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Type 2 Diabetes Mellitus (T2DM) is a high-
ly prevalent metabolic disorder affecting mil-
lions globally [1]. Major complications, such
as cardiovascular diseases, nephropathy, and
neuropathy, significantly impair patients' qual-
ity of life and increase mortality [2]. A crucial
aspect requiring detailed investigation is the
relationship between T2DM and chronic pan-
creatitis (CP), as both conditions substantially
impact the body's metabolic processes, particu-
larly lipid metabolism [3].

Asprosin, a recently discovered hormone,
is key in regulating glucose homeostasis and
appetite [4]. It is primarily synthesized in adi-
pose tissue and released in response to fasting,
stimulating the liver to release glucose into the
bloodstream [5]. Studies have demonstrated
that elevated asprosin levels are associated
with obesity, insulin resistance, and T2DM,
making it a potential biomarker for the diag-
nosis and monitoring of metabolic disorders [6].

Studying the impact of asprosin on lipid
metabolism is essential. Lipid metabolism en-
tails the intricate processes of synthesizing,
transporting, and utilizing fats within the body
[7]. Disruptions in this process are commonly
observed in patients with T2DM and CP, lead-
ing to dyslipidemia and an increased risk of
cardiovascular diseases [8]. Understanding the
relationships between asprosin and lipid me-
tabolism markers can provide new insights into
the pathophysiological mechanisms of these
diseases and open new avenues for their diag-
nosis and treatment.

The relevance of studying the correlations
between asprosin levels and lipid metabolism
increases significantly in the context of the
combination of T2DM and CP [9]. Patients with
T2DM face an increased risk of developing
CP due to the damage to pancreatic islets and
insulin resistance caused by chronic inflam-
mation [10].
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Examining the connections between aspro-
sin levels and lipid metabolism indicators in
individuals with T2DM and CP not only en-
hances the comprehension of their reciprocal
effects but also identifies potential biomarkers
that could enable more precise diagnosis and

effective therapeutic interventions. Specifically,
this research can contribute to the development
of new therapeutic approaches aimed at nor-
malizing asprosin levels and improving the li-
pid profile, which can significantly enhance the
prognosis and quality of life of patients.

MATERIALS AND METHODS

The study included 100 patients treated
at the Kharkiv Regional Clinical Hospital be-
tween 2020 and 2022. The participants were
divided into two groups - the first group includ-
ed 70 patients with T2DM and comorbid chro-
nic pancreatitis (men — 64 %, women — 36 %),
mean age — 62.3 + 6.7 years, while the se-
cond group comprised 30 patients with T2DM
(men — 63%, women — 37 %), mean age —
64.4 + 6.6 years. Average duration of T2DM in
the first group is 12.6 + 5.4 years, while in the
second group — 11.2 £ 6.8 years. The control
group comprised 20 relatively healthy men and
women of the appropriate age.

All patients provided informed consent
to participate in the study. The studies were
conducted in compliance with the principles
of the Helsinki Declaration of Human Rights,
the Council of Europe Convention on Human
Rights and Biomedicine, and the current le-
gislation of Ukraine. The study protocol was
approved by the Ethics and Bioethics Commis-
sion of Kharkiv National Medical University.

The diagnoses of chronic pancreatitis and
T2DM were established based on the regula-
tions set by the Ministry of Health of Ukraine.

Inclusion criteria were: the presence of vo-
luntary consent to participate in the study, the
presence of chronic pancreatitis, T2DM.

Exclusion criteria included: patient age un-
der 18 years, HbAlc level > 9%, patients with
type 1 diabetes mellitus, patients with acute
pancreatitis, patients with chronic kidney di-

sease, patients with stage I1I hypertension, pa-
tients with stage IIB-III heart failure, acute
inflammatory processes, oncological diseases,
history of alcohol and substance abuse, and
presence of HIV/AIDS.

Blood asprosin levels were determined by
indirect non-competitive heterogeneous en-
zyme iImmunoassay on a «Labline-90» analyzer
(Austria) using commercial test systems manu-
factured by «Elabscience» (China).

Lipid profile indicators were planned to
be determined by standard biochemical me-
thods, including total cholesterol, triglycerides,
high-density lipoprotein cholesterol (enzymatic-
photometric method with cholesterol oxidase/
peroxidase using the «DAC-Spectro Med» kit),
low-density lipoprotein cholesterol (mathemati-
cal calculation using the Friedewald formula),
and very low-density lipoprotein cholesterol.

The obtained data were statistically pro-
cessed using the Prism 9.0 statistical data pro-
cessing software package (GraphPad Software,
USA). The relationship between the obtained
characteristics was assessed using Pearson's
linear correlation coefficient. Correlations were
considered inverse if the r-value ranged from
0 to — 1.0, and direct if the r-value ranged
from O to 1.0. An r-value from 0 to 0.3 indi-
cated a weak correlation, 0.4 to 0.7 indicated
a moderate correlation, and 0.7 to 1.0 indica-
ted a strong correlation. The results were pre-
sented as the r-value and the corresponding
p-value.

RESULTS AND THEIR DISCUSSION

The following lipid metabolism indicators
were studied: total cholesterol (TC), triglyceri-
des (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol
(LDL-C), and very low-density lipoprotein cho-
lesterol (VLDL-C). The levels of lipid metabo-
lism indicators in the studied groups are pre-
sented in Table 1.

The levels of all studied lipid metabolism
indicators exhibit statistically significant dif-
ferences between the control group and both
the first and second groups. The levels of total
cholesterol (p = 0.089), LDL-C (p = 0.423), and
VLDL-C (p = 0.7053) in the blood serum did
not show statistically significant differences
between the studied groups of patients. The
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Table 1
Indicators of lipid metabolism in patients with type 2 diabetes mellitus
and chronic pancreatitis (M + m)
Group 1
. (T2DM + chronic Group 2 Control group
Indicator pancreatitis) (T2DM) (n = 30) (n = 20) p-value
(n =170)
p,, = 0.089
Total cholesterol, 5.01+0.78 5.35+ 1.15 4.25+1.08 b <0.001
mmol/L Le
p, <0.05
. . p..<0.05
Triglycerides, 1.91+ 0.64 2.29 + 0.84 1.01+0.25 p.<0.001
mmol/L Le
p,. <0.001
p,, < 0.05
HDL-C, mmol/L 1.03+0.14 119+ 0.19 1.31+0.22 p,, <0.05
p,. <0.001
P, = 0.423
LDL-C, mmol/L 3.32+1.1 3.5+0.8 2.35+0.55 P, < 0.001
p,. <0.001
p,, = 0.7053
VLDL-C, mmol/L, 0.92 +0.47 0.96 = 0.51 0.65+0.21 p, < 0.05
p, <0.05
Notes:
p, , — statistical significance of differences between the 1% and 2™ groups;
p,, — statistical significance of differences between the 1% and control groups;
p,, — statistical significance of differences between the 2" and control groups;
T2DM — type 2 diabetes mellitus.
Table 2

Correlation relationships between asprosin
and lipid metabolism indicators in patients with type 2 diabetes mellitus
and chronic pancreatitis (n = 70)

Indicator Asprosin Total Triglycerides | HDL-C | LDL-C | VLDL-C
cholesterol
Asprosin 1.0 0.35% 0.24 —-0.15 0.45%* 0.25
Total cholesterol 0.35* 1.0 0.4* -0.22 0.4* 0.2
Triglycerides 0.24 0.4* 1.0 -0.31% 0.38* 0.42%*
HDL-C -0.15 —-0.22 -0.31% 1.0 —0.48%* -0.36*
LDL-C 0.45%* 0.4* 0.38* —0.48%* 1.0 0.22
VLDL-C 0.25 0.2 0.42%* -0.36* 0.22 1.0
Notes:
* p<0.05,
** p <0.01.

similar lipid metabolism indicators observed in
patients with isolated T2DM and those with
comorbid T2DM and chronic pancreatitis may
be attributed to the general disturbances in
lipid metabolism that characterize T2DM, re-
gardless of the presence of concomitant chronic
pancreatitis.

However, the triglyceride levels were sig-
nificantly higher in the group of patients with

T2DM compared to the group with combined
T2DM and chronic pancreatitis (p < 0.05). Fur-
thermore, the study revealed significant dif-
ferences in HDL-C levels between the patient
groups. Specifically, HDL-C concentrations
were notably lower in individuals with T2DM
and chronic pancreatitis, which may be linked
to impaired lipid metabolism and inflammation
in this patient population.
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Table 3
Correlation relationships between asprosin
and lipid metabolism indicators in patients
with type 2 diabetes mellitus (n = 30)
Indicator | Asprosin Total Triglycerides | HDL-C | LDL-C | VLDL-C
cholesterol
Asprosin 1.0 0.37** 0.17 -0.42%* 0.47%* 0.21
Total cholesterol 0.37%* 1.0 0.41%* —0.22 0.31* 0.22
Triglycerides 0.17 0.41** 1.0 -0.27 0.32* 0.4%*
HDL-C —0.42%* —0.22 —-0.27 1.0 —0.42%* —-0.17
LDL-C 0.47%* 0.31* 0.32* —0.42%* 1.0 0.3*
VLDL-C 0.21 0.22 0.4%* —-0.17 0.3* 1.0
Notes:
* p<0.05,
** p<0.01.

Asprosin concentrations were significantly
elevated in the group with combined T2DM
and chronic pancreatitis (10.06 + 3.56 ng/mL),
as well as in the group with T2DM alone
(7.34 + 2.08 ng/mL), in comparison to the con-
trol group (2.81 = 1.34 ng/mL, p < 0.05).

The study also examined the relationship
between asprosin levels and lipid metabolism
markers in the studied groups.

When analyzing the relationships between
asprosin and lipid metabolism indicators, mod-
erate correlations were found predominantly
with HDL-C, LDL-C, and TG. The results are
presented in Tables 2 and 3.

In patients with T2DM and CP, statistically
significant moderate direct correlations were
found between asprosin and total cholesterol
(TC), and LDL-C levels (see Table 2). A distinct
inverse correlation with HDL-C levels was also
observed. There were no strong or moderate
correlations between asprosin and triglyceri-
des, or between asprosin and VLDL-C.

It was found that in patients with T2DM
without chronic pancreatitis, there were statis-
tically significant moderate direct correlations
between asprosin levels and total cholesterol,
and LDL-C (Table 3). Similar to the first group,
no strong or moderate correlations were found
between asprosin and triglycerides or VLDL-C.

The results obtained in this study are con-
sistent with existing research demonstrating
the relationship between T2DM, lipid metabo-
lism parameters, and asprosin levels [11, 12].

The regulatory functions of adipose tissue
as an endocrine organ in metabolism and en-
ergy homeostasis have been confirmed previ-
ously [13]. It has been shown that secreted com-
ponents of adipose tissue can influence insulin
function and lipid metabolism. Excess adipose
tissue can cause insulin resistance, which is
a major cause of T2DM; therefore, obesity is
associated with several metabolic disorders, in-
cluding T2DM and metabolic syndrome [14].

Asprosin, a recently discovered adipokine,
1s secreted by white adipose tissue and plays an
important role in regulating blood glucose and
lipid levels. Experimental studies on animals
have shown that reducing asprosin concentra-
tions by administering antibodies against it
leads to improved insulin sensitivity and re-
duced lipid disorders [5]. However, due to the
diversity of populations and sample types, the
exact association of asprosin with various meta-
bolic disorders has not been well established.

According to previous research, asprosin le-
vels are significantly elevated in patients with
insulin resistance and lipid disorders [15, 16].
In our study, significant correlations were also
demonstrated between asprosin and athero-
sclerosis-related lipid metabolism indicators.
Asprosin may serve as an independent marker
of metabolic disorders in patients with T2DM
and CP.
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CONCLUSIONS
1. The highest asprosin level was noted in the sin and total cholesterol, and LDL-C levels
patients with type 2 diabetes mellitus and were also established.
chronic pancreatitis. Therefore, asprosin is a new important adi-

2. In the patients with type 2 diabetes alone  pokine associated with lipid metabolism dis-
significant moderate correlations between  orders, that making it a potential target for
asprosin and total cholesterol, and LDL-C  therapeutic intervention in type 2 diabetes mel-
(direct) and HDL-C (reverse) levels were es-  litus and its complications. Further research is
tablished. needed to better understand the role of aspro-

3. In the group of patients with type 2 diabetes  sin in the pathogenesis of these diseases and to
mellitus and chronic pancreatitis, significant  develop new approaches to their treatment.
moderate direct correlations between aspro-
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THE ROLE OF ASPROSIN IN LIPID METABOLISM IN PATIENTS
WITH TYPE 2 DIABETES MELLITUS AND CHRONIC PANCREATITIS
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Background. Type 2 Diabetes Mellitus (T2DM) is a highly prevalent metabolic disease that significantly
affects patients' quality of life and increases mortality due to complications. Understanding the relationships
between T2DM and chronic pancreatitis (CP) is very important, as both conditions significantly impact meta-
bolic processes in the body, particularly lipid metabolism. Asprosin, a recently discovered adipokine, plays a key
role in regulating glucose homeostasis and appetite. Its elevated levels are associated with obesity, insulin resis-
tance, and T2DM, making it a potential biomarker for diagnosing and monitoring metabolic disorders.

Objective. The objective of this study was to investigate the relationships between asprosin levels and lipid
metabolism indicators in patients with T2DM and CP.

Materials and Methods. The study included 100 patients treated at the Kharkiv Regional Clinical
Hospital from 2020 to 2022, divided into two groups: the first group included 70 patients with T2DM and CP,
and the second group consisted of 30 patients with T2DM.

The control group consisted of 20 relatively healthy men and women of appropriate age. Asprosin levels
were determined by indirect non-competitive heterogeneous enzyme immunoassay. Lipid profile indicators were
determined by standard biochemical methods. Correlations were assessed using Pearson's linear correlation
coefficient.
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Results. In the group of patients with T2DM and CP, the level of total cholesterol (TC) was
5.01 + 0.78 mmol/L, triglycerides (TG) — 2.29 + 0.84 mmol/L, high-density lipoprotein cholesterol (HDL-C) —
1.19 + 0.19 mmol/L, low-density lipoprotein cholesterol (LDL-C) — 3.32 + 1.1 mmol/L, and very low-density lipo-
protein cholesterol (VLDL-C) — 0.92 + 0.47 mmol/L. In the T2DM group, the levels of TC, TG, HDL-C, LDL-C,
and VLDL-C were 5.35 + 1.15, 1.91 + 0.64, 1.03 £ 0.14, 3.5 + 0.8, and 0.96 + 0.51 mmol/L, respectively. In the
control group, these indicators were 4.25 = 1.08, 1.01 + 0.25, 1.31 + 0.22, 2.35 + 0.55, and 0.65 + 0.21 mmol/L,
respectively.

The levels of all studied lipid metabolism indicators exhibited statistically significant differences between
the control group and both the first and second groups. The highest asprosin level (10.06 + 3.56 ng/mL) was no-
ted in the group with T2DM and comorbid chronic pancreatitis. In the patients with isolated T2DM significant
moderate correlations between asprosin and total cholesterol, and LDL-C (direct) and HDL-C (reverse) levels
were established. In the group of patients with T2DM and chronic pancreatitis, significant moderate direct cor-
relations between asprosin and total cholesterol, and LDL-C levels were also established.

Conclusions. Asprosin is a new adipokine associated with lipid metabolism disorders, that making it a po-
tential target for therapeutic intervention in type 2 diabetes mellitus and its complications. Further research
is needed to better understand the role of asprosin in the pathogenesis of these diseases and to develop new ap-
proaches to their treatment.

Keywords: type 2 diabetes, chronic pancreatitis, insulin resistance, lipid metabolism, asprosin.

POJIb ACMMPOCKUHY B NIMNIAHOMY OBMIHI Y XBOPUX
HA UYKPOBWUW OIABET 2 TUNY TA XPOHIYHUN NAHKPEATUT

Kypasasosa JI. B., Mapkesuu M. A.
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Axryansnicts. [lykposuit giader (I[J]) 2 tumy — HansBudaiiHO momrpeHe mMeTaboJIIYHE 3aXBOPIO-
BAaHHS, K€ 3HAYHO BIJIMBAe HA SKICTh "KUTTSA MHAI[IEHTIB TA MiJBUILYEe CMEPTHICTH Yepe3 yCKJIaTHEeHHI.
Posyminua B3aemoss'sakiB misk [/ 2 Tumy Ta XpOHIYHUM IMAHKPEATHUTOM € Iy’Ke BAKJIUBUM, OCKLIIBKU
o0uaBa CTAHM 3HAYHO BILJIMBAIOTH Ha MeTa0OJI4YHI IIpollecH B OPraHiaMi, 30KpemMa Ha JIIIIgHWIA 0OMIH.
AcnpocuH, HEIOAABHO BIIKPUTUN agHUIIOKIH, BIIirpae KJII0Y0BY POJIb y PEryJIIOBAHHI FOMEOCTa3y [JIIOKO3H
Ta ametuTy. Moro nigBuimeH1 piBHI aCOIIIOIOTHCA 3 OKUPIHHAM, 1HCyIiHOpeaucTenTHIcTO Ta 1J[ 2 Ty, mo
poOUTH OTO MOTEHI[IUHUM 010MapKepOM JIJIs TIaTHOCTUKY Ta MOHITOPUHTY MeTa0O0JTIIHUX PO3JIa/iB.

MeTo10 116010 TOCITII3KeHHS 0yJI0O BUBUEHHS B3a€MO3B'SI3KIB MIsK PIBHSMH aCIIPOCUHY TA MOKA3HUKAMU
JILITAHOr0 O0OMIHY y HAIIEHTIB 3 I[YKPOBHUM JiabeToM 2 THUIY Ta XPOHIYHUM IIaHKPEATUTOM.

Marepianu ta meromu. ocaigxenua Briaodaso 100 maifieHTIB, SK1 3HAXOMUJINCI HA JIKYBAHHI
y XapKiBChbKI#M o0sacHIN KIIHIYHIN JikapHl 3 2020 mo 2022 poku Ta O0yam po3aijieHl Ha 2 TPYIIU: mepira rpy-
na Bruovasa 70 mamienTtis 3 [[J] 2 Tumy Ta XpoHIYHUM TaHKpPEaTUTOM, Apyra rpyma ckiaagasuacsa 3 30 mari-
enriB 3 I[J] 2 Tumy 6e3 xpoHiuHoro nankpearutry. Kourposabaa rpyna ckiaagaiacs 3 20 BITHOCHO 3J0pOBUX
YOJIOBIKIB 1 5K1HOK BiJIIIOB1THOrO BiKy. PiBHI acirpocuHy BH3HAYAJIH 34 JOIIOMOI0K HEIIPSIMOT'0 HEKOHKYPEHT-
HOT'O TeTEePOreHHOr0 IMyHOo(pepMeHTHOr0 araaidy. [lokasHuKY JIiIT THOro MPodiIio BU3HAYAIN 3a JOTIOMOT0I0
cTaHIapTHUX 0loXiMiuHUX MeToiB. Kopesidirito omiHoBa Iu 3a JOIIOMOTO0I0 JITHIMHOT0 KOPeJIAIiiHOTro Koedi-
mieuTa [lipcona.

Peaynbraru. PiBHI mokasHuKIB JIimigHOTO 0OMIHY BUBYAJIKCSA y TPhOX Ipyllax HallleHTiB. Y Tpy-
mi mamienTis 3 I[J[ 2 Tumy Ta XpoHIYHMM HmaHKpeaTHUTOM piBeHb 3araJsibHoro xosecrepuny (3X) cramo-
BuB 5,01 = 0,78 mmoun/n, Tpurminepumis (TT) — 2,29 + 0,84 MMoaB/JI, X0JIECTEPUHY JIIIOIIPOTEIHIB BHCO-
kol miapHOoCcTi (XC JITIBIL) — 1,19 £ 0,19 MMOJIB/JI, X0JI€CTEPUHY JIMONPOTEeIHIB HU3bKOI mijapHOoCTI (XC
JITIHIIT) — 3,32 + 1,1 MMo/b/jI, X0JeCTepuHy JIIIONPOTEeIHIB Ayske HH3bKOI miabHocTi (XC JITIJIHIL) —
0,92 + 0,47 mmounb/a. ¥ rpymi 3 IIJ] 2 tuny pisui 3X, TT, XC JITIBII, XC JIITHII ta XC JITTJIHII cknananu
Bigmosiguo 5,35 + 1,15, 1,91 + 0,64, 1,03 + 0,14, 3,5 + 0,8 Ta 0,96 + 0,51 MMOJIB/JI. ¥ KOHTPOJIBHIN I'PYIIL II1 HO-
KasHUKHU craaganu 4,25 + 1,08, 1,01 +£ 0,25, 1,31 £ 0,22, 2,35+ 0,55 ta 0,65 + 0,21 MMOJIBL/I BIAIOBITHO.

PiBH1 BCcix moc/isKyBaHUX ITOKA3HUKIB JIIITIHOTO OOMIHY BHSBUJIM CTATUCTHUYHO 3HAYYIIl BIIMIH-
HOCTI Mi¥X KOHTPOJIPHOK IPYIO Ta o0oMa JOCHIIKyBAaHUMHK TrpynamMu. Ha#BUIui piBeHb acOpPOCUHY
(10,06 + 3,56 ur/mua) Binsuauenuit y rpymi 3 [ 2 Tuny ta xporniyHEuM mankpeaTuToM. ¥ XBOPUX HA 130J160-
BAHUU IYKPOBUH miaber 2 THUIY BCTAHOBJIEHO JIOCTOBIPHI ITOMIpHI KOPEJAIIAHI 3BSISKH MIi¥K aACIpPOCHHOM
1 piBaeM 3arajsbHoro xosecrepuny, XC JITIHII (mpsami) 1 XC JITIBIIL (3BopoTHmit). ¥ rpymi xBopux Ha [1J]
2 TUIY Ta XPOHIYHUY HaHKPEATUT TAKOK BCTAHOBJIEHO JOCTOBIPHI IIOMIPHI IIPAMI KOPEJIAMINHI 3B’ A3KH MIK
aCIIPOCUHOM Ta PIBHSAMU 3araibHoro xouecrepuny ta XC JITTHIII.

BucuoBku. AcipocuH € HOBUM aJUIIOKIHOM, ACOI[IOBAHMM 3 MOPYIIEHHSMU JIIIITHOTO 00MiHY, IO
POOUTH HOro MOTEHI[IMHOKW IM1JIJII0 IJI TePAleBTUYHOI0 BTPYYAHHS IIPHU IIyKPOBOMY aiabeTi 2 THUIy Ta MOro
yeraagHeHHAX. [loganbInn mociriasKeHHss HeoOX1JH1 /I Kpaloro po3yMIiHHS POJIl acIIPOCUHY y IIaTOreHe3l
IUX 3aXBOPIOBAHB Ta PO3POOKY HOBUX M1IXOJIB JI0 IX JIIKYBAHHSI.

Knmouori cmoBa: mykpoBuii giaber 2 TUITY, XpOHIYHUY IAHKPEATHUT, 1HCYJIIHOPE3UCTEHTHICTD, JIIII1/I-
HHM 00MiH, aCIIPOCHH.
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