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Abstract

Background & Objective: Telomere length is frequently accepted as a marker of biological aging.
Various studies examine the relationship between telomere length, accepted as a marker of biological
aging, and stroke, but this relationship has not been clearly demonstrated. The objective of this study
is to determine whether short DNA telomere length is an independent risk factor for stroke. Methods:
Our study examined telomere length in young patients with ischemic stroke. The study included 60
patients with a history of ischemic stroke at a young age within the last 3 years and a control group
consisting of 40 volunteers with similar age, gender, and disease history defined as risk factors for
stroke. Results: In our study, the mean telomere length of the patient group was significantly higher
than the mean telomere length of the control group. However, the telomere length of the patients in
the study did not show a significant difference between socio-demographic and risk factors defined
for ischemic stroke.

Conclusion: Our study is very important in being the first to show such a relationship between telomere
length and young age ischemic stroke. The low sample size may partially explain this result compared
to other studies, as well as the study’s design, the study population’s age, ethnicity, and methods of
studying telomere length. More studies with a larger sample size with younger patients are needed to
better understand the relationship between telomere length and stroke in the future.
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INTRODUCTION Telomeres play an important role in maintaining
the integrity and stability of genetic material by
preventing fusion between chromosomes (end-
to-end fusion), especially during cell replication.
The length of telomeres decreases in each cell
cycle. In addition to genetic factors, there are
also environmental factors that affect telomere
length. The most important of these factors is
oxidative stress and inflammation.>* The telomere
length in white blood cells may be a marker of
the cumulative burden of circulating oxidative
stress and inflammation throughout an individual’s
lifetime.

Whether the telomere length is an independent
marker of vascular injury or is shortened by the
identified vascular risk factors remains unsolved.
Understanding more about the basic functions,
regulation, and clinical implications of telomeres
may lead to developing future therapeutic targets.

Our aim in this study was to determine whether
short DNA telomere length is an independent risk

Age, gender, and race have been identified
as non-modifiable risk factors for ischemic
stroke, whereas hypertension (HT), diabetes
mellitus (DM), smoking, alcohol use, diet,
physical inactivity, cardiac causes, obesity,
hypercholesterolemia, and psychosocial causes
are modifiable risk factors.! It is well known
that people with such traditional neurovascular
risk factors have a higher risk of developing
atherosclerosis and neurovascular aging. However,
the sensitivity of these identified risk factors to
neurovascular disease is approximately 50-60%.!
Therefore, further consideration of other risk
factors for stroke and stroke-related disability
is needed, possibly leading to the discovery of
new mechanisms. As stroke is an age-related
disease, early biological (chronological) aging
may contribute to this risk, and therefore, telomere
length, a molecular marker of aging, may represent
an important cause of stroke risk factors.
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factor for stroke. The main reason for choosing the
young adult patient population is that traditional
stroke risk factors are relatively lower in this age

group.
METHODS

Study population

Ischemic stroke patients admitted to our
center between July 2017 and July 2020 were
prospectively included in the study. We included
60 patients aged 18-45 years who presented within
seven days of the onset of stroke symptoms and
had no contraindications for magnetic resonance
imaging (MRI). Patients with acute diffusion
restriction on MRI consistent with acute ischemic
stroke were included. We wanted to examine the
relationship between telomere length and ischemic
stroke based on vascular damage. Therefore, we
preferred a young patient population and excluded
patients with high-risk factors for cardioembolism
(acute myocardial infarction, congenital heart
disease, atrial fibrillation, infective endocarditis,
mechanical prosthetic valve, EF <28). Patients
with a history of cancer, liver, or renal failure were
excluded. The control group was selected from
patients presenting to the neurology outpatient
clinic with infrequent episodic tension-type
headaches. Volunteers with similar age, gender,
and similar risk factors for ischemic stroke were
included in the study. Among the volunteers,
only those with normal brain MRI and neurologic
examinations were included in the study. As in
the patient group, volunteers with a history of
cancer, liver, or kidney failure in the control
group were not included in the study. A scientific
research project at our university supported our
study. Therefore, patient and control groups were
formed before starting the study. 60 patients and
40 controls who met the inclusion and exclusion
criteria were included in the study. DNA telomere
length was prospectively investigated from
peripheral blood leukocytes in all individuals
included in the study.

Age, gender, concomitant risk factors (HT, DM,
congestive heart failure, hyperlipidemia, smoking,
and alcohol use history, hemoglobin, hematocrit
values, and body mass index), transthoracic and/or
transesophageal echocardiogram, bilateral carotid
vertebral arterial Doppler ultrasonography and
cranial MRI of 100 individuals included in the
study were examined. The study was approved by
the 01/08/2018 dated and 03 numbered decision
of the ethics committee of our university clinical
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research ethics committee. Each patient who
participated in the study was informed about the
study, and informed consent was obtained.

Ablood pressure above 140 mmHg systolic and
90 mmHg diastolic was defined as hypertension;
ablood pressure between 120-140 mmHg systolic
and 80-90 mmHg diastolic was defined as
prehypertension. Blood pressure assessment of the
patients participating in the study was performed
at two different times at rest at least two weeks
after stroke. Diabetes mellitus was defined as a
preprandial blood glucose level above 125 mg/dl,
a glucose level above 200 mg/dl at the 2nd hour
of the oral glucose tolerance test, or an HbAlc
level above 6.5%; prediabetes was defined as a
preprandial blood glucose level between 110-125
mg/dl, a glucose level between 140-199 mg/dl at
the 2nd hour of the oral glucose tolerance test or
an HbAlc level between 5.7-6.4%. A body mass
index of <18 kg/m2 was considered underweight,
18-25 as normal, 25-30 as overweight, and >30
as obese.

Telomere measurement

DNA isolation was performed with PureLink®
Genomic DNA Mini Kit. The heating block was set
to 55 C during the protocol steps. 200 p1 peripheral
blood was added to a sterile microcentrifuge tube.
20 ul proteinase K was added. O x1 RNase was
added, vortexed, and kept at room temperature
for 2 minutes. 200 p1 PureLink® Genomic Lysis/
Binding Buffer was added and vortexed until
homogenized. Incubated at 55 C for 10 minutes
for protein degradation. 200 ul of 100% ethanol
was added and vortexed for 5 seconds until
homogenized. The lysate was transferred to
PureLink® Spin Column. Centrifuged at 10,000 x
g for 1 min. The bottom tube was discarded, and
anew PureLink® Collection Tube was used. 500
1 of Wash Buffer I was added to the column. The
column was centrifuged at 10,000 x g for 1 min.
500 p1 of Wash Buffer II was added to the column.
Centrifuged for 3 minutes at maximum speed.
The bottom tube was discarded, and the column
was transferred to a new 1.5 ml centrifuge tube.
60 ul PureLink® Genomic Elution Buffer was
added and allowed to stand at room temperature
for 1 minute. Then, centrifugation was performed
at maximum speed for 1 minute. The resulting
DNA was placed at -20C for use.

The amounts of the DNAs obtained were
quantified with the Qubit® 3.0 Fluorometer and
Qubit® dsDNA HS Assay Kits. The telomere
length of a human cell population was measured



directly as an average with ScienCell’s Absolute
Human Telomere Length Quantification qPCR
Assay Kit. Two qPCR reactions were prepared
for the reference genomic DNA sample, one with
telomere primer stock solution and one with SCR
primer stock solution. Two qPCR reactions were
prepared for each genomic DNA sample, one with
telomere primer stock solution and one with SCR
primer stock solution.

Statistical analysis

The normality test (Shapiro Wilks), descriptive
statistics (frequency analysis, descriptive
statistics), independent group comparison
(Unpaired t-test, One-Way ANOVA), Pearson
Correlation analysis, and Reliability analysis
(Cronbach’s alpha) were used in the study.
Descriptive statistics such as frequency,
percentage, arithmetic mean, standard deviation,
minimum, maximum, etc., were used in the
data analysis. Parametric tests were used in the
analysis of the data. An unpaired t-test was used to
compare the means of 2 independent groups, and
the result of the One-way ANOVA test was used
to compare more than two independent groups.
In the ANOVA test, if variance homogeneity was
provided for group differences, then Tukey HSD
was used; otherwise, the Tamhane multiplex group
comparison test was used. Pearson correlation
coefficient was calculated in the correlation
analysis of the scales. All test results were
evaluated at p<0.05 significance level.

RESULTS

In the study, 45% of the individuals in the patient
group were female, and 55% were male. The mean
age was 37.80 + 7.29 years, and the mean BMI
was 26.47 + 3.72 kg/m?. The body mass index
of 41.7% of the individuals was normal, 46.7%
were slightly overweight, and 11.6% were obese.

When the systolic BP group of the individuals
in the patient group was analyzed, 35% were
normotensive, 50% were pre-HT, and 15% were
HT patients. In the diastolic BP group, 41.7%
were normotensive, 48.3% were pre-HT, and 10%
were HT patients.

In the patient group, 78.3% had normal diabetes
assessment, 15% had prediabetes, and 6.7% had
DM; 81.7% had no carotid plaque, 13.3% had a
plaque in the ICA, and 5% had ICA occlusion.
48.3% were active smokers, 10% had smoked in
the past, 95% did not drink alcohol, and 92% did
not have any chronic disease.

In the study, 42.5% of the individuals in the

control group were female, and 57.5% were male.
The mean age was 37.05 + 7.78 years, and the
mean BMI was 25.73 + 3.15 kg/m2. The body
mass index of 52.5% of the individuals was
normal, 42.5% were slightly overweight, and 5%
were obese.

When the systolic BP group of the individuals
in the control group was analyzed, 27.5% were
normotensive, 52.5% were pre-HT, and 20%
were HT patients. When the diastolic BP group
was analyzed, 32.5% were normotensive, 52.5%
were pre-HT, and 15% were HT patients.

In the control group, 80% of the individuals
were normal; 12.5% had pre-DM; 7.5% had DM;
92.5% had no carotid plaque, and 7.5% had a
plaque. Forty-five percent of the individuals were
active smokers, 82.5% did not drink alcohol, and
all (100%) did not have any chronic disease.

In addition, no significant difference was found
between the patient and control groups in terms
of socio-demographic characteristics and ischemic
stroke risk factors (p>0.05).

In the study, when the telomere lengths between
the patient and control groups were evaluated
by unpaired T-test, the mean telomere length
of the patient group was 7.52 = 3.29 kb, which
was significantly higher than the mean telomere
length of the individuals in the control group by
501 = 1.71 kb.

In the study, telomere length of the individuals
in the patient group did not show a significant
difference between socio-demographic
characteristics (age, gender) and ischemic stroke
risk factors (systolic BP, diastolic BP, DM, BMI,
smoking, alcohol use, chronic disease) (p>0.05).

Our study indicates that the telomere length
of the individuals in the control group does not
show a significant difference between socio-
demographic characteristics (age, gender) and risk
factors of ischemic stroke (systolic BP, diastolic
BP, DM, BMI, smoking, alcohol use, chronic
disease) (p>0.05).

In the study, telomere length of the entire study
population did not show a significant difference
between socio-demographic characteristics (age,
gender) and ischemic stroke risk factors (systolic
BP, diastolic BP, DM, BMI, smoking, alcohol use,
chronic disease) (p>0.05).

DISCUSSION

In the cardiovascular field, many studies have been
conducted on telomere length, and the relationship
between telomere length and hypertension?,
atherosclerosis®, type 2 diabetes’, obesity”*®,
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Table 1: Characteristics of socio-demographic and ischemic stroke risk factors in patient and control

groups
Patient (n=60) Control (n=40) p
X=S.S. X=S.S.
Age! 37.80 +£7.29 37.05+7.78 0.625
BMI! 2647 +3.72 2573 £3.15 0.303
Systolic BP! 123.75 + 14.69 12525 £ 1445 0.616
Diastolic BP! 79.67 £ 9.29 81.62 +£9.29 0.304
LDL! 98.87 +29.82 111.83 £ 36.19 0.054
Pulse! 7343 +69 7238 +9.18 0513
Cigarette (pack/year)’ 19.62 + 13.6 13.22 £ 9.25 0.086
Hemoglobin' 1438 +£2.49 14.79 = 2.14 0.392
Haematocrit! 4344 +7.11 4532 + 6.31 0.181
n (%) n (%) P
Female 27 (45.0) 17 (42.5)
Gender? 0.967
Male 33 (55.0) 23 (57.5)
Normal 25 (41.7) 21 (52.5)
BMI? Slightly overweight 28 (46.7) 17 (42.5) 0.389
Obese 7 (11.6) 2(5.0)
Normotensive 21 (35.0) 11 (27.5)
Systolic BP? Pre-hypertensive 30 (50.0) 21 (52.5) 0.669
Hypertensive 9 (15.0) 8 (20.0)
Normotensive 25 (41.7) 13 (32.5)
Diastolic BP? Pre-hypertensive 29 (48.3) 21 (52.5) 0.573
Hypertensive 6 (10.0) 6 (15.0)
Normal 47 (78.3) 32 (80.0)
Diabetes Mellitus? Pre-diabetic 9 (15.0) 5(12.5) 0.933
DM patient 4(6.7) 3(7.5)
N/A 49 (81.7) 37 (92.5)
ICA carotid plaque? Present 8 (13.3) 3(7.5) 0.215
Occlude 3(5.0) 0 (0.0)
N/A 25 (41.7) 22 (55.0)
Smoking? Ex-smoker 6 (10.0) 0 (0.0) 0.084
Active user 29 (48.3) 18 (45.0)
N/A 56 (95.0) 33 (82.5)
Alcohol use? Social drinker 3(5.0) 5(12.5) 0.083
Active user 0 (0.0) 2(5.0)
o N/A 55 (92.0) 40 (100.0)
Chronic disease? 0.081
present 5(8.0) 0 (0.0)

"Unpaired T test, 2Chi-square correlation test
BMI: Body mass index, BP: Blood pressure, LDL: Low-density lipoprotein, ICA: Internal carotid artery, DM: Diabetes

Mellitus
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Table 2: Comparison of telomere length between patient and control groups

Group n X£8S.S. t p
Patients 60 7.52 +3.29
Telomere length 4.997 0.000*
Control 40 501 £1.71
'Unpaired T test, *p=<0.05
coronary artery disease”'’, renal dysfunction'', Many studies show an association between

sleep apnea syndrome'?, hyperhomocysteinemia  telomere length and cardiovascular diseases.
and overall vascular disease risk has been  However,the relationship between cerebrovascular
demonstrated. disease and telomere length is controversial.

Table 3: Comparison of telomere length in the patient group according to socio-demographic and
ischemic stroke risk factors

Telomere length

n X +S.S. P

30 and under 8 7.79 £ 291

Age! Between 31-40 26 6.89 + 2.38 0.423
41 and above 26 8.08 +4.09

Gender? Female 27 7.79 £3.79 0571
Male 33 73 +2.86
Normotensive 21 79 +4.14

Systolic BP! Pre-hypertensive 30 718 £2.79 0.724
Hypertension 9 7.79 £ 2.81
Normotensive 25 7.31 +£3.16

Diastolic BP! Pre-hypertensive 29 775 £347 0.878
Hypertensive 6 734 £ 341
Normal 47 7.36 + 3.28

Diabetes Mellitus' Pre-diabetic 9 8.68 +2.89 0.509
DM 4 6.86 +4.53
N/A 49 7.66 +2.87

ICA carotid plaque' Present 8 7.06 +5.75 0.779
Occlude 3 653 +1.72
Normal 25 6.89 + 2.98

BMI' Slightly overweight 28 8.25+334 0.280
Obese 7 6.86 + 3.99
N/A 25 7.83 + 3.88

Smoking! Ex-smoker 6 7.89 +2.29 0.750
Active user 29 7.19 +2.96

Alcohol use? NiA 26 73 %33 0917
Social drinker 3 733 £4.51
N/A 55 7.62 +3.32

Chronic disease? 0.445
Present 5 644 +297

'One-Way ANOVA Variant Analysis, *Unpaired T Test
BMI: Body mass index, BP: Blood pressure, ICA: Internal carotid artery, DM: Diabetes Mellitus
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Table 4: Comparison of telomere length in the control group according to socio-demographic and

ischemic stroke risk factors

Telomere length

n X+S.S. P
30 and under 9 475 +£1.32
Age! Between 31-40 18 507 +£1.84 0.873
41 and above 13 5.11 +£1.86
Female 17 499 + 1.65
Gender® Male 23 502+ 178 0.955
Normotensive 11 538 +£142
Systolic BP! Pre-hypertensive 21 493 £1.68 0.684
Hypertensive 8 472 +£2.22
Normotensive 13 52+1.33
Diastolic BP! Pre-hypertensive 21 5.1 +1.78 0.551
Hypertensive 6 431 +226
Normal 32 531 +1.78
Diabetes Mellitus' Pre-diabetic 5 3.68 £049 0.078
DM 3 4.03+£0.25
. N/A 37 51174
ICA carotid plaque? Present 3 388 043 0.238
Normal 21 502 +1.62
BMI! Slightly Overweight 17 5.09 +£1.93 0.805
Obese 2 423 +0.28
. N/A 22 503+19
Smoking® Active user 18 498 = 1.48 0494
N/A 33 497 £1.76
Alcohol use' Social drinker 5 5.18 £ 1.56 0.943
Active user 529 +2.04

10ne-Way ANOVA Variant Analysis, 2Unpaired T Test

BMI: Body mass index, BP: Blood pressure, ICA: Internal carotid artery, DM: Diabetes Mellitus

In the study by Ding et al., 1,309 patients
and 858 stroke patients and the same number of
controls were observed for five years, and telomere
length, stroke risk, and post-stroke outcomes were
evaluated. It was reported that telomere length was
shorter in stroke patients compared to the control
group, short telomere length was associated with
increased stroke risk in both patient and control
groups, and short telomere length was associated
with all-cause mortality in follow-up.'

Toupance et al. observed 154 patients for 9.5
years to evaluate telomere dynamics and carotid
plaque development. They found no correlation
between carotid plaque formation and telomere
attrition. In addition, they reported a strong
association between carotid plaque formation at
a young age and short telomere length.'

In a prospective study conducted by Biotti e al.
in France to investigate the relationship between
telomere length and clinical and biological risk
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factors of ischemic stroke in 215 patients, a
significant correlation was reported between
telomere length and age, homocysteinemia,
triglycerides and antiphospholipid antibodies in
ischemic stroke patients.'® However, in our study,
we could not show such a correlation between
telomere length and age, gender, systolic and
diastolic blood pressures, BMI, pulse rate, blood
glucose level, LDL, hemoglobin and hematocrit
in young ischemic stroke patients.

In a prospective study on stroke and telomere
length in women by Schiirks et al. with 1008 cases
and controls, no results were obtained to support an
association between telomere length and stroke."”
Similarly, another controlled prospective study in
male patients found no evidence of an association
between telomere length and stroke.'®

In a prospective study examining Parkinson’s
disease and telomere length in a neurodegenerative
disease group, 408 patients and 809 controls were



Table 5: Comparison of telomere length according to socio-demographic and ischemic stroke risk

factors in the whole study population

Telomere length

n X+S.S. p

30 and under 17 6,18 = 2,65

Age! Between 31-40 44 6,15+233 0,324
41 and above 39 7,09 3,76
Female 44 6,71 £341

Gender Male 56 637 + 2,70 0,575
Normotensive 32 7,04 3,63

Systolic BP! Pre-hypertensive 51 6,25 +2,62 0,503
Hypertensive 17 6,34 +2.93
Normotensive 38 6,59 + 2,84

Diastolic BP! Pre-hypertensive 50 6,64 + 3,15 0,696
Hypertensive 12 5,82 + 3,18
Normal 79 6,53 +2,94

Diabetes Mellitus' Pre-diabetic 14 6,89 + 3,37 0,676
DM 7 5,65 3,55
N/A 86 6,56 =275

ICA plaque' Present 11 6,20 + 5,04 0,933
Occlude 3 6,53 +1,72
Normal 46 6,04 + 2,61

BMI! Slightly overweight 45 7,06 = 3,26 0,269
Obese 9 6,28 = 3,65
N/A 47 6,52 + 3,39

Smoking' Ex-smoker 6 7,89 £ 2,29 0,502
Active user 47 6,34 £ 2,70
N/A 89 6,58 + 3,08

Alcohol use' Social drinker 8 5,99 £+ 2,90 0,74
Active user 2 5,29 £ 2,04
L N/A 95 6,52 + 3,04

Chronic disease? Present 5 644 +2.97 0,951

'One-Way ANOVA Variant Analysis, *Unpaired T Test

BMI:Body mass index, BP:Blood pressure, ICA:Internal carotid artery, DM: Diabetes Mellitus

studied. In the outcome analysis of the study, it
was reported that the risk of Parkinson’s disease
may be reduced in individuals with age-adjusted
short telomere length.”” It was stated that this result
might be explained by the method of the study,
the country where the study was conducted, the
sample size, the age of the study population, the
methods of investigating telomere length, and
tissue-related differences.

Studies on telomere length and cancer
development are also contradictory. In one
study, it was reported that short telomere length
increased the risk of developing colorectal
cancer®, in another study, short telomere length
was associated with an increased risk of cervical

cancer in HPV-positive women?', and another
study, short telomere length was associated with an
increased risk of basal cell carcinoma of the skin
in arsenic exposure.” In contrast to these studies,
there are two different studies indicating that long
telomere length is associated with an increased
risk of soft tissue sarcoma, and similarly, long
telomere length is associated with an increased
risk of developing breast and pancreatic cancer.”**

It has been reported that long telomere length
is associated with poor survival in breast cancer
and renal cell carcinoma and may be a poor
prognostic factor.® In a study conducted on
hepatitis B patients, it was reported that long
telomere length was associated with the risk of
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hepatocellular carcinoma.?

When the literature was reviewed, no study
was available in which long telomere length was
associated with increased stroke risk in studies
examining the relationship between ischemic
stroke risk and telomere length. In this sense,
our study is the first to support this association.
Differences in study design, country of study,
ethnicity, sample size, age of the study population,
telomere length methods, and tissue-related
differences may partly explain this. Firstly,
telomere length is determined by both genetic
and environmental factors. Telomerase is an
enzyme that protects telomeres from shortening.?’
Telomerase activity is regulated in response to
various factors such as cell-cycle stage*, stress
hormones® and inflammation®®*” which, in turn,
may introduce bias based on time of day of
blood sample collection®®, current infections®**,
physical exercise®* or acute stress exposure
status.® Kim et al. found significantly increased
DNA telomere length and high telomerase
activity in 24 different cancer types compared
to normal subjects.??-331 Similarly, some
studies suggest that basal telomerase expression/
activity is upregulated in autoimmune diseases,
with differences between active and inactive
disease® and early and advanced diseases.*
If such a process occurred in young ischemic
stroke patients, this could explain the presence
of longer telomeres. In both studies that did not
find a significant association between stroke and
telomere length, the participants were relatively
younger with a mean age of 61 years.!”!® The
mean age of our study was 37 years. We think
that telomerase activity may be increased in
young ischemic stroke patients, and this may be
the reason for this unexpected result.

In our study, telomere length was studied in
100 individuals, including 60 patients and 40
controls. The fact that we studied young ischemic
stroke patients was the most important factor
that reduced the study population. Compared to
previous studies, having a smaller sample group
can be considered an important limitation of our
study. Another limitation of our study is that we
included volunteers with infrequent episodic
tension headaches as a control group. In the
literature, no study examines the relationship
between headache and telomere length. This
factor may be the reason for the unexpected result.
To better understand the relationship between
telomere length and stroke risk, studies with
larger participation and younger patient groups
are clearly needed.

16

March 2024

DISCLOSURES

Financial support: The authors would like to
thank our university’s Scientific Research Project
Directorate for supporting this study with the
project number TTU-2019-7963.

Conflict of interest: None

REFERENCES

1. O’donnell MJ, Xavier D, Liu L, et al. Risk factors
for ischaemic and intracerebral haemorrhagic stroke
in 22 countries (the INTERSTROKE study): a case-
control study. Lancet 20105376 (9735):112-23. DOI:
10.1016/S0140-6736(10)60834-3

2. Epel ES, Blackburn EH, Lin J, et al. Accelerated
telomere shortening in response to life stress. Proc
Natl Acad Sci U S A 2004; 101 (49):17312-5.
DOI:10.1073/pnas.0407162101

3. von Zglinicki T. Oxidative stress shortens telomeres.
Trends Biochem Sci 2002; 27 (7):339-44. DOI:
10.1016/S0968-0004(02)02110-2

4. von Zglinicki T, Saretzki G, Docke W, Lotze C.
Mild hyperoxia shortens telomeres and inhibits
proliferation of fibroblasts: a model for senescence?
Exp Cell Res 1995; 220 (1):186-93. DOI: 10.1006/
excr.1995.1305

5. Yang Z,Huang X, Jiang H, et al. Short telomeres and
prognosis of hypertension in a Chinese population.
Hypertension 2009; 53(4):639-45. DOI: 10.1161/
HYPERTENSIONAHA.108.123752

6. Aviv A, Leukocyte telomere length. hypertension,
and atherosclerosis: are there potential mechanistic
explanations? Hypertension 2009; 53(4):590-1. DOI:
10.1161/HYPERTENSIONAHA.109.128926

7. Adaikalakoteswari A, Balasubramanyam M,
Ravikumar R, Deepa R, Mohan V. Association
of telomere shortening with impaired glucose
tolerance and diabetic macroangiopathy.
Atherosclerosis 2007; 195 (1):83-9. DOI: 10.1016/].
atherosclerosis.2006.12.003

8. Valdes AM, Andrew T, Gardner JP, et al. Obesity,
cigarette smoking, and telomere length in women.
Lancet 2005; 366 (9486):662-4. DOI: 10.1016/j.
amjcard.2008.03.040

9. Lee M, Martin H, Firpo MA, Demerath EW. Inverse
association between adiposity and telomere length:
The Fels Longitudinal Study. Am J Hum Biol 2011;
23 (1):100-6. DOI: 10.1002/ajhb.21109

10. Wong LSM, Oeseburg H, de Boer RA, van Gilst WH,
van Veldhuisen DJ, van der Harst P. Telomere biology
in cardiovascular disease: the TERC—/— mouse as a
model for heart failure and ageing. Cardiovasc Res
2008; 81 (2):244-52. DOI: 10.1093/cvr/cvn337

11. van der Harst P, Wong LS, de Boer RA, et al.
Possible association between telomere length and
renal dysfunction in patients with chronic heart
failure. Am J Cardiol 2008; 102 (2):207-10. DOI:
10.1016/j.amjcard.2008.03.040

12. Barcel6 A, Piérola J, Lopez-Escribano H, et al.
Telomere shortening in sleep apnea syndrome.
Respir Med 2010; 104 (8):1225-9. DOI: 10.1016/j.
rmed.2010.03.025



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Richards J, Valdes A, Gardner J, et al.
Homocysteine levels and leukocyte telomere length.
Atherosclerosis.2008;200 (2):271-7.DOI: 10.1016/].
atherosclerosis.2007.12.035

Ding H, Chen C, Shaffer JR, et al.Telomere length and
risk of stroke in Chinese. Stroke 2012; 43 (3):658-63.
DOI: 10.1161/STROKEAHA .111.637207
Toupance S, Labat C, Temmar M, et al. Short
telomeres, but not telomere attrition rates,
are associated with carotid atherosclerosis.
Hypertension 2017; 70 (2): 420-5. DOI: 10.1161/
HYPERTENSIONAHA.117.09354

Biotti D, Aho S, Béjot Y, et al. Leukocyte telomere
length: A focus on cerebrovascular events.
Rejuvenation Res 2012; 15 (3): 274-280. DOI:
10.1089/rej.2011.1243

Schiirks M, PrescottJ, Dushkes R, De Vivo I, Rexrode.
Telomere length and ischaemic stroke in women: a
nested case—control study. Eur J Neurol 2013; 20
(7):1068-74. DOI: 10.1111/ene.12135

Zee RY, Castonguay AJ, Barton NS, Ridker PM.
Relative leukocyte telomere length and risk of
incident ischemic stroke in men: a prospective, nested
case-control approach. Rejuvenation Res 2010; 13
(4):411-4. DOI: 10.1089/rej.2009.0975

Schiirks M, Buring J, Dushkes R, Gaziano JM, Zee
RY, Kurth T. Telomere length and P arkinson’s disease
in men: a nested case-control study. Eur J Neurol
2014; 21 (1):93-9. DOI: 10.1111/ene.12252

Qin Q, Sun J, Yin J, et al.Telomere length in
peripheral blood leukocytes is associated with risk
of colorectal cancer in Chinese population. PloS
One 2014;9(2):¢88135. DOI: 10.1371/journal.
pone.0088135

Chen X, Wei S, Ma H, et al. Telomere length in
cervical exfoliated cells, interaction with HPV
genotype, and cervical cancer occurrence among
high-risk HPV-positive women. Cancer Med 2019;
8 (10):4845-51. DOIL: 10.1002/cam4.2246

Srinivas N, Rachakonda S, Hielscher T, er al.
Telomere length, arsenic exposure and risk of basal
cell carcinoma of skin. Carcinogenesis 2019;40
(6):715-23. DOIL: 10.1101/465732

Gramatges MM, Telli ML, Balise R, Ford JM, Longer
relative telomere length in blood from women with
sporadic and familial breast cancer compared with
healthy controls. Cancer Epidemiol Biomarkers Prev
2010; 19 (2):605-13. DOI: 10.1158/1055-9965 .EPI-
09-0896

Lynch SM, Major JM, Cawthon R, et al.Telomere
length and pancreatic cancer in the alpha-tocopherol
beta-carotene cancer prevention (ATBC) study.
Cancer Epidemiol Biomarkers Prev 2012; 21 (11
Supplement):13-13. DOI: 10.1158/1055-9965.
GWAS-13

Svenson U, Ljungberg B, Roos G. Telomere length in
peripheral blood predicts survival in clear cell renal
cell carcinoma. Cancer Res 2009; 69 (7):2896-901.
DOI: 10.1158/0008-5472.CAN-08-3513

Wan S, Hann H-W, Ye Z, et al. Prospective and
longitudinal evaluations of telomere length of
circulating DNA as a risk predictor of hepatocellular
carcinoma in HBV patients. Carcinogenesis 201738
(4):439-46. DOI: 10.1093/carcin/bgx021

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Blackburn EH. Telomeres and telomerase: their
mechanisms of action and the effects of altering
their functions. FEBS lett 2005; 579 (4):859-62.
DOI: 10.1016/j.febslet.2004.11.036

Dikmen G, Dogan P. Kanser ve telomeraz. Tiirk Klin
Tip Bilim 2003; 23.

Yildiz MG, Aras S, Duman DC. Telomerlerin
yaslanma ve kanserle iliskisi. Tiirk Hijyen Deney
Biyo Der 2009; 66 (4): 187-95.

Kim NW, Piatyszek MA, Prowse KR, et al. Spesific
association of human telomerase activity with
immortal cells and cancer. Science 1994;266:2011-5.
DOI: 10.1126/science.7605428

Kim NW. Clinical implication of telomerase in cancer.
Eur J Cancer 1997; 33(5):781-6. DOI: 10.1016/
S0959-8049(97)00057-9

Katayama Y, Kohriyama K. Telomerase activity
in peripheral blood mononuclear cells of systemic
connective tissue diseases. J Rheumatol 2001; 28:288-
291.

Invernizzi P, Bernuzzi F, Lieo A, et al. Telomere
dysfunction in peripheral blood mononuclear cells
from patients with primary biliary cirrhosis. Diges
Liver Dis 2014; 46(4):363-8. DOI: 10.1016/].
dld.2013.11.008

Buchkovich KJ, Greider CW. Telomerase regulation
during entry into the cell cycle in normal human T
cells. Mol Biol Cell 1996;1443-54. DOI: 10.1091/
mbc.7.9.1443

Epel ES, Lin J, Dhabhar FS, et al. Dynamics of
telomerase activity in response to acute psychological
stress. Brain Behav Immun 2010; 24:531-9. DOI:
10.1016/j.bbi.2009.11.018

Akbar AN, Vukmanovic-Stejic M. Telomerase in T
lymphocytes: use it and lose it? J Immunol 2007;
178;6689-94. DOI: 10.4049/jimmunol.178.11.6689
Akiyama M, Yamada O, Hideshima T, er al. TNFa
induces rapid activation and nuclear translocation of
telomerase in human lymphocytes. Biochem Biophys
Res Commun 2004; 316:528-32. DOIL: 10.1016/j.
bbrc.2004.02.080

Chen WD, Wen MS, Shie SS, et al. The circadian
rhythm controls telomeres and telomerase activity.
Biochem Biophys Res Commun 2014; 451:408-14.
DOI: 10.1016/j.bbrc.2014.07.138

Zietzer A, Buschmann EE, Janke D, et al. Acute
physical exercise and long-term individual shear
rate therapy increase telomerase activity in human
peripheral blood mononuclear cells. Acta Physiol
(OXF)2017;220:251-62. DOI: 10.1111/apha.12820

17



