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Abstract  
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Ukraine 

METABOLIC DISORDERS AND ADIPOCYTOKINES 

IMBALANCE IN HYPERTENSIVE PATIENTS WITH 

DIABETES MELLITUS AND OBESITY.  
 

The combination of essential hypertension (EH) with excess body 

weight or with abdominal obesity is considered as one of the most com-

mon associated pathologies, which lead to significant increase in the 

frequency of cardiovascular complications. 

The aim of the work was to study the features of adipocytokine im-

balance and metabolic disorders in patients with hypertension in combi-

nation with 2 type diabetes mellitus and obesity. 

Material and methods. 48 patients with essential hypertension II 

stage were examined (22 men and 26 women). The average age of pa-

tients was 57.6 ± 4.7 years. The patients were divided into 2 groups: the 

1st group consisted of 23 patients with isolated hypertension, the 2nd 

group – of 25 patients with hypertension in combination with diabetes 

and obesity. The level of chemerin, IL-6 and C-reactive protein (C-RB) 

was determined by the immune-enzymatic method. 

Results. The results of the study show increased IL-6 levels in both 

groups compared with the control group (p ≤ 0.05), and the group with 

combined course of EH with diabetes and obesity had almost twice 

higher IL-6 level than in control. The level of C-RP in serum also ex-

ceeded the value of control values in both groups, the highest level was 

in patients with a combined course of hypertension with diabetes and 

obesity and was up to 2.3 higher. The level of serum chemerin increased 

in patients with essential hypertension with a combined pathology. 

Conclusions. It has been established that patients with hypertension 

with diabetes mellitus have the most distinct imbalance of adipokines, 

hyperlipoproteinemia, carbohydrate disturbances and systemic inflam-

mation, which should be taken into account in the appointment of patho-

genetic therapy in this category of patients. The close pathogenetic rela-

tionships between metabolic disorders and increased serum chemerin 

level have been proven, therefore it must be considered as an unfavora-

ble factor in the combined course of hypertension with diabetes and obe-

sity. The results of the research can be applied to new and more effective 

methods of individual treatment of such cohort of patients with com-

bined pathology. 
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МЕТАБОЛІЧНІ ПОРУШЕННЯ І АДИПОЦИТОКІНОВИЙ 

ДИСБАЛАНС ПРИ АРТЕРІАЛЬНІЙ ГІПЕРТЕНЗІЇ 

З ЦУКРОВИМ ДІАБЕТОМ І ОЖИРІННЯМ.  
  

Поєднаний перебіг артеріальної гіпертензії (АГ) з надлишковою 

масою тіла або з абдомінальним ожирінням розглядаються як один 

з найбільш розповсюджених варіантів коморбідної патології, що 

приводить до значного підвищення частоти серцево-судинних 

ускладнень.  

Метою роботи було вивчення особливостей адипоцитокінового 

дисбалансу і метаболічних порушень у хворих на АГ у поєднанні з 

ЦД 2 типу і ожирінням. 

Матеріал і методи. Обстежено 48 хворих з АГ ІІ стадії і 2-ї сту-

пені (22 чоловіків і 26 жінок). Середній вік хворих складав 57,6 ± 

4,7 років. Хворі були розподілені на 2 групи: 1-у групу склали 23 

пацієнта з ізольованою артеріальною гіпертензією, 2-у групу – 25 

хворих на АГ у поєднанні з цукровим діабетом і ожирінням. Рівень 

хемерину, ІЛ-6 і С-реактивного білка (С-РБ) визначали імунофер-

ментним методом. 

Результати. Рівень ІЛ-6 підвищувався в обох групах у порів-

нянні з контрольною групою (р ≤ 0,05) і, майже, в 2 рази він був 

вище при поєднаному перебігу АГ з ЦД і ожирінням. Рівень С-РП в 

сироватці крові також перевищував в обох групах значення контро-

льних значень, найбільше (в 2,3 рази) підвищуючись у хворих при 

поєднаному перебігу АГ з ЦД і ожирінням. Рівень хемерину в сиро-

ватці крові підвищувався у хворих на артеріальну гіпертензію з по-

єднаною патологією.  

Висновки. Встановлено, що хворі на АГ з ЦД на фоні підвище-

ної маси тіла мають найбільш виразний дисбаланс адипокінів, дис-

ліпідемій, вуглеводні порушення і показники системного запалення, 

що потрібно враховувати при призначенні патогенетичної терапії у 

даної категорії хворих. Доведені тісні патогенетичні взаємовідно-

сини між метаболічними порушеннями і підвищенням рівня хеме-

рину сироватки крові, що необхідно розглядати як несприятливий 

фактор поєднаного перебігу АГ з ЦД і ожирінням. 

Ключові слова: артеріальна гіпертензія, цукровий діабет, ожи-

ріння, хемерин, запалення. 
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МЕТАБОЛИЧЕСКИЕ НАРУШЕНИЯ И 

АДИПОЦИТОКИНОВЫЙ ДИСБАЛАНС ПРИ 

АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИИ С САХАРНЫМ 

ДИАБЕТОМ И ОЖИРЕНИЕМ.  
  

Сочетанное течение артериальной гипертензии (АГ) с избыточ-

ной массой тела или абдоминальным ожирением рассматривается 

как один из наиболее распространенных вариантов коморбидной 

патологии, и приводит к значительному повышению частоты сер-

дечно-сосудистых осложнений. 

Цель работы – изучение особенностей адипоцитокинового дис-

баланса и метаболических нарушений у больных АГ в сочетании с 

СД 2 типа и ожирением. 

Материал и методы. Обследовано 48 больных с АГ II стадии и 

2-й степени (22 мужчин и 26 женщин). Средний возраст больных 
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составлял 57,6 ± 4,7 лет. Больные были разделены на 2 группы: 

первую группу составили 23 пациента с изолированной артериаль-

ной гипертензией, второй группу – 25 больных АГ в сочетании с 

сахарным диабетом и ожирением. Уровень хемерина, ИЛ-6 и 

С-реактивного белка (С-РБ) определяли иммуноферментным мето-

дом. 

Результаты. Уровень ИЛ-6 повышался в обеих группах по 

сравнению с контрольной группой (р ≤ 0,05), почти в 2 раза он был 

выше при одновременном течении АГ с СД и ожирением. Уровень 

С-РП в сыворотке крови также превышал в обеих группах значения 

контрольных значений, больше всего (в 2,3 раза) повышаясь у 

больных при одновременном течении АГ с СД и ожирением. Уро-

вень хемерина в сыворотке крови значимо повышался у больных 

АГ с сочетанной патологией. 

Выводы. Установлено, что при сочетанной патологии наблюда-

ется наиболее значимый дисбаланс адипокинов, дислипидемий, 

углеводного обмена и воспаления, что нужно учитывать при назна-

чении патогенетической терапии у данной категории больных. До-

казанные тесные патогенетические взаимоотношения между мета-

болическими нарушениями и повышением уровня хемерина, необ-

ходимо рассматривать как неблагоприятный фактор сочетанного 

течения АГ с СД и ожирением. 

Ключевые слова: артериальная гипертензия, сахарный диабет, 

ожирение, хемерин, воспаления. 
 

Автор, відповідальний за листування: shelestb@ua.fm 

Introduction 

The most rapid development of complications 

from the cardiovascular system is due to arterial 

hypertension and diabetes mellitus. The one third of 

patients with type 2 diabetes mellitus (DM) has 

diagnosed arterial hypertension (AH) [1]. In case of 

combined course of hypertension with diabetes, the 

risk of ischemic heart disease (IHD) developing 

rises up to 2-4 times, stroke - 2-3 times, loss of vi-

sion 10–25 times, uremia – 15–20 times, gangrenes 

of the lower extremities – 20 times more (6 – 

2005). These two diseases are more common when 

increased body mass or obesity present and are 

manifestations of metabolic syndrome [2]. 

In people with obesity, the risk of hypertension 

developing is 50% higher, than among people with 

normal body weight [3]. The Framingham Study 

demonstrated that, systolic blood pressure increases 

by 4.2 mm Hg. accordingly to every excessive 4.5 

kg in women [4]. Obesity, which is a modifying 

risk factor for diabetes, is present among almost 

90% of patients with diabetes [5]. In concordance 

with body weight increasing, aggravation of the 

degree and duration of obesity, the risk of diabetes 

developing becomes more important and signifi-

cant. Direct proportional dependence was found 

between the body mass and the total mortality. To a 

greater extent, increased mortality was due to car-

diovascular pathology [6]. 

At present, there is no consensus on the mecha-

nisms of pathological accumulation of adipose tis-

sue. However, it has been shown that fatty tissue 

plays a role not only as energy material but also as 

an endocrine organ whose functional activity is 

closely interwoven with the immune system. Adi-

pocytokines` imbalance is known to be associated 

with an increased risk of cardiovascular complica-

tions. Accordingly, it remains relevant to study the 

features of this balance and metabolic disorders in 

patients with hypertension associated with diabetes 

and obesity. 

In the last decade, new adipokines have been 

described, the role of which in the processes of me-

tabolism is being studied in detail. Among such 

factors are omentin, visfatin, nisfatin, vaspin, 

chemerin and others. Adipokines are able to influ-

ence not only on the processes of insulin resistance 

formation, but also have vasomotor effects and in-

fluence on the course of the inflammatory process 

and organ remodeling [7]. 

The purpose of the study: to study the features 

of adipocytokine imbalance and metabolic disor-
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ders in patients with hypertension in combination 

with diabetes and obesity. 

Materials and methods. There were 48 patients 

under observation, with AH II stage and 2nd degree 

of risk (22 men and 26 women). The average age of 

patients was 57.6 ± 4.7 years. The patients were 

divided into groups: the first group consisted of 23 

patients with isolated hypertension (just hyperten-

sion, without DM2 and obesity), the second group – 

25 with AH in combination with 2 type diabetes 

mellitus and obesity. The control group (n = 20) 

was matched according to age and sex with the ex-

amined patients. 

The diagnosis of hypertension was established 

in accordance with the recommendations of the 

European Society for Agents and the European 

Community of Cardiologists (ESH/ESC, 2013), as 

well as the Ukrainian Association of Cardiologists 

(2013). To determine abdominal obesity, anthro-

pometric measurements were performed to measure 

body mass index (BMI) and obesity rates according 

to IDF criteria (2015). The diagnosis of diabetes 

was based on the general recommendations of the 

EASD (2015). 

Criteria for inclusion in the study were sub-

compensated 2 type diabetes: fasting glycemia was 

not higher than 8.5 mmol/l, postprandial hypergly-

cemia not higher than 11 mmol/L and HbA1c levels 

not higher than 9%. 

The level of chemerin was determined by 

RayBiotech (USA) kits, an enzyme-linked immu-

noassay method, and the contents of serum IL-6 

and C-reactive protein (C-RP) were investigated 

using the "DRG" (USA) reagent kits by immuno-

enzymatic method. 

Biochemical studies of lipids included the de-

termination of plasma total cholesterol (TC), tri-

glycerides (TG), and high-density lipoprotein cho-

lesterol (HDL) cholesterol by enzymatic method 

using “Humana” company's kits (Germany). 

Cholesterol content of VLDL was calculated 

according to the formula: LDL cholesterol 

(mmol/l) = TG: 2.2. Cholesterol level of LDL cho-

lesterol – on the difference between ТC and choles-

terol in the remaining fractions of LP: LDL choles-

terol (mmol/l) = TC – (TG: 2.2 + HDL). Cholester-

ol atherogenic index (AI) was calculated according 

to the formula: AI = (TC – HDL): HDL. The limits 

of the norm were selected by the criteria most often 

used in clinical and epidemiological studies [8]. 

The level of HbA1c in the blood was deter-

mined using the test systems of the company "Rea-

gent" (Ukraine). The index of insulin resistance 

(HOMA-IR) was calculated according to the formu-

la: HOMA-IR index was measured according to the 

formula: fasting insulin (microU/L) x fasting glu-

cose (nmol/l)/22.5. At the index HOMA-IR ≥ 2.77 

– patients were assigned to insulin-resistant. The 

level of glucose onset and insulin in serum was 

determined by the immune enzyme method using 

"DRG" (USA) kits. An oral glucose tolerance test 

was used to determine glucose tolerance. 

The statistical processing of the research results 

was carried out using the Statistica-8.0 software 

package using Student's t-criterion and non-

parametric statistics methods. 

Results and discussion. 

When analyzing the trophological status of pa-

tients, study found that the large proportion of pa-

tients with isolated and combined course of arterial 

hypertension (78.3% and 66.5% respectively) were 

with BMI in the range of 30–34.9 kg/m2. While 

also, only few patients had BMI in the range of 25–

29.9 kg/m2 (7 patients) and 35–39.9 kg/m2 (4 pa-

tients). 

More distinct violations of lipid exchange of 

blood serum were diagnosed (67.8% and 36.4% 

respectively, p ≤ 0.05) in patients with a combined 

course of hypertension with diabetes and obesity. 

The level of triglycerides in blood serum in these 

patients was 1.4 times higher (p≤0.05) than those in 

the 1st group and 2.5 times with the control group 

(p ≤ 0.05). 

In patients with hypertension with diabetes and 

obesity, there was more often a decrease in the level 

of HDL in the group than in the comparison group 

(63.2% and 28.3%, respectively, p ≤ 0.05). Patients 

in the 2nd group who had BMI 30–34.9 kg/m2 

showed lower HDL cholesterol levels compared to 

the first group (p ≤ 0.05). The progression of lipid 

spectrum disorders with the combined course of the 

disease also depended on BMI: the maximal values 

of TC and TG were observed at BMI 35–

39.9 kg/m2, and the concentration of HDL choles-

terol in these patients had the smallest values. 

The study showed maximal values of the 

HOMA-IR index, insulin and C-RB occurred in 

patients from the 2nd group in comparison with the 

indicators of the 1st group (p ≤ 0.05), and such re-

sults are indicators of the progression of insulin 

resistance in conditions of hyperinsulinemia associ-

ated with diabetes mellitus. The HOMA-IR index 

exceeded the control factors by 1.7 times in an iso-

lated course of hypertension and by 2.4 times high-

er in the combined course of hypertension with dia-

betes and obesity. 
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Disturbances of glucose tolerance in patients 

with hypertension were observed in 7.5% of cases, 

whereas in patients with hypertension in combina-

tion with diabetes and obesity in 96.3% of cases. 

The probable increase in HbA1c in patients with the 

2nd group compared with the control (p ≤ 0.05) 

indicates a negative effect of the increased body 

weight on unsatisfactory compensation for carbo-

hydrate metabolism 

Table 1 – Character of carbohydrate metabolism and chemerin in patients with hypertension and in combina-

tion with diabetes and obesity 

Parameters Control (n = 20) 
Hypertension only 

(n = 23) 

AH+DM+Obesity  

(n = 25) 

Glucose, mmol/l 4,56 ± 0,53 5,72 ± 0,64 7,36 ± 0,71*# 

Insulin, microU/l 5,62 ± 1,14 10,3 ± 1,27* 13,6 ± 1,43*# 

HbA1c, % 4,6 ± 1,2 5,7 ± 1,36 8,17 ± 1,52* 

GTT, mmol/l 4,97 ± 1,43 8,44 ± 1,64* 11,5 ± 1,73* 

НОМА-IR 1,46 ± 0,61 3,76 ± 1,3* 4,48 ± 1,47* 

Chemerin, ng/ml 95,4 ± 12,3 134,6 ± 23,5* 247,4 ± 26,3*# 

Notes: * – the difference with control is significant, p ≤ 0.05; 

 # – the difference is significant between the AG group and AG + DM group, p ≤ 0.05 

7.5% of patients had statistically significant in-

creased fasting glucose test compared to the control 

group, which is explained by the presence of ab-

dominal obesity, since overweight is one of the 

causes of the development of the IR. The maximum 

values of fasting glucose test reached in patients 

with a combined course of hypertension with diabe-

tes and obesity (p ≤ 0.05). 

The level of IL-6 increased in both groups in 

comparison with the control group (p ≤ 0.05), but 

patients with combined hypertension with diabetes 

and obesity had almost twice higher. The level of 

C-RP in serum also exceeded the values of control 

values in both groups, but the most was in patients 

with a combined course of hypertension with diabe-

tes and obesity up to 2.3 times more. C-RP in the 

fourth group correlated with BMI (r = 0.45, p ≤ 

0.05), TG level (r = 43, p ≤ 0.05), the index HOMA 

– IR (r = 047, p ≤ 0.05). 

The level of chemerin in the control group was 

95.4 ± 12.3 ng/ml, rising in patients with hyperten-

sion to 134.6 ± 23.5 ng/ml and in patients with hy-

pertension in combination with diabetes and obesity 

to 247.4 ± 26.3 ng/ml. In human studies, it has been 

shown that plasma concentrations of chemerin are 

associated with such indicators as body mass index 

(BMI), blood pressure, and blood triglyceride con-

centration [9]. The growth of chemerin level ac-

cordingly to BMI has been shown in studies in both 

adults and children [10]. In addition, the chemerin 

blood level increases according to glucose concen-

tration rising at 120 minutes glucose tolerant test, 

increased level of fasting and peak blood insulin, 

growth of the HOMA-index, blood pressure elevat-

ing [10]. Thereafter, an development and progres-

sion of the metabolic syndrome is associated with 

an increase in chemerin plasma concentrations.  

 

Conclusions  

1. It has been established that hypertensive patients 

with 2 type diabetes mellitus and obesity have the 

most distinct imbalance of adipokines (chemerine was 

1,8 times higher than only hypertensive patients, p < 

0.05), dyslipoproteinemia (HDL-C decreased in 

63.2%, p ≤ 0.05), and systemic inflammation (IL-6 

almost twice higher, CR-P up to 2.3 times increased 

comparing with only hypertension, p < 0.05) , which 

should be taken into account when appointment of 

pathogenetic therapy in this category of patients. 

2. The close pathogenetic relationship between 

metabolic disorders and increased serum chemerin 

level have been proven, which should be considered 

as an adverse factor in the combined flow of hyper-

tension with diabetes and obesity. 

3. The results of the research can be applied to 

new and more effective methods of individual 

treatment of such cohort of patients with combined 

pathology. 

 
 

198

J.Clin.Exp Med.Res., 2018;6(2):194–199

DOI 10.21272/jcemr.2018.6(2):194–199



B. O. Shelest   

  © Сумський державний університет, 2018 

References  

1. Charvat J. [What is the significance of the 

phenomenon of hypertension [n disguise in 

patients with type 2 diabetes mellitus treated 

for long-lasting hypertension?]. Vnitr.lek. 

2016;62(3):215–217. 

2. Gui M-H, Li X, Jiang S-F. [Association of the 

adiponectin gene rs1501299 G≥T variant 

serum adiponectin levels, and the risk of 

coronary artery disease in a Chinese 

population]. Diabet. Res. Clinic. Pract. 

2012;97(3):499–504. 

3. Hanis CI, Redline S, Cade BE. [Beyond type 

2 diabetes, obesity and hypertension an axis 

including sleep apnea, left ventricular 

hypertrophy, endothelial dysfunction, and 

aortic stiffness among Mexican Americans 

in Starr Country, Texas]. Cardiovasc. 

Diabetol. 2016;8(15):86. 

4. Cai R, Yuan Y, Sun J. [et al.] [Statins worsen 

glicemic control of T2DM in target LDL-c 

level and LDL-c reduction dependent 

manners a meta-analisis]. Expert. Opin. 

Pharmacother. 2016, Aug.:4. 

5. Cha SA, Yun JS, Lim TS. [Hypoglicemia and 

cardiovascular or All-Cause Mortality in 

Patients with Type 2 Diabetes]. Diabet. 

Metab. J. 2016;40(3):202–210. 

6. De Cosmo S, Viazzi F, Piscitelli P. [AMD-

Annals Study Group Blood pressure status 

and the incidence of diabetes kidney disease 

in patients with hypertension and type 2 

diabetes]. J. Hypertens. 2016;6:21.  

7. Yamawaki H. [Vascular Effects of Novel 

Adipocytokines: Focus on Vascular 

Contractility and Inflammatory Responses]. 

Biol. Pharm. Bull. 2011;34(3):307–310. 

8. Belovol AN, Kovaleva ON, Popova SS, 

Tveretinov AB. Ozhirenie v praktike 

kardiologa i jendokrinologa. 

Ternopіl':TGMU Ukrmedkniga, 2009. 300–

301 p. 

9. Sell H, Divoux A, Poitou C, [et al.] 

[Chemerin correlates with markers for fatty 

liver in morbidly obese patients and strongly 

decreases after weight loss induced by 

bariatric surgery]. J. Clin. Endocrinol. 

Metab. 2010;95:2892–2896. 

10. Landgraf K, Friebe D, Ullrich T, [et al.] 

[Chemerin as a Mediator between Obesity 

and Vascular Inflammation in Children]. J. 

Clin. Endocrinol. Metab. 2012;97(4):556–

E564. 

 

(received 01.04.2018, published online 29.06.2018)  
 

(одержано 01.04.2018, опубліковано 29.06.2018)

 

199

J.Clin.Exp Med.Res., 2018;6(2):194–199

DOI 10.21272/jcemr.2018.6(2):194–199


