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INVESTIGATION OF APELIN ACTIVITY IN PATIENTS
WITH ESSENTIAL HYPERTENSION AND OBESITY

Demydenko G.V.
Kharkiv National Medical University

Co-morbid hypertension and obesity is a multifactorial disorder, but mechanisms leading to weight gain in hypertensive
persons are not completely known. Aim of the study was to investigate apelin's expression in patients with essential
hypertension (EH) with obesity in Ukraine patients. Patients were categorized into 4 cluster groups based on k-means
according apelin and BMI data. The increased level of peptide apelin in hypertensive patients was detected. Significant
dyslipidemia with high atherogene index, dysglicemia, hyperinsulinemia, and pronounced expression of pro-inflammatory
cytokine are accompanied with decreasing of apelin level and negative correlation of BMI with peptide.
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Essential hypertension (EH) stays the important
public challenge, because of leading positions in
morbidity and mortality not only in Ukraine, but world-
wide. Excess body weight is the sixth most important
risk factor contributing to the overall burden of disease
in the world. Obesity itself is recognized as one of the
most important risk factors for the development of hy-
pertension and its progression(Piya MK, 2013).Hyperten-
sion in obese patients in over 60% is associated with glu-
cometabolic disturbances, like insulin resistance, glucose
intolerance. Moreover, diabetes develops in 2% of treated
hypertensive patientsevery year(Demydenko G, 2013).

The Framingham study have shown that future
weight gain is significantly greater in hypertensive
patients than in normotensive subjects, suggesting
that even normal weight hypertensives are at a high
risk of developing obesity (Julius S, 2000).

It is clear that co-morbid hypertension and obesity
is a multifactorial disorder. But mechanisms leading
to weight gain in hypertensive persons are not com-
pletely known. It is likely that obesity, hypertension
and metabolic abnormalities interact and potentiate
their individual impact on cardiovascular risk.

As it's still not possible to identify one mechanism
as the dominant aetiological factor, adipokines may
have a decisive influence.

Apelin is a recently discovered vasoactive pep-
tide and adipokine that is an endogenous ligand of
the APJ receptor and was named 'apelin' after APJ
endogenous ligand. This G protein-coupled receptor
was identified in 1993, and has a close identity with
the angiotensin II type 1 receptor, but does not bind
angiotensin-II (Piya MK, 2013).

Apelin and APJ have been found to be expressed
in fat tissues, heart and lungs, as well as various re-
gions of the central nervous system. The pathophysi-
ologic action of apelin in obesity remains unclear.

Aim of the study was to investigate apelin's ex-
pression in Ukraine patients with essential hyperten-
sion with obesity.

Materials and methods: 96 patients with EHwere
recruited in the investigation. Inquiring, inspection
and laboratory investigations were provided ac-
cording to the recommendations of Ukrainian Soci-
ety of Cardiology and ESC/ESH recommendations
2007/2009 (Mancia G, 2009).The study was approved
by local institutional review board committees, and
all participants provided written informed consent.
All subjects underwent measurements of height,
weightat the baseline visit.Body mass index (BMI)
was calculated as weight in kilograms divided by the
square of the height in meters (kg/m?).

Three measurements of systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were tak-
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en using a standardized sphygmomanometer on the
right arm, after a 15-minute rest in a sitting position;
the average of the three measurements was used as
subject's blood pressure (Little Doctor, Switzerland).

A blood specimen was collected after overnight
fasting into a tube with further centrifuging and
freezing for investigations. Carbohydrate metabolism
was evaluated on the basis of plasma glucose, insulin,
glycated haemoglobin(HbA1lc) that were measured as
at fasting, as after 120 min of standard glucose toler-
ance test (OGTT).For insulin measurements the lab-
oratory set DRG® Insulin (DRG Instruments GmbH,
Germany, Marburg) was used. Glucose and lipid pro-
file (total cholesterol (TC), triglyceride (TG), high
density lipoprotein-cholesterol levels (HDL-C)) were
determined using Olveks diagnosticum Kit, Russia.

Low density lipoprotein-cholesterol was cal-
culated (LDL-C) with W.T. Friedewald formula
(Fukuyama N, 2008):

LDL-C= TC — (HDL-C + TG / 2,22), (1)

where TG / 2,22 is very low density lipopro-

tein-cholesterol.

Index of atherogenity (IA) was calculated accord-
ing A. M. Klimov fomula(Klimov A N, 1999):

IA = (TC — HDL-C) / HDL-C (2)

Apelin-12 was estimated in blood plasma using
ELISA technique (Kit Apelin-12, Phoenix, USA).

Statistical representation of the results is median
(Me) and inter-quartile range. All patients were cat-
egorized according to cluster analysis using k-means
using apelin and BMI means. Difference between
groups was calculated using Kruskal-Wallis test. A p
value of lessthan 0.05 was considered to be statisti-
cally significant.

Results. The average means of BMI and apelin
level in total group (96 pts) were 30,47 (27,70; 33,70)
kg/m? and 0,28 (0,16; 0,48) ng/ml respectively. 93% of
hypertensive patients were overweight. It was signifi-
cantly higher in comparing with control group: BMI —
21,23 (18,96; 23,12) kg/m2and apelin — 0,12 (0,10; 0,15)
ng/ml. To find out the interrelations of excessed fat
and expression of adipokine apelin, all patients were
categorized into 4 cluster groups based on k-means
according apelin and BMI data (see fig. 1).

In the 1st cluster there were 23 pts. with EH of
40-71 age, Me — 63,0 y.0; 13 females and 10 males.
The 2nd cluster consists of 22 pts. With EH of
35-72 age, Me — 60,5 y.o.; 12 females and 10 males. 3rd
cluster includes 14 pts. with EH of 54-74 age, Me —
61,5 y.0.; 8 females and 6 males. In the 4th cluster
there were 37 pts of 30-72 age, Me — 58,0 y.o.

According to the clusterization the most amount
of lean patients were in 1% cluster (21,7%), see
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fig. 2. 78% of the patients of 1% cluster were pre obese.
The prevalent amount of the 2™ cluster — 59,1%, were
hypertensive patients with 2st of obesity. 50% patients
of 3 cluster had obesity of 1% and 45% — were pre
obese. In 4" cluster the 70,3% of patients with hyper-
tension had 1°* of obesity, and 24, 3% — pre obese.
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Fig. 1. Clustering of results according apelin
and BMI data
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Fig. 2. Distribution of the patients in the clusters
according to the stage of obesity

The baseline characteristics of EH duration, blood
pressure data, results of carbohydrate and lipid pool
investigation are shown in Table 1.

As it shown, the 1% and 2"¢ clusters had opposite
meanings of BMI. Patients of the 1% cluster had the
lowest BMI and also the shortest duration of the
disease.

Also it was accompanied with not very pro-
nounced changes in lipid profile, carbohydrate pool
and moderate expression of cytokines and adipokine.
For the patients of the 2" cluster the highest BMI,
SAP and DAP was common. Comparing with patients
of 1%t cluster hypertensive obese patients of 2°¢ clus-
ter had longer anamnesis of EH, dyslipidemia, more
pronounced dysglicemia, hypercytokinemia that was
accompanied by increased level of apelin.

Despite of not significant difference in BMI data
between patients of 3' and 4™ clusters, the opposite
apelin activity was detected. In cluster 4, adipokine's
activity was the lowest one from total amount of pa-
tients and in cluster 3 — the highest one. Level of
adipokine in patients of 3™ cluster was 3-fold higher
than in other groups. Both groups had similar and
longest duration of EH in the whole group. Analy-
sis of the instrumental and laboratory investigations
have shown higher levels of SAP and DAP in pa-
tients of 3™ cluster in comparing with 4™ On the
background of the lowest in the group level of ape-
lin, patients of 4" cluster had significant and highest
levels of TC, TG, LDL-C, VLDL-C; lowest data of
HDL-C and increasing of IA, almost 2-fold in com-
paring with patients of other clusters. The most pro-
nounced carbohydrate disorders were common for
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the patients of 4™ cluster. Levels of fasting glucose,
post OGTT glucose and insulin, HbAlc, index HOMA
were the highest in patients of 4" cluster comparing
with other patients with EH. Pronounced hypercy-
tokinemia with the prevalence of the pro-inflamma-
tory cytokine — IL-6 was established in patients of
4™ cluster. And, obviously the level of plasma apelin
depends from not only glucose and insulin expression,
but also from components of atherogenesis, such as
dyslipidemia with pronounces atherogenic index and
pro-inflammatory cytokines level.

There are some proves that chronic low-grade in-
flammation is thought to be keyin the pathogenesis
of insulin resistance, type 2 diabetesmellitus (T2DM)
and cardiovascular disease that isassociated with
obesity-mediated diabetes (Ouchi N, 2011). Circulat-
ing levels of TNF-a and IL-6 are directly correlated
with adiposity and insulin resistance (YueP, 2011).
Other way, IL-6 increases glucose stimulated insulin
secretion (Suzuki T, 2011).

According to obtained data we also analyzed
amount patients with dysglicemia in each cluster (see
fig. 3). So, the smallest percentage of accompanied
carbohydrate disorders 60,8% was in hypertensive
patients of 1st cluster. In the 2" cluster there was
68,4% patients with EH and dysglicemia. Patients of
34 and 4™ clusters had hypertension and comorbid
carbohydrate pool abnormalities in 85,6% and 91,8%
correspondingly.
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Fig. 3. Essential hypertension and percentage of
accompanied dysglycemia in clusters.

Other way, clusterization of the hypertensive
patients according to the BMI and apelin activity
showed also peculiarities of carbohydrate metabolism
that is connected with adipokine expression.

Analysis of apelin's interrelations in total group
showed significant correlations with parameters of
carbohydrate pool. Numerous 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 respectively, p<0,05), -HOMA
index (R=0,24, p<0,05) and HbAlc (R=0,24, p<0,05).
In patients of cluster 1 the significant correlation of
apelin and HbAlc was estimated (R=0,53, p<0,05).
In patients of 2nd and 4th clusters significant neg-
ative correlations of apelin with BMI were detected
(R=-0,72 and R=-0,41 respectively, p<0,05).

It's shown that apelin has effects not only on
glucose utilization, but also apelin's receptor is ex-
pressed in islets and apelin activation of its recep-
tor inhibits insulin secretion. And it has been shown
in clonal INS-1 B-cells that this is by activation of
PI3KOphosphodiesterase 3B (GuoL,2009). Recent
evidence suggests that apelin is itself expressed in
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Anamnesis data, results of laboratory and instrumental investigations
of patients with essential hypertension according to clusters

Table 1

Groups Cluster 1, 23 pts Cluster 2, 22 pts | Cluster 3, 14 pts | Cluster 4, 37 pts KHASII\{I%;]VX?HIS

Means with EH with EH with EH with EH VROV
EDﬁf"aytg;rI{SOf 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
SBP, mm Hg 160 (150;180) 180 (160;185) 166 (160;180) 160 (150;165) p<0,05
DBP, mm Hg 90 (90;100) 100 (90;100) 99 (89;100) 95 (90;100) >0,05
BMI, kg,/m? 26,09 (25,15:27,15) | 35,82 (34,92;37,12) | 29,50 (26,00;30,40) | 31,21 (29,70;32,89) p<0,05
TC, mmol/1 5,21 (4,63; 5,60) | 4,95 (4,02; 4,90) | 547 (4,29; 6,00) | 5,49 (4,98; 6,30) <0,05
TG, mmol/1 152 (1,11; 2,67) | 1,45 (0,83; 2,39) | 1,12 (0,80; 1,98) | 1,62 (1,11; 2,73) >0,05
HDL-C,mmol/1 | 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
LDL-C,mmol/l | 3,29 (2,29; 3,61) | 2,89 (1,91; 3,57) | 3,41 (2,51; 4,91) | 3,70 (3,44; 4,74) <0,05
E;n%%/‘lc’ 0,66 (050; 1,21) | 0,58 (0,38; 1,09) | 0,50 (0,36; 0,89) | 0,77 (0,50; 1,24) p>0,05
A 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
FPG, mmol/1 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
é?uggffnmo/l 5,96 (5,66 6,59) | 648 (6,32; 7.09) | 5,57 (5.42:5,72) | 7.13 (6,48; 8,04) p<0,05
FI, mmol/1 20,58 (12,47; 26,18) | 19,78 (11,74; 23,22) | 26,5 (18,96; 34,03) | 24,62 (14,10; 29.87)|  p>0,05
2h OGGT 55,65 (43,68; 59,38) | 67,69 (57,14; 69,18) | 42,87 (40,22; 45,53) | 68,81 (54,48; 80,29)|  p<0,01
insuline, mmo/1

HOMA 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
HbAlc 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
IL-6, pg,/ml 13,35 (8,77; 19,63) | 9,81 (8,79; 11,82) | 8,95 (7,62; 26,00) | 13,47 (10,00; 15,64)| _ p>0,05
IL-10, pg/ml | 80,56 (76,50; 88,60) | 90,45 (79,50; 91,60) | 78,84 (74,85; 83,80) | 88,30 (78,74; 90,60)|  p>0,05
Apelin, ng/ml | 0,29 (0,16; 0,38) | 0,37 (0,23; 0,64) | 0,87 (0,68; 1,000 | 0,18 (0,14; 0,25) p<0,01

Data is described by median and inter-quartile range.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TC, totalcholesterol;
TG, triglyceride; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; VLDL-C, very low
density lipoprotein-cholesterol; IA, index of atherogenity; FPG, fasting plasma glucose. OGGT, oral glucose tolerance test;

IL-6, interleukine-6; IL-10, interleukine-10.

pancreatic islets, particularly in B- and a-cells, rais-
ing the possibility of autocrine/paracrine effects
(Ringstroem C, 2010).

So, our study shows the increased level of peptide
apelinin hypertensive patients. Obesity is not always
associated with expression of adipokine, but depends
from pronunciation of accompanied dyslipidemia and
carbohydrate metabolism disturbances. Significant
dyslipidemia with high atherogene index,dysglice-
mia, hyperinsulinemia, and pronounced expression
of pro-inflammatory cytokine are accompanied with
decreasing of apelin level and negative correlation of
BMI with peptide. Overexpression of apelin in hyper-
tensive patients with moderate abnormalities in lipid
and carbohydrate metabolism is considered as com-
pensatory reaction. Further investigations of apelin
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activity will lead to clarifying the potential links of
metabolic parameters with peptide expression.

Conclusion:

1. Plasma level of adipokine apelin is increased in
patients with essential hypertension and obesity.

2. Obesity is associated with expression of adipo-
kine and accompanied with dyslipidemia and carbo-
hydrate metabolism disturbances.

3. Pronounced pro-inflammatory state, dyslipid-
emia with high atherogene index, dysglicemia, hy-
perinsulinemia in patients with essential hypertension
and obesity are accompanied with decreasing of apelin
level and negative correlation of BMI with peptide.

4. Overexpression of apelin in hypertensive patients
with moderate abnormalities in lipid and carbohydrate
metabolism is considered as compensatory reaction.
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Hemupenkxo I'.B.
XapriBCbKMII HAITIOHAJBHMI MeOUYHNI yHIBEpCUTET

JOCJHITREHHA ARTUBHOCTI AITEJIHA
¥ XBOPHIX HA I'HNIEPTOHIYHY XBOPOBY 3 OsRMPIHHAM

Anoranis

Aconiania rinepToHiYHOI XBOPOOM I OKUPIHHA € IOJIIKOMIIOHEHTHMM JIAHIIOTOM MeTaOOoJiYHNX IopyIieHs. IIpnunan pos-
BUTKY OKVPIHHA y XBOpUX Ha rineproHiuny xBopoOy (I'X) 71 moci He 3'sAcoBani. XBopi poanoaiseHi Ha KjacTepu i3 BUKO-
puctaHHAM K-cepenHix 3a IMT Ta anesinom. BeraHOBJIEHO HiABuUINEHH:A PiBHA anerniHy y xBopux Ha I'X y nopiBHAHHI 3
IrPYIOI0 KOHTPOJIO. BupasHa auciinizeMis 3 OigBUIIEHNM iHIEKCOM aTEepOreHHOCTI, rimepiHcyJsiHeMis, rinepruToKiHeMis
CYIIPOBOKYBaJach 3HMKEHHAM PIBHA alleJiiHy i HeraTMBHUM B3aMe€MO3B A3KoM mentuny 3 IMT.

KumrouoBi ciioBa: rinepToHiyHa XBOpo0a, 0KMPIHHA, aiUIIOKIHN, alleJIiH, AMCIIiniTeMid.

Hevupenko A.B.
XapKOBCKMIT HAIMOHAJBHBI MEIUITMHCKUI YHUBEPCUTET

MNCCJIEJOBAHUNE ARTUBHOCTHU AIIEJIVNHA
Y BOJIbHBLIX I'MIIEPTOHNMYECKOJ BOJIE3HBIO C OKMMPEHVEM

AHHOTAIUA

Accomyanysa IMIEePTOHNYECKON DOJe3HM M OMKUPEHMA IIpeJCcTaBiiseT cob0ii MHOTOKOMIIOHEHTHYIO Lellb MeTa00JIMIecKIx
HapyueHnit. [IpyayHBI pa3BUTUA OKUPEHNA y OOJIBbHBIX ¢ IMIIePTOHMYecKoi 6ose3ubio (I'B) mo KoHIja He M3BECTHBL
ITammenTs! ObLIM pas3eseHbl Ha KJIACTePhI C MCIIOJIb30BaHMeM K-cpenunux 1o VIMT u anesmHy. Y CTaHOBJIEHO IIOBBILLIEHVE
YPOBHA alesyHa y O0JbHBIX I'MIIEPTOHNYECKOI 00JIe3HBIO B CPABHEHNUY C TPYIIION KOHTPOJIA. BoIparkeHHAA AMCIUINAEMUA
C IIOBBILIEHHBIM MH/IEKCOM aTepPOTeHHOCTH, TMIPUHCYJIMHEMNS, TUIIePUUTOKMHEMIS COIIPOBOMXIaIach CHUMKEHNEM yPOBHSA
areJiMHa M OTPULATENIbHON B3auMMOCBA3bI0 nenTuga ¢ VIMT.

KnioueBble cinoBa: runepronndeckas 00JIe3Hb, 0XKMPEHNe, aIUIIOKIHDI, alleJIVH, JUCIUIVIEMUA
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