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Impact of asprosin, interleukin-6,
and adiponectin on exocrine
pancreatic insufficiency in
patients with tﬁpe 2 diabetes
mellitus and chronic pancreatitis

Exocrine pancreatic insufficiency (EPI) is a clinical condition often associated with
chronic pancreatitis (CP) and type 2 diabetes mellitus (T2DM) leads to malabsorption
and nutritional deficiencies, severely impacting patients’ quality of life. It has been iden-
tified that asprosin, a glucogenic protein, is a key player in carbohydrate metabolism
and chronic inflammation. Elevated levels of asprosin, along with changes in interleu-
kin-6 (IL-6) and adiponectin, may contribute to the pathophysiology of EPI in patients
with T2DM and CP.

Objective — to investigate the levels of asprosin, IL-6, and adiponectin and their
correlation with exocrine pancreatic function in patients with T2DM and CP.

Materials and methods. The study included 100 patients treated at Kharkiv Regional
Clinical Hospital from 2020 to 2022. Patients were divided into two groups: Group
1 (n=70) with comorbid T2DM and CP, and Group 2 (n=30) with T2DM alone.
The control group included 20 healthy individuals. Blood levels of asprosin, IL-6,
and adiponectin were measured using immunoassays. Fecal elastase-1 (FE-1) levels
were used to assess exocrine pancreatic function. Pearson’s correlation coefficient was
calculated to determine the relationships between these markers.

Results. Asprosin levels were significantly higher in Group 1 compared to Group 2 and
the control group, with the highest levels observed in patients with comorbid T2DM and
CP (10.06 £3.56 ng/ml). IL-6 levels were also elevated in Group 1 (64.44 * 4.35 pg/ml),
indicating heightened inflammation. Adiponectin levels were lower in Group 1
(2.80+0.38 ng/ml), correlating with worse metabolic profiles. FE-1 levels were markedly
reduced in Group 1 (142.2+6.3 mg/g), confirming severe EPI. Significant correlations
were found between asprosin levels and IL-6 (positive correlation, r=0.49, p<0.01), as
well as between asprosin levels and FE-1 (negative correlation, r=-0.52, p<0.01). In the
group of patients with isolated T2DM, significant moderate negative correlations were
found between asprosin levels and adiponectin (r=-0.47, p<0.05) and FE-1 (r=-0.44,
p<0.05). The study also demonstrated a strong negative correlation between adiponectin
and IL-6 (r=-0.61, p<0.01) in patients with comorbid T2DM and CP.

Conclusions. Elevated asprosin levels in patients with T2DM and CP are associated
with increased inflammation and reduced exocrine pancreatic function. The significant
correlations between asprosin, 1L-6, and FE-1 suggest that asprosin could serve as
a clinically valuable biomarker for assessing metabolic and inflammatory status in
these patients. The findings highlight the complex interaction between metabolic and
inflammatory pathways in the development of EPI.

Keywords:
type 2 diabetes mellitus, chronic pancreatitis, exocrine pancreatic insufficiency,
asprosin.

xocrine pancreatic insufficiency (EPT) is a clinical condition marked by
the pancreas’s insufficient production of digestive enzymes, resulting
in malabsorption and nutritional deficiencies [10]. EPI is often associated
with chronic pancreatitis (CP) but can also be exacerbated by metabolic
disorders such as type 2 diabetes mellitus (T2DM) [4]. The presence of EPI
significantly compromises patients’ quality of life, leading to weight loss,
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diarrhea, and vitamin deficiencies due to impaired
nutrient digestion and absorption.

Emerging research has focused on asprosin,
a fasting-induced glucogenic protein, which plays
a critical role in metabolic regulation [6]. Asprosin
is secreted by adipose tissue during fasting and
stimulates hepatic glucose release, thereby contrib-
uting to insulin resistance and hyperglycemia — key
features of T2DM [13]. Elevated levels of asprosin
have been observed in individuals with metabolic
syndrome, underscoring its significant role in glucose
metabolism and inflammation [3].

In addition to asprosin, other biomarkers such
as interleukin-6 (IL-6) and adiponectin have been
implicated in the pathophysiology of EPI. IL-6,
a pro-inflammatory cytokine, is elevated in chronic
inflammatory states including CP and T2DM [9].
High levels of IL-6 are associated with systemic
inflammation and have been linked to the progres-
sion of pancreatic damage and insufficiency [12].
Conversely, adiponectin, an anti-inflammatory adi-
pokine, is typically reduced in metabolic disorders.
It has insulin-sensitizing properties and its lower
levels are associated with increased inflammation
and metabolic dysfunction [2].

The interplay between T2DM and CP presents
a unique clinical challenge, as both conditions inde-
pendently and synergistically impair pancreatic func-
tion [7]. Understanding the roles of asprosin, I1L-6,
and adiponectin in this context is crucial for elucidat-
ing the mechanisms underlying EPI. Elevated aspro-
sin and IL-6 levels, coupled with reduced adiponectin
levels, may exacerbate pancreatic inflammation and
fibrosis, contributing to the severity of EPI [5].

Objective — to investigate the levels of asprosin,
IL-6, and adiponectin and their relationships with
other metabolic and inflammatory markers, with
a specific focus on their impact on exocrine pancre-
atic function in patients with T2DM and CP.

By examining these correlations, we seek to pro-
vide insights into the potential mechanisms through
which these biomarkers influence pancreatic health
and to identify new therapeutic targets for managing
EPI in this patient population.

Materials and methods

This study examined 100 patients treated at the
Kharkiv Regional Clinical Hospital from 2020 to
2022. The patients were divided into two groups.
Group 1 (n=70) included patients with comorbid
T2DM and chronic pancreatitis (CP), consisting
of 64 % men and 36 % women, with an average age
of 62.3£6.7 years. The mean BMI in this group
was 29.4 £ 4.69 kg/m2. Group 2 (n=30) comprised
individuals with type 2 diabetes mellitus (T2DM),
with a gender distribution of 63 % men and 37 %

women, and an average age of 64.4 = 6.6 years. The
mean body mass index (BMI) in this group was
29.6 +3.92 kg/m* The mean duration of T2DM in
the first group was 12.6 + 5.4 years, whereas in the
second group, it was 11.2£6.8 years. The control
group (CG) included 20 relatively healthy individu-
als of corresponding age.

Informed consent was obtained from all par-
ticipants under the Code of Ethics of the World
Medical Association (Declaration of Helsinki). The
study received ethical approval from the Ethics and
Bioethics Committee of Kharkiv National Medical
University (decision dated October 7, 2020).

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

Inclusion criteria were: the presence of voluntary
consent to participate in the study, the presence of
chronic pancreatitis, and type 2 diabetes mellitus.

Exclusion criteria included: patients aged under
18 years, with HbA1c level >9 %, patients with type
1 diabetes mellitus, patients with acute pancreatitis,
patients with chronic kidney disease, patients with
stage III hypertension, patients with stage ITB-I1I
heart failure, acute inflammatory processes, onco-
logical diseases, history of alcohol and substance
abuse, and presence of HIV/AIDS.

Blood asprosin, adiponectin and IL-6 levels
were measured using an indirect non-competitive
heterogeneous immunoassay on the «Labline-90»
analyzer (Austria) with a commercial test system
from «Elabscience» (China). To evaluate exocrine
pancreatic insufficiency, fecal elastase-1 (FE-1)
levels were determined.

Statistical analyses were performed using Prism
9.0 software (GraphPad Software, USA). Pearson’s
linear correlation coefficient (r) was used to deter-
mine the relationships between the studied char-
acteristics. Correlation was considered inverse for
r values between 0 and -1.0 and direct for values
between 0 and 1.0. An r coefficient from 0 to 0.3 (or
from 0 to -0.3) indicated a weak relationship; from
0.4 to 0.7 (or from -0.4 to -0.7), a moderate rela-
tionship; and from 0.7 to 1.0 (or from -0.7 to -1.0),
a strong relationship. The results were presented as
r coefficients with the corresponding significance
level (p). Differences between independent groups
were assessed using analysis of variance (ANOVA).

Results and discussion

The following markers were studied: adiponectin,
IL-6, FE-1. The results show significant differences in
the levels of these parameters, as well as asprosin levels,
in the patient groups compared to the control group
and between group 1 and 2. The levels all markers of
the studied groups are presented in Table 1.
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Asprosin, adiponectin, IL-6, and FE-1 levels in
the studied groups were analyzed. Asprosin levels
were significantly higher in Group 1 (T2DM and
CP) and Group 2 (T2DM) compared to the control
group. The highest asprosin levels were observed
in Group 1 (10.06 +3.56 ng/ml), which were sig-
nificantly higher compared to Group 2 (7.34 +2.08
ng/ml, p<0.001) and the control group (2.81 +1.34
ng/ml, p<0.001). Adiponectin levels were lower in
Group 1 (2.80+0.38 ng/ml) compared to Group
2(3.29£0.31 ng/ml, p<0.05) and the control group
(4.92+0.37 ng/ml, p<0.001). The differences were
statistically significant. IL-6 levels were also highest
in Group 1 (64.44 = 4.35 pg/ml), significantly higher
than in Group 2 (28.67 £3.05 pg/ml, p<0.001) and
the control group (3.10£0.34 pg/ml, p<0.001).
FE-1 levels were lower in Group 1 (142.2 £ 6.3 ug/g)
compared to Group 2 (192.7 +4.3 ug/g, p<0.001)
and the control group (210.2+1.2 ug/g, p<0.001).
The differences were statistically significant.

The obtained results of asprosin, adiponectin,
IL-6, and FE-1 levels in patients with T2DM
and comorbid T2DM and CP indicate correla-
tional relationships (mostly of moderate strength)

between these indicators. The results are presented
in Tables 2 and 3.

In the group of patients with comorbid T2DM
and CP, significant correlation relationships were
observed between asprosin and other studied indica-
tors. Asprosin levels demonstrated a moderate nega-
tive correlation with adiponectin levels (r=-0.42;
p<0.05) and a moderate negative correlation with
FE-1levels (r=-0.52; p<0.01). There was a moder-
ate positive correlation between asprosin and IL-6
levels (r=0.49; p<0.01). Additionally, adiponectin
levels exhibited a strong negative correlation with
IL-6 levels (r=—-0.61; p<0.01) and a moderate posi-
tive correlation with FE-1 levels (r=0.41; p<0.01).
IL-6 levels had a weak negative correlation with
FE-1 levels (r=-0.34; p<0.05).

In the group of patients with T2DM (n=30),
significant correlation relationships were observed
between asprosin and other studied indicators.
Asprosin levels demonstrated a moderate nega-
tive correlation with adiponectin levels (r=-0.47;
p<0.05) and a moderate negative correlation with
FE-1levels (r=-0.44; p <0.05). There was a moder-
ate positive correlation between asprosin and IL-6

Table 1. Asprosin, adiponectin, IL-6 and FE-1 levels in the studied groups

Indicator Group 1 (T2DM and CP) (n=70) Group 2 (T2DM) (n=30) Control group (n=20)
Asprosin, ng/ml 10.06 £3.56 7.34+2.08* 2.81+1.34%
Adiponectin, ng/ml 2.80+0.38 3.29+0.31* 4.92+0.37*
IL-6, pg/ml 64.44+4.35 28.67 = 3.05* 3.10+0.34*
FE-1, ug/g 142.2+6.3 192.7 4.3 210.2+1.2%

Note. The difference from the control group is statistically significant: * p <0.001; ** p <0.05.
The difference from the control group is statistically significant: # p <0.001.

Table 2. Correlation between asprosin and other studied indicators in patients with comorbid T2DM and CP (n=70)

Indicator Asprosin, ng/ml Adiponectin, ng/ml IL-6, pg/ml FE-1, pg/g
Asprosin, ng/ml — -0.42* +0.49** -0.52**
Adiponectin, ng/ml -0.42¢ -0.61* 0.41*
IL-6, pg/ml +0.49** -0.61* — -0.34*
FE-1, pg/g -0.52** 0.41** -0.34* —
Note. * p< 0,05, ** p<0,01.

Table 3. Correlation between asprosin and other studied indicators in patients with T2DM (n = 30)

Indicator Asprosin, ng/mi Adiponectin, ng/ml IL-6, pg/ml FE-1, pg/g
Asprosin, ng/ml — -0.47* +0.51* -0.44*
Adiponectin, ng/ml -0.47* -0.53** +0.31*
IL-6, pg/ml +0.51** -0.563** — -0.32*
FE-1, pg/g -0.44** +0.31** -0.32* —

Note. * p< 0,05, ** p<0,01.
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levels (r=0.51; p<0.01). Additionally, adiponectin
levels exhibited a strong negative correlation with
IL-6 levels (r=-0.53; p<0.01) and a moderate posi-
tive correlation with FE-1 levels (r=0.31; p<0.05).
IL-6 levels had a weak negative correlation with
FE-1 levels (r=-0.32; p<0.05).

These findings indicate that asprosin is signifi-
cantly correlated with several key metabolic and
inflammatory markers in patients with comorbid
T2DM and CP. Elevated asprosin levels are associ-
ated with decreased adiponectin and increased IL-6,
which are both implicated in the pathogenesis of
exocrine pancreatic insufficiency. These findings
suggest a potential role for asprosin in the develop-
ment of pancreatic dysfunction in T2DM patients
with chronic pancreatitis [3, 8, 13].

Adipose tissue has been established as an endo-
crine organ that plays a regulatory role in metabo-
lism and energy balance. Research has demonstrated
that adipocyte-derived factors can modulate insulin
action and inflammation [1]. Excess adipose accu-
mulation is linked to insulin resistance, a key driver
of T2DM. Consequently, obesity is associated with
arange of metabolic disorders, including T2DM and
metabolic syndrome.

The present study indicates that asprosin, an
adipokine secreted by white adipose tissue, may
contribute to the development of exocrine pancreatic
insufficiency in patients with T2DM and chronic
pancreatitis. Elevated asprosin has been associated
with insulin resistance and impairment of pancre-
atic beta-cell function [13]. Furthermore, asprosin
appears to have inflammatory effects, as evidenced
by its positive correlation with interleukin-6 (IL-6)
levels [11].

The observed negative correlation between
asprosin and the FE-1 level, a marker of exocrine
pancreatic function, suggests that asprosin may
adversely impact pancreatic exocrine secretion. This
is consistent with previous research demonstrating
the deleterious effects of asprosin on pancreatic
beta-cell function and the development of diabetic
complications [3]. Notably, the inverse relationship
between asprosin and adiponectin, an adipokine with
anti-inflammatory and insulin-sensitizing properties,
further supports the notion that asprosin contributes
to the impairment of pancreatic function in this
patient population [6].

In summary, the present study provides evidence
that elevated asprosin, in conjunction with altered
levels of adiponectin and interleukin-6, may be asso-
ciated with the development of exocrine pancreatic

Conflicts of interest: none.

insufficiency in patients with T2DM and chronic
pancreatitis. These findings highlight the potential
role of asprosin as a pathogenic factor and a potential
therapeutic target in the management of pancreatic
dysfunction in this patient population.

Conclusions

Thus, the analysis of the correlation relationships
between asprosin, IL-6, adiponectin, and FE-1 levels
in patients with T2DM and CP revealed:

1. The highest asprosin levels were noted in the
group with comorbid T2DM and CP, significantly
higher than in the group with isolated T2DM and
the control group.

2. Significant moderate positive correlations were
established between asprosin levels and IL-6 in both
the group of patients with isolated T2DM and the
group with combined T2DM and CP.

3. In the group of patients with isolated T2DM,
significant moderate negative correlations were found
between asprosin levels and adiponectin and FE-1.

4. In the group of patients with combined T2DM
and CP, significant moderate negative correlations
were observed between asprosin levels and adipo-
nectin and FE-1.

5. The findings suggest that elevated asprosin
levels are associated with increased inflammatory
markers (IL-6) and decreased anti-inflammatory
markers (adiponectin), as well as impaired exocrine
pancreatic function (FE-1), indicating a complex
interplay between metabolic and inflammatory
pathways in these patients.

This study identifies substantial changes in the
levels of the asprosin, the inflammatory cytokine
interleukin-6, and adiponectin in patients with type
2 diabetes mellitus and chronic pancreatitis. The
observed associations between these biomarkers
and exocrine pancreatic function underscore their
potential involvement in the pathogenesis of these
comorbid conditions, thereby warranting further
research into their clinical applications as diagnostic
and therapeutic targets.

Future studies should focus on elucidating the
mechanisms by which asprosin, IL-6, and adipo-
nectin influence pancreatic function and exploring
potential therapeutic interventions that target these
biomarkers to mitigate their adverse effects on both
endocrine and exocrine pancreatic functions. Such
interventions could significantly improve the man-
agement of patients with T2DM and comorbid CP,
addressing both metabolic control and pancreatic
health.

Authorship contributions: conception and design, critical revision of the article — L. V. Z.;
acquisition of data, analysis and interpretation of data, drafting the article — M. A. M.
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J1. B. XXypaenboBa, M. A. MapkeBu4

XapkiBcbKMii HAI[lOHATBHUI MEANYHUH yHiBEpCUTET

Bnnme acnpocuHy, iIHTEPNenKiHy-6 i aounOHEKTVHY Ha EK3OKPUHHY HEQOCTATHICTb
MiALLNYHKOBOI 3a/1031 B MALIIEHTIB i3 LyKPOBUM AiabeToM 2 TUMy Ta XPOHIYHMM MaHKpeaTuToM

Exsoxpurana HemocTaTHicT mimryakoBoi 3amo3u (EHII3) — kmiriunuit ctaH, 9Kl 4acTo acOIIOETHCS 3 XPOHIYHUM TaH-
kpearutoM (XII) i ykposum miaberom (11/]) 2 Tumy, mpusBoauTh 10 MatbabcopOItii Ta gedinuTy XapayBaHHs, 10 3HAYHOIO
MipOI0 BIUIMBAE HA SIKICTb JKUTTS MAIIEHTIB. YCTAHOBJIEHO, IO ACIPOCHH, IJIIOKOT€HHHUI GLJIOK, € KIIOYOBUM yYACHHKOM
IIiKEeMIYHOTO 0OMiHY Ta XpOHIYHOrO 3ananenns. [ligBuinenuii piBeHb acpocHHy pas3oM 3i 3minamu intepaeiikiny-6 (1JI-6)
i aIUTIOHEKTUHY MOXKYTh cClipuunHUTH natodiziosnorito EHII3 y marientis i3 1] 2 Tamy ta XI1.

Mera — mociiantu piBeHb actipocuny, [JI-6 1 aANIIOHEKTHHY Ta IXHIO KOPEJAINIo 3 eK30KPUHHOIO (DYHKITIEO i IILITyHKOBOI
3a7103% B martienTis i3 [L/] 2 tumy ta XII.

Marepiaau Ta Metoau. Y pocikeHHs 0yo 3amydeno 100 marienTis, siki mepeGyBasy Ha JiiKyBaHHI B XapKiBCbKill oOacHii
KJTiHIYHiT JikapHi B iepion i3 2020 mo 2022 p. Ilamienti posnoivim Ha aBi rpynu: Tpymna 1—70 namienTiB i3 moeHaAHHSIM
IJT 2 tumy i XII, rpyna 2—30 nauientis i3 [/ 2 tumy 6e3 XII. KoHTposbHy rpyiy cTtBopeHo i3 20 310poBux oci6. PiseHb
acripocuty, 1JI-6 i agumonekTHHy B KPOBi BUMIPIOBAIN 32 OMOMOTOIO iMyHoaHasi3iB. Bmict dexansoi enactazu-1 (DE-1)
BUKOPHCTOBYBAJIN JIJIs1 OIIIHKY €K30KPHHHOI PyHKIIIT TimiryHKoBoi 3am03u. Koedirient kopessiii Ilipcona po3paxoByBann
LTSI BU3HAYEHHsT B3AEMO3B'SI3KiB Mi’K 3a3HAUE€HNMU MapKepaMHu.

Pesyabratu. Pisens acripocuiy 6YB 3HAYHO BUIINM y TPYT 1 MOPIBHSHO 3 TPYIIOO 2 Ta KOHTPOJIBHOIO TPYIIOI0, 3 HAWBUIIINMHI
MOKA3HUKAMU B MAIienTiB i3 moeananusm [/ 2 tumy ta XII ((10,06 + 3,56) ur/mir). Konnenrparist 1JI1-6 Takox GyJa Buco-
kot B rpymi 1 ((64,44 *4,35) 1ir/mur), 10 CBiYNIIO TIPO 3HAYHE 3alajieHHs. PiBeHb ajiulioHeKTHHY OyB HWKYUM y Tpymi 1
((2,80 +0,38) Hr/mur), 10 KOPETOBAJIO 3 Tipummu MeTabomiaanMu mpodisiMu. Bmict ME-1 6yB 3HaUHO 3HIKEHUM Y TPYII
1 ((142,2 +6,3) Mkr/T), mo miarsepkyBaio Tsokky EHIT3. BusiBneno cusbhi kKopessiii Mixk piBHsMu acripocuny it 1J1-6
(r=0,49; p<0,01), a Takox Mix piBHsiMu actpocuny Ta @E-1 (r=-0,52; p<0,01). ¥ rpyni namienris 3 isoapoBanum 11]]
2 Ty 3adikcoBaHO TIOMIpHI 0GepHEHO TPONOPILiiiHI 3B’I3KM MixK PIBHAMM aclipocuHy it agunonexTrny (r=—0,47; p<0,05)
ta E-1 (r=-0,44; p<0,05), y rpyni narienris 3 moeauanusm L[J] 2 tuny i XIT — curbHUi 06epHEHO MPOTOPIIHHNIN 3B’ 30K
Mix agunonekturoM ta LJI-6 (r=-0,61; p<0,01).

Bucnosku. Ilinsumienwii pisnens acnpocuny B nanienTis i3 11/l 2 Tumy Ta XII acoiitoeTbest 3 mifBUIIIEHUM 3aTIaJIEHHSIM Ta
3HIDKEHOIO eK30KPUHHOIO (DYHKITIEIO MiANTYHKOBOI 3a/103U. 3Ha4HI Kopesisitii Misk actipocutom, [JI-6 ta ME-1 cBixuats, 1110
acrpoCHH MOKe OYTH KJIIHIYHO 3HAYYIUM GiOMApKEPOM JIJIsT OIIIHKKA MeTabO0JIIYHOTO Ta 3allajIbHOTO CTaTyCy B IIUX TAI[i€HTIB.
OtpuMani faHi cBiYaTh PO CKIAAHY B3AEMO/IIO MisK METabOMIYHUMH Ta 3alaJbHUMMU HIJIAXaMu B po3sutky EHII3.
Kinouosi ciroBa: 1ykpoBuii giabeT 2 TrIly, XpOHIYHUIT TAHKPEATHT, EK3OKPUHHA HEJIOCTATHICTD ITi/IIIIYHKOBOI 3aJ1031, aCTIPOCKH.
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