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Telomeres have received significant attention over the past 
few decades due to their role as primary gatekeepers of the 
genome1. Protective DNA-protein complexes at the ends of 
linear chromosomes ensure genome stability and integrity. 
Telomeres shorten with each cell cycle since the 3′ ends 
of telomeric deoxyribonucleic acid (DNA) cannot be fully 
replicated. Insufficient replication of telomeric DNA leads to 
either senescence or cell death1. Cells with critically short 
telomeres trigger a DNA damage response (DDR), resulting 
in senescence and contributing to a higher incidence of age-
related disorders and cancer1.

The rate of cell aging is mainly genetic-dependent 
but also affected by environmental inputs and lifestyle 
habits. Lifestyle factors such as smoking, excessive alcohol 
consumption, and chronic stress have been shown to 
increase systemic inflammation and oxidative stress, which, 
in turn, accelerate telomere shortening, leading to premature 
cellular aging and senescence1,2. Due to its high guanine 
content, telomeric DNA is sensitive to reactive oxygen 
species (ROS) damage, reducing telomere length values and 
integrity1. In contrast, healthy lifestyle factors (diet, exercise, 
sleep, and stress management) are critical in ameliorating 
telomere length dynamics. In particular, regular aerobic 
exercise, a Mediterranean diet rich in antioxidants, and stress 
reduction techniques can help maintain or even lengthen 
telomeres, reducing the risk of age-related diseases1,2.

The leucocyte telomere length has been widely validated 
as a robust biomarker of biological aging3. A recent study 
has highlighted that the telomere length of blood cells is a 
biomarker of human aging and disease, confirming a strong 
link between the telomere length of whole blood and the 
telomere length of different organs4. 

Various studies have been focused on the importance 
and impact that telomeres have, especially on public 

health within the clinical practice. Tsatsakis5 analyzed 
the importance of telomere shortening in each disease, 
highlighting how telomere homeostasis promotes healthy 
aging.

When it comes to cancer, genome instability is a key factor 
that induces both the onset and progression of the disease6. 
The molecular mechanism underlying genome instability is 
impaired telomere function7. In particular, shorter telomeres 
in tumor tissues have been associated with advanced 
disease states, faster progression, and poorer survival. Short 
telomere length values   are associated with an increased risk 
of premature death after cancer but not with cancer risk8.

Telomere length has been suggested as a potential 
prognostic marker for breast, colon, and prostate cancer9. In 
colorectal cancer, shorter telomeres serve as an independent 
prognostic indicator, correlating with increased risk of 
disease onset and progression10, as well as a 2.43-fold higher 
mortality risk11. In prostate cancer, telomere length can 
provide insights on disease progression and surgery, even 
after surgery, regardless of their pathological signs12. Overall, 
telomere length values can  hold a potential  prognostic value 
across multiple cancers, guiding therapeutic decisions13.

Telomeres can also play a crucial role in leukemias, 
particularly in acute myeloid leukemia (AML) and acute 
lymphoblastic leukemia (ALL). In AML, high-risk patients 
with FLT3-ITD mutations and short telomeres have 
significantly lower life expectancy than those with longer 
telomeres14. In childhood and adolescence ALL, short 
telomeres combined with increased telomerase activity are 
associated with a higher risk of disease progression and 
relapse15. Lymphoblasts in ALL patients exhibit telomere 
shortening compared to B and T lymphocytes, with 
median telomere lengths of 4.3 kb in children and 2.3 kb 
in adults, compared to 8.0 kb and 6.3 kb in B-lymphocytes, 
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respectively15. Furthermore, studies indicate that telomere 
length is shorter at leukemia diagnosis than at remission16. 
Vakonaki et al.17 confirmed that telomere length in 
lymphocytes at remission is twice that in lymphoblasts at 
diagnosis, highlighting accelerated telomere shortening as a 
characteristic of high-risk ALL. Thus, lymphoblast telomere 
length can serve as a potential prognostic marker for ALL 
progression and treatment response.

Prospective cohort studies have demonstrated that 
individuals with low leukocyte telomere length have 
an increased risk of cardiovascular diseases, including 
myocardial infarction, heart failure, and stroke18. The 
WOSCOPS (West of Scotland Primary Prevention Study) trial 
reported that individuals with the lowest leukocyte telomere 
length were 44% more likely to experience coronary artery 
disease events within five years compared to those with the 
highest telomere length, even after adjusting for coronary 
artery disease risk factors19. Additionally, patients with heart 
disease exhibit accelerated telomere shortening relative 
to healthy individuals, as confirmed through quantitative 
fluorescence in situ hybridization (Q-FISH) analysis at both 
the cellular and chromosomal levels20.

In metabolic disorders, leukocyte telomere length has 
been identified as a potential prognostic marker for type 
2 diabetes. A meta-analysis revealed significant telomere 
shortening in young patients with type 2 diabetes, 
independent of age-related effects21. Another meta-analysis 
demonstrated that individuals with accelerated telomere 
shortening had higher hazard ratios for developing type 2 
diabetes over a 15-year follow-up period22. Furthermore, 
a two-sample Mendelian randomization analysis showed 
that a 1-unit genetic decrease in telomere length was 
associated with a 1.38-fold increase in type 2 diabetes 
progression23. Additionally, patients with type 2 diabetes 
and short leukocyte telomere length, face a higher risk of 
cardiovascular complications24. These findings highlight 
the strong link between telomere length and cardiovascular 
disease markers, suggesting its potential as an early indicator 
of vascular aging and related complications in type 2 diabetes 
patients.

In recent years, impaired telomere length has been 
associated with various autoimmune disorders25. Mendelian 
randomization analysis has shown that longer telomeres 
reduce susceptibility to rheumatoid arthritis26. The potential 
of telomere length as a prognostic marker in rheumatoid 
arthritis has been suggested since individuals are more 
susceptible to developing rheumatoid arthritis by inheriting 
the rheumatoid arthritis disease risk haplotype HLA-
DR-B1*0427. Additionally, HLA-DR-B104 is linked to increased 
vulnerability to type 1 diabetes25. Similarly, a two-sample 
Mendelian randomization study using inverse-variance 
weighted regression demonstrated an inverse relationship 
between leukocyte telomere length and systemic sclerosis 
(SSc) risk28. These findings suggest that telomere length may 
play a crucial role in autoimmune disease susceptibility and 

progression.
In vitro fertilization (IVF) is a widely used fertility 

treatment for female-related factors (e.g. age, ovulation 
disorders, blocked fallopian tubes, endometriosis), male-
related factors (e.g. low sperm quality or quantity), or 
unexplained infertility. Emerging research suggests a strong 
relationship between telomere length, telomerase activity, 
and IVF success, supporting their potential as predictive 
biomarkers for IVF outcomes. Since telomere length 
and telomerase analysis are relatively simple and cost-
effective, they could be incorporated into IVF procedures 
to assess embryo quality and predict pregnancy success, 
offering a valuable tool for improving assisted reproductive 
technologies29.

Telomere shortening is a natural part of aging and 
contributes to age-related fertility decline. Advanced 
maternal and paternal age, often linked to reproductive 
challenges, may be influenced by telomere dynamics 
in reproductive cells29. Telomere length plays a crucial 
role in fertility, affecting both oocyte and sperm quality. 
Shorter telomeres in egg cells indicate cellular aging and 
reduced fertility, while in sperm cells, shorter telomeres 
are associated with decreased sperm quality and potential 
impacts on offspring health30. Additionally, telomere length 
influences pregnancy outcomes by affecting fertilized egg 
development and embryo health, ultimately impacting 
implantation success and pregnancy viability31.

Last but not least, the usefulness of leukocyte telomere 
length as a potential predictive marker and its potential to 
monitor disease progression has also been proven in the 
context of Huntington's and Alzheimer’s disease32. 

Various techniques have been developed to measure 
TL, each with advantages and limitations. Quantitative 
polymerase chain reaction (qPCR) identifies the mean 
telomere length. The advantage of quantitative polymerase 
chain reaction (qPCR) relies on the measurement of the 
average telomere length in the blood cell population in 
absolute terms33. The qPCR can be used in high-throughput, 
large-scale studies with limited initial high-quality 
and integrity genetic material34. Furthermore, another 
shortcoming of qPCR is its inability to accurately identify 
the percentages of short and very short telomeres33. 
Metaphase quantitative fluoresce in situ hybridization 
(Q-FISH) method accurately identifies telomere length 
values in a single cell and at a chromosome-specific level at 
high resolution allowing for the detection of chromosome 
instability, including ‘telomere-free’ ends that lead to 
chromosome fusions35. In particular, the median value, the 
percentages of critical short and long telomeres, and the 
elongated telomeres can provide accurate and highly reliable 
information for estimating each patient’s biological age and 
susceptibility to disease.

The telomere length measurement is not yet widely 
adopted in routine clinical practice, but it holds promise. 
Initially, one can regularly monitor and tailor lifestyle to the 
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individual’s biological age by evaluating telomere length 
values. Second, one can detect telomere length values that 
offer valuable insights into the susceptibility to increased 
disease risk, since telomere length can be a prognostic 
tool for several diseases (cardiovascular disease, diabetes, 
solid cancer types, leukemias, neurodegenerative diseases, 
autoimmune diseases). In particular, the mean, the median, 
and the percentages of the critical short and long telomeres 
can provide the potential susceptibility to different diseases. 
Then, one can optimize preventive healthcare strategies, 
improving outcomes in cancer and enhancing longevity. As 
a result, telomere length measurement shows clinical utility 
in diagnosing and managing diseases. 

REFERENCES
1. Rossiello F, Jurk D, Passos JF, d’Adda di Fagagna F. Telomere 

dysfunction in ageing and age-related diseases. Nat Cell Biol. 
2022;24(2):135-147. doi:10.1038/s41556-022-00842-x

2. Maugeri A, Magnano San Lio R, La Rosa MC, et al. The 
Relationship between Telomere Length and Gestational 
Weight Gain: Findings from the Mamma & Bambino 
Cohort. Biomedicines. 2021;10(1):67. doi:10.3390/
biomedicines10010067

3. Mani AK, Parvathi VD, Ravindran S. The Anti-Elixir 
Triad: Non-Synced Circadian Rhythm, Gut Dysbiosis, and 
Telomeric Damage. Med Princ Pract. 2025;34(3):212-225. 
doi:10.1159/000542557

4. Daios S, Anogeianaki A, Kaiafa G, et al. Telomere Length as 
a Marker of Biological Aging: A Critical Review of Recent 
Literature. Curr Med Chem. 2022;29(34):5478-5495. doi:10
.2174/0929867329666220713123750

5. Tsatsakis A. Telomeres Biomarkers of a Healthy Life and 
Successful Aging. Tsatsakis A. ed. Jenny Stanford Publishing; 
2025.

6. Charames GS, Bapat B. Genomic instability and cancer. Curr Mol 
Med. 2003;3(7):589-596. doi:10.2174/1566524033479456

7. Callén E, Surrallés J. Telomere dysfunction in genome 
instability syndromes. Mutat Res. 2004;567(1):85-104. 
doi:10.1016/j.mrrev.2004.06.003

8. Weischer M, Nordestgaard BG, Cawthon RM, Freiberg JJ, 
Tybjærg-Hansen A, Bojesen SE. Short telomere length, cancer 
survival, and cancer risk in 47102 individuals. J Natl Cancer 
Inst. 2013;105(7):459-468. doi:10.1093/jnci/djt016

9. Barnes RP, Fouquerel E, Opresko PL. The impact of oxidative 
DNA damage and stress on telomere homeostasis. Mech 
Ageing Dev. 2019;177:37-45. doi:10.1016/j.mad.2018.03.013

10. Sanz-Casla MT, Vidaurreta M, Sanchez-Rueda D, Maestro ML, 
Arroyo M, Cerdán FJ. Telomerase activity as a prognostic 
factor in colorectal cancer. Onkologie. 2005;28(11):553-557. 
doi:10.1159/000088525

11. Chen Y, Qu F, He X, et al. Short leukocyte telomere length 
predicts poor prognosis and indicates altered immune 
functions in colorectal cancer patients. Ann Oncol. 
2014;25(4):869-876. doi:10.1093/annonc/mdu016

12. Heaphy CM, Joshu CE, Barber JR, et al. The prostate tissue-

based telomere biomarker as a prognostic tool for metastasis 
and death from prostate cancer after prostatectomy. J Pathol 
Clin Res. 2022;8(5):481-491. doi:10.1002/cjp2.288

13. Simpson K, Jones RE, Grimstead JW, Hills R, Pepper C, Baird 
DM. Telomere fusion threshold identifies a poor prognostic 
subset of breast cancer patients. Mol Oncol. 2015;9(6):1186-
1193. doi:10.1016/j.molonc.2015.02.003

14. Dratwa M, Wysoczańska B, Butrym A, Łacina P, Mazur G, 
Bogunia-Kubik K. TERT genetic variability and telomere 
length as factors affecting survival and risk in acute myeloid 
leukaemia. Sci Rep. 2021;11(1):23301. doi:10.1038/s41598-
021-02767-1

15. Karow A, Haubitz M, Oppliger Leibundgut E, et al. Targeting 
Telomere Biology in Acute Lymphoblastic Leukemia. Int J Mol 
Sci. 2021;22(13):6653. doi:10.3390/ijms22136653

16. Davison GM. Telomeres and telomerase in leukaemia 
and lymphoma. Transfus Apher Sci. 2007;37(1):43-47. 
doi:10.1016/j.transci.2007.04.006

17. Vakonaki E, Iordanis P, Tzatzarakis M, et al. PB1754: 
TELOMERE LENGTH IN CHILDHOOD ACUTE LYMPHOBLASTIC 
LEUKEMIA. Hemasphere. 2022;6(Suppl ):1635-1636. 
doi:10.1097/01.HS9.0000849872.58865.f7

18. Ogami M, Ikura Y, Ohsawa M, et al. Telomere shortening 
in human coronary artery diseases. Arterioscler Thromb 
Vasc Biol.  2004;24(3):546-550. doi:10.1161/01.
ATV.0000117200.46938.e7

19. Brouilette SW, Moore JS, McMahon AD, et al. Telomere length, 
risk of coronary heart disease, and statin treatment in the 
West of Scotland Primary Prevention Study: a nested case-
control study. Lancet. 2007;369(9556):107-114. doi:10.1016/
S0140-6736(07)60071-3

20. Fragkiadaki P, Apetroaei MM, Kouvidi E, et al. The Association 
between Short Telomere Length and Cardiovascular 
Disease. Cytogenet Genome Res. 2024;164(5-6):202-210. 
doi:10.1159/000542795

21. Wang J, Dong X, Cao L, et al. Association between telomere 
length and diabetes mellitus: A meta-analysis. J Int Med Res. 
2016;44(6):1156-1173. doi:10.1177/0300060516667132

22. Willeit P, Raschenberger J, Heydon EE, et al. Leucocyte 
telomere length and risk of type 2 diabetes mellitus: new 
prospective cohort study and literature-based meta-analysis. 
PLoS One. 2014;9(11):e112483. doi:10.1371/journal.
pone.0112483

23. Cheng F, Luk AO, Shi M, et al. Shortened Leukocyte Telomere 
Length Is Associated With Glycemic Progression in Type 
2 Diabetes: A Prospective and Mendelian Randomization 
Analysis. Diabetes Care. 2022;45(3):701-709. doi:10.2337/
dc21-1609

24. Cheng F, Luk AO, Tam CHT, et al. Shortened Relative Leukocyte 
Telomere Length Is Associated With Prevalent and Incident 
Cardiovascular Complications in Type 2 Diabetes: Analysis 
From the Hong Kong Diabetes Register. Diabetes Care. 
2020;43(9):2257-2265. doi:10.2337/dc20-0028

25. Hohensinner PJ, Goronzy JJ, Weyand CM. Telomere dysfunction, 
autoimmunity and aging. Aging Dis. 2011;2(6):524-537. 

https://doi.org/10.18332/pht/205879
http://doi.org/10.1038/s41556-022-00842-x
http://doi.org/10.3390/biomedicines10010067
http://doi.org/10.3390/biomedicines10010067
http://doi.org/10.1159/000542557
http://doi.org/10.2174/0929867329666220713123750
http://doi.org/10.2174/0929867329666220713123750
http://doi.org/10.2174/1566524033479456
http://doi.org/10.1016/j.mrrev.2004.06.003
http://doi.org/10.1093/jnci/djt016
http://doi.org/10.1016/j.mad.2018.03.013
http://doi.org/10.1159/000088525
http://doi.org/10.1093/annonc/mdu016
http://doi.org/10.1002/cjp2.288
http://doi.org/10.1016/j.molonc.2015.02.003
http://doi.org/10.1038/s41598-021-02767-1
http://doi.org/10.1038/s41598-021-02767-1
http://doi.org/10.3390/ijms22136653
http://doi.org/10.1016/j.transci.2007.04.006
http://doi.org/10.1097/01.HS9.0000849872.58865.f7
http://doi.org/10.1161/01.ATV.0000117200.46938.e7
http://doi.org/10.1161/01.ATV.0000117200.46938.e7
http://doi.org/10.1016/S0140-6736(07)60071-3
http://doi.org/10.1016/S0140-6736(07)60071-3
http://doi.org/10.1159/000542795
http://doi.org/10.1177/0300060516667132
http://doi.org/10.1371/journal.pone.0112483
http://doi.org/10.1371/journal.pone.0112483
http://doi.org/10.2337/dc21-1609
http://doi.org/10.2337/dc21-1609
http://doi.org/10.2337/dc20-0028


Editorial

Public Health Toxicol 2025;5(2):6
https://doi.org/10.18332/pht/205879

4

Accessed June 3, 2025. https://pmc.ncbi.nlm.nih.gov/articles/
pmid/22396899/

26. Zeng Z, Zhang W, Qian Y, et al. Association of telomere 
length with risk of rheumatoid arthritis: a meta-analysis 
and Mendelian randomization. Rheumatology (Oxford). 
2020;59(5):940-947. doi:10.1093/rheumatology/kez524

27. Schönland SO, Lopez C, Widmann T, et al. Premature telomeric 
loss in rheumatoid arthritis is genetically determined and 
involves both myeloid and lymphoid cell lineages. Proc Natl 
Acad Sci U S A. 2003;100(23):13471-13476. doi:10.1073/
pnas.2233561100

28. Rodriguez-Martin I, Villanueva-Martin G, Guillen-Del-Castillo 
A, et al. Contribution of Telomere Length to Systemic Sclerosis 
Onset: A Mendelian Randomization Study. Int J Mol Sci. 
2023;24(21):15589. doi:10.3390/ijms242115589

29. Tire B, Ozturk S. Potential effects of assisted reproductive 
technology on telomere length and telomerase activity 
in human oocytes and early embryos. J Ovarian Res. 
2023;16(1):130. doi:10.1186/s13048-023-01211-4

30. Vasilopoulos E, Fragkiadaki P, Kalliora C, et al. The association 
of female and male infertility with telomere length 
(Review). Int J Mol Med. 2019;44(2):375-389. doi:10.3892/

ijmm.2019.4225
31. Fragkiadaki P, Kouvidi E, Angelaki A, Nikolopoulou D, Vakonaki 

E, Tsatsakis A. Evaluation of telomere length and telomerase 
activity on predicting in vitro fertilization treatment outcomes. 
J Assist Reprod Genet. 2024;41(6):1463-1473. doi:10.1007/
s10815-024-03117-6

32. Cai Z, Yan LJ, Ratka A. Telomere shortening and Alzheimer’s 
disease. Neuromolecular Med. 2013;15(1):25-48. 
doi:10.1007/s12017-012-8207-9

33. Gutierrez-Rodrigues F, Santana-Lemos BA, Scheucher PS, 
Alves-Paiva RM, Calado RT. Direct comparison of flow-FISH and 
qPCR as diagnostic tests for telomere length measurement in 
humans. PLoS One. 2014;9(11):e113747. doi:10.1371/journal.
pone.0113747

34. Aubert G, Hills M, Lansdorp PM. Telomere length 
measurement-caveats and a critical assessment of the 
available technologies and tools. Mutat Res. 2012;730(1-2):59-
67. doi:10.1016/j.mrfmmm.2011.04.003

35. Tsatsakis A, Tsoukalas D, Fragkiadaki P, et al. Developing 
BIOTEL: A Semi-Automated Spreadsheet for Estimating 
Telomere Length and Biological Age. Front Genet. 2019;10:84. 
doi:10.3389/fgene.2019.00084

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE Form for 
Disclosure of Potential Conflicts of Interest and none was reported. 

FUNDING 
There was no source of funding for this research. 

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval and informed consent were not required for this study.

DATA AVAILABILITY
Data sharing is not applicable to this article as no new data were created.

PROVENANCE AND PEER REVIEW
Commissioned; internally peer reviewed.

DISCLAIMER
The views and opinions expressed in this article are those of the authors.

https://doi.org/10.18332/pht/205879
https://pmc.ncbi.nlm.nih.gov/articles/pmid/22396899/
https://pmc.ncbi.nlm.nih.gov/articles/pmid/22396899/
http://doi.org/10.1093/rheumatology/kez524
http://doi.org/10.1073/pnas.2233561100
http://doi.org/10.1073/pnas.2233561100
http://doi.org/10.3390/ijms242115589
http://doi.org/10.1186/s13048-023-01211-4
http://doi.org/10.3892/ijmm.2019.4225
http://doi.org/10.3892/ijmm.2019.4225
http://doi.org/10.1007/s10815-024-03117-6
http://doi.org/10.1007/s10815-024-03117-6
http://doi.org/10.1007/s12017-012-8207-9
http://doi.org/10.1371/journal.pone.0113747
http://doi.org/10.1371/journal.pone.0113747
http://doi.org/10.1016/j.mrfmmm.2011.04.003
http://doi.org/10.3389/fgene.2019.00084

