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A Window to Your Patient’s Cellular Age

Telomeres

Telomere Testing

What does Telomere Testing measure?
Telomeres are sections of genetic material at the end of 
each chromosome whose primary function is to prevent 
chromosomal “fraying” when a cell replicates.  As a cell ages, its 
telomeres become shorter.  Eventually, the telomeres become 
too short to allow cell replication, the cell stops dividing and 
will ultimately die - a normal biological process. SpectraCell’s 
Telomere Test can determine the length of a patient’s telomeres 
in relation to the patient’s age.

How are the results reported?

The Patient Telomere Score is calculated based on the patient’s 
telomere length on white blood cells (T-lymphocytes). This is the 
average compared to telomere length on lymphocytes from a 
sample of the American population in the same age range.  The 
higher the telomere score, the “younger” the cells.  A Telomere 
Score that is above the average line is desirable.

What do the results mean to the patient 
and the doctor?
 
Age adjusted telomere length is the best method to date to 
assess  biological age using structural analysis of chromosomal 
change in the telomere. Serial evaluation of telomere length 
is an indicator of how rapidly one ages relative to a normal 
population.  Therapies directed at slowing the loss of telomere 
length may slow aging and age-related diseases.

What are the nutritional implications on 
telomere length and repair?
 
An inflammatory diet, or one that increases oxidative stress, will 
shorten telomeres faster.  This includes refined carbohydrates, 
fast foods, processed foods, sodas, artificial sweeteners, trans 
fats and saturated fats.  A diet with a large amount and variety 
of antioxidants that improves oxidative defense and reduces 
oxidative stress will slow telomere shortening.  Consumption 
of 10 servings of fresh and relatively uncooked fruits and 
vegetables, mixed fiber, monounsaturated fats, omega-3 fatty 
acids, cold water fish, and high quality vegetable proteins will 
help preserve telomere length.  In addition, it is advised to 
reduce total daily caloric intake and implement an exercise 
program. Fasting for 12 hours each night at least 4 days per 
week is recommended.
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What lifestyle modifications are likely to  
be helpful?
One should achieve ideal body weight and body composition with 
low body fat (less than 22 % for women and less than 16 % for 
men).  Decreasing visceral fat is very important.  Regular aerobic 
and resistance exercise for at least one hour per day, sleeping 
for at least 8 hours per night, stress reduction, discontinuation 
of all tobacco products are strongly recommended. Bioidentical 
hormone replacement therapy may decrease the rate of telomere 
loss.

When should retesting be considered?
Testing should be done once per year to evaluate the rate of aging 
and make adjustments in nutrition, nutritional supplements, weight 
management, exercise and other lifestyle modifications known to 
influence telomere length.

 

What role will nutritional supplements play 
in slowing telomere shortening?

Oxidative stress will shorten telomere length and cause aging in 
cellular tissue.  Antioxidant supplements can potentially reduce 
oxidative stress very effectively, which will ultimately improve 
oxidative defenses, mitochondrial function, reduce inflammation 
and slow vascular aging.  Targeted supplementation is key, as 
antioxidants work synergistically and must be balanced to work 
most effectively and avoid inducing a pro-oxidant effect.  Increasing 
antioxidant capacity at the cellular level is critical to maintaining 
telomere length.
 

Recent evidence suggests that a high quality and balanced 
multivitamin will also help maintain telomere length.  Specifically, 
studies have linked longer telomeres with levels of vitamin E, 
vitamin C, vitamin D, omega-3 fatty acids and the antioxidant 
resveratrol.  In addition, homocysteine levels have been inversely 
associated with telomere length, suggesting that reducing 
homocysteine levels via folate and vitamin B supplementation may 
decrease the rate of telomere loss. Similarly, conditions such as 
cardiovascular disease, insulin resistance, diabetes, hypertension, 
atherosclerosis and even dementia affect telomere length.  
Correcting subclinical nutritional deficiencies that may contribute 
to such diseases is crucial for telomere maintenance.

What pharmacologic treatments are 
known to slow telomere aging?
	 ▪ Angiotensin converting enzyme inhibitors (ACEI)
	 ▪ Angiotensin receptor blockers (ARB)
	 ▪ Renin Inhibitors
	 ▪ Statins
	 ▪ Possibly Calcium channel blockers
	 ▪ Possibly Serum aldosterone receptor antagonists
	 ▪ Possibly metformin
	 ▪ Aspirin
	 ▪ Bioidentical Hormone Replacement Therapy

Control all known coronary heart disease 
risk factors to optimal levels.

   ▪ Reduce LDL cholesterol to about 70 mg %, decrease 
	   LDL particle number and increase LDL particle size.
   ▪ Reduce oxidized LDL.
   ▪ Increase HDL to over 40 mg % in men and over 50 mg % 	
     in women and increase HDL 2 subfraction.  Reduce 		

  inflammatory HDL and increase protective HDL.
   ▪ Reduce fasting blood glucose to less than 90 mg % and 2 hour 	

  post prandial or 2 hour GTT to less than 110 mg %.  Keep   	   	
  Hemoglobin A1C to about 5.0% and keep insulin levels low.

   ▪ Reduce blood pressure to about 120/ 80 mm Hg
   ▪ Reduce homocysteine to less than 8 um/L
   ▪ Reduce HS-CRP to less than 1.0
   ▪ Maintain ideal body weight and composition.
   ▪ Stop smoking.
   ▪ Treat insulin resistance and metabolic syndrome.

Overall recommendations to maintain 
telomere length.
Some clinicians have recommended reducing all known coronary 
risk factors, inflammation, oxidative stress, ADMA levels and 
angiotensin II levels or its action.  At the same time, therapy 
should increase nitric oxide levels and nitric oxide bioavailability, 
increase arginine, increase endothelial progenitor cells, improve 
mitochondrial function and increase oxidative defenses.  In addition, 
one should optimize hormone levels, exercise, sleep, nutrition and 
nutritional supplements. Fasting and caloric restriction should be 
part of the regimen as well.
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RESETTING YOUR BIOLOGICAL CLOCK: 
HOW TO SLOW THE AGING PROCESS 

AND LIVE LONGER 
by Mark Houston, MD, MS, ABAAM, PCCP, FAHA
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RESETTING YOUR 
BIOLOGICAL CLOCK
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Function: 
Telomeres are sections of DNA at the end of each 
chromosome that serve as a cap to the genetic material.  
Their purpose is critical to the life of the cell in that 
they serve as protective buffers that keep the ends of 
the chromosomes from becoming attached to each 
other or rearranging.  If cells divided without telomeres, 
they would lose the necessary information at the end 
of each chromosome.  In this way, telomeres prevent 
chromosomal fraying. 

Every time a cell replicates, its telomere will become 
shorter, eventually causing cell death once the telomere 
attrition has reached a critical length.  It is estimated 
that human telomeres lose about 100 base pairs from 
their telomeric DNA during each mitosis (cell division).  
At this rate, after approximately 125 mitotic divisions, 
the telomeres would be completely gone, which is why 
normal cells will eventually die after healthy division.  
Shorter telomeres imply a shorter life span for a cell, 
essentially giving it a finite lifespan, depending on the 
number of cell divisions left within each telomere.

Cells can maintain the length of their telomeres with 
an enzyme called telomerase, which adds genetic 
material at the end of the DNA strand, thus lengthening 
the number of times it can replicate, which ultimately 
prolongs the life of the cell. It is not active in most cells, 
but is active in stem cells, germ cells, hair follicles and 
most cancer cells. 

Reporting: 
Telomere length is determined using a ratio of the 
genetic material contained in a nucleated white blood 
cell telomere relative to the length of a single copy gene 
of known size to calculate an approximate telomere 
score. This ratio is then compared to a population of 
people with similar chronological age.

Clinical Application: 
Shorter telomeres have been associated with metabolic 
abnormalities, obesity and several degenerative diseases 
including cancer, dementia and cardiovascular disease.  
In vitro studies have shown that telomeres are highly 
susceptible to oxidative stress, which will shorten 
telomere length and enhance cellular aging.  

Minimizing associated risk factors that are linked to 
shortened telomere activity is recommended:

•	Reduce oxidative stress
•	Correct micronutrient deficiencies, in particular, 

vitamin C, D and E 
•	Change sedentary lifestyle by increasing physical 

activity
•	Avoid weight gain or obesity
•	Correct insulin resistance



Clinical Update
Multivitamins linked to younger ‘biological age’: Study 
The cells of multivitamin users may have a younger biological age than cells from non-users, 
according to new research from the US. 

(American Journal of Clinical Nutrition, June 2009) 

Researchers led by Honglei Chen, MD, PhD from National Institute of Environmental Health Sciences 
looked at the length of telomeres, DNA sequences at the end of chromosomes that shorten as cells 
replicate and age.  

The ageing and lifespan of normal, healthy cells are linked to the so-called telomerase shortening 
mechanism, which limits cells to a fixed number of divisions. During cell replication, the telomeres function 
by ensuring the cell's chromosomes do not fuse with each other or rearrange, which can lead to cancer. 
Elizabeth Blackburn, a telomere pioneer at the University of California San Francisco, likened telomeres to 
the ends of shoelaces, without which the lace would unravel.  

With each replication the telomeres shorten, and when the telomeres are totally consumed, the cells are 
destroyed (apoptosis). Previous studies have also reported that telomeres are highly susceptible to 
oxidative stress.  

Dr Chen and his co-workers noted that telomere length may therefore be a marker of biological ageing, and 
that multivitamins may beneficially affect telomere length via modulation of oxidative stress and chronic 
inflammation.  According to results published in the new issue of the American Journal of Clinical Nutrition, 
the telomeres of daily multivitamin users may be on average 5.1% longer than in non-users.  

According to a National Institutes of Health (NIH) State-of-the-Science Panel, half of the American 
population routinely use dietary supplements, with their annual spend estimated at over $20 billion.  Recent 
results of the National Health and Nutrition Examination Survey showed that 35% of the US adult population 
regularly consumes one or more types of multivitamin product (Am. J. Epidemiol., 2004, Vol. 160, Pages 
339-349).  

New study  

Dr Chen and his co-workers analysed multivitamin use and nutrient intakes, as well as telomere length of 
586 women aged between 35 and 74 in the Sister Study. A 146-item food-frequency questionnaire was 
used to determine multivitamin use and nutrient intakes.  

Compared to non-multivitamin users, the researchers noted that that telomeres were on average 5.1 per 
cent longer for daily multivitamin users.  

In an attempt to identify specific nutrients that could be behind the observations, a positive relationship 
between telomere length and intakes of vitamins C and E from foods was observed.  

Being the first study to report such an association, Dr Chen and his co-workers emphasized that the 
evidence is only preliminary and that additional epidemiologic studies are required to further explore the 
association. The implications of the findings in terms of ageing and the etiology of chronic diseases should 
be carefully evaluated.  

Source: www.nutraingredients.com
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Abstract
JAMA. 2010 Jul 7;304(1):69-75. 

Telomere length and risk of incident cancer and cancer 
mortality. 

Willeit P, Willeit J, Mayr A, Weger S, Oberhollenzer F, Brandstätter A, Kronenberg F, Kiechl S. 

Department of Neurology, Innsbruck Medical University, Anichstrasse 35, 6020 Innsbruck, 
Austria. 

CONTEXT: Telomeres are essential to preserve the integrity of the genome. Critically short 
telomeres lead to replicative cell senescence and chromosomal instability and may thereby 
increase cancer risk.  

OBJECTIVE: To determine the association between baseline telomere length and incident 
cancer and cancer mortality.  

DESIGN, SETTING, AND PARTICIPANTS: Leukocyte telomere length was measured by 
quantitative polymerase chain reaction in 787 participants free of cancer at baseline in 1995 from 
the prospective, population-based Bruneck Study in Italy.  

MAIN OUTCOME MEASURES: Incident cancer and cancer mortality over a follow-up period of 
10 years (1995-2005 with a follow-up rate of 100%).  

RESULTS: A total of 92 of 787 participants (11.7%) developed cancer (incidence rate, 13.3 per 
1000 person-years). Short telomere length at baseline was associated with incident cancer 
independently of standard cancer risk factors (multivariable hazard ratio [HR] per 1-SD decrease 
in log(e)-transformed telomere length, 1.60; 95% confidence interval [CI], 1.30-1.98; P < .001). 
Compared with participants in the longest telomere length group, the multivariable HR for incident 
cancer was 2.15 (95% CI, 1.12-4.14) in the middle length group and 3.11 (95% CI, 1.65-5.84) in 
the shortest length group (P < .001). Incidence rates were 5.1 (95% CI, 2.9-8.7) per 1000 person-
years in the longest telomere length group, 14.2 (95% CI, 10.0-20.1) per 1000 person-years in 
the middle length group, and 22.5 (95% CI, 16.9-29.9) per 1000 person-years in the shortest 
length group. The association equally applied to men and women and emerged as robust under a 
variety of circumstances. Furthermore, short telomere length was associated with cancer 
mortality (multivariable HR per 1-SD decrease in log(e)-transformed telomere length, 2.13; 95% 
CI, 1.58-2.86; P < .001) and individual cancer subtypes with a high fatality rate.  

CONCLUSION: In this study population, there was a statistically significant inverse relationship 
between telomere length and both cancer incidence and mortality. 

PMID: 20606151 
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The Telomere 
– Function and Synthesis

Telomere

Telomere

Telomerase operates at the end of the 
chromosome. It is an enzyme consisting 
of a protein and an RNA sequence. The 
RNA serves as a template for synthesizing 
telomere DNA. 

The mysterious telomere
The telomeres appear to protect the
chromosomes from damage. But how?
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Minichromosomes without telomeres were 
introduced into yeast cells. They were not
protected and were damaged.
  

Telomere DNA

Telomere DNA was purified from Tetrahymena, 
coupled to the minichromosomes and introduced into 
yeast cells. Minichromosomes with telomere DNA were 
protected against degradation and remained intact.              

1.

Without telomerase present, the 
chromosome is shortened each 
time the cell divides. Finally the 
telomere DNA is eroded and the
chromosome is damaged.

Telomerase maintains the telomeres 
at the ends of the DNA thread. This 
makes it possible to copy the entire 
chromosome to its very end each 
time the cell divides.

Yeast cell Yeast cell

GT
CAA

T
G
C

T
A

C
GTA

ATC
GG

C

Chromosomes
with telomeres

Tetrahymena
– a single-cell organism
that lives in water

DNA

The telomeres form caps at 
the ends of chromosomes. 
They contain a unique DNA 
sequence which is repeated 
several times.

The DNA sequence varies slightly 
between species. The one shown 
here is from Tetrahymena.
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© The Nobel Committee for Physiology or Medicine 2009
    Illustration: Annika Röhl 

Telomere = Greek for “end” (telos) and “part” (meros) 

  Telomere DNA protects 
the chromosomes

Telomere function discovered:
  

2.
  

Telomerase builds
telomere DNA

Telomere synthesis elucidated:
  

3.
  

THE TELOMERE

FUNCTION + SYNTHESIS
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