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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
(ð=0.009) and RBTL (ð=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-

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
(10.2±3.7) 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
(HbA1c) 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) 
(fasting insulin, µIU/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 2 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 ¹ 690
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 1).

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),
HbA1c (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)

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).

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 HbA1c 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
HbA1c (ð<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

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.

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 HbA1c
(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
of blood 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

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)

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

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

telomeres relative length shortening was more
pronounced than at isolated hypertension and
normotensive individuals.

2. Achieving glycemic control at hypertension
and diabetes mellitus was accompanied by a
significant increase in the relative length of telo-
meres in the buccal epithelium cells. The relative
length of blood leukocytes telomere was contro-
versial.

3. Additional determining the telomeres
relative length in buccal epithelial cells enhances
the diagnostic and prognostic power when
assessing the efficacy of correcting glycemic
control in high cardiovascular risk patients.

Perspectives
To clarify the effect of carbohydrate meta-

bolism on the factors of vascular aging, including
telomere length, further research on a larger
sample of patients is needed, taking into account
various methods of diabetic and hypertensive
control.
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À.Í. Áåëîâîë, Â.Ä. Íåìöîâà
ÂËÈßÍÈÅ ÑÎÑÒÎßÍÈß ÓÃËÅÂÎÄÍÎÃÎ ÎÁÌÅÍÀ ÍÀ ÎÒÍÎÑÈÒÅËÜÍÓÞ ÄËÈÍÓ ÒÅËÎÌÅÐ
ÏÐÈ ÈÇÎËÈÐÎÂÀÍÍÎÉ ÀÐÒÅÐÈÀËÜÍÎÉ ÃÈÏÅÐÒÅÍÇÈÈ È Â ÑÎ×ÅÒÀÍÈÈ
Ñ ÑÀÕÀÐÍÛÌ ÄÈÀÁÅÒÎÌ 2-ÃÎ ÒÈÏÀ

Ó 156 ïàöèåíòîâ ñ àðòåðèàëüíîé ãèïåðòåíçèåé II ñòàäèè, â òîì ÷èñëå ó 96 èç íèõ ñ ñàõàðíûì
äèàáåòîì 2-ãî òèïà, îïðåäåëÿëè âçàèìîñâÿçü ìåæäó îòíîñèòåëüíîé äëèíîé òåëîìåð ëåéêîöèòîâ êðî-
âè (ÎÄÒË) è êëåòîê áóêêàëüíîãî ýïèòåëèÿ (ÎÄÒÁ) è ðàçëè÷íûìè óðîâíÿìè óãëåâîäíîãî îáìåíà è
ñðàâíèâàëè ïîêàçàòåëè ó ïàöèåíòîâ ñ ñî÷åòàííîé ñ ñàõàðíûì äèàáåòîì 2-ãî òèïà è èçîëèðîâàííîé
ãèïåðòåíçèåé. Èçìåðÿëè ïîêàçàòåëè óãëåâîäíîãî îáìåíà, óðîâíè àðòåðèàëüíîãî äàâëåíèÿ, ÎÄÒË è
ÎÄÒÁ îïðåäåëÿëè êîëè÷åñòâåííîé ïîëèìåðàçíîé öåïíîé ðåàêöèåé â ðåàëüíîì âðåìåíè. Ïîêàçàíî,
÷òî êîìáèíàöèÿ àðòåðèàëüíîé ãèïåðòåíçèè è ñàõàðíîãî äèàáåòà 2-ãî òèïà ñîïðîâîæäàëàñü áîëåå
çíà÷èìûì ÎÄÒË (ð=0,009) è ÎÄÒÁ (ð=0,001), ÷åì èçîëèðîâàííàÿ àðòåðèàëüíàÿ ãèïåðòåíçèÿ. Ó
ïàöèåíòîâ ñ àðòåðèàëüíîé ãèïåðòåíçèåé è ñàõàðíûì äèàáåòîì 2-ãî òèïà îòíîñèòåëüíóþ äëèíó òåëî-
ìåð îöåíèâàëè ïðè êîìïåíñàöèè óãëåâîäíîãî îáìåíà è áåç íåå. Óáåäèòåëüíûõ äàííûõ, êàñàþùèõñÿ
âëèÿíèÿ ãëèêåìè÷åñêîãî êîíòðîëÿ íà îòíîñèòåëüíóþ äëèíó òåëîìåð, íå ïîëó÷åíî. Ó áîëüíûõ èçîëè-
ðîâàííîé àðòåðèàëüíîé ãèïåðòåíçèåé ñ áîëåå íèçêèì óðîâíåì ãëþêîçû, ÷åì â ïðåäåëàõ ôàêòîðà
ðèñêà (5,6–6,9 ììîëü/ë), âûÿâëåíî óêîðî÷åíèå ñðåäíåé îòíîñèòåëüíîé äëèíû òåëîìåð êàê ëåéêîöè-
òîâ êðîâè (ð=0,05), òàê è êëåòîê áóêêàëüíîãî ýïèòåëèÿ (ð=0,03) îòíîñèòåëüíî ïîêàçàòåëåé ó òåõ, ó
êîãî óðîâåíü ãëþêîçû â êðîâè áûë âûøå. Ó ïàöèåíòîâ ñ êîìîðáèäíûì òå÷åíèåì àðòåðèàëüíîé
ãèïåðòåíçèè è ñàõàðíîãî äèàáåòà 2-ãî òèïà óñòàíîâëåíî áîëåå âûðàæåííîå ñíèæåíèå îòíîñèòåëüíîé
äëèíû òåëîìåð, ÷åì ó áîëüíûõ èçîëèðîâàííîé àðòåðèàëüíîé ãèïåðòåíçèåé. Äîñòèæåíèå ãëèêåìè-
÷åñêîãî êîíòðîëÿ ïðè àðòåðèàëüíîé ãèïåðòåíçèè è ñàõàðíîì äèàáåòå 2-ãî òèïà ñîïðîâîæäàëîñü äî-
ñòîâåðíûì óâåëè÷åíèåì ÎÄÒÁ. Îòíîñèòåëüíàÿ äëèíà òåëîìåð ëåéêîöèòîâ êðîâè íîñèëà ïðîòèâîðå-
÷èâûé õàðàêòåð. Äîïîëíèòåëüíîå îïðåäåëåíèå ÎÄÒÁ ïîâûøàåò äèàãíîñòè÷åñêóþ è ïðîãíîñòè÷åñ-
êóþ ñèëó ïðè îöåíêå ýôôåêòèâíîñòè êîððåêöèè ãëèêåìè÷åñêîãî êîíòðîëÿ ó ïàöèåíòîâ ñ âûñîêèì
ñåðäå÷íî-ñîñóäèñòûì ðèñêîì.

Êëþ÷åâûå ñëîâà: àðòåðèàëüíàÿ ãèïåðòåíçèÿ, ñàõàðíûé äèàáåò 2-ãî òèïà, îòíîñèòåëüíàÿ
äëèíà òåëîìåð, óãëåâîäíûé îáìåí.
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Ó 156 ïàö³ºíò³â ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ II ñòàä³¿, ó òîìó ÷èñë³ ó 96 ç íèõ ³ç öóêðîâîì ä³àáåòîì
2-ãî òèïó âèçíà÷àëè âçàºìîçâ’ÿçîê ì³æ â³äíîñíîþ äîâæèíîþ òåëîìåð ëåéêîöèò³â êðîâ³ (ÂÄÒË) òà
êë³òèí áóêàëüíîãî åï³òåë³þ (ÂÄÒÁ) ³ ð³çíèìè ð³âíÿìè âóãëåâîäíîãî îáì³íó òà ïîð³âíþâàëè ïîêàçíè-
êè â ïàö³ºíò³â ³ç ïîºäíàíîþ ç öóêðîâèì ä³àáåòîì 2-ãî òèïó òà ³çîëüîâàíîþ ã³ïåðòåíç³ºþ. Âèì³ðþâàëè
ïîêàçíèêè âóãëåâîäíîãî îáì³íó, ð³âí³ àðòåð³àëüíîãî òèñêó, ÂÄÒË òà ÂÄÒÁ âèçíà÷àëè ê³ëüê³ñíîþ
ïîë³ìåðàçíîþ ëàíöþãîâîþ ðåàêö³ºþ â ðåàëüíîìó ÷àñ³. Ïîêàçàíî, ùî êîìá³íàö³ÿ àðòåð³àëüíî¿ ã³ïåð-
òåíç³¿ ³ öóêðîâîãî ä³àáåòó 2-ãî òèïó ñóïðîâîäæóâàëàñü á³ëüø çíà÷óùîþ ÂÄÒË (ð=0,009) ³ ÂÄÒÁ
(ð=0,001), í³æ ó õâîðèõ íà ³çîëüîâàíó ã³ïåðòåíç³þ. Ó ïàö³ºíò³â ç àðòåð³àëüíîþ ã³ïåðòåíç³ºþ òà öóêðî-
âèì ä³àáåòîì 2-ãî òèïó â³äíîñíó äîâæèíó òåëîìåð îö³íþâàëè ïðè êîìïåíñàö³¿ âóãëåâîäíîãî îáì³íó
é áåç íå¿. Ïåðåêîíëèâèõ äàíèõ ùîäî âïëèâó ãë³êåì³÷íîãî êîíòðîëþ íà â³äíîñíó äîâæèíó òåëîìåð íå
îòðèìàíî. Ó ïàö³ºíò³â ç ³çîëüîâàíîþ ã³ïåðòåíç³ºþ ç á³ëüø íèçüêèì ð³âíåì ãëþêîçè, í³æ ó ìåæàõ
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ôàêòîðà ðèçèêó (5,6–6,9 ììîëü/ë), âèÿâëåíî óêîðî÷åííÿ ñåðåäíüî¿ â³äíîñíî¿ äîâæèíè òåëîìåð ÿê
ëåéêîöèò³â êðîâ³ (ð=0,05), òàê ³ êë³òèí áóêàëüíîãî åï³òåë³þ (ð=0,03) â³äíîñíî ïîêàçíèê³â ó òèõ, ó
êîãî ð³âåíü ãëþêîçè â êðîâ³ áóâ âèùå. Ó ïàö³ºíò³â ç êîìîðá³äíèì ïåðåá³ãîì àðòåð³àëüíî¿ ã³ïåðòåíç³¿ ³
öóêðîâîãî ä³àáåòó 2-ãî òèïó âñòàíîâëåíî á³ëüø âèðàæåíå çíèæåííÿ â³äíîñíî¿ äîâæèíè òåëîìåð, í³æ
ó õâîðèõ íà ³çîëüîâàíó àðòåð³àëüíó ã³ïåðòåíç³þ. Äîñÿãíåííÿ ãë³êåì³÷íîãî êîíòðîëþ ïðè àðòåð³àëüí³é
ã³ïåðòåíç³¿ é öóêðîâîìó ä³àáåò³ 2-ãî òèïó ñóïðîâîäæóâàëîñü äîñòîâ³ðíèì çá³ëüøåííÿì ÂÄÒÁ. Â³äíîñíà
äîâæèíà òåëîìåð ëåéêîöèò³â êðîâ³ íîñèëà ñóïåðå÷ëèâèé õàðàêòåð. Äîäàòêîâå îö³íþâàííÿ ÂÄÒÁ ï³äâè-
ùóº ä³àãíîñòè÷íó é ïðîãíîñòè÷íó ñèëó ïðè îö³íþâàíí³ åôåêòèâíîñò³ êîðåêö³¿ ãë³êåì³÷íîãî êîíòðîëþ
â ïàö³ºíò³â ç âèñîêèì ñåðöåâî-ñóäèííèì ðèçèêîì.

Êëþ÷îâ³ ñëîâà: àðòåð³àëüíà ã³ïåðòåíç³ÿ, öóêðîâèé ä³àáåò 2-ãî òèïó, â³äíîñíà äîâæèíà òåëî-
ìåð, âóãëåâîäíèé îáì³í.
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