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EFFECT OF CARBOHYDRATE METABOLISM LEVELS ON THE RELATIVE

LENGTH OF TELOMERES IN PATIENTS WITH HYPERTENSION
AND IN COMBINATION WITH DIABETES MELLITUS TYPE 2

In 156 patients with stage II arterial hypertension, including 96 of them with diabetes mellitus
type 2, the relationship between the relative telomeres length of blood leukocytes (RLTL)
and buccal epithelium cells (RBTL) and different levels of carbohydrate metabolism have
been determined and data in patients with arterial hypertension combined with diabetes mellitus
type 2 and in patients with isolated hypertension have been compared. Carbohydrate
metabolism parameters, blood pressure levels were evaluated. RLTL and RBTL were
determined by a real time quantitative polymerase chain reaction. It is shown that a hypertension
and diabetes mellitus type 2 combination was accompanied by greater significant RLTL
(p=0.009) and RBTL (p=0.001) more than with isolated hypertension. In the patients with
hypertension and diabetes mellitus type 2 the relative length of telomeres was assessed in the
carbohydrate metabolism compensation and in its absence and no convincing data was
obtained on the effect of glycemic control on the relative length of telomeres. In patients
with isolated hypertension it was found that those with a lower glucose level than that within
the risk factor (5.6-6.9 mmol/l) had a shorter mean relative telomeres length both of blood
leukocytes (p=0.05) and the buccal epithelium cells (p=0.03) regarding indicators for those
who had higher blood glucose levels. Patients with a comorbid course of hypertension and
diabetes mellitus type 2 had more pronounced decrease in the RTL. Achieving glycemic
control at hypertension and diabetes mellitus was accompanied by a significant increase in
the RBTL. The relative length of blood leukocytes telomere was controversial. Additional
determining the RBTL enhances the diagnostic and prognostic power when assessing the
efficacy of correcting glycemic control in high cardiovascular risk patients.

Keywords: hypertension, diabetes mellitus type 2, relative telomere length, carbohydrate
metabolism.

Introduction

Telomeres are gene sequences present at
chromosomal ends and are responsible for
maintaining genome integrity. Telomere length is
considered as a biomarker of chronological aging.
This age associated decrease in the telomere
length is linked to various age-associated diseases
like diabetes, hypertension, dyslipidemia, athero-
sclerosis etc., their complications and poor
cardiovascular disease prognosis [1, 2]. Further-
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more, a number of studies indicate that telomere
attrition is positively correlated with diabetes and
diabetic complications such as diabetic nephro-
pathy [3]. There are studies which shows that
the average telomere length of circulating leuko-
cytes is shorter in hypertensive patients than in
normotensive subjects [4].

Modern studies of telomere length dynamics
also show that age-related diseases, in addition
to synergistic effects, affect telomere length in-
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dependently of one another. There are more and
more reports that premature vascular aging, as
measured by telomere length reduction, may be
due to factors associated with the metabolic status
changes.

Impact on modified risk factors, the most
significant among them being considered blood
pressure levels, the presence of dyslipidemia,
overweight, carbohydrate metabolism disorders, is
one of the strategic tasks of treating patients with
the established diagnosis of cardiovascular disease,
including arterial hypertension. It is believed that
telomere length can be considered as a marker of
cardiovascular aging [5], but its role as a marker
of cardiovascular prognosis and quality control of
the disease course remains to be clarified.

To study the length of telomeres, it is custo-
mary to use blood leukocytes, because can pro-
vide reliable data for determining the relative length
of telomeres in other tissues [6] and shortening
of telomeres in peripheral blood leukocytes can
serve as a marker of the systemic pathological
stress. In recent years, more and more scientific
works have appeared, in which much attention is
paid to the use of buccal epithelium as an al-
ternative source of biological material for telomeric
test due to the non-invasive procedure of material
sampling [6, 7]. Now there is insufficient data on
the length of telomeres, including that in the buccal
epithelium, in the presence of the combined age-
associated diseases, on the influence of various
risk factors on the relative length of telomeres,
including that of the Ukrainian population. Data
on the effect of different levels of carbohydrate
metabolism control on telomere length in the blood
leukocytes and buccal epithelial cells in comorbid
course of arterial hypertension and diabetes
mellitus type 2 has not been found.

The purpose of this study was to determine
the relationship between the relative telomeres
length of blood leukocytes and buccal epithelium
and different levels of carbohydrate metabolism
in patients with hypertension in combination with
diabetes mellitus type 2 in comparison to the
patients with isolated hypertension.

Materials and methods

The study included 156 patients (62 men and
94 women), the average age is (62.66+4.21) years,
with hypertension stage II, disease duration of
(10.243.7) years. 96 of them had diabetes mellitus
type 2, disease duration of (4.1+2.4) years. The
control group consisted of 22 volunteers, identical

to the examined patients by sex and age, and
without cardiovascular and endocrinological
pathology.

For the patients selection, the arterial
hypertension diagnostic criteria, agreed with the
ESC/ERS Guidelines for the diagnosis and
treatment of arterial hypertension (2013) were
applied [8]. The diagnosis of diabetes mellitus
type 2 has been established in compliance with
the international recommendations of the Ame-
rican Diabetes Association and the European
Association for the Study of Diabetes [9].

Against the background of dietary recom-
mendations, all patients received basic therapy
in accordance with international and national
guidelines for the management of patients with
the relevant pathology [8, 9]. The patients with
symptomatic arterial hypertension, diabetes
mellitus type 1 and other endocrinological dis-
orders, clinical signs of coronary heart disease
or severe concomitant chronic diseases did not
include in the study.

All patients were calculated anthropometric
indices (height, body weight, body mass index
calculation using the standard Quetelet formula).
Arterial pressure level was recorded as the arith-
metic mean, three measurements being carried
out with the 2-minutes intervals in a sedentary
position on the dominant hand.

Laboratory studies included the determination
of glucose concentration (performed by the
glucose oxidation method using the «Humolizer»
analyzer, Germany). The concentration of blood
serum insulin levels, the glycated hemoglobin
(Hbga o) level were measured using the Hummer
reagents kit (USA) by means of the immunoassay
method. To determine insulin resistance (IR), the
HOMA-IR index was used, which was calculated
according to the formula

HOMA-IR = ((fasting glucose, mmol/ml) x
X (fasting insulin, pIU/ml))/22.5.

Telomere length was measured on a CFX96
touch real-time polymerase chain reaction
detection system (Bio-Rad Laboratories) in DNA
isolated from blood leukocytes and buccal
epithelium using the DNA-sorb blood kit (Am-
plisens, RF). We used a modified monochrome
multiplex quantitative polymerase chain reaction
method [10], as described previously [11].

Statistical data processing was carried out
using the computer software SPSS 21.0. To
determine the nature of the data obtained
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distribution, the Shapiro—Vilk criterion was used.
When performing the statistical analysis, quan-
titative and qualitative variables were used. Qua-
litative data were presented as percentages; quan-
titative data were presented in the form of the
mean and standard error (M+m).

Testing the significance of differences bet-
ween the two groups was carried out using the
Student’s t-test. The frequency of traits in the
groups was compared using the Pearson y? test.
The differences were statistically significant at
p<0.05. When studying the influence of risk fac-
tors on the telomeres relative length, single-factor
analysis of variance was used. Testing the hypo-
thesis of dispersion homogeneity was performed
using the Levene’s test.

The work was performed in compliance with
the basic provisions of the World Medical Asso-
ciation Declaration of Helsinki on ethical principles
for medical research involving human subjects
(1964-2000) and MOH of Ukraine Order Ne 690
dated September 23, 2009. The study was approved
by the Bioethics Commission at the Kharkiv
National Medical University in accordance with
the principles set forth in the Helsinki Declaration.

Results

The chronologic age of the included patients
did not have significant differences in the study
design condition (table I).

A comparative analysis of carbohydrate
metabolism indices has expectedly revealed re-
liable differences in the studied groups of patients
from the control group in almost all indices. Bet-
ween groups 1 and 2, reliable differences were
observed for fasting glucose levels (p<0.001),
Hby . (p<0.001) and HOMA-IR index (p<0.001).
The levels of both systolic blood pressure (SBP)
and diastolic blood pressure (DBP) in patients of
groups 1 and 2 reliably differed from those in the
control group. The presence of comorbid patho-
logy was accompanied by higher rates of SBP
and DBP than with isolated hypertension, ho-
wever, reliable differences were only observed
for SBP (p=0.012).

Patients with isolated hypertension showed a
significant shortening of the telomere relative
length, which is consistent with the results of other
studies [4, 12]. The presence of combination of
hypertension and diabetes mellitus type 2 was
accompanied by an even greater shortening re-
lative telomere length, reaching significant
differences both in the buccal epithelium cells
(p=0.001) and in blood plasma leukocytes
(p=0.009).

To clarify the effect of different levels of
carbohydrate control on the relative length of
telomeres, we assessed the impact of the achieved
target carbohydrate levels under the influence of

Table 1. Comparative characteristics of anthropometric and carbohydrate indices (M+m)

_ Group 1 Group 2 S
Index Control (n=22) (n=60) (n=96) Significance (p)

: *p>0.05
Chronologic age, years 58.30+1,96 60.59+1.37 62.66+4.21 01.2>0.05
BMI, kg/m? 22.1242.51 29.01+0.90* 30.03+0.89* *p<0.001
Fasting glucose, mmol/l 4.62+1.08 5.45+0.12 8.90+0.50 p1-2<0.001
0 * " p1-2<0.001

Hba1c, % 4.74+1.10 6.13+0.11 7.61+0.19 *5=0.001
Insulin fasting, plU/ml 9.80+1.16 17.87+1.78 21.45+2.07* *p<0.001
R * * p1-2<0.001
HOMA-IR 2.23+0.36 4.40+0.51 8.07+0.68 *9<0.001
SBP, mmHg 125.05¢3.86 | 138.95+2.83" 146658274 | P20
DBP, mmHg 78.19+7.01 86.71+£1.62 90.05+1.59* *p<0.001
. p1-2=0.009

RLTL (T/S) 1.66+0.52 1.27+0.08 0.97+0.08 *5=0.005
* * p1-2=0.001

RBTL (T/S) 2.33+0.51 1.26+0.08 0.90+0.08 *0<0.001

Notes: 1. RLTL —relative blood leukocytes telomeres length (T/S); RBTL — relative buccal epithelium

cells telomeres length (T/S); BMI — body mass index.

2.* Changes are reliable compared with the control group.
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antidiabetic therapy on the relative telomeres
length.

The relative telomeres length was assessed
in the carbohydrate metabolism compensation and
in its absence and no convincing data was ob-
tained on the effect of glycemic control on the
relative length of telomeres (table 2).

homogeneity of the statistical populations dis-
persions was tested using the Levene’s test.
Meanwhile, if the level P of Levene’s test sig-
nificance is less than 0.05, then the obtained
difference in dispersions for the samples is unlikely
to be the result of the research process ran-
domness.

Table 2. Comparative characteristics of relative telomeres length in dependence
of achieving target levels of carbohydrate metabolism in patients with hypertension
and diabetes mellitus type 2 (M+m)

RLTL (T/S) RBTL (T/S)
Index with without with without
compensation compensation compensation compensation
Fasting glucose, 0.83£0.06 0.9640.03 0.95+0.04 0.780.06*
mmol/|
Hba1c, % 0.82+0.03 1.04+0.05* 1.03£0.03 0.60£0.04*

Notes: 1. RLTL —relative blood leukocytes telomeres length (T/S); RBTL — relative buccal epithelium

cells telomeres length (T/S).

2. * p<0,05; changes are reliable compared with achieving target levels in appropriate subgroup and index.

In the case of carbohydrate compensation a
longer relative telomere length was observed in
the buccal epithelium cells, while in the blood
leukocytes there was a shortening of the relative
telomere length at the levels of fasting glucose
close to normal and elongation at the Hb, ;. levels
more than 7.5 %. The data of relative telomere
length in the buccal epithelium cells in the absence
of compensation of carbohydrate metabolism
were significant as for fasting glucose, as for
Hbai (p<0.05).

When carrying out a similar analysis of
carbohydrate metabolism among patients of group
1 it was found that a distribution of patients in
group 1 according to the level of fasting glucose
was accompanied by a paradoxical situation: those
with a lower glucose level than that within the
risk factor (5.6—6.9 mmol/l) had a shorter mean
relative telomeres length both of blood leukocytes
(p=0.05) and the buccal epithelium cells (p=0.03)
in comparison with those who had higher blood
glucose levels, which requires further study.

To determine the effect of carbohydrate me-
tabolism levels changing in two directions: re-
aching the target levels and not reaching them,
on the relative length of telomeres, the variance
analysis which was carried out according to the
traditional scheme, was used. The homogeneity
of the dispersions between samples is the main
prerequisite for the possibility of carrying out the
dispersion analysis. The hypothesis about the

Performing the variance analysis in group 1
was not revealed a significant effect of different
glucose levels on the distribution of the telomeres
relative length both in the buccal epithelium and
blood leukocytes.

The dispersion analysis in group 2 revealed
the presence of a reliably significant effect of
the levels of fasting glucose (p=0.029) and Hb,
(p=0.034) on the relative telomere length in the
buccal epithelium cells. A reliably significant
effect of glycemic control on the relative telomere
length in the blood leukocytes was not found.

Discussion

Diabetes mellitus and essential hypertension
are common conditions that are frequently present
together. Both are considered risk factors for
cardiovascular disease and microvascular
complications and therefore treatment of both
conditions is essential. In our work, we expectedly
received shorter telomeres in patients with co-
morbid pathology compared with isolated hyper-
tension, which is a confirmation of the assumption
that hypertention together with diabetes mellitus
greatly aggravate the processes of vascular aging,
increasing the cardiovascular risk.

It is known that the acquiring the target values
ofblood pressure in patients with diabetes mellitus
is no less important for predicting the further
course of the disease and the development of its
complications than the achievement of the target
level of glycemic control [13, 14]. According
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T. Mengden et al. (2017) study results a total of
13.9 % of patients with combined course of
hypertension and diabetes mellitus type 2 in
Germany were deemed to have controlled blood
pressure (ambulatory blood pressure monitoring)
[14]. We not seemed that we have a better si-
tuation in Ukraine. This may partly explain the
contradictory results obtained in our work. It is
possible that the achievement of blood pressure
control, other factors that we did not take into
account in our study, have a significantly more
reliable impact on telomere length than the state
of glycemic control. However, the presence of
significant differences in the relative length of
telomeres in buccal epithelium cells at glycemic
levels close to normal allows us to speak about
telomere length as a possible marker for given
comorbidity course control.

Conclusions

1. In patients with combined course of
hypertension and diabetes mellitus type 2 the
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A.H. Benoson, B./l. Hemuyosa
BJIMSIHUE COCTOSIHUSA YIVIEBOJHOI'O OBMEHA HA OTHOCHUTEJIBHYIO JJIMHY TEJTOMEP
IIPY NU30JTUPOBAHHOM APTEPUAJIBHOM T'MITEPTEH3UHA U B COYUETAHAN
C CAXAPHBIM JUABETOM 2-I'0O TUIIA

V¥ 156 nanuentoB c aprepuanbHoi runeprensueit I craguu, B ToM uncie y 96 U3 HUX ¢ caxapHbIM
uabeToM 2-To THIA, ONIPEeIIsId B3aUMOCBA3b MKy OTHOCUTEIBHOM JTMHOM TeoMep JICHKOIIMTOB KPO-
Bu (OATJI) u knetok OykkanbHOro 3nutenus (OATH) u pasnuuHbIMU ypOBHSIMH YIIIEBOJHOTO OOMEHA U
CPaBHHUBAJIM MIOKA3aTEIH Y MAI[EHTOB C COUETAHHOM ¢ CaXapHBIM JHAa0eTOM 2-T0 TUIA U U30JIHUPOBAHHOIM
runepreHsueit. MisMmepsnu nmokasarein yrieBoAHOTO 0OMEHa, YpOBHU apTepuaibHoro aasinenus, O T u
OJITH onpenernsny KOMMYECTBEHHON MOTMMEPA3HON IIEMTHOW peakiueil B pearbHOM BpeMeHu. [lokazano,
9TO0 KOMOHMHAIMS apTepHaIbHOW THIIEPTEH3MH B CaxapHOro nuabera 2-ro THIa COIMPOBOXKAANACH Ooiee
sHagumMbiM OITJT (p=0,009) u OATH (p=0,001), yem m3onMpoBaHHas apTepuanbHasi TUNEPTEH3NU. Y
MAIMEHTOB C apTePHANTBLHOHN TUIIepTeH3HUEH 1 caXxapHBIM THAa0eTOM 2-TO THITa OTHOCUTENBHYIO [UTHHY TETI0-
Mep OLIEHUBAJIX ITPU KOMITEHCAIINH YIIIEBOAHOTO 0OMeHa 1 Oe3 Hee. YOeIUTENbHBIX TaHHBIX, KaCaIOIINXCs
BIUSTHHS TTUKEMHUYECKOTO KOHTPOJISI Ha OTHOCUTENNBHYIO JJIHHY TEIOMED, He ITOIY4IeHO. Y OONBHBIX H30JIH-
POBaHHOW apTepUabHON THIIepTEeH3Uel ¢ 0ojiee HU3KUM YPOBHEM TIIIOKO3BI, YEM B TpeAenax ¢axTopa
pucka (5,6—6,9 MMoITB/T), BBISIBIIEHO YKOPOUEHHE CPEHEN OTHOCUTENBHOM AJTMHBI TEIOMEP KaK JICHKOIH-
ToB KpoBH (p=0,05), Tak u ki1eTok OykkanpHOro 3nutenus (p=0,03) OTHOCHUTENBHO MOKa3aTeen y Tex, y
KOTO YpOBEHb IJIIOKO3bI B KPOBH ObLT BhINIE. Y MallMEHTOB C KOMOPOUIHBIM TEUEHHEM apTepHaIbHON
THIEPTEH3UU U CaXapHOTo AnabdeTa 2-Tro THIA YCTaHOBJIEHO 00JIee BBIPAXKEHHOE CHIDKEHUE OTHOCUTEIILHOM
JUTHHBI TEJIOMEP, YeM Y OOJIBHBIX U30JUPOBAHHOMN apTepraibHON THIlepTeH3uei. JlocTHKeHne TITMKEeMHU-
YECKOT0 KOHTPOJIA IIPU apTepUaIbHOW TUIIEPTEH3UU U caxapHOM JualeTe 2-ro TUIa COIPOBOXKIAIOCH JI0-
croBepHbiM yBenmueHuem O/[Th. OTHocuTenpHas ATMHA TEIOMEp JIEHKOIIMTOB KPOBU HOCHJIA TPOTHBOPE-
yuBkIi xapakrep. JonomaurensHoe onpenenenre OJITh moBwimaeT TuarHocTHYECKy IO U MPOTHOCTHYEC-
KyIO CHITy TIPH OIIEHKE d(P(PEKTUBHOCTH KOPPEKIHH IHKEMHYECKOTO KOHTPOJIS y MAI[HEHTOB C BEICOKUM
CEpIAEUHO-COCYUCTHIM PUCKOM.

Knrwouesvie cnosa: apmepuanvuan cunepmensus, caxapuvii ouabem 2-20 muna, omHOCUMENbHAS
ONUHA menomep, y2ne800Hblll 0OMEH.

O.M. binoson, B./. Hemuosa
BILIUB CTAHY BYIJIEBOJJHOI'O OEMIHY HA BIJTHOCHY JJOBXKHUHY TEJIOMEP ITPH 130J1bOBAHIM
APTEPIAJIBHIN IMEPTEH3II I B IIOEIHAHHI 3 [YKPOBUM JIABETOM 2-I'O THITY

V¥ 156 nanieHTiB 3 apTepianabHOO rineprensieto 11 cranii, y Tomy uncii y 96 3 HUX i3 IIyKpoBoM JiabeToM
2-ro THUITy BH3HAYalIM B3a€MO3B’ 30K MiXK BiJIHOCHOIO JOBXHUHOIO Tenomep JerikouunTiB kposi (B TJI) Ta
KJTiTHH OykasbHoTO eniteniro (B TH) 1 pisHUMU piBHAMH BYTJIEBOTHOTO OOMIiHY Ta MMOPIBHIOBAJIH TOKA3HHU-
KH B MAIIEHTIB 13 IOETHAHOIO 3 IlyKPOBUM J1ia0eTOM 2-T'0 THITY Ta 130JIb0BaHOIO TinepTeH3iero. BuMiproramu
MMOKa3HUKH BYIJICBOAHOTO 0OMiHY, piBHI aprepianbHoro trcky, BJITJI Ta B/ITH Bu3Ha9amu KiTbKiCHOO
MOJIIMEPa3HOIO JIAHITFOTOBOIO PEAKIIi€r0 B peajbHOMY Yaci. [TokazaHo, o koMOiHallist apTepiaibHOi rinep-
TEeH3ii 1 IyKpoBoTro AiabeTy 2-ro THUITY CympoBOmKyBajachk Outbin 3Hauymor BATII (p=0,009) i BATb
(p=0,001), Hi Y XBOPHX Ha 130JIb0BaHY TEPTEH3i0. Y MAIlIEHTIB 3 apTePiaIbHOI0 rinepTeH:sieIo Ta IyKpo-
BUM /11a0€TOM 2-TO THITy BiIHOCHY JJOBXXUHY TenomMep OLIIHIOBAJIU IIPH KOMIICHCAII1 BYTJIEBOAHOTO OOMiHY
74 663 Hel. HepeKOHJ'lI/IBI/IX JaHUX IOJ0 BHJII/IBy F.HlKeMl‘lHOFO KOHTPOJIO Ha Bl,Z[HOCHy JOBKUHY TEJIOMEP HE
OoTpUMaHo. Y MAI[iEHTIB 3 i130IbOBAHOIO TIMEPTEH3I€I0 3 OLIBII HU3BKUM PIBHEM IITFOKO3H, HIXK Y MeXax
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¢dakTopa pusuky (5,6—6,9 MMOIB/T), BUSIBIEHO YKOPOUCHHS CEPEHBOI BIIHOCHOT JOBKHHHU TEIOMED SIK
neikormTiB kpoBi (p=0,05), Tak i KIiTHH OykansHOTO emiTenito (p=0,03) BiIHOCHO MMOKa3HUKIB Y THX, Y
KOTO PiBEHB IITFOKO3H B KPOBi OYB BHIIIE. Y MAIli€HTIB 3 KOMOPOIIHUM MepeOiroM apTepiaibHOT TinepTeHsil i
IyKPOBOTO JIia0eTy 2-To TUITY BCTAHOBIICHO OUTBIII BUPAYKEHE 3HWKECHHS BITHOCHOT TIOBKHUHHU TEIOMEP, HikK
Yy XBOpHX Ha 130JIbOBaHY apTepiabHy rinepreH3ito. JJocarHeHHs iKeMiYHOTO KOHTPOITIO TP apTepialibHii
TrinepTeH3ii i IyKpoBOMY Jia0eTi 2-To THITY CYTIPOBOIKYBAJIOCH TOCTORIpHIM 30ubieHHsM B/ITB. BinqHocHa
JIOBKHHA TeJIOMEp JISHKOIUTIB KPOB1 HOCHIIA CyTIepewInBHiA Xxapaktep. Jlonarkose ominroBanHs B TH minsu-
IIy€ AIaTHOCTUYHY i MPOTHOCTUYHY CHILY IIPH OLIHIOBaHHI €()eKTUBHOCTI KOPEKIIi1 ITIIKEMIYHOTO KOHTPOIIO
B MAI[IEHTIB 3 BUCOKUM CEPIEBO-CYITUHHUM PU3HKOM.
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