary file 1C. 

Thus, Dunedin PACE adds incremental 

prediction over and above all clocks 

studied here.”

The DunedinPACE is the Most Predictive Clock

Even just being slightly above an aging rate 

of 1 biological year/chronological year can 

increase your risk of death by 56% in the 

next 7 years and increase your risk of a 

chronic disease diagnosis by 54% over the 

next 7 years. 

In fact, patients who were considered fast agers, 

were 16% more likely to die and 23% more likely to 

develop a chronic disease. That means they were 

65% more likely to die in our cohorts than those at 

normal or slow aging.

One-leg Balance Test

Pace of Aging 26 - 45 R = 0.36, p < 0.001

Each plotted point represents 20 study members
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Faster Pace of AgingSlower Pace of Aging

https://elifesciences.org/articles/73420/figures#supp1
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Pace of Aging 26 - 45 R = 0.07, p = 0.033

Each plotted point represents 20 study members

Grip Strength

Cognitive Decline 
(IQ Change from Childhood to Age 45)

Pace of Aging 26 - 45 R = 0.16, p < 0.001

Each plotted point represents 20 study members

Cortical Thickness and Surface Area of the Brain 
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Pace of Aging 26 - 45 R = 0.32, p < 0.001

Each plotted point represents 20 study members

Faster Pace of AgingSlower Pace of Aging

Facial Aging

10 slowest-aging
cohort members

10 fastest-aging
cohort members

10 average-aging
cohort members

Significant Variation in Facial Aging

The DunedinPACE has the Highest Correlations to Quality of Life 
Metrics
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The DunedinPACE has the Highest Correlations to Quality of Life 
Metrics

The DunedinPACE is the Most Precise Clock

The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

***This is EXTREMELY important
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The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

Change from baseline to 12-
and 24-month follow-up in 

DunedinPACE (Pace of Aging) 
measures of aging in ad libitum 
(AL) and caloric restriction (CR) 
groups in CALERIE Trial (Waziry, 

R., et al.)

The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

CALERIE RCT of caloric restriction (N=197)

The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

ADNI Study of ADRD (N=649)
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Better together!

From the previous slide we know that chronological clocks, phenotypic clocks, and telomere 
length don’t really correlate well with each other meaning they represent different processes.

“Evidence that TL and epigenetic clock estimates are independent predictors of 
chronological age and mortality risk was obtained in the study by Marioni et al. (2018)
performed in two Scottish cohorts aged from 70 to 90 years.

In both cohorts studied, combined whole-blood TL and DNAm age explained more 
variance in age than each of them individually. In a combined cohort analysis, TL 
and DNAm age explained 2.8 and 28.5% of the variance in age, respectively, 
and jointly they explained 29.5%. Also in a combined cohort, one standard deviation 
increase in a baseline DNAm age was associated with a 25% increased mortality risk (p < 
0.001) while in the same model, one standard deviation increase in a baseline TL was 
independently associated with an 11% reduced mortality risk only (p = 0.05).”

The Difficulty in Reversing Aging:

At the moment, it is VERY difficult 
to make major differences in aging! 

Aging is extremely complex and 
multi-factorial.  While we would 
love to see these age markers 

decrease every time we test.  This 
isn’t likely.  If it were, we would be 

immortal

We can SLOW this process for 
now.

Case Studies

https://internal-journal.frontiersin.org/articles/10.3389/fgene.2020.630186/full#B105
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Epigenetic Age Reduction Case Study: 
Patient #1

Patient 

Initials

Kit 

Number Chronological Age TL

PC 

Extrinsic PC Intrinsic DunedinPACE

ANON-1 #1 37.26 7.186274 36.65 51.746611 1.01

The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

***This is EXTREMELY important

The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

Change from baseline to 12-
and 24-month follow-up in 

DunedinPACE (Pace of Aging) 
measures of aging in ad libitum 
(AL) and caloric restriction (CR) 
groups in CALERIE Trial (Waziry, 

R., et al.)
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The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

CALERIE RCT of caloric restriction (N=197)

● β

● β

● β

Major Diet Recommendations:
Diet Quality Matters

Results: All 4 healthy eating indexes had inverse 

associations with epigenetic age acceleration, most notably 

with PhenoAgeAccel and GrimAgeAccel. Of these, the 

strongest associations were for HEI [per 1-SD increase in 

diet quality, PhenoAgeAccel β = −0.5 y (95% CI: −0.8 to 

−0.2 y) and GrimAgeAccel β = −0.4 y (95% CI: −0.6 to −0.3 

y)]. Although effect modification was not observed for most 

lifestyle factors, in analyses stratified by physical activity, 

the benefits of a healthy diet on epigenetic age acceleration 

were more pronounced among women who did not meet 

physical activity guidelines (reporting <2.5 h/wk of exercise). 

Conclusions: Higher diet quality is inversely associated 

with methylation-based measures of biological age. 

Improving diet could have the most benefits in lowering 

biological age among women with lower levels of physical 

activity
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Major Lifestyle Recommendations:
Reduce Stress
Our results indicate few significant associations between work 

stress indicators and epigenetic age acceleration, limited to a 

range of ±2 years.

PhenoAgeAA was associated with job strain active work (β=-1.301 

95%CI -2.391, -0.212), slowing aging of less than 1.5 years, and 

working as white-collar slowed aging six months (GrimAgeAA β=-

0.683, 95%CI -1.264, -0.102) when compared to blue collars.

Association was found for working for more than 40 hours per 

week that increased the aging over 1.5 years, (HorvathAA β 

=2.058 95%CI 0.517,3.599, HannumAA β=1.567, 95%CI 

0.415,2.719).

Rate of aging: DunedinPoAm

For the unadjusted fit, we found a statistically significant 

association for being working as white-collar - β=-0.015, 95%CI -

0.026, -0.003) compared with being blue-collar. Effort (β=0.009, 

95%CI 0.001,0.018) and evening shift increase the rate of aging of 

less than 2% (β=0.015, 95%CI 0.001,0.03).

Epigenetic Age Acceleration: 
Lifetime Stress

Epigenetic Age Acceleration: 
Relaxing Treatment
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Epigenetic Age Reduction Case Study: 
Patient #1

Epigenetic Age Reduction Case Study: 
Patient #1

Patient 

Initials

Kit 

Number

Chronological 

Age TL

PC 

Extrinsi

c PC Intrinsic

DunedinPA

CE

ANON-1 #1 37.26 7.18 36.65 51.746611 1.01

ANON-2 #2 38.19

7.20

37.19 51.96 .95

Delta .93 .02 0.54 0.213389 -0.06

Diabetes has many markers in the Methylome

Loci Specific methylation can yield clinical insight.
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A DNA methylation score 

of 5.0% or greater at the 

PHOSPHO1 locus 

cg02650017 in blood 

DNA was associated with 

a 15% decreased risk for 

future type 2 diabetes 

occurrence.

Your DNA methylation score 

at ABCG1 locus cg06500161 

gives an indication of your 

level of risk for type 2 

diabetes; if your

score is 70.1% or greater it is 

associated with a 9% 

increased risk for future type 2 

diabetes occurrence.

This can be used as a good 
metric to measure patient 
adherence. 

Smoking and Drinking 
Reports

63
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