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A long and healthy life
• For as long as is recorded in human history, humans 

have yearned for a long and healthy life.

• A long life is one of the blessings spoken of in the Bible.

– “For by Me your days will be multiplied, and years of life will 

be added to you.” (Proverbs 9:11)

– “Honor your father and your mother, that your days may be 

long upon the land which the Lord your God is giving you.” 

(Exodus 20:12)



Factors that seem to matter

• Out of our control

– Genes – choose your parents 

wisely!

– Accidents

– Natural and man-made 

disasters

– Some diseases

– Environment (some aspects)

• Within our control

– Diet

– Physical Activity

– Mental state

– Environment (some aspects)

– Some diseases

– Sleep

– Safety



Model

Inputs Outputs

Genes
Diet
Activity
Mental state
Environment
Social Economic Status
Etc.

Lifespan
Health and Disease
Performance measurements
Blood chemistries
Etc.

What are the molecular 
mechanisms that 
connect the inputs to 
the outputs? 

Contrast between 
biological age with 
chronological age

How can one measure 
one’s biological age?

How can one CHANGE 
one’s biological age?



Indicators of biological aging

• Epigenetic patterning
– Small, methyl molecules can get added to specific cytosine residues

– Turn off the downstream gene

– As we age, our pattern of what genes are and are not turned off 

changes

– So, looking at our epigenetic pattern gives an estimate of biological 

age

• Telomere length
– Telomeres are the “caps” at the ends of our chromosomes

– They get shorter with each cell division, and with time

– Therefore, telomere length can also give an estimate of biological 

age

Jonlieffmd.com
Telomererestoration.com



Epigenetic Patterning



Telomeres

• In principle, telomeres can either get longer or shorter.

– An enzyme, telomerase, increases telomere length

– The act of cell division decreases telomere length

• In most cells, telomere activity is low or absent

• Exceptions:

– Germ cells

– Cancer cells



Telomere lengths

• Most often, human studies look at telomere 

lengths in blood cells

• Sometimes muscle cells are examined

• Usually, researchers will either use TRF 

(terminal restriction fragment lengths, based 

on Southern blotting) or qPCR techniques



What shortens telomeres?

• Age – with each division, cellular 

telomeres get shorter

• Stress – of many types.

– Oxidative ,environmental and/or 

lifestyle stress

• Lead and cadmium

• Soda consumption

• Sleep duration

• Maternal levels of estriol (on the 

newborn)

• Obesity

– Psychological stress

• Caring for a chronically sick child

• Major depressive disorder

• Childhood adversities

– Environmental stress

• Educational attainment

• Socioeconomic issues

• Real or perceived discrimination 

issues



What decreases telomere 
shortening?

• Interestingly, not as much work has been 

done on the positive aspects

– Diet

– Meditation

– Physical activity



Exercise and telomere length

• Most studies involve cross-sectional studies of 

people who self-report their activity level

• The most frequently analyzed tissue is blood; 

some look at muscle

• Very few longitudinal, randomized, 

interventional studies



Moderate exercise
• Most studies examining the relationship of moderate exercise to 

telomere length have found a positive relationship. That is, 

telomeres are longer in people who exercise.

• Cross-sectional studies:

– Women, habitual physical exercise was associated with increased 

telomere length. 

• Kim et al, Habitual physical exercise has beneficial effects on telomere length 

in postmenopausal women. Menopause 2012, 19:1109; 

• Du et al, Physical activity, sedentary behavior, and leukocyte telomere length 

in women. Am. J. Epidemiol 2012, 175:414



Moderate exercise

Interventional studies:
– Older adults, sedentary, overweight; over 

six months, those in an intervention group 

saw a telomere length increase that was 

correlated with time spent exercising. 

Sjogren et al, Br J Sports Med 2014 48:1407.

– Breast cancer survivors who had higher 

physical activity had longer telomere 

lengths. Garland et al, Breast Cancer Res. 

2014 16:413



Strenuous exercise

• Studies with marathoners and ultra-marathoners, as well as with more mixed 

groups

• These results are more mixed, with some showing benefit and some showing 

harm

– Denham et al, Longer leukocyte telomeres are associated with ultra-endurance exercise 

independent of cardiovascular risk factors, PLoS One 2013 8:e69377

– Osthus et al, Telomere length and long-term endurance exercise: does exercise training 

affect biological age? A pilot study. PLoS One 2012, 7:e52769

• There may be an inverse U-shaped curve

– Ludlow et al, Med Sci Sports Exerc. 2008, 40:1764

– Savela et al, Physical activity in midlife and telomere length measured in old age, Exp. 

Gerontol 2013 48:81



Can exercise buffer the adverse 
effects of stress?

• Postmenopausal women; telomere lengths and Perceived 

Stress Scale, reporting minutes of vigorous activity for 

three successive days

• Among non-exercisers, a one unit increase in the Perceived 

Stress Scale was related to a 15-fold increase in the odds of 

having short telomeres

• Among exercisers, perceived stress appeared to be 

unrelated to telomere length

Puterman et al, PlOS 2010 5:e10837



Relationship between perceived stress and telomere length as a function of physical 
activity.

Note. Physical activity categories are based on whether the participant met CDC 
recommended levels of exercise per week. Perceived stress ratings are based on the 
Perceived Stress Scale. The relationship between perceived stress and telomere length 
was significant in sedentary participants only.

Puterman et al, PlOS 2010 5:e10837



Fitted Probability of short telomeres as a function of perceived stress for sedentary and active individuals.

Note. Physical activity categories are based on whether the participant met CDC recommended levels of exercise per 
week. Perceived stress ratings are based on the Perceived Stress Scale. The interaction effect was significant (p<.05), 
indicating that the relationship between perceived stress and telomere length was significant in inactive participants 
only. The Y axis probability presents the probability of categorization into short telomere length (bottom tertile) as a 
function of perceived stress in inactive (top of figure) versus active (bottom of figure) participants. Probability scores 
were calculated from the fitted regression equations, assuming mean BMI and education level.

Puterman et al, PlOS 2010 5:e10837



Possible Mechanisms

• Decreased overall damage would decrease 

the number of cell divisions necessary to 

replace lost cells

• Some aspects may also turn on a bit more 

telomerase activity



Possible mechanisms

• Changes in gene expression (stress response, growth/proliferation, 

and/or telomerase pathways)

– Researchers noted changed expression of mRNA and miRNAs

involved in telomerase activity when participants ran on a treadmill 

for 30 minutes at 80% of peak oxygen uptake – Chilton et al, 

PLosOne, 2014, 9:e92088

• Changing balance between oxidative stress and antioxidants

• Autonomic, neuroendocrine, cognitive pathways



Conclusions

• “Telomere length decreases with age in sedentary 

individuals, longer telomeres are observed in 

individuals who are moderately active, and extreme 

long-duration endurance training for an extended 

portion of one’s lifetime may result in telomere 

shortening.” 
Ludlow et al, Do Telomeres Adapt to Physiological Stress? Exploring the 
Effect of Exercise on Telomere Length and Telomere-Related Proteins. 
Biomed Res Int. 2013, 2013:601368



Model

Inputs Outputs

Genes
Diet
Activity
Mental state
Environment
Social Economic Status
Etc.

Lifespan
Health and Disease
Performance measurements
Blood chemistries
Etc.

Epigenetic patterning
Telomere length
Differential gene 
expression
Cellular and tissue 
damage
DNA damage
Other mechanisms
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Questions?





Figure 1: Heat-map showing comparisons between DNA
methylation patterning between Vegans and Non-
Vegetarians. Methylation status at individual sites is shown
left-to-right, and subjects are listed top-to-bottom.

Figure 1: Heat-map showing comparisons between DNA
methylation patterning between Vegans and Non-
Vegetarians. Methylation status at individual sites is shown
left-to-right, and subjects are listed top-to-bottom.
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