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ABSTrAcT

Introduction: Essential hypertension is an important public challenge having leading posi-
tions in morbidity and mortality worldwide. Co-morbid hypertension and obesity is a multifacto-
rial disorder, but mechanisms leading to weight gain in hypertensive persons are not completely 
known until now. According to data of our recent observations and literature, apelin is believed 
to play an important role in development of obesity in hypertension.

Aim: The aim of the study was to investigate apelin-12 level changes in Ukraine patients with 
essential hypertension and obesity.

Materials and methods: Ninety-six patients with essential hypertension were examined. Surveys, 
examinations and laboratory investigations were conducted according to internationally accepted 
protocols. In all patients levels of apelin-12 and glucose in blood were assessed. Also systolic and 
diastolic blood pressures were measured, and Body Mass Index scores were calsulated in all sub-
jects. All patients were categorized by means of k-means clustering using apelin and Body Mass 
Index means. Difference between groups was calculated using Kruskal-Wallis test.

Results: Patients were categorized into 4 cluster based on k-means according to apelin and 
Body Mass Index scores. The 1st and 2nd clusters had opposite meanings of Body Mass Index 
scores. Patients of the 1st cluster had the lowest Body Mass Index scores and also the shortest 
duration of the disease. No significant differences of Body Mass Index scores in patients of 3rd 
and 4th clusters were detected, but the opposite apelin activity was detected. In cluster 4, adipo-
kine activity was the lowest in total group of patients, and in cluster 3 – the highest. Patients of 
4th cluster had pronounced carbohydrate disorders and dyslipidemia. Significant correlations of 
apelin with parameters of carbohydrate pool were found.

Summary: The increased level of peptide apelin in hypertensive patients was detected. Sig-
nificant dyslipidemia with high atherogenetic index, dysglicemia, hyperinsulinemia, and pro-
nounced expression of pro-inflammatory cytokines are accompanied with decreased apelin level 
and negative correlation of Body Mass Index with peptide. Overexpression of apelin in hyperten-
sive patients with moderate abnormalities in lipid and carbohydrate metabolism is considered as 
a compensatory reaction.
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burden of disease in the world. [Haslam D., James 
W., 2005]. Obesity itself is recognized as one of 
the most important risk factors for the develop-
ment of hypertension and its progression. Hyper-
tension in obese patients in over 60% is associated 
with gluco-metabolic disturbances, like insulin 
resistance, glucose intolerance. Moreover, diabe-
tes develops in 2% of treated hypertensive patients 
every year [Demydenko G., Kovalyova O., 2013].

Carbohydrate metabolism plays a central role 
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introduction

Essential hypertension (EH) is an important 
public challenge having leading positions in mor-
bidity and mortality not only in Ukraine, but 
worldwide. Excess body weight is the sixth most 
important risk factor contributing to the overall 
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in development and progression of EH. It is known 
that insulin resistance (IR) in EH develops as a re-
sult of insulin receptor defects, failures of glucose 
transportation at a post-receptor level, and intrace-
lular glucose metabolism alterations. IR occures in 
sceletal muscles, fat tissue, and in liver [Piya M. et 
al., 2013].

The Framingham study has shown that future 
weight gain is significantly greater in hypertensive 
patients than in normotensive subjects, suggesting 
that even hypertensive patients with normal weight 
are at higher risk of developing obesity [Julius S. 
et al., 2000].

It has been stated that co-morbid hypertension 
and obesity is a multifactorial disorder. But mecha-
nisms leading to weight gain in hypertensive per-
sons are not completely known. Most probably obe-
sity, hypertension and metabolic abnormalities in-
teract and potentiate their individual impact on car-
diovascular risk [Kurinna O., Kolesnikova O., 2013; 
Minasyan A., Gareginyan N., 2014; Shalimova A., 
2014]. As there is still no mechanism to be identi-
fied as a dominant etiological factor, adipokines 
may have a crucial role.

Recently discovered vasoactive peptide apelin 
has attracted scientists’ attention. Having close 
identity with the angiotensin II type 1 receptor, it 
does not bind angiotensin-II. Apelin and G protein-
coupled receptor was discovered in 1993 by B.F. 
O’Dowd et al., while searching for vasopressin re-
ceptors, initially named APJ. Apelin gene is the 7th 
transmembrane domain of G-protein receptor lo-
calized in 11th human chromosome and is homolo-
gous to that of rats in 74%.

Apelin and APJ expression have been found in 
fat tissues, heart and lungs, as well as in various re-
gions of the central nervous system. The pathophys-
iologic action of apelin in obesity remains unclear.

The aim of this study was to investigate apelin 
expression levels in Ukraine patients with essen-
tial hypertension with obesity.

MaterialS and MethodS

Ninety-six patients with EH were enrolled in the 
investigation. Surveys, examinations and laboratory 
investigations were conducted according to the rec-
ommendations of Ukrainian Society of Cardiology, 
as well as recommendations of European Society of 
Cardiologists/European Society of Hypertension 

[Mancia G. et al., 2009]. The study was approved 
by local institutional review board committees, and 
all participants provided written informed consent. 

All subjects underwent measurements of height, 
weight at the baseline visit. Body mass index (BMI) 
was calculated as weight in kilograms divided by 
the square of height in meters (kg/m2). 

Three measurements of systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were 
taken using standardized sphygmomanometer 
"LD20" ("Little Doctor", Switzerland) on the right 
arm, after a 15-minute rest period in a sitting posi-
tion; the average of three measurements was used 
as subject’s blood pressure.

Blood specimen was collected after overnight 
fasting into a tube with further centrifuging at 
3000/min, and freezing at 20oC for investigations. 
Carbohydrate metabolism was evaluated on the 
basis of plasma glucose, insulin, glycated haemo-
globin (HbA1c) measured at fasting, and 120 min-
utes after standard 75 g oral glucose tolerance test 
(OGTT). Insulin level were measured by immuno-
enzyme assey using laboratory set DRG® Insulin 
(DRG Instruments GmbH, Germany), ELISA anal-
yser “AIF-C-01C” (Russia), spectrofluorimeter 
“Hitachi” (Hitachi, Japan) were used. 

The approximating equation for IR has been 
simplified and uses a fasting plasma sample in 
which glucose (fasting plasma glucose) and insulin 
(fasting plasma insulin) are measured, together 
with a constant. The index of IR. 

HOMA-IR = (glucose × insulin)/22.5. 

Insulin concentration is reported in μU/L and 
glucose in mmol/L. The constant of 22.5 is a nor-
malizing factor,

Glucose and lipid profile (total cholesterol 
(TC), triglyceride (TG), high density lipoprotein-
cholesterol levels (HDL-C)) were determined 
using Olveks diagnosticum Kit, Saint-Petersburg, 
Russia. 

Low-density lipoprotein cholesterol (LDL-C) 
was calculated by means of W. Friedewald formula 
[Fukuyama N. et al., 2008]:

LDL-C = TC – HDL-C - TG  ,2.22
where TG/2.22 is very low density lipoprotein-
cholesterol.
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Index of Atherogenicity (IA) was calculated ac-
cording to the fomula by A. Klimov [Klimov 
A.,Nikulcheva N. 1999]:

IA =      TC – HDL-C  .HDL-C
Apelin-12 was estimated in blood plasma using 

enzyme-linked immunosorbent assay (ELISA) 
technique (Kit Apelin-12, Phoenix Pharmaceuti-
cals, USA).

The average age of the surveyed hypertensive 
patients was 58,16±0,66 years old; males–
59,57±1,16 years old (n=42); females–60,64±1,53 
years old (n=54) who were examined at the Khar-
kov city diagnostic center and hypertension treatment 
on the basis of the therapeutic department № 11 
Kharkov city clinical hospital.

To find out the interrelations of fat excess and 
expression of adipokine apelin, all patients were 
categorized into 4 cluster groups based on k-means 
according to apelin and BMI data [Demydenko A., 
2014] (Fig. 1).

All patients were categorized by means of k-
means clustering using apelin and BMI means. In 
the 1st cluster there were 23 patients with EH aged 
40-71 years, Me=63.0; 13 females and 10 males. 
The 2nd cluster consisted of 22 patients with EH 
aged 35-72 years, Me=60.5; 12 females and 10 
males. 3rd cluster included 14 patients with EH 
aged 54-74 years, Me=61,5; 8 females and 6 males. 
In the 4th cluster there were 37 patients age 30-72 
years, Me=58.0.

Statistical analysis was performed using Micro-
soft Excel and Statistica. Results are presented as 
median (Me) and interquartile range. Difference 

between groups was calculated using Kruskal-
Wallis test. A p value less than 0.05 was considered 
to be statistically significant.

reSultS

The average means of BMI and apelin level in total 
group (n=96) were 30.47 (27.70; 33.70) kg/m2 and 
0.28 (0.16; 0.48) ng/ml respectively. Ninety-three per-
cent of hypertensive patients were overweight.

According to clusterization most of the lean pa-
tients were in 1st cluster (21.7%) [Demydenko A., 
2014] (Fig. 2). Seventy-eight percent of patients in 
1st cluster were pre-obese. The majority of patients 
in 2nd cluster (59.1%) had EH with stage II obesity. 
In 3rd cluster 50% of patients had stage I obesity, 
and 45% of them were pre-obese. In 4th cluster 
70.3% of patients with EH had stage I obesity, and 
24.3% were pre-obese.

The baseline characteristics of EH duration, 
blood pressure data, results of carbohydrate and 
lipid metabolism are presented in Table. Data are 
described using median and interquartile range.

As it is shown, the 1st and 2nd clusters had op-
posite meanings of BMI. Patients of the 1st cluster 
had the lowest BMI and also the shortest duration 
of the disease. Also slight changes in lipid profile 
and carbohydrate pool were accompanied with 
moderate expression of cytokines and adipokine. 
Patients in 2nd cluster had higher BMI, SAP and 
DAP scores. Compared with patients in 1st cluster, 
hypertensive obese patients of 2nd cluster had lon-
ger anamnesis of EH, dyslipidemia, more pro-
nounced dysglycemia, hypercytokinemia accom-
panied by increased level of apelin. 

figure 1. Clustering of results according to apelin 
and body mass index data. 

figure 2. Distribution of patients in clusters ac-
cording to the stage of obesity.
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Despite of not significant difference in BMI 
data between patients of 3rd and 4th clusters, oppo-
site apelin levels were detected. In cluster 4, adi-
pokine activity was the lowest in all patients, and 
in cluster 3 – the highest. Level of adipokine in 
patients of 3rd cluster was 3-fold higher than in 
other groups. Both groups had similar and longest 
duration of EH in the whole group. Analysis of the 
instrumental and laboratory investigations have 
shown higher levels of SAP and DAP in patients of 
3rd cluster in comparison with 4th cluster. Against 
the background of the lowest level of apelin in the 
group, patients of 4th cluster had significantly 
higher levels of TC, TG, LDL-C, VLDL-C; lowest 

TABle.
Anamnesis data, results of laboratory and instrumental investigations in patients with essential 

hypertension
Indices Clusters

p
1 (n=23) 2 (n=22) 3 (n=14) 4 (n=37)

Duration of hypertension 
(years) 8.0 (5.0;12.0) 10.0 (6.0;13.0) 11.5 (5.0; 13.0) 12.0 (6.0; 17.0) p>0.05

Systolic pressure (mm Hg) 160 (150;180) 180 (160;185) 166 (160;180) 160 (150;165) p<0.05
Diastolic pressure (mm Hg) 90 (90;100) 100 (90;100) 99 (89;100) 95 (90;100) p>0.05
Body Mass Index (kg/m2) 26.09 (25.15;27.15) 35.82 (34.9;37.1) 29.50 (26.0;30.4) 31.21 (29.7;32.9) p<0.05
Total cholesterol (mmol/l) 5.21 (4.63; 5.60) 4.95 (4.02; 4.90) 5.47 (4.29; 6.00) 5.49 (4.98; 6,30) p<0.05
Triglyceride (mmol/l) 1.52 (1.11; 2.67) 1.45 (0.83; 2.39) 1.12 (0.80;1.98) 1.62 (1.11; 2.73) p>0.05
Cholesterol lipoproteins: 

High-density (mmol/l)
Low-density (mmol/l)

Very-low-density (mmol/l)

1.23 (0.88; 1.28) 1.20 (0.74; 1.35) 1.12 (0.69; 1.33) 0.76 (0.73; 1.05) p<0.05
3.29 (2.29; 3.61) 2.89 (1.91; 3.57) 3.41 (2.51; 4.91) 3.70 (3.44; 4.74) p<0.05
0.66 (0.50; 1.21) 0.58 (0.38; 1.09) 0.50 (0.36; 0.89) 0.77 (0.50; 1.24) p>0.05

Index of atherogenicity 3.24 (2.70; 5.64) 3.32 (2.27; 5.54) 2.80 (2.28; 7.24) 5.31 (4.15; 7.02) p<0.01
Fasting plasma glucose 
(mmol/l) 5.51 (4.73; 6.65) 5.21 (4.90; 7.20) 6.51 (5.62; 9.55) 6.90 (5.99; 8.25) p<0.05

Glucose 2h after oral 
glucose tolerance test 
(mmol/l)

5.96 (5.66; 6.59) 6.48 (6.32; 7.09) 5.57 (5.42; 5.72) 7.13 (6.48; 8.04) p<0.05

Fasting insulin (mmol/l) 20.58 (12.47; 26.18) 19.78 (11.7; 23.2) 26.5 (18.96; 34.03) 24.62 (14.1; 29.9) p>0.05
Insuline 2h after oral 
glucose tolerance test 
(mmol/l)

55.65 (43.68; 59.38) 67.69 (57.1; 69.2) 42.87 (40.2; 45.5) 68.81 (54.5; 80.3) p<0.01

Homeostasis model 
assessment-estimated 
insulin resistance

5.09 (2.19; 6.90) 4.65 (2.66; 6.65) 7.38 (4.44; 13.65) 7.02 (4.51; 9.53) p<0.05

Glycated haemoglobin 7.00 (4.90; 8.00) 7.15 (6.90; 7.90) 5.70 (4.77; 9.20) 7.35 (5.30; 8.10) p>0.05
Interleukine-6 (pg/ml) 13.35 (8.77;19.63) 9.81 (8.79; 11.82) 8.95 (7.62; 26.00) 13.47 (10.0; 15.6) p>0.05
Interleukine-10 (pg/ml) 80.56 (76.50;88.60) 90.45 (79.5; 91.6) 78.84 (74.8; 83.8) 88.30 (78.7; 90.6) p>0.05
Apelin (ng/ml) 0.29 (0.16; 0.38) 0.37 (0.23; 0.64) 0.87 (0.68; 1.00) 0.18 (0.14; 0.25) p<0.01

level of HDL-C and significant increasing of IA, 
almost 2-fold in comparison with patients of other 
clusters. The most pronounced carbohydrate disor-
ders were common for the patients of 4th cluster. 
Levels of fasting glucose, post OGTT glucose and 
insulin, HbA1c, index HOMA were higher in pa-
tients of 4th cluster comparing with other patients 
with EH. Pronounced hypercytokinemia with the 
prevalence of the pro-inflammatory cytokine IL-6 
was established in patients of 4th cluster. Most 
probably, the level of plasma apelin depends not 
only on glucose and insulin expression, but also on 
components of atherogenesis, such as dyslipidemia 
and pro-inflammatory cytokines level expressing 
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level of atherogenicity. 
There are some proves that chronic low-grade 

inflammation is thought to be a key factor in the 
pathogenesis of insulin resistance, type 2 diabetes 
mellitus (T2DM), and cardiovascular diseases asso-
ciated with obesity-mediated diabetes [Ouchi N. et 
al. 2011]. Circulating levels of tumor necrosis fac-
tor-alpha (TNF-α) and IL-6 are directly correlated 
with adiposity and insulin resistance [Yue P. et al., 
2009]. On the other hand, IL-6 increases glucose 
stimulated insulin secretion [Suzuki T. et al., 2011]. 

According to obtained data we also analyzed the 
number of patients with dysglycemia in each cluster 
(Fig. 3). So, the smallest percentage of accompany-
ing carbohydrate disorders (60.8%) was in hyper-
tensive patients of 1st cluster. In the 2nd cluster there 
were 68.4% of patients with EH and dysglycemia. 
Patients of 3rd and 4th clusters had hypertension and 
co-morbid carbohydrate pool abnormalities in 
85.6% and 91.8% of cases, correspondingly.

Clusterization of the hypertensive patients ac-
cording to the BMI and apelin activity showed also 
peculiarities of carbohydrate metabolism that is con-
nected with adipokine expression. Analysis of apelin 
interrelations in total group showed significant cor-
relations with parameters of carbohydrate pool. Nu-
merous positive correlations of apelin were found: 
with fasting insulin (R=0.29, p<0.05), post OGTT 
glucose and insulin levels (R=0.39 and R=0.41, 
p<0.05, respectively), HOMA index (R=0.24, 
p<0.05), and HbA1c (R=0.24, p<0.05). In patients in 
cluster 1 significant positive correlation of apelin and 
HbA1c was established (R=0.53, p<0.05). In patients 

of 2nd and 4th clusters significant negative correlations 
of apelin with BMI were detected (R=–0.72 and R=–
0.41, p<0.05, respectively).

It has been shown that apelin has effects not 
only on glucose utilization, but also activation of 
apelin receptors expressed in pancreatic islets in-
hibits insulin secretion. Also it has been shown 
that in clonal INS-1 β-cells the latter is mediated 
by activation of phosphatidylinositol-3 kinase 
(PI3K)-phosphodiesterase-3B [Guo L. et al., 
2009]. Recent evidence suggests that apelin itself 
is expressed in pancreatic islets, particularly in β- 
and α-cells, having an influence on autocrine/para-
crine effects [Ringström C. et al., 2010].

So, our study shows the increased level of pep-
tide apelin in hypertensive patients. Obesity is not 
always associated with expression of adipokine, 
but apelin activity mostly depends on expression 
of accompanying dyslipidemia and carbohydrate 
metabolism disturbances. Significant dyslipidemia 
with high atherogenetic index with accompanying 
dysglycemia, hyperinsulinemia, and pronounced 
expression of pro-inflammatory cytokines is asso-
ciated with decreased apelin level compared to pa-
tients with EH without co-morbid carbohydrate 
metabolism disturbances. Overexpression of ape-
lin in hypertensive patients with moderate abnor-
malities in lipid and carbohydrate metabolism is 
considered as a compensatory reaction. Further in-
vestigations of apelin activity will lead to clarify-
ing the potential links of metabolic parameters 
with peptide expression.

concluSionS

The results of current study indicate that plasma 
level of adipokine apelin is increased in patients 
with essential hypertension and obesity. Obesity is 
associated with expression of adipokine accompa-
nied with dyslipidemia and carbohydrate metabo-
lism disturbances in patients with EH. Pronounced 
pro-inflammatory state, dyslipidemia with high 
atherogenetic index, dysglycemia, hyperinsu-
linemia in patients with EH and obesity are accom-
panied with decreased apelin level and negative 
correlation of BMI with peptide, compared to pa-
tients with EH without obesity. Overexpression of 
apelin in hypertensive patients with moderate ab-
normalities in lipid and carbohydrate metabolism 
is considered as a compensatory reaction.
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figure 3. Distribution of patients with essential 
hypertension in clusters according to accom-
panying dysglycemia.
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