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Ileav. H3yuumo usmenenus cmpykmypol U GyHKYUU apmepuil 8 3a8UCUMOCIU OM OAUHbL MeAoMeD U3 NepupeputeckKux AUMogouumos
U Haauvus caxaproeo ouadbema 2 muna (C/2).

Mamepuaaot u memooot. B ucciedosanue exaiouerno 50 nayuenmos ¢ CI[2 6e3 Kaunu1ecKux nposieaeHuil cepoe4Ho-cocyoucmoix 3a-
oonesanuil (CC3) u 49 uenosex konmpoasholi epynnsl. Bcem yuacmuurxam 8vinoatena oueHka yenego0H020 00Mena, OynaeKcHoe CKaHu-
POBaUe COHHbIX APMEPUIL ¢ onpedeneHuem moauutsl Komniexca unmuma-meoua (TKUM), naruuus amepockiepomuueckux Oasuex,
usmMeperue KapomuoHo-pemopanbHoil ckopocmu pacnpocmpaneruti nyavcosoli oanst (CPIIB), uameperue 0aurbl AUMPOUUMAPHBIX
menomep.

Pesyabmamot. Hzmenernus cocyooes bviau bonee svipaxcersvt y nayuenmos ¢ C12. Y nayuenmog ¢ CII2 oauna aumgpoyumaphsvix meaomep
oKazanace Kopoue, yem y auy 6e3 duadema (9,53+0,1 u 9,86%0, 1, p=0,033). Bce nauuenmuoi 6biau pazdeneHsvi no oauxe AUMPoyU-
mapHbix meaomep. B epynne CII2 evisignenvt docmogepruie pazauyus 6 cocmosnuu cocyducmoi cmenxu: CPIIB y auy ¢ «OauHHbiMu»
menomepamu — 10,58+0, 1 m/c, c «kopomxumu» meaomepamu — 15,058+ 1,3 m/c (p=0,012), TKUM y auy, c «OrunHbiMu» mesomepamu —
0,80x0,09 mm, ¢ «kopomrumu meaomepamu» — 0,87x£0,05 mm (p=0,024). [Ipu cpasneruu epynn ¢ «OAUHHbIMUY MEAOMEPAMU HE Bbl-
sa61eH0 docmosepHbix pazauyull 6 cmpykmype apmepuii: CPIIB 10,58+0,1 m/c u 10,5+£0,5 m/c (p=0,913), TKUM — 0,80+0,09 mm
u 0,73+0,03 mm (p=0,12). A npu cpasreruu epynn c «<KOPOMKUMU» MeNOMEPAMU bls8AeHbl O0OCMOBEPHbIe PA3AUHUS 8 USMEHEHUSIX
cocyoucmoti cmenxu: CPIIB 15,08+ 1,3 m/c u 10,7£0,5 m/c (p=0,015). TKUM — 0,870, 1 mm u 0,78+0, 1 mm (p=0,03).
3axarouenue. Ilpusnaxu cocyoucmoeo cmapenus bviau bonee evipadicenvt y nayuenmos ¢ CI2. Oonaxo Hecmomps Ha Haauyue oua-
bema, cocyducmuoie usmeHeHuUs: Oblau MUHUMAAbHBL Y NAUUEHIMO8 C «OAUHHbIMUY AUMPOUUMAPHBIMU MEAOMEPAMU U CPABGHUMbL C COCHNO-
SAHUEM COCYOUCMOLi cmeHKU 300p08bix atooeil. Jauna aum@ouumaphvix mejaomep, 603MONCHO, 004a0aem NPOMEKMUBHBIM Oelcmeluem
Ha cocyOucmyro cmeHKy, npedoxpaHsis ee 0m nogpexcoaroue2o 0eiicmeus HapyuleHuil yeneo0H020 00MeHa.

Karouesnie caoea: onuna menomep; cocyoucmoe cmapetue; caxapHolii 0uabem,; UHCYAUHOPE3UCMEHMHOCHb

Telomere length and vascular wall in patients with type 2 diabetes mellitus

Dudinskaya E.N.!, Tkacheva O.N.!, Shestakova M.V.% 3, Brailova N.V.!, Strazhesko 1.D.!, Akasheva D.U.!, Isaykina O.Y.!,
Pokrovskaya M.S.!, Sharashkina N.V.!, Boytsov S.A.!

!National Research Center for Preventive Medicine6 Moscow, Russian Federation

2Endocrinology Research Centre, Moscow, Russian Federation

3Sechenov First Moscow State Medical University, Moscow, Russian Federation

Aim. To study the relationship between changes in the artery structure and function and peripheral lymphocyte telomere length in patients
with type 2 diabetes mellitus (DM2).

Materials and methods. A total of 50 patients with T2DM and without clinical manifestations of cardiovascular disease (CVD) were
included in the study; the control group consisted of 49 people. The following tests were conducted for all study participants: carbohydrate
metabolism evaluation, carotid artery duplex scan to measure intima—media complex thickness (IMT) and to determine the presence
of atherosclerotic plaques, carotid—femoral pulse wave velocity (PWV) measurement and lymphocyte telomere length measurement.
Results. The vascular changes were more pronounced in patients with T2DM than in controls. The telomeres were shorter in patients with
T2DM than in those without diabetes (9.53%+0. 1 vs 9.86=0. 1, p=0.033). The participants were divided according to the telomere length.
Among patients with T2DM, there were significant differences in the condition of the vascular wall [PWV: 10.58%0.1 m/s in patients
with ‘long’ telomeres and 15.08+ 1.3 m/s in patients with ‘short’ telomeres; IMT: 0.80£0.09 mm in patients with ‘long’ telomeres and
0.87%0.05 mm in patients with ‘short’ telomeres (p=0.024)]. There were no significant differences in the arterial structure between the
patient and control groups with ‘long’ telomeres [PWV: 10.58+0. 1 m/svs 10.5+0.5m/s (p=0.913); IMT: 0.050+0.09 mm vs 0.73%+0.03
mm (p=0.12). However, there were significant differences in the vascular wall condition between the patient and control groups with
‘short’ telomeres [PWV: 15.08+1.3 m/s vs, 10.7£0.5m/s (p=0.015); IMT: 0.87x0.1vs 0.78x0.1 (p=0.03)].
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Conclusions. The signs of vascular ageing were more pronounced in patients with T2DM than in controls. However, despite diabetes,
vascular changes were minimal in patients with ‘long’ lymphocyte telomeres, comparable with the state of the vascular walls in healthy
individuals. Thus, enhanced lymphocyte telomere length may have a protective effect on the vascular wall and may prevent damage

from carbohydrate metabolism disorders.
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iabetes mellitus (DM) is a chronic, noncommu-

D’: nicable disease that has reached epidemic pro-

B_#" portions. Type 2 DM (T2DM) inevitably leads

to the development of microvascular and macrovascular

complications, which aggravate the course, worsen the

prognosis of cardiovascular diseases (CVD) and lead to
mortality.

A vast body of evidence indicates that age-related en-
dothelial dysfunction and thickening and stiffening of the
vascular wall create a metabolically and enzymatically
active environment that contributes to the emergence or
progression of vascular disease [1]. Several pathological
processes contribute to the changes in the vascular wall: an
increase in the collagen content accompanied by the forma-
tion of strong cross-links between fibres; fragmentation and
a decrease in the elastin content; an increase in the con-
centrations of glycotoxins and accumulation of advanced
glycation end products (AGE) [2] and thickening of the in-
tima—media complex (IMT) because of the accumulation
of extracellular matrix proteins, collagen, glycoseaminogly-
cans and smooth muscle cells and increased expression of
adhesion molecules and monocyte adhesion to the endo-
thelial surface [3].

Experimental data show that disturbances in carbo-
hydrate metabolism contribute to accelerated changes in
blood vessels. For example, Facchini et al. (2201) demon-
strated that hyperinsulinaemia may contribute to oxidative
stress and thus accelerate ageing of blood vessels and the
development of age-related diseases independently of hy-
perglycaemia [4]. In addition, insulin resistance (IR) is a
predictor of atherosclerosis and CVD development inde-
pendently of other risk factors, including high blood lipid
content and high blood glucose in ageing endothelial cells,
endothelial dysfunction and increased vascular wall stiff-
ness [5]. Recently published studies demonstrate that in-
creased vascular wall stiffness occurs in the initial stages of
a carbohydrate metabolism disturbance, when IR is not yet
accompanied by an increased blood glucose level [6, 7].

The different rates of ageing in patients with T2DM
may be an inherently different level of ‘genetic protection’
of vessels from external factors. Some discoveries in vessel
biology provide insight into the molecular mechanisms of
ageing and allow us to prevent and slow down the arterial
ageing process.

One of the most discussed genetic markers of ageing
is the peripheral lymphocyte telomere length. Lymphocyte
telomeres are the end portions of linear DNA molecules
that have the repetitive nucleotide sequence TTAGGG.
Telomeres protect linear chromosome ends from degrada-

tion and fusion and maintain genome stability. Telomere
DNA in somatic cells is truncated with each cell division
because of incomplete replication of the end portions (end
under-replication). As soon as telomere DNA becomes
dangerously short, the cell becomes senescent and is un-
able to divide and repair DNA damage while maintaining
the metabolic activity [8, 9]. Some authors describe the
telomere as a ‘molecular clock’ that determines the cell’s
lifespan [10].

Experimental and clinical evidence indicates that the
lymphocyte telomere length corresponds to the stem cell
and endothelial progenitor cell telomere length. Thus, the
lymphocyte telomere length could be used as a biomarker
of vessel ageing. Therefore, measuring the telomere length
in easily accessible tissues such as blood may be a surrogate
parameter for determining the relative telomere length in
other tissues [11]. The length and rate of telomere shorten-
ing are genetically determined; however, they are also in-
fluenced by external factors [12].

New data indicate that accelerated shortening of lym-
phocyte telomeres is a characteristic of patients with T2DM
and impaired glucose tolerance [13, 14] and that it may be
related to abnormal insulin secretion and the development
of IR. Telomere length may be a marker of T2DM pro-
gression and its complications [15]. Compared with healthy
individuals, the presence of short telomeres has been dem-
onstrated in patients with impaired glucose tolerance; how-
ever, even shorter telomeres have been observed in patients
with T2DM [16]. Some data allow us to make a connection
between shortened lymphocyte telomeres and the develop-
ment of T2DM, CVD and vascular ageing processes [17].
These observations suggest that T2DM plays an important
role in the processes of replicative senescence.

However, despite obvious scientific achievements in
the field of vascular ageing, many unresolved issues re-
main, such as an insufficient number of clinical studies on
the ageing process in patients with T2DM, because studies
have been mainly conducted on animals and cell cultures.
Studying the relationship between accelerated changes in
the structure and function of the vascular wall and replica-
tive senescence in patients with T2DM is of particular inter-
est. The connection between the severity of oxidative stress,
chronic inflammation, IR and impaired carbohydrate me-
tabolism as well as the association between telomere biology
and age-related vascular changes is poorly understood.

Given the steady ageing of the population, T2DM and
CVD prevalence in old age, the lack of understanding of the
ageing process in patients with diabetes and the absence of
effective methods to influence these processes, a study of

—3/2014 32

Diabetes Mellitus



Diabetes Mellitus

Pathogenesis

the pathogenesis of changes in the cardiovascular system in
patients with T2DM is highly relevant.

Aim

to study changes in arterial structure and function in
relation to the peripheral lymphocyte telomere length and
T2DM.

Materials and methods

Patients who previously underwent an outpatient exam-
ination at the FGBI National Research Centre for Preven-
tive Medicine (NRCPM) during 2012—2013 were selected
for this cross-sectional study. The main study group in-
cluded patients with T2DM with a disease duration of no
longer than 12 months after diagnosis, glycated haemoglo-
bin (HbA,,) levels of 6.5%—9.0% and age of 45—75 years.
The control group consisted of patients without T2DM,
who had no clinical manifestations of CVD and who con-
tacted the NRCPM for preventive counselling.

Criteria for exclusion from the study were as follows:
type 1 DM and other specific types of diabetes; stage 3 arte-
rial hypertension, blood pressure > 180/100 mm Hg; regular
use of anti-hypertensive drugs; regular use of anti-diabetic
drugs with the goal to achieve the target HbA,, level; severe
diabetic microangiopathy (pre-proliferative and prolifera-
tive diabetic retinopathy and stage 3b, 4 or 5 chronic kidney
disease); presence of CVD; New York Heart Association
(NYHA) classification class II—-IV chronic heart failure;
presence of valvular heart disease; chronic liver and/or
kidney failure; cancer; pregnancy; lactation or refusal to
participate in the study.

All the patients signed a legal informed consent form to
participate in the study. The local ethics committee (LEC)
FGBI NRCPM Ministry of Healthcare, Russian Federa-
tion; minutes of the LEC, meeting number 8, 29 November
2011, approved this study protocol.

All the patients received a standard clinical evaluation
during screening: medical history; physical examination in-
cluding height and weight measurements to calculate body
mass index (BMI) and systolic (SBP) and diastolic blood
pressure (DBP) measurement using a calibrated instrument
with shoulder cuff (HEM-7200 M3, Omron Healthcare,
Kyoto, Japan). Blood pressure was measured on the right
arm after a 10-min rest in the sitting position three times
with 2-min intervals, and the average of the three mea-
surements was used for analysis. Arterial hypertension was
defined as blood pressure = 140/90 mm Hg. Blood samples
were taken for clinical and biochemical laboratory tests. In
addition, rest and stress electrocardiograms (ECG) were
recorded (treadmill test protocol BRUCE, Intertrack,
Schiller, Miami, FL, USA). Patients with abnormalities
on blood tests, heart rhythm and/or cardiac conduction
on ECG and a positive stress test were excluded from the
study.

Of the 158 patients screened, 99 met the inclusion cri-
teria for the study. Additional tests were conducted on all
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study participants, including a carbohydrate metabolism
evaluation; duplex scanning of carotid arteries to mea-
sure IMT and determine the presence of atherosclerotic
plaques; measurement of carotid—femoral pulse wave ve-
locity (PWV) and telomere length measurement.

Carbohydrate metabolism evaluation

The glucose concentration was measured for carbo-
hydrate metabolism assessment using the glucose oxidase
method on a SAPPHIRE-400 analyser using DiaSys diag-
nostic kits. The HbA,, level was measured by liquid chro-
matography on a Sapphire 400 (Niigata Mechatronics,
Tokyo, Japan) analyser according to the manufacturer’s
standard procedure.

Telomere length measurements

The relative length of peripheral lymphocyte telomere
genomic DNA was measured. The technique was based
on a study by Cawthon with some modifications [18]. The
amount of telomeric DNA in the genome was estimated by
real-time polymerase chain reaction (PCR). The amount of
genomic single-copy DNA was measured in parallel real-
time PCR. It was assumed that the ratio of telomere and
single-copy matrices was proportional to the length of lym-
phocyte telomeres.

Arterial stiffness measurements

Applanation tonometry was used to measure carotid—
femoral PWV for the vascular wall condition evaluation
(SphygmoCor system, AtCor Medical, West Ryde, NSW,
Australia). A high precision applanation tonometer was
superimposed on the proximal (carotid) and distal (femo-
ral) artery after a short time interval to record pulse waves.
Central blood pressure, SBP, DBP and ECG were recorded
simultaneously with PWV. The distance travelled by the
pulse wave between registration points was divided by the
time needed, as determined by the time between the ori-
gin of pulsation and the R-wave position on ECG to cal-
culate PWV. A PWV value > 12 m/s was considered as an
increase [1].

Evaluation of IMT and subclinical atherosclerosis

The Q-LAB special application program (Philips, Eind-
hoven, The Netherlands) was used for duplex scanning of
extracranial brachiocephalic arteries in B-mode with paral-
lel ECG recording. IMT was measured on the back wall of
the common carotid artery (CCA). The sensor was located
on the anterior and posterior margins of the m. sternoclaid-
omastoideus. Scanning was performed in three planes: two
longitudinal planes and the transverse plane. CCA IMT was
measured 1.5—2 cm proximal to bifurcation on the artery
wall most remote from the sensor. Internal and external ca-
rotid arteries were evaluated at the point of visual maximum
thickening for diagnostic IMT scanning of CCA. The struc-
tural evaluation of IMT included echogenicity analysis and
assessment of the preserved layer structure. Echogenicity of
the surrounding tissue was considered baseline when deter-
mining echogenicity of the intima. Echogenicity of the ves-
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sel lumen was used for the media. The standards proposed
by the experts of the European Society of Hypertension and
the European Society of Cardiology (2003) were used to
assess CCA IMT. IMT < 0.9 mm was considered normal;
increased thickness was 0.9—1.3 mm and diffuse IMT thick-
ening > 1.3 mm was considered atherosclerosis. The pres-
ence of atherosclerotic plaques was defined as an increase
in IMT > 1.3 mm in CCA, a local increase in IMT of 0.5
mm or a 50% increase in nearby IMT. Local IMT thick-
ening > 1.3 mm, which caused stenosis of the lumen but
did not affect its internal anatomy, was considered plaque.
Stenosis was measured by transverse CCA scanning with a
high-resolution sensor (7.5 MHz) and defined as a percent-
age ratio of the plaque area to total vessel area.

Statistical analysis

SAS 9.1 statistical software (SAS Institute, Cary, NC,
USA) was used for analysis. All data were entered into a
spreadsheet, and exploratory analysis was performed to
identify data entry errors and missing values. Tests of skew-
ness and kurtosis were performed for quantitative param-
eters and revealed a normal distribution for the majority of
the quantitative parameters. Quantitative data are presented
as mean and mean-square deviation. Comparative analysis
of independent samples was conducted. Mean values of the
clinical parameters were compared between the two groups
using one-way analysis of variance for continuous variables
and the -square test for categorical variables. A modified
Student’s t-test was used with Fisher arcsin transformation
for frequencies of the qualitative parameters. Pearson’s
linear correlation analysis was used to detect correlations
between parameters. Multivariate regression equations and
multiple linear regression analyses were used to identify
which correlations between parameters were independent.
The null hypothesis was rejected at p < 0.05.

Results

in total, 99 (33 males and 66 females) patients were in-
cluded in the study. The mean age was 52.4 = 12.3 years. The
patients were divided into two groups: those with T2DM
(n = 50) and those without T2DM (n = 49). The patients
groups were comparable in age and sex. No significant dif-
ferences in the number of males/females was observed be-
tween the groups: 15 males and 35 females (30/70%) in the
T2DM group vs. 17 males and 32 females (34/67%) in the
group without T2DM (p = 0.77). The mean age of patients
with T2DM was 56 £ 12.1 years, and that of the control
group was 53.47 £ 11.91 years (p = 0.15). T2DM duration
was 0.9 £ 0.089 years. BMI in the T2DM group was signifi-
cantly higher than that in the group of healthy individuals
(31.1 = 1.08 vs. 26.6 = 0.53 kg/m2; p = 0.002). Blood pres-
sure did not differ significantly between the groups (T2DM
group SBP/DBP, 129.6 + 3.2/79.06 £ 1.8 mm Hg; control
SBP/DBP, 123.3 £ 1.5/77.2 £ 0.9 mm Hg; p = 0.06 and p
= (.37, respectively). The lymphocyte telomere length was
significantly shorter in the T2DM group than in the control
group (p = 0.02). Fasting blood glucose (FBG) and HbA,,

levels in patients with T2DM were significantly (both p <
0.001) higher than those in the control group.

A significantly higher PWV (p < 0.001) and thickened
IMT (p <0.001) were observed in patients with T2DM than
in the control group. The number of atherosclerotic plaques
tended to be higher in the T2DM group than in the con-
trol group (p = 0.08). The main patient characteristics are
shown in Table 1.

All the patients were divided into two groups accord-
ing to the relative peripheral lymphocyte telomere length.
The median telomere length was 9.75. All the patients with
a lymphocyte telomere length less than the median were
assigned to the ‘short’ telomere group, and patients with a
telomere length equal to or above the median were assigned
to the ‘long’ telomere group.

The vascular wall status and carbohydrate metabolism
parameters were compared with the telomere length in all
the patients.

The severity of subclinical atherosclerosis and vascular
stiffness was higher in patients with ‘short’ telomeres than
in those with ‘long’ telomeres in both the groups. In con-
trast, in patients with T2DM and ‘long’ telomeres, indica-
tors of vascular ageing were significantly less frequent than
in those with T2DM and ‘short’ telomeres: PWV and IMT
in the ‘long’ telomere group were significantly lower (p <
0.01 for both parameters) and the number of atherosclerotic
plaques was significantly fewer (p = 0.03; Table 2).

The HbA,, level in patients with T2DM and ‘short’
telomeres was significantly higher than that in patients
with T2DM and ‘long’ telomeres. Patients with T2DM
and ‘short’ telomeres had higher rates of PWV (p < 0.01)
and IMT (p = 0.03) and a greater number of atheroscle-
rotic plaques (p = 0.04) than subjects without diabetes and
‘short’ telomeres. The vascular stiffness and subclinical ath-

Table 1

Main clinical characteristics, results of duplex scanning of the carotid

arteries and applanation tonometry and telomere length

Diabetes Mellitus

Characteristic V2B LD p
(n=50) (n=49)
|Age, years 56+12.1 | 53.47+x11.91| 0.15
Male, number/% 15/30 17/34 0.77
BMI, kg/m? 31.1+1.08 | 26.6+0.53 | 0.002
SBP, mm Hg 129.6+£3.2 | 123.3x1.5 | 0.06
DBP, mm Hg 79.06 1.8 77.2+0.9 0.37
T2DM duration, years 0.9 £0.089
HbA,., % 7.2%0.6 5.09£0.05 |<0.001
FBG, mmol/I| 8.1£0.333 | 5.3+0.051 |<0.001
PWV, m/s 13.07£0.6 | 10.67 £0.23 | <0.001
IMT, mm 0.88+0.02 | 0.74+0.01 |<0.001
Number of atherosclerotic 13£02 0.84%0.1 0.08
plagques
Relative felomere 95301 | 9.86+0.1 | 0.02
ength

Values are presented as mean * SD.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HbA,, glycated haemoglobin; FBG,

fasting blood glucose.
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Table 2

Parameters for vascular wall status, carbohydrate metabolism and telomere length depending on the presence of T2DM

T2DM+ (n = 50) T2DM- (n = 49)
Parameter ‘Long’ ‘Short’ p ‘Long’ ‘Short’ P
telomeres telomeres telomeres telomeres
(n=29) (n=21) (n=27)

(n=22) 15,08+1.31 <0,01 10,51+x0.51 10,7£0.52 0,025
PWV, m/s 10.50£0.1 | 15.08+1.31 <0.01 10.51+£0.51 | 10.7+0.52 0.025
IMT, mm 0.80+0.09 0.87 £0.05 <0.01 0.73+£0.03 0.78%0.13 0.04
Number of atherosclerotic plaques 0.76 £0.04 1.02+0.29 0.03 0.78 £0.02 0.89+0.22 0.03
HbA,., % 7.44%0.8 7.04+£0.37 <0.01 53+0.12 5.03%0.12 0.08
FBP, mmol/I 7.580.9 8.13+0.46 0.57 5.24+0.13 5.23+0.12 0.96

Table 3

Indicators of vascular wall status based on relative telomere length

‘Long’ telomeres ‘Short’ telomeres
Parameter T2DM+ T2DM- p T2DM+ T2DM- P
(n=29) (n=27) (n=21) (n=22)
PWV, m/s 10.50%0.1 10.51+£0.51 0.91 15.08 1.31 10.7 £0.52 <0.01
IMT, mm 0.800.09 0.73£0.03 0.12 0.87 £0.05 0.78%0.13 0.03
Number of atherosclerotic plaques 0.76 £0.04 0.78 £0.02 0.97 1.02£0.29 0.89+£0.22 0.04

erosclerosis indicators did not differ in the T2DM group
with ‘long’ telomeres and the control group: PWV and IMT
were comparable in participants with and without T2DM (p
= 0.91 and p = 0 12, respectively) and the number of ath-
erosclerotic plaques did not differ significantly (p = 0.97).
The results of this comparison are presented in Table 3.

Table 4 shows correlation analysis results for PWV and
IMT with other parameters in participants with and with-
out T2DM. A significant positive correlation was observed
among PWV and SBP, IMT and HbA,,, while a significant
negative correlation was detected between PWV and the
relative lymphocyte telomere length in the T2DM group.
IMT showed a significant positive correlation with SBP and
a significant negative correlation with the relative lympho-
cyte telomere length.

A significant positive correlation was observed among
PWYV and age, SBP and IMT, while a significant nega-
tive correlation was detected between PWV and the rela-
tive lymphocyte telomere length in the control group. IMT
showed a significant positive correlation with age and SBP.

Analysis of the relative lymphocyte telomere length
in the T2DM group demonstrated an inverse correlation
among the telomere length and HbA,, and PWV but no cor-

relation with age, smoking status, BMI, FBG, IMT or the
presence of atherosclerotic plaques (Table 5).

Multiple linear regression analysis with the relative
lymphocyte telomere length as the dependent variable
and age, PWV, FBG and HbA,, as independent variables
showed that only PWV (inverse relationship) and HbA|,
(direct relationship) were correlated with the lymphocyte
telomere length (Table 6).

Discussion

we revealed that the vascular wall condition in patients
with T2DM was significantly different from that in healthy
individuals. Our results are consistent with those of other
studies and have a pathophysiological basis [19, 20, 21].
One of the possible explanations for increased vascular wall
rigidity in patients with T2DM is AGE accumulation [20],
which leads to the formation of cross-links between collagen
molecules in the middle layer of the vascular wall, result-
ing in increased collagen rigidity and vascular wall stiffness.
The presence of chronic hyperglycaemia in patients with
T2DM amplifies protein glycation and AGE accumulation
and results in significantly increased vascular stiffness and

Table 4

Pearson’s correlation analysis between pulse wave velocity (PWV) and intima—media thickness (IMT) and other parameters

T2DM+ (n=50) T2DM- (n=49)

Parameter PWV IMT PWV IMT

Age 0.1953p=0.17 0.3564p=0.1501 0.3213 p=0.001 0.3644 p=0.0001
SBP 0.2717 P=0.003 0.3231 P=0.007 0.3784 p =0.0021 0.3214p=0,0214
DBP 0.0983 p=0.27502 0.2196p=0.133 0.01024 p=0.2765 0.0538 p = 0.4245
BMI 0.3127 p=0.001 0.1731p=0.142 0.0054 p =0.85%94 0.02985p=0.4211
FBG 0.3621 p=0.301 0.2258 p=0.0674 0.1738 p=0.1422 0.1732 p=0.1421
HbA,. 0.3526 p=10.002 0.1571 p=0.0699 0.1528 p=0.152 0.1635p=0.0672
Telomere length -0.3564p=0.019 -0.3184 p=0.0278 -0.3623 p=0.0014 0.1673p=0.0711
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Table 5

Correlation analysis of relative telomere length and other
parameters in patients with type 2 diabetes mellitus

Table 6

Multiple linear regression analysis of telomere length based on age,

indicators GPN NbA1s and PWYV as independent variables in the

therefore in accelerated vascular wall ageing [19]. We dem-
onstrated a correlation between arterial stiffness and HbA,_,
which is the main indicator of carbohydrate metabolism.

Our results demonstrated that the peripheral lympho-
cyte telomere length was shorter in patients with T2DM
than in healthy individuals. A similar correlation was
demonstrated in a study by Hovatta et al. [16]. However,
Sampson et al. found no correlation between lymphocyte
telomere shortening and carbohydrate metabolism indi-
cators in a European study, possibly because of the small
number of patients in that study [20]. Our results show not
only significant differences in the HbA,_ level between pa-
tients with T2DM and ‘long’ and ‘short’ telomeres but also
a negative correlation between the lymphocyte telomere
length and HbA,.. These data suggest the damaging effect of
hyperglycaemia on replicative ageing indicators. However,
this finding needs additional larger scale research.

The independent negative correlation between the telo-
mere length and PWV and the independent positive correla-
tion between the telomere length and HbA . were the most
important results of our study.

In other words, patients with T2DM and shorter telo-
meres are associated with stiffer vessels and poor diabetes
control. The main reason for lymphocyte telomere short-
ening during the lifetime is oxidative stress and conditions
associated with oxidative stress such as smoking, obesity, IR
and chronic stress. Shortening of telomeres is accelerated
in patients with T2DM because of the additional damag-
ing effect of chronic hyperglycaemia and AGE accumula-
tion. A strong correlation has been demonstrated between
Ilymphocyte telomere shortening and the presence of T2DM
[6]. Telomere shortening in patients with T2DM may be an
important mechanism of blood vessel ageing and the devel-
opment of diabetes-related CVD; however, this hypothesis
requires further research and clarification.

Another important finding of our study is that the vas-
cular wall status in patients with T2DM and ‘long’ lym-
phocyte telomeres was not significantly different from that
in healthy individuals without T2DM. This finding indi-
cates that a genetically greater telomere length may prevent
accelerated vessel ageing in patients with a short diabetes

T2DM group

Parameter Telomere length P Parameter B Standard error p

r Age, years 0.029 0.530 0.85
| Age, years 0.025 0.87 PWV, m/s -0.15 2.721 0.037
SBP, mm Hg -0.03 0.84 FBG, mmol/I| -0.02 0.537 0.98
DBP, mm Hg 0.12 0.5 HbA,, % 0.067 0.841 0.036
BMI, kg/m? -0.02 0.85 duration (patients with established diabetes duration < 1
FBG, mmol/I -0.31 0.52 year were included). In contrast, patients with T2DM and
HbA,, % -0.31 0.03 ‘short’ lymphocyte telomeres demonstrated higher vascu-
PWV, m/s -0.35 <0.01 lar stiffness and subclinical atherosclerosis severity despite
IMT, mm _ -0.11 0.41 a relatively short diabetes duration. Notably, participants
;‘Il:::’:' of atherosclerotic -0.13 0.14 with and without T2DM were comparable in age and SPB/

DBP readings and ratio. Therefore, the influence of age
and blood pressure on the lymphocyte telomere length was
comparable. In other words, ‘short’ telomeres were associ-
ated with blood vessels that were more rigid and ‘long’ telo-
meres were associated with a better-preserved vascular wall.

One possible explanation is that lymphocytes are used
to determine the telomere length in clinical practice, which
essentially reflects the telomere length in stem and progeni-
tor cells. These cells are involved in repairing damaged tis-
sue and tissue differentiation and play an important role
maintaining tissue homeostasis and ensuring the preserva-
tion of endothelial function. However, blood vessel stiffness
is largely determined by the condition of the extracellular
matrix; thus, cells may be present in the matrix, and the
replicative activity of these cells affects vascular stiffness.
It is also possible that the slow rate of telomere shortening
affects the state of the matrix by some other mechanism and
not by replicative activity.

Increasing evidence suggests that shortening of lym-
phocyte telomeres is a key component diminishing stem
cell potential and age-related tissue degeneration, including
increased vascular rigidity [20]. These findings have been
established; however, the explanation is still lacking.

Conclusion

the correlation among T2DM, cellular ageing processes
and the severity of subclinical morpho-functional changes
in the vascular wall explains the higher incidence of CVD
in patients with T2DM. Preventing these changes may help
prevent CVD in patients with T2DM, particularly in pa-
tients with ‘short’ peripheral lymphocyte telomeres.
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