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Insulin resistance is thought to be a key pathophysiologic indicator underlying type 2 diabetes melli-
tus. Nevertheless, its pathophysiology is complex and remains uncertain. Myokines such as myonectin and iri-
sin produced by muscle tissue were shown to impact the sensitivity to insulin and could play an essential role
in the etiology of insulin resistance. Apelin and Elabela are endogenous peptide ligands of the angiotensin 11
protein J receptor (APJ) that are actively involved in the control of lipid and glucose metabolism, implying a
vital role in the management of metabolic conditions like type 2 diabetes. In this review, the data on the level
of myonectin, irisin, apelin-13 and Elabela in patients with type 2 diabetes mellitus were analyzed.
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ype 2 diabetes mellitus (T2DM) is a

I chronic endocrine and metabolic disea-
se that is becoming increasingly common
worldwide. It poses a major threat to human health
and can result in a number of acute and chronic
problems [1]. It is among the major global issues
pertaining to public health. The primary risk factors
for type 2 diabetes are believed to be overweight,
resistance to insulin, dyslipidemia, and inactiv-
ity [2, 3]. Type 2 diabetes develops as a result of a
combination of a pair of factors: tissues’ inability
to respond to insulin and pancreatic pB-cells’ de-
creased ability to produce insulin [4]. The outcome
of obesity may appear to be a relatively straightfor-
ward excessive accumulation of body weight. Pro-
gressively increasing body weight serves as a trig-
ger for subsequent metabolic diseases, with T2DM
unquestionably closely associated with obesity [5].
The result of metabolism-related T2DM is straight-
forward: high blood glucose levels caused by de-
creased sensitivity to insulin or due to a decrease
in the number of functional B-cells. Obesity plays a
significant role in the development and progression
of T2DM, contributing to increased genetic and epi-
genetic susceptibility, changes in the microenviron-
ment that impair insulin signaling, impaired -cell

function, and dysregulation of the microbiome-gut-
brain axis. However, in certain individuals with in-
nate insulin resistance, type 2 diabetes can arise be-
fore obesity [6]. Excessive body fat buildup can lead
to the development of type 2 diabetes, and the risk
of type 2 diabetes rises proportionally with an in-
crease in body mass index. The connection between
obesity and type 2 diabetes involves intricate cellular
and physiological mechanisms. This link is charac-
terized by changes in B cell function, adipose tissue
biology, and insulin resistance in multiple organs, all
of which are induced by excess body fat. However,
these alterations can be improved and even returned
to normal levels through effective weight loss [7].
T2DM develops gradually as a result of B-cell stress,
apoptosis, and an increase in macrophages. Type 2
diabetes mellitus (T2DM) advances at a slower pace
because there is a longer duration of decline in the
remaining -cell function and mass [8].

This review, which updates and summarizes
the most recent information on insulin resistance
markers in patients with type 2 diabetes mellitus,
is meant to serve as a narrative review. Our study
terms for these potential markers were “insulin re-
sistance”, “Type 2 Diabetes Mellitus”, and “Type 2
Diabetes Mellitus and markers” in the PubMed and
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Google Scholar databases. The study included agents
that, in the past twenty years, have been linked to
insulin resistance in the course of type 2 diabetes
mellitus; to our knowledge, no recent thorough re-
view has been published regarding their relationship
to type 2 diabetes mellitus. This study qualified cer-
tain markers, such as myonectin, irisin, apelin-13,
and Elabela. Publications written only in English
were included, such as review articles, observational
studies, and case-control trials. There was no restric-
tion based on the year of publication. The year 2024
was the end of the search.

Myonectin hormone

Patients with type 2 diabetes have an increased
risk of developing cardiovascular disease, and the
risk of cardiovascular problems is further increased
if coexisting hypertension is present [9]. It has been
suggested that the pathophysiologic common com-
ponent underlying both hypertension and type 2 dia-
betes is insulin resistance (IR). Its pathophysiology
is complicated and still unknown. Muscle tissue is
a key target tissue for insulin resistance (IR) and is
known to be an active endocrine organ that produces
myokines such as fibroblast growth factor 21, irisin,
and IL-6 that affect insulin sensitivity and may thus
be involved in the IR pathophysiology [10]. One of
the pathophysiologic reasons why T2DM occurs is
insulin resistance. Because obesity increases vis-
ceral fat, it increases the risk of developing insulin
resistance by 80%. Insulin signaling is hampered
when extra visceral fat builds up in the abdominal
region because it increases the body’s vulnerability
to inflammation, the generation of cytokines, and
adipokine dysregulation. Increased insulin sensitivi-
ty has been linked to the positive effects of physical
activity [11]. The metabolism of fats and carbohy-
drates by the entire body is significantly influenced
by skeletal muscle. However, muscle also secretes
growth factors and cytokines, which are referred to
as myokines. These substances have the ability to
influence metabolic processes, inflammatory pro-
cesses, and additional systems in a paracrine, endo-
crine, or autocrine manner. Skeletal muscle absorbs
a significant amount of glucose from food in reaction
to insulin, and any extra glucose is stored as glyco-
gen in the muscle until it is needed. Furthermore, in
response to energy needs, muscle uses mitochondrial
[-oxidation to burn a significant quantity of fat. It
has long been known that skeletal muscle insulin
resistance plays a significant role in the underlying
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mechanisms of type 2 diabetes. Skeletal muscle’s
function as an organelle secreting hormones and
cytokines that are polypeptides with physiological
activity collectively referred to as myokines that are
responsible for modulating metabolic, inflamma-
tory, and other physiological processes in nonmusi-
cal tissue has only recently been recognized, despite
the muscle’s well-established role in regulating the
body’s metabolism of glucose and fat. The hormone
myonectin/erythroferrone, sometimes referred to
as CTRP15, is released. The protein has not been
thoroughly characterized biochemically despite its
significance in physiological activities [12]. Myonec-
tin was just recently identified, and preliminary re-
search suggested that it plays a part in the absorption
and oxidation of fatty acids in the liver and adipose
tissue. The methods by which exercise regulates
them, however, are still being worked out. Insulin
resistance may be facilitated by impaired myokine
secretion and function, including myonectin and
irisin [13]. Myonectin levels in obese individuals
were lower than in lean individuals, according to
preclinical study focusing on the connection be-
tween myonectin and metabolic disorders. Subjects
with type 2 diabetes did not exhibit an increase or
decrease in circulating myonectin [10]. The afore-
mentioned findings show that myocintin is linked to
several metabolic and endocrine disorders; never-
theless, it is unclear if myocintin contributes to the
pathophysiology of PCOS. The researcher Zhu Li et
al. conducted a study on type 2 diabetes, the levels
of circulating myonectin were notably lower than
those of the controls. Compared to lean non-diabetic
controls, obese non-diabetic controls had noticeably
lower serum myonectin levels. Visceral fat area,
subcutaneous fat area, hemoglobin Alc (HbALc), se-
rum myonectin concentrations in diabetic patients
were significantly negatively correlated with low-
density lipoprotein cholesterol (LDL-C), C-reactive
protein (CRP), total cholesterol (TC), triglyceride
(TG), body mass index (BMI), and the homeostatic
model assessment of insulin resistance (HOMA-
IR). A multivariate stepwise regression study, after
controlling for variables, showed that the primary
independent indicators of low blood myonectin con-
centrations were visceral fat, LDL-C, TG, BMI, and
HOMA-IR[14]. Al-Regaiey K.A. and et al. [15]. He
studied the effect of one new myokine that has a big
impact on diabetes is myonectin. This study looked
at the connection between body composition and
plasma myonectin levels, lipid profiles, and glycemic
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indices in individuals with T2DM. It was found that
T2DM patients had lower plasma myonectin levels
than healthy, non-diabetic Saudi adult individuals.
The following variables showed a significant nega-
tive correlation with plasma myonectin levels: waist,
triglycerides, HbAc, insulin, and the HOMA-IR in-
dex by Li et al. had reported similar results, showing
that circulating myonectin levels had a significant
negative association with BMI, lipid, and glycemic
parameters (including total and LDL cholesterol, tri-
glyceride, HbA Ic, fasting insulin, and HOMA-IR in-
dex) and were reduced in diabetic patients compared
to the control subjects [14]. In a different investiga-
tion, myonectin levels were found to be inversely
linked with HbAlc and to be considerably lower
in diabetes patients with peripheral arterial disease
(PAD) than in non-diabetic PAD patients [16]. Huibo
Sun and et al. recently identified that myonectin re-
duces the levels of free fatty acids in the bloodstream
in mice while improving the uptake of fatty acids in
cultured adipocytes and hepatocytes. A sample of
228 individuals suffering from T2DM and 72 normal
people participated in this study. Next, three catego-
ries of diabetic individuals were identified: T2DM
patients without diabetic retinopathy, non-invasive
diabetic retinopathy (NPDR), and proliferative dia-
betic retinopathy (PDR). The case group’s myonectin
concentrations in serum and aqueous humor were
considerably lower than those of the control group.
Compared to the other two T2DM patients, PDR pa-
tients had much lower serum and liquid humor my-
onectin concentrations [17].

Irisin hormone

In 2012, irisin was shown to be a hormone re-
leased by the skeletal muscle during exercise. The
irisin structure is made up of around 112 amino
acids, and it helps mice develop brown adipocyte-
like cells [18]. People with diabetic kidney disease
who have T2DM are linked to multifactorial faulty
energy metabolism. It has recently been shown that
skeletal muscles secrete the hormone irisin, which
is triggered by exercise. Patients with chronic renal
illness are thought to typically have aberrant irisin
levels. The precise function of irisin in type 2 dia-
betes and prediabetes is still unknown, and its rela-
tionship to glycemic indices and lipid profiles is con-
tentious [19]. When compared to healthy controls,
T2DM patients and prediabetics had reduced levels
of circulating serum irisin, according to research by
Ibrahim Hasan Ibrahim and his team [20]. Najlaa

Abed Jassim study of irisin hormone concentration
in patients with T2DM by the search significance
that irisin levels play in the etiology of numerous
disorders, most notably diabetes mellitus, is a topic
of intense attention [21]. Vanessa Lopes Mathia et al.
study the function of irisin in type 2 diabetes mel-
litus and how it is linked to fat and changes in me-
tabolism. Patients with T2DM were found to have
significantly higher levels of glycated hemoglobin
and plasma glucose. Patients with T2DM had de-
creased levels of irisin gene expression compared to
the control group. In type 2 diabetes mellitus, iri-
sin expression and body mass index were found to
be positively correlated by correlation analysis, but
plasma irisin and body mass index were found to be
negatively correlated [22]. There were no discern-
ible relationships between irisin expression and ei-
ther plasma glucose or glycated hemoglobin levels,
this means the information implies that the control of
irisin expression of genes and plasma irisin levels are
directly influenced by body weight, potentially con-
necting irisin to changes in adiposity seen in T2DM
related to obesity [23].

Apelin-13 and Elabela hormones

The APJ receptor (angiotensin Il protein J
receptor) is present in acinar cells and pancreatic
ductal cells, while apelin is mostly found in the beta
and alpha cells of pancreatic islets. Apelin produc-
tion and release are stimulated by insulin, which is
thought to be the primary regulator of apelin. Hy-
poxia and obesity also have an impact on apelin.
An apelin-mediated increase in peripheral glucose
absorption has been observed in both normal and
insulin-resistant mice. It was discovered that ad-
ministering apelin exogenously improved glucose
metabolism. Additionally, apelin-induced glucose
absorption was found in type 2 diabetic adipo-
cytes as well as separate normal adipocytes. These
findings suggest that, in cases of high insulinemia,
apelin may function as an exogenous insulin sensi-
tizer. Nevertheless, apelin was found to be increased
in the beta cells of type 2 diabetes in mice. Insulin
secretion triggered by glucose can be inhibited by
an apelin-36 injection. Apelin is reported to limit in-
sulin secretion via activating phosphodiesterase 3B
activity, which in turn stimulates cAMP breakdown
and impairs glucose clearance. Insulin stimulates
apelin production via binding to its receptor on adi-
pocytes, it gives insulin secretion negative feedback.
Conversely, apelin-13 treatment has been shown to
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drastically lower blood glucose and raise serum in-
sulin levels [24]. In addition to this, chronic apelin
administration raises insulin levels and pancreatic
islet mass in diabetics considerably. These outcomes
were linked to the inactivation of AKT, ERK, and
AMPK in the pancreas of diabetic mice and the in-
crease of PERK-IRE1a-CHOP signaling [25]. Apelin
is a peptide that serves as a natural ligand for the
G-protein in humans. Apelin can influence glucose
levels, insulin secretion, and insulin sensitivity. Ape-
lin-13 is a widely studied subtype of apelin that has
been demonstrated to be useful in treating both obe-
sity and T2DM. It has been recommended as a thera-
peutic target for metabolic conditions. Apelin-13
has been found to affect a number of physiologi-
cal processes and is strongly linked with diabetes,
obesity, cardiovascular diseases, and hypertension.
Apelin-13 may be a viable novel therapy for diabetic
kidney disease by regulating the process of acetyla-
tion of histone in the body. Additionally, apelin-13
can lower the stress of the endoplasmic reticulum
in the pancreas, and this is connected to diabetes.
These findings suggest that apelin-13 has an impor-
tant role in managing diabetes-related issues. As a
result, we hypothesized that there could be a link be-
tween apelin-13 levels in the blood and the develop-
ment of osteoporosis in people with T2DM. Never-
theless, the relationship between apelin-13 and BMD
has not been investigated at present [26]. The lack
of long-term effectiveness of pharmaceuticals with
clinical approval has increased interest in the crea-
tion of innovative, effective antidiabetic alternatives.
Apelin, a peptide that functions as an endogenous
ligand of the APJ receptor, is one possible choice in
this context. Apelin comes in a variety of molecular
forms and was first investigated for its potential car-
diovascular advantages and it may also be important
for glycemic management [27]. Human chromosome
X025-26.1 has the APLN gene, which codes for the
77-amino acid precursor of apelin. After Gly22 in
the Gly22-Gly23 sequence, a 22-amino acid segment
at the N-terminus is cleaved by proteases to gener-
ate apelin-55, also known as proapelin. At first, ape-
lin-55 was thought to be a proprotein and apelin-36
to be a precursor of the more physiologically active
isoforms of apelin-17 and apelin-13. This resulted
from apelin-36 having Arg-Arg residues, which are
characteristic of endopeptidase cleavage sites simi-
lar to trypsin [28]. Recent research, however, indi-
cates that apelin processing is more intricate than
first thought. Apeline-55 can therefore activate the
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APJ receptor and is not a physiologically inert pro-
protein, but less effectively than its shorter isoforms
produced from its C-terminus [27]. Moreover, the
mechanisms behind the formation of apelin-13 from
apelin-36 remain incompletely understood (pGlu)
apelin-13 denoting the spontaneous N-terminal cy-
clization of the GInl residue in apelin-13 [29]. Study
indicates that apelin, which is raised in the blood due
to its presence in the central nervous system, plays
a major role in the etiology of neuropathy and can
be utilized as an indicator of the extent of peripheral
nerve injury. In addition, a progressive role in dia-
betic neuropathy and DM, as well as nerve damage
and the development of comorbidities, has been as-
sociated with a longer disease course, a high BMI,
and excessive lipid consumption [30].

Elabela (ELA), also known as Toddler and
Apela, is a 54 amino acid peptide that has a mature
structure of 32 amino acids and a secretion signal,
based on two study groups that recently identified it.
The kidney is one of the organs that secretes ELA,
a naturally occurring ligand of the APJ receptor and
a G-protein-coupled receptor. It releases a hormone
peptide that is active throughout embryogenesis and
circulates in adults [31]. There are three exons in
the zebrafish ELA gene, which is found on chromo-
some 1. ELA is expressed from the middle of the
blastocyst until three days following fertilization in
the zebrafish embryo. On chromosome 4, the human
gene AK092578, which codes for ELA, is composed
of 3 exons and a non-coding RNA transcript gene.
The 54 amino acid precursor protein that the ELA
MRNA encodes has a conserved open reading frame
(ORF). There are 22 amino acid residues in the ELA
N-terminal signal sequence, and the mature peptide
ELA-32 also has 22 amino acid residues, of which
13 amino acids in the C-terminal are shared by all
vertebrates. In response to the Golgi apparatus and
endoplasmic reticulum actions, subsequently, ELA-
32 breaks down into smaller molecular isoforms,
like ELA-21 and ELA-11 [32]. Previous research has
demonstrated that the hormone ELA, which increas-
es insulin sensitivity and glucose intake, is activated
by the APJ receptor and contributes to glucose ho-
meostasis. Patients with T2DM have lower amounts
of this hormone in their blood due to their diabetes.
In zebrafish embryos, it was demonstrated that this
hormone was an APJ ligand. It was later discovered
in the placenta, heart endothelium, blood vessels, he-
patic cells, and renal and hepatic cells [33]. It is an-
ticipated that the rise in triglycerides and nitric oxide
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may be linked to elevated glucose levels in GDM.
Apelins are thought to decrease glucose transport
to erythrocytes by blocking the sodium-dependent
glucose transporter (SGLT). Therefore, we think that
the aforementioned substances may trigger one an-
other to develop GDM pathology [34].

The Table presents biomarkers of insulin
resistance in type 2 diabetes mellitus. In patients
with T2DM, changes in myonectin levels may serve
as a helpful indicator of their insulin sensitivity. In
addition to being a potential therapeutic target for
type 2 diabetes and its complications, myonectin also
has the potential to be a novel biomarker for diagno-
sis [10, 14, 15]. A study done by Andreas Leiherer et
al. [16] showed no correlation of myonectin with age
among patients, where 219 were aged 65 and higher,
with an average age of 74 years, and 191 were un-
der 65, with an average age of 57 years. In the older
age group, the prevalence of T2DM was 40.6%, but
in the younger age group, it was 42.4%. Myonectin
concentrations were shown to be considerably lower
in older T2DM patients as compared to non-diabetic
subjects; however, in younger individuals, concentra-
tions were not significantly lower. Regression analy-
sis showed that the connection between myonectin
and T2DM in older individuals was consistent with
an unmodified odds ratio, yet not with younger pa-
tients. After controlling for sex, BMI, LDL and HDL
cholesterol, current smoking, and statin intake, the
relationship between myonectin and T2DM persisted
in the elderly, however, not in younger individuals
[16]. The study findings were in line with other re-
search findings and indicated that individuals with
T2DM had considerably lower circulating irisin lev-

els than those of the control group [35, 36]. The ob-
servation that the ELA levels in healthy individuals
are higher than those in diabetic patients without mi-
croalbuminuria, and that the ELA levels in diabetic
patients without microalbuminuria are higher than
those in patients with kidney damage and advanced
albuminuria [37]. In type 2 diabetic rat models, ape-
lin-13 administered over an extended period of time
can prevent pancreatic beta cell loss or dysfunction
and decrease the uptake and oxidation of myocardial
fatty acids by inhibiting the PPAR-a receptor [38].
This study shows that the increase in apelin levels is
not primarily caused by obesity. There is evidence
that apelin-13 may be involved in the pathophysiolo-
gy of diabetes due to the correlation between ape-
lin-13 levels and glucose concentrations as well as
insulin sensitivity. Irisin, a peptide hormone, is po-
tentially implicated in lipid metabolism, insulin re-
sistance, and obesity. Nevertheless, its contribution
to the development of T2DM is still unclear. A study
revealed that the levels of irisin in the blood serum
of patients with T2DM were considerably elevated
compared to the control groups. Irisin had a strong
inverse correlation with body mass index, fasting
blood glucose, glycated hemoglobin, insulin, and
insulin resistance. Elevated plasma irisin levels in
individuals with T2DM are associated with measu-
res of body fatness, indicating that irisin may have
potential as a therapeutic intervention [22].
Conclusions. The study concludes that plasma
myonectin levels are significantly associated with
T2DM, particularly in elderly vascular-risk patients.
Our study demonstrates reduced myonectin levels
in T2DM patients with poor glycemic control and

Table. Predictors biomarkers of insulin resistance in patients with type 2 diabetes mellitus

Age (years) Sex BMI Levels Reitzrsen-
Myonectin
45-60 Female and male High Myonectin levels were decreased [14]
45-65 Female - Myonectin levels were decreased [15]
54-69 Female and male 235131 Myonectin levels were decreased [10]
Irisin
40-50 Female and male - Irisin levels were decreased [35, 36]
Elabela
45-65 Female and male - Elabela levels were decreased [37]
Apelin-13
45-65 Female and male - Apelin-13 levels were increased [38]
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an inverse association with glycemic indices. Thus,
myonectin may be a useful biomarker and may have
a role in the pathophysiology of T2DM.

Patients with persistent problems from T2DM
showed decreased circulation irisin levels compared
to those without such issues. Furthermore, there was
a negative correlation found between the degree of
chronic problems and irisin levels.

The ELA level is higher in healthy individuals
in comparison to diabetic patients without microal-
buminuria, as well as in diabetic people without mi-
croalbuminuria compared with those who have ad-
vanced albuminuria and kidney damage, suggesting
that it could be an important clinical prognostic fac-
tor and possibly an appealing therapy for patients
with diabetic nephropathy.

This study has demonstrated that the hormone
ELA, which increases insulin sensitivity and glu-
cose intake, is activated by the APJ receptor and
contributes to glucose homeostasis. Patients with
T2DM have lower amounts of this hormone in their
blood due to their diabetes. In zebrafish embryos,
it was demonstrated that this hormone was an APJ
ligand. It was later discovered in the placenta, heart
endothelium, blood vessels, hepatic cells, and renal
and hepatic cells.

The beta and alpha cells of pancreatic islets
contain the majority of apelin. Insulin is regarded
to be the main regulator of apelin, as it stimulates
the creation and release of apelin. Apelin is simi-
larly affected by obesity and hypoxia. Both normal
and insulin-resistant mice have shown an increase
in peripheral glucose absorption mediated by apelin.
It was found that exogenously administered apelin
enhanced the metabolism of glucose.
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PesucTeHTHICTE /0 1HCYNIHY BBaXKaeThCs
KJTIOYOBUM TIaTO(Di310IOTIYHUM TTOKA3HUKOM, IO
JISKHUTH B OCHOBI IIYKpOBOTO Aiabery 2 tumy. [Ipo-
Te, Horo marto(izionoris 3aJdUIIa€ThCs CKIaTHOIO
1 HemocTaTHBO 3po3yMmisoto. byrno mokasano, mio
MIOKiHH, TaKi K MIOHEKTHH Ta ipU3WH, BUPOOIEHI
M’S30BOI0 TKaHWHOIO, BITMBAIOTH HAa UYyTIHBICTH
JI0 1HCYJIIHY Ta MOXYTh BiJlirpaBaTH iCTOTHY POJb
B €TIOJIOTil PEe3UCTEHTHOCTI IO IHCYIiHY. ATeniH
i Emabema, eHJOTeHHI TENTHIHI JITaHINW perer-
Topa mpoteiny J anriorensuny Il (APJ), aktuBHO
OepyTh y4acTh y KOHTPOIi MeTabomi3My JilijliB
1 TIIIOKO3HM, IO BKa3ye Ha iXHIO BaXJIUBY POIb Y
TiKyBaHHI METa0OJIYHNX CTaHIB, TAKUX 5K Jia0der 2
TUIy. Y IHOMY OIS MTPOAaHAIII30BaHO JaHi 010
piBHA MapKepiB PE3UCTEHTHOCTI 10 IHCYNiHY —
MIOHEKTUHY, Ipu3HHY, aneniny-13 ta Emabemn — y
TMAIIE€HTIB 13 YKPOBUM JiabeToM 2 THITY.

KnmodgoBi cinoBa: MIOHEKTHUH, IPU3UH,
anenin-13, Enabena, iHCYTiHOPE3UCTEHTHICTD, IIy-
KpOBHii 1iabeT 2 Tumy.
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