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ABSTRACT

Aim. To study the level of metabolic hormones in young people with arterial hypertension (AH) against the
background of abdominal obesity (AO).

Materials and methods. The study included 498 people who were divided into two groups. The experimental
group encompassed 250 people with AH, of which — 159 people had AO, the average systolic pressure — 141.9
+ 13.9 mm Hg, diastolic pressure — 95.6 + 7.5 mm Hg. The control group included 248 people comparable to
the experimental group by gender and age, of whom 104 people had AO, the average systolic pressure — 118.5 +
9.8 mm Hg, diastolic pressure — 77.8 + 7.4 mm Hg. The levels of amylin, C-peptide, ghrelin, glucose-dependent
insulinotropic polypeptide (GIP), glucagon-like peptide-1 (GLP-1), glucagon, insulin, pancreatic polypeptide (PP),
and peptide YY (PYY) were determined by the multiplex analysis. The level of glucose was determined by the
enzymatic method. Statistical processing of the results was carried out using the SPSS 13.0 software.

Results. Patients with AH had higher levels of amylin, C-peptide, and glucose and lower levels of PYY. There
was no significant difference between the experimental group and the control group for the rest of the studied
parameters. In the experimenta group, the C-peptide, GLP-1, glucagon, and insulin levels were associated with
AO. In the control group, the association of AO with the levels of C-peptide, insulin, and glucose was shown. The
odds of AH in people under the age of 45 years were associated with a decrease in the level of PYY, arisein the
amylin levels, and an increase in waist circumference.

Conclusion. Of the studied metabolic hormones, an increased level of amylin and reduced PYY can serve as
potential biomarkers indicating high odds of developing AH in people under 45 years of age. AO is a factor that
contributes to the development of AH at ayoung age.
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ypOBEHb meTabonnuecknx rOpMoOHOB Yy MOonoAabiX ﬂlOAGI?I

C apTepmaanoﬁl rvmepTeH3|ne|7| Ha ¢0|-|e aGAOMIIIHaHbHOrO oXunpeHunAa

MonoHckan A.B., KawurtaHoBa E.B., CraxHéBa E.M., LLipamko B.C., CagoBckun E.B.,
Neposckux C.P,, LLlep6akosa J1.B., Tap6y3oBa E.B., Xyaakosa A.[l., Paruxo 0.U.

Hayuno-uccreoosamenvckuii uHcmumym mepanuu u npoQuaAaKmuiecko meouyunsl — guauan PedepaibHozo
20CY0apcmeeHH020 DI0IHCEMHO20 HaYUH020 yupecoenus: « Dedepanvhulil uccredogamenvckuil yenmp Hnemumym
yumonozuu u cenemuxu Cubupckozo omoenenus Poccuitickoti akademuu nayxy (HUUTIIM — ¢punuan UL ul’

CO PAH)

Poccus, 630089, 2. Hosocubupck, ya. b. boeamxosa, 175/1

PE3IOME

Iesb: uccienoBaTh ypoBeHb FTOPMOHOB METa00JIM3Ma Y MOJIOZBIX JIFOJCH ¢ apTepransHoi runeprensueii (Al) Ha
(dhone abpomuHaBEHOTO OXKkUpeHHs (AO).

Marepuajbl 4 MeToAbl. B nccnenoBannu npuHsiy yyactue 498 yenoBek, KOTOpbIe BOILIM B ABe Tpymmbl. Oc-
HoBHas rpymmna — 250 yenosek ¢ Al', u3 Hux 159 ¢ AO, cpennee cucronnyeckoe aasnenue (CL) — 141,9 + 13,9 mm
pT. cT., nuactonuueckoe aasienue (1) — 95,6 + 7,5 mm pt. cT. [pynmna koHTposs — 248 4eT0BeK, COMOCTAaBUMBIX
C OCHOBHOI1 IpyImnoi 1mo noxiy u Bospacty, ¢ AO — 104 yenoseka, cpexanuii yposens CJl u JJJ1 —118,5+9,8 u 77,8
+ 7,4 MM PT. CT. COOTBETCTBEHHO. MeTO0M MyJIbTHILICKCHOTO aHAJIM3a ONPeeIIsIn YPOBEHb aMuiInHa, C-nenTu-
Jla, TpeNrHa, TII0K030-3aBUCUMOT0 HHCYIMHOTponHoro nonunentuaa (I'NIT), rmrokarononogo6Horo nentuaa-1
(I'TII-1), rmrokaroHa, WHCyNWHA, maHkpeatndeckoro nosiumentuaa (IIIIIT), mentuma YY. YpoBeHB ITIFOKO3BI
OIIPENEISUIN SH3UMaTHYeCKUM MeTonoM. CrathcTuyeckas oOpaboTKa pe3yJabTaToB IPOBOIMIACH B MPOrpaMMe
SPSS 13.0.

Pe3yabTathl. Y mamueHToB ¢ Al oTMeueHbI Oosiee BHICOKHIT ypOBeHb amiinHa, C-enTuaa, rII0K03bl 1 Ooiee
Hu3Kkuil ypoBeHb nentuzaa YY. JlocTOBEpHOH pa3HHIBI MEXIY OCHOBHOW M KOHTPOJBHOH IpynImoi mo ocraib-
HBIM M3y4YaeMbIM ITOKa3aTelsIM He BhIIBIEHO. B ocHoBHOH rpynmne ¢ AO ObuM cBsi3aHbl Mokasarenu C-nenTtuna,
I'TIII-1, rrokaroHa, nHCyauHA. B KOHTpOnBHOI rpynne Obuta mokaszaHa cBsizb AO ¢ ypoBHeM C-mentusa, MHCY-
JIMHA U TMoKo3bl. OTHOCHTENBHBII IaHe Haanuus Al y mozeit B Bo3pacTe 10 45 net ObUT CBsI3aH CO CHIKEHHEM
ypoBHA nentuaa YY, ¢ TIOBBIIIEHHEM YPOBHS aMIINHA U YBEIUYEHUEM OKPYKHOCTH TaJIUU.

3aka04yenne. 113 n3y4eHHBIX HAMH TOPMOHOB METa0O0JIM3Ma ITOBEIIIEHHBIH YPOBEHb aMHJINHA ¥ CHIDKEHHBIH 110-
Kazarenb rentuga YY MOTYT CIIy>KHTh B KaUueCTBE MOTEHIMAIBHBIX OMOMapKepoB, yKa3hIBAIOIIUX Ha BBICOKYIO
BEPOSATHOCTH pa3BuTHi Al y mozeit 1o 45 ner. AGIOMHUHAIBHOE OXKHpPEHHE SBISIETCS (PAaKTOPOM, KOTOPBIH CII0-
cobctByert passutHio Al B MolomoM Bo3pacre.

KiroueBble ci1oBa: abIOMHHAIBHOE OXKUPEHKE, MapKepbl MeTaboIn3Ma, apTepraibHast THIIePTeH3Us

KonpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HUHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIICH CTaThH.

Hcrounnk puHaHcupoBaHuu. PaboTa BBINOIHEHA B PAMKaX roCyIapCTBEHHOTO 3a/1aHus « OMUAEMHOIOTHYECKHIA
MOHHUTOPHHT COCTOSIHUS 3710POBbSl HACEICHUS M U3y4EHHE MOJIEKYJIIPHO-TEHETHUECKUX 1 MOJIEKYIJIIPHO-OUOJIOTH-
YeCKHX MEXaHU3MOB PAa3BUTHS PACIIPOCTPAHEHHBIX TEPANEeBTHYECKHUX 3a001eBanui B CHOMPH U1 COBEPIICHCTBO-
BAaHU TOJXOJI0B K MX AMArHOCTHKe, mpodunaktuke U nedeHnio» (per. Ne 122031700094-5) u B pamkax rpaHra
PH® Ne 21-15-00022, B pabote ucrnonb3oBanbl Matepuaisl onokostekunn HUUTIIM — ¢punman ULul" CO PAH.

CooTBeTcTBHE NMPUHIOMNAM THKH. Bce y4acTHUKM HCCIeOBaHUS IIOJIIHCATH MHGOPMHUPOBAHHOE COTJIACHE.
HccnenoBanue onobpeno stumdeckum komuretom HUMUTIIM — ¢umman UIulT CO PAH (mporokon Ne 167 ot
26.11.2019).

[ nuruposanms: [lononckas 51.B., Kamranosa E.B., Craxuésa E.M., llIpamko B.C., Canosckuii E.B., Jlenos-
ckux C.P., Illepbakosa JI.B., 'apOy3oBa E.B., Xynsakosa A.Jl., Paruno FO.11. YpoBeHs MeTab0IM4eCKUX TOPMOHOB
Yy MOJIOZIBIX JIFO/IEH ¢ apTepuaibHOl runepTreHsuei Ha poHe abJJOMHUHANBHOTO OXKHUPEeHUs. broiemens cubupckoil
meduyunsl. 2023;22(3):74-79. https://doi.org/10.20538/1682-0363-2023-3-74-79.
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INTRODUCTION

The prevalence of arterial hypertension (AH),
which is the leading risk factor for cardiovascular

disecases (CVDs),

among the adult population

reaches 45% [1, 2]. Obesity (primarily abdominal
obesity (AQ)) as a factor that causes an increase in
AH is registered in the population, including young
people, with increasing frequency [3, 4]. Both AO
and AH contribute to CVDs, and their combination
is associated with an even higher risk and a heavier
course of AH. Some of the main causes of AH in
obesity include hyperinsulinemia, insulin resistance,
an imbalance of gastrointestinal hormones, such as
ghrelin, amylin, YY peptide, glucagon-like peptide-1,
and others, but the pathogenesis of AH in obese and
non-obese people may differ. Despite improvements
in the understanding of the pathogenetic mechanisms
of AH and obesity, not all processes that underlie the
comorbidity of obesity and AH have been studied,
especially at a young age. Therefore, the aim of our
research was to investigate the level of metabolic
hormones in young people with AH and AQ.

MATERIALS AND METHODS

The study was carried out on the basis of a sample
from the population screening of young residents (aged
2544 years) of Novosibirsk, which was conducted
at the Research Ingtitute of Internal and Preventive
Medicine — Branch of the Ingtitute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences from 2013 to 2016. We selected 3,000 men
and women aged 2544 years from the database of the
Territorial Compulsory Health Insurance Fund using

n =498 — 337 male; 161 femae

/

n =250

Group with AH

N\

a random number generator; 1,512 people responded
to the invitation and took part in the screening. They
filled out questionnaires, gave an informed consent to
participatein the study, underwent anthropometric and
instrumental examinations, and biologica material
was obtained from them.

The experimental group included all persons with
newly diagnosed AH with systolic pressuregreater than
140 mm Hg and / or diastolic pressure greater than 90
mm Hg, according to the clinical guidelines “Arterial
hypertension in adults’ approved by the Ministry of
Health of Russia in 2020 [5]. The exclusion criterion
was diabetes mellitusindicated in the questionnaire or
fasting plasma glucose level greater than 7 mmol / |
[6]. AO was recorded with a waist circumference of
more than 80 cm in women and more than 94 cm in
men [7]. Patients without AH, comparable in gender
and age, were randomly recruited in the control group.
The characteristics of the studied groups are shown in
Figure.

In al patients, blood for the biochemistry test was
taken in the morning on an empty stomach from the
ulnar vein no earlier than 12 hours after the last meal.
The levels of amylin, C-peptide, ghrelin, glucose-
dependent insulinotropic polypeptide (GIP), glucagon—
like peptide-1 (GLP-1), glucagon, insulin, pancreatic
polypeptide (PP), and YY were determined by the
multiplex analysisusing theHuman MetabolicHormone
V3 kit (EMD Millipore Corporation, Germany) on the
Luminex 20 MAGPIX flow cytometer. Glucose was
determined by the enzymatic method using the Thermo
Fisher reagent kit (Finland) on the KONELAB Prime
301 biochemical analyzer (Finland).

n =248

Control group

Age: 38.7 = 5.5 years
SBP 141.9 + 13.9 mm Hg

Age: 38.4 + 5.5 years
SBP118.5 + 9.8 mm Hg
DBP77.8+7.4mmHg
170 males

167 maes
83 femaes

/

DBP95.6 + 7.5 mm Hg

78 females

/

N

With AO: n =159
Mae-97
Female — 62

Without AO: n =91
Male-70
Female — 21

With AO: n =104
Male—69
Female — 35

Without AO: n =144
Mae-101
Female — 43

76

BionneTteHb cMbUpckon MegmuuHel. 2023; 22 (3): 74-79

Figure.
Characteristics of the studied
groups



Original articles

Statistical processing of the results was carried
out in the SPSS 13.0 software. The normality of
data distribution was checked by the Kolmogorov —
Smirnov test. Anamnestic data were presented as
the mean and the standard deviation M + SD. Non-
normally distributed quantitative variables were
presented as the median and the interquartile range
Me [Q25%; Q75%]. Normal distribution was seen
only in two of the biochemical parameters studied by
us; they were also presented as the median and the
interquartile range Me [Q25%; Q75%)]. The groups
were compared using the nonparametric Mann —

Whitney test. The correlation analysis was carried
out using the Spearman’s rank correlation coefficient.
To identify the associations of the presence / absence
of AH with the studied parameters, the multivariate
logistic regression analysis was performed. The
differences were statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In young patientswith AH, we found an imbalance
of metabolic markers compared to healthy controls.
Against the background of AO, these shifts are most
pronounced (Table).

Table

The level of metabolic markers in young people with and without arterial hypertension, depending on the presence or absence of
abdominal obesity

Control group Study group
Parameter
Me [Qu; Q] p* Me [Qu5 Q] p* b

) without AO 4477 [39.4; 43 8] 719 [204; 73 2] 0.0001
Amylin, pg/ml WithAO 447 [38.5; 55.7] 0.551 72.2[26.5; 75.8] 0.16 0.0001
: without AO 0.86 [0.55; 1.95] 0.86 [0.54; 2.01] 0.903
C-Peptide, ng/ ml WithAO 1.48[0.70; 2.78] 0.003 1.99 [0.89; 3.58] 0.0001 0.036
. without AO 156.3 [94.5; 256.2] 156.1[107.8; 209.4] 0.707
Ghrelin, pg / ml WithAO 156.6 [91.9; 302.7] 0.808 170.7 [116.3; 297.1] 0.124 0.422
without AO 77.0 [43.5; 121.1] 78.6 [43.3; 117.9] 0.931

GIF pg/mi WithAO 83.9 [40.8; 124.7] 0.456 83.1[44.0; 133.0] 0.573 0.96
] without AO 583.6 [330.5; 788.7] 644.6 [299.1; 815 3] 0.081
GLP-1, pg/ ml WithAO 643.7 [381.2; 940.1] 0.054 7203 [374.9; 935.7] 0.017 0571
without AO 43.6 [28.1; 58.7] 452[27.9; 57.9] 0.041

Glucagon, pg / ml withAO 43.3[28.9; 72.4] 0.695 48.8[36.1; 67.5] 0.043 0.196
) WIthoutAO | 1,934.6[ 406.9; 2,889.7] 2,072.9[1,256.4; 2,776 3] 0.366
Insulin, pg / ml WithAO 23433 [931.0;3,262.1] 0.028 2.365.1 [1,256.4; 3,082 3] 0.048 0512
oo o/ i Without AO 125.9 [59.9; 1853] 0.468 90.0 [47.4; 185.1] 0.23 0.343
 pg WithAO 135.4 [59.4, 201.7] 122.9 [62.0; 1983] 0.743
Without AO 3104 [79.5; 372.5] 208.5 [69.3; 303.4] 0.011

YY, pg/ml withAO 310.4 [48.2; 420.6] 0.936 208.5 [82.6; 303.4] 0.636 0.273
lucose ol /] |_Without AC 5.6 [5.2;5.9] 0.002 59[5.6;6.1] 0.505 0.0001
’ withAO 5.8 [54;62] 5.91[5.5; 6.4] 0.116

The level of amylin, a multifunctional peptide
hormone, that is produced by the pancreas along with
insulin and participatesin carbohydrate metabolism, in
our study was 1.6 times higher (p = 0.0001) in patients
with AH compared to the control group. The effect
of AO on the level of amylin was not revealed. M.T.
Kailasam et al. [8] also found an increase in plasma
amylinin AH, but, unlike our results, body massindex
in their study was a strong predictor of an increase in
circulating amylin.

Patients with AH aso had higher levels of
C-peptide, which is a fragment of endogenously
produced proinsulin, and glucose (by 1.5 (» = 0.003)
and 1.1 (p = 0.0001) times, respectively). In the study
by S.I. Safronova et al. [9], the level of C-peptide

was also higher in hypertensive patients compared to
normotonic ones.

The level of the YY peptide in AH patients was
1.6 times lower (p = 0.006) compared to the control
group, which is not consistent with the data obtained
by E. Haj-Yehia et al. [10], where AH was more
common in patients with high YY levels due to the
direct vasoconstrictive effect of the peptide (in the
authors’ view). The difference can be explained by the
fact that E. Haj-Y ehiaet al. studied patients with acute
myocardial infarction.

There was no significant difference between the
experimental and control groups in the rest of the
studied parameters. Since the groups differed in
waist circumference (p = 0.0001), further, in order to
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consider the influence of AO, we analyzed the studied
parameters depending on the presence / absence
of AO. The results obtained in the study of serum
metabolic markers are presented in Table.

In the control group, the level of dtatistical
significance of differences p < 0.05 for C-peptide,
insulin, and glucose was found between the subgroups
with and without AO. The level of C-peptide was
1.7 times higher, and the level of insulin was 1.3
times higher in the subgroup with AO. The glucose
concentration in this subgroup was 4% higher. Also, in
the control group, therewas atrend toward an increase
(p = 0.054) in GPP-1 in patients with AO.

For the AH group, the differences between the
subgroups were in the levels of C-peptide, insulin,
GLP-1, and glucagon. C-peptide was 2.3 times higher
in the subgroup with AO and AH, GLP-1 was 12%
higher in patients, glucagon was 8% higher, and
insulin was 15% higher compared to patients with AH
but without AO. The remaining parametersin the AH
group aso did not depend on the presence of AO. The
level of C-peptide was the highest in the subgroup
with AO and AH.

When conducting the correlation analysis to assess
the relationship of the studied biomarkers with the
parameters characterizing AH, a weak correlation of
systolic pressure parameters with amylin (» = 0.224;
p = 0.0001), C-peptide (» = 0.156; p = 0.001), and
glucose (r = 0.23; p = 0.0001) was revealed. Diastolic
pressurewas correl ated with the same parameters: with
amylin (» = 0.260; p = 0.0001), C-peptide (» = 0.175;
p=0.0001), and glucose (» = 0.224; p = 0.0001). There
was no correlation with age for the studied markers.

To assess the odds of AH a a young age,
the multivariate logistic regression anaysis was
performed, where the dichotomous parameter of
the presence / absence of early AH was taken as a
dependent variable, and the studied biomolecules
and waist circumference were taken as independent
variables. The relative chance of early AH was
associated with a decrease in the level of YY
(Exp(B) = 0.99; p = 0.0001; confidence interval (CI):
0.988-0.994), an increase in amylin levels (Exp(B) =
1.04; p = 0.0001; CI: 1.032-1.059), and an increase in
waist circumference (Exp(B) = 1.05; p = 0.0001; CI:
1.019-1.062). Thus, with adecreasein the concentration
of YY by 1 pg/ ml and an increase in amylin by 1 pg
/ ml, the odds of having AH at a young age increase
by 1 and 4%, respectively. With an increase in waist
circumference by one centimeter, the odds of having
AH in people under 45 years increase by 5%.

CONCLUSION

Of the studied metabolic markers, an increased
level of amylin and a reduced level of YY can serve
as potential biomarkers indicating high odds of AH in
people under 45 years, and AO is a modifiable factor that
contributes to the development of AH at a young age.
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