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Epigenetic clocks of ageing and 
disease
• Global DNA methylation levels decrease with age
• Specific markers of the time that passes à epigenetic clocks of 

ageing
• Meta-analyses on 40’000 participants: association with 

mortality, time-to-death, cancers incidence, cardiometabolic and 
neuro-degenerative diseases
• Pan-mammalian clock

Heyn, Holger, et al. "Distinct DNA methylomes of newborns and centenarians." Proceedings of the National Academy of Sciences 109.26 (2012): 10522-10527.

Horvath, S., Raj, K. DNA methylation-based biomarkers and the epigenetic clock theory of ageing. Nat Rev Genet 19, 371–384 (2018)

Lu, A.T., Fei, Z., Haghani, A. et al. Universal DNA methylation age across mammalian tissues. Nat Aging 3, 1144–1166 (2023). https://doi.org/10.1038/s43587-023-00462-6

Fransquet, P. D., et al. (2019). The epigenetic clock as a predictor of disease and mortality risk: a systematic review and meta-analysis. Clinical epigenetics, 11(1), 1-17.





DNA Methylation as Biomarkers of 
Lifestyle & Environment
• Mice and human studies à Transgenerational implications of 1-carbon 

metabolism cofactors in maternal diet during offspring conception and 
pregnancy, lasting up to 60 years

• Diet quality is linked to hundreds of DNA methylation modifications in genes à 
adiposity, glucose control and chronic inflammation

• Individual foods items (cruciferous, leafy veg., garlic, …) à direct DNA 
methylation modifications

• Mediterranean diet, supplements of VitD, VitA, calcium à positive impact on 
biological age 

• Alcohol, tobacco smoke à hundreds of direct DNA methylation modifications
Garcia-Garcia, I., et al. Frontiers in Aging (2024)

Cooney C.A. et al. Journal of nutrition (2002); Dominguez-Salas, P., et al.. Nat Commun (2014); 
Heijmans, BT., et al. PNAS (2008); Tobi, E., et al. Nat Commun (2014; Tobi, EW., et al. 
Science advances (2018); Cheng M, et al. Innov Aging (2023)

Do, Whitney L., et al. "Epigenome-wide association study of diet quality in the Women’s Health Initiative and TwinsUK 
cohort." International journal of epidemiology 50.2 (2021): 675-684.

Liu et al. (2018) A DNA methylation biomarker of alcohol consumption. Molecular Psychiatry 23: 422-433
Joehanes, Roby, et al. "Epigenetic signatures of cigarette smoking." Circulation: cardiovascular genetics 9.5 (2016): 436-447.

Hellbach, F., et al (2022). Association between usual dietary intake of food groups and DNA methylation and effect 
modification by metabotype in the KORA FF4 cohort. Life, 12(7), 1064.



Interventions to improve 
epigenetic biomarkers
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Reversibility of epigenetic age

8-weeks program
+ diet guidance
+ diet supplementation
+ exercise
+ sleep
+ stress management

N = 43

Fitzgerald KN et al. (2021). Potential reversal of epigenetic age using a diet and lifestyle 
intervention: a pilot randomized clinical trial. Aging (Albany NY), 13(7), 9419.
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Comparison of DNAmAge change between 
treatment and control groups. 

8-weeks diet
+ diet guidance
+ diet supplementation
+ sleep
+ exercise
+ stress management

-> -3.3 years DNAmAge

N = 43

Reversibility of epigenetic age

Fitzgerald KN et al. (2021). Potential reversal of epigenetic age using a diet and lifestyle 
intervention: a pilot randomized clinical trial. Aging (Albany NY), 13(7), 9419.
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Reversibility of epigenetic age

• DERECT PLUS: RCT 
polyphenol-rich diet

• 18 months follow-up

• 230 participants

• Green tea & green 
mankai à max effect on 
epigenetic age

Yaskolka Meir, A., Keller, M., Hoffmann, A. et al. The effect of polyphenols on DNA methylation-assessed 
biological age attenuation: the DIRECT PLUS randomized controlled trial. BMC Med 21, 364 (2023).
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Epigenetic age is decreased in vegan diet 

N = 42
Twins randomly assigned
8-week vegan or healthy omnivorous diet
Reduction in epigenetic age* in the vegan group

*The amount of change in time equivalent was not reported

Dwaraka, V.B., et al. Unveiling the epigenetic impact of vegan vs. omnivorous diets 
on aging: insights from the Twins Nutrition Study (TwiNS). BMC Med  (2024).
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• Ageing was accelerated by 3.64 years 
in epigenetic age of patients with 
alcohol use disorder compared with the 
control group

• Abstaining patients displayed a decrease 
in epigenetic clock by 3.1 years after 12 
months

• Increase by 2.7 years in those who 
relapsed

Reversibility of epigenetic age: alcohol use



1-year recombinant human 
growth hormone
+ metformin (antidiabetic 
drug)
+ DHEA

-> -2.5 years DNAmAge

N = 10

Reversibility of epigenetic age with metformin

Fahy, GM,  et al. (2019). Reversal of epigenetic aging and immunosenescent trends in humans. Aging cell, 18(6), e13028.



Epigenetic biomarkers 
assessment
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32 chronic stress-associated markers* of DNA expression

• Genes
ABCG1 CPT1A, APBA1, ATOX1, C14orf43, CYP7B1, DIAPH3, DPYSL2, ELMSAN1,
ETF1, FAU, GALNT14, HEMK1, HSD17B12, ITPR1, JDP2, LOC100132354, MRPL49,
ODF1, PHGDH, PTPRN2, RPS6KA2, SLC7A11, SREBF1, SYT13, TXNIP, WBP1L

Specific system’s genes:

• Metabolic system
16 markers linked to the genes ABCG1, CPT1A, ITPR1, JDP2, LOC100132354, PHGDH,
SARS, SLC1A5, SLC7A11, SREBF1, TANK, TXNIP

• Immune system
12 markers linked to the genes AIM2, DKFZp761E198, DPYSL2, FNBP1, LOC101929095,
MIR21, MIR665, NTAN1, PARD3, PDE1C, RFX3, SBNO2, SYT13, THBS1, TMEM49,
TPK1

• Cardiovascular system
14 markers linked to the genes ATAD2B, CELSR1, F2RL3, HPCAL4, KCNJ3, MASP1,
OR56A3, PEX14, RPTOR, SPRED2, TENC1, TFAP2B, TPP1

• Neuroendocrine system
9 markers linked to the genes APBA1, DCBLD2, DEFB129, DIAPH3, ETF1, FAU,
GALNT14, LRRFIP2, MRPL49, ODF1, RARB, ZSCAN10Chamberlain JD, Nusslé S, ... & Nusslé SG (under revisions). “MethAL: An epigenetic signature of allostatic load”

Chronic Stress and Systems Impacts

What is measured?
31 ageing and lifestyle-associated markers* of DNA expression

• Biological Age (The Swiss Clock)
11 markers linked to the following genes : GPR62, EIF1, KLF14, PTPRN, ELOVL2, 
IPO8, CALHM2, KCNQ4, ABHD14, GRM2, VGF, and PCBP4. 

• Physical activity

 5 markers linked to the genes MAPKK, FOXK1, RGS6, and TLCD5.  

• Diet 
 4 markers linked to the genes DYNC1H1 and MAPKK. 

• Alcohol
 6 markers linked to the genes PTP4A3, SLC7A11, CHI3L2, ANKS3, BBS10, JDP2, 
and DENND2D. 

• Tobacco smoke
 5 markers linked to the genes AHHR, ZNF385D, NDE1, CACNA1D. 

Biological Age and Lifestyle Impacts

*Patent-pending
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25+ years of combined experience in academic and industry research to develop 
epigenetic tests measuring epigenetic accelerated ageing and the epigenetic 
impacts of lifestyle and stress

Filed patents :
Method Determining The Difference Between The Biological Age And The 
Chronological Age Of A Subject, filing number: EP 22 162 216.0 (15.03.2022)
Method determining a value of allostatic load: EP 23 179 588.1 (15.06.2023)

Scientific publications and contributions:
• A novel, lifestyle-based epigenetic clock, Chamberlain, (…), & Nusslé. Presented 

on June, 29, 2022, IMB Conference Mainz 
• Chamberlain JD, Nusslé S, ... & Nusslé SG (2022). Blood DNA methylation 

signatures of lifestyle exposures: Tobacco and alcohol consumption, Clinical 
Epigenetics

• Chamberlain JD, Nusslé S, ... & Nusslé SG (2023). Investigating the association 
of measures of epigenetic age with COVID-19 severity, Swiss Medical Weekly

• Chamberlain JD, Nusslé S, ... & Nusslé SG (submitted). MethAL: An epigenetic 
signature of allostatic load

Two Innosuisse research and developments grants with the University center for 
primary care and public health, Lausanne, and the Lausanne University Hospital.

Epigenetic clock and signatures development
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DNA methylation cannot be directly
investigated using conventional DNA 
amplification  

—> Bisulfite conversion
Principle:  

bisulfite conversion is based on the 
chemical 

conversion of un-methylated cytosine to 
uracil, 

while methylated cytosine remains 
unchanged

35

Bisulfite conversion 



Sc
ie
nc

e
20

22

In each hole, a 
thousand beads 
coated with probes 
targeting the selected 
sequence

36

Illumina bead chip technology
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DAY 1 DAY 2 DAY 3 DAY 4-5

DNA
extracti
on

Start 
Bisulfite 
conversion

Incubate 
O/N (16h30)

converted 
DNA 
purification

DNA PREPARATION

Incubation O/N 18h30

Incubation O/N 18h
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genknowme

1. Biological age estimation + lifestyle factors 
affecting health and longevity 

2. Chronic stress impact affecting health

Our products Used to define a care pathway for longevity and predictive 
medicine 

• Identification of preventive care needs 

• Personalized care recommendations 

• Validation of preventive care pathway

 

 
Epigenetic Stress Profile: Your results 

 

Your stress impact profile 

How stress affects your health in four key physiological areas  
Impacted areas Your results 

What does it mean? 

Metabolic 

Recommendations: More targeted lifestyle changes may 

be beneficial, and routine blood tests for metabolic health 

might be considered. 

When the metabolic system does not 
function properly, it can lead to 
obesity and diabetes. This system 
converts food into energy and helps 
manage body weight and blood 
sugar levels.   

Immune 

Recommendations: There is no need for any specific 

changes at this time. Continuing with regular health check-

ups, including physical examinations and lab tests, is 

suggested. 

If the immune system becomes 
overstimulated or weakened, the 
body becomes more susceptible to 
illnesses. The immune system acts as 
the body’s defense against infections 
and diseases.  

Cardiovascular 

Recommendations: Continuation of the current diet, 

regular physical activity, and health monitoring with 

cardiovascular check-ups may be beneficial. 

Problems with this system can result 
in heart disease and stroke. This 
system consists in the ability of the 
heart and blood vessels to distribute 
oxygen and nutrients.  

Mood and stress response 
Recommendations: Introducing simple psychological 

stress management techniques into daily routines, 

ensuring a healthy sleep routine, and more frequent 

medical examinations might be beneficial. 

Continuous stress can lead to anxiety, 
depression, and sleep disorders. The 
neuroendocrine system involves the 
brain and hormone production.  

Your overall stress impact score is 3.6 (range 0 to 6).  

Your stress impact is lower than 45% of the reference population.  

This could be improved. 

Improvements needed 

Doing well 

Doing well 

Could be improved 

Understanding the impact of chronic stress on your health 

Stress is a natural physiological and psychological response to challenging situations and is crucial for our 

survival mechanisms, notably the “fight or flight” response. However, when individuals consistently face 

significant stressors, whether due to personal or professional hurdles, it can affect health and wellbeing. Such 

prolonged states of stress can be precursors to a myriad of health complications, spanning from cardiovascular 

diseases to mental health disturbances and metabolic diseases. 

An epigenetic measurement of stress 
Your personalized Epigenetic Stress Profile offers a tangible measure of the cumulative physiological and 

psychological effects of chronic stress on your body. Your unique score delineates the effects of stress on four 

pivotal areas of your health: cardiovascular, metabolic, immune, and the mood and stress response. Armed 

with this knowledge, you and your healthcare provider can agree on strategies to mitigate the adverse effects 

of stress, ensuring a proactive approach to your overall well-being. 
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Thank you for your attention!
semira@genknowme.com, 079 460 00 84

sebastien@genknowme.com, 079 460 20 69


