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Myonectin, a novel muscle-derived peptide or myokine, has been implicated in glucose and lipid homeostasis through
its autocrine, paracrine, and endocrine functions. This review aimed to explore the impact of structured exercise
interventions on myonectin levels and insulin resistance indicators in healthy individuals and those living with over-
weight or obesity. We performed a search of PubMed, Science Direct, CINAHL, TRIP Database, Cochrane Library,
and Google Scholar for studies published until July 2022. The key terms used were “prediabetes”, “overweight”,
“obesity”, “myonectin”, “Complement 1q / tumor necrosis factor-related protein 5 (CTRP5 or C1qTNF5)”, “eryth-
roferrone”, and “exercise”. Eight studies investigated the effects of exercise on myonectin levels and insulin resistance,
measured through the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR), in individuals who were
overweight or obese, while six studies focused on those without these conditions. After data extraction, narrative qual-
itative synthesis and risk of bias analysis were performed. Findings indicate that structured aerobic or combined aer-
obic and resistance training at moderate intensity over 8—12 weeks led to significant increases in myonectin levels and
reductions in insulin resistance, particularly among women who were overweight or obese. However, data was limited
by heterogeneous age and gender groups' metabolic profiles and variability in exercise protocols. Myonectin response
to exercise in healthy adults remains unclear due to baseline metabolic variability, though some improvements in the
glucose-nsulin axis were noted. This review suggests that myonectin may serve as a valuable biomarker to assess the
impact of exercise on insulin sensitivity in individuals at risk of diabetes with overweight or obesity.
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INTRODUCTION

Aerobic exercise is a cornerstone in the prevention and man-
agement of type 2 diabetes mellitus (T2DM), often prescribed
alongside other interventions to improve glycemic control and
cardiovascular health [1]. Regular physical activity has been
shown to reduce glycated hemoglobin (HbAlc), a critical marker
of glycemic control, with studies reporting up to a threefold re-
duction in HbAlc levels among individuals aged 60-80 years af-
ter resistance training compared to non-exercising controls [2-4].

During aerobic exercises, skeletal muscles contract and release
numerous cytokines or peptides weighing ~5-20 kDa or proteo-
glycan peptides called myokines [5]. Two of the largest endocrine
organs in the body are the skeletal muscle and adipose tissue,
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which secrete myokines and adipokines, respectively [6]. Recent
studies suggested that exercise-induced myokines could offer pro-
tection against many chronic diseases, particularly T2DM [7].
Myokines improve muscle metabolism and function through au-
tocrine, paracrine, and endocrine mechanisms, affecting various
organs, including the liver, pancreatic [3-cells, adipose tissue, and
the nervous system [6—9]. However, in individuals with T2DM,
myokine secretion patterns may differ. For example, interleukin 6
(IL-6), as a pro-inflammatory cytokine, negatively regulates the
acute phase response and is responsible for low-grade chronic
inflammation [10,11]. Moreover, the myokine profile of primary
human skeletal muscle cells (hSkMCis) in patients with T2DM is
different from that of insulin-sensitive hSkMCis [12].
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Myonectin, also reported as Clq/TNF-related protein 5
(CTRP-5), Clq/TNF-related protein-15 (CTRP-15), Clq/
TNF-related protein isoforms 5, erythroferrone (ERFE) was de-
tected as a novel myokine, and is primarily expressed in skele-
tal muscles in response to exercise [13,14]. Myonectin is a nu-
trient-sensing myokine, a carbohydrate or lipid regulator, and
is also secreted by skeletal muscle in response to changes in the
cellular energy state resulting from glucose or fatty acid fluxes
[13]. Myonectin was hypothesized to enhance protein synthesis
and inhibit protein degradation by sensing cellular energy state
and mitochondrial biogenesis [15]. Depending on the muscle
fiber types, myonectin expression may be regulated differently
[13,15]. A largely slow-twitch, oxidative fiber type (Type I), such
as soleus, tends to have a higher level of myonectin transcript
expression relative to a glycolytic, fast-twitch fiber type (Type II)
such as plantaris muscle [15].

Some studies suggest that elevated myonectin levels in newly
diagnosed T2DM cases may represent a compensatory mech-
anism to counteract insulin resistance [16]. Myonectin concen-
trations have been positively associated with measures of insulin
resistance and negatively associated with insulin sensitivity, high-
lighting its role as a metabolic regulator linked to sarcopenic obe-
sity [14,17,18]. Elevated myonectin levels in individuals newly
diagnosed with T2DM remained unchanged following 45-min-
ute exercise, lipid infusion, oral glucose challenges, or short-dura-
tion physical activity in young, healthy populations [16,17]. This
review revolves around many research questions, as mentioned
below.

Myonectin can be secreted outside of exercise, possibly in re-
sponse to other metabolic stresses, which raises questions about
its specificity as an exercise-related marker. For example, obesi-
ty can increase myonectin levels, which might conflict with its
use as a straightforward indicator of healthy exercise response.
Can changes in myonectin levels be reliably used as a marker
of exercise-induced improvements in metabolic health and di-
abetes risk? Furthermore, the effects of exercise on myonectin
levels across individuals with varying metabolic statuses and
responses to physical activity remain poorly understood. While
some studies have shown that myonectin levels can increase with
exercise, there is variability in the evidence regarding the con-
sistency of this response. The extent to which myonectin levels
rise with exercise may differ among individuals, potentially limit-
ing its usefulness as a reliable marker across diverse populations,
making it a topic of ongoing debate. In order to shed light on
myonectin levels and diabetes risk reduction, it is essential to es-
tablish whether individuals without diabetes exhibit any relation-
ship between myonectin levels and insulin resistance. This study
explored the uncertainty surrounding the potential link between
myonectin and insulin resistance in non-diabetic individuals, in-
vestigating its role as a possible marker for metabolic health and
diabetes prevention.

Elevated myonectin levels may act as a cardioprotective fac-
tor mediated by endurance exercise, as reported in studies using
mouse models. In these studies, long-term endurance exercise
protocols—60-minute sessions performed 5 days per week for 4
weeks—increased circulating and muscle myonectin levels, which
helped mitigate the risk of acute myocardial ischemic injury [19].
In contrast, circulating myonectin levels were reduced in indi-
viduals with T2DM. Independent predictors of myonectin levels
in this population included body mass index (BMI), low-density
lipoprotein cholesterol (LDL-C), triglycerides (T'G), the Homeo-
static Model Assessment for Insulin Resistance (HOMA-IR), and

insulin resistance. Myonectin levels decreased due to elevated lev-
els of circulating free fatty acids (I'IFAs) and ectopic accumulation
into other tissues, which might lead to clinical complications [13].
A decrease in myonectin levels was also reported in nephropa-
thy [20] and peripheral artery disease [21] in individuals with
T2DM.

A conflict arises regarding how muscle types, such as slow-
twitch versus fast-twitch fibers, and overall muscle mass influence
myonectin production. Larger, more active muscles may release
greater amounts of myonectin, but this may not apply uniformly
across individuals, including those with varying levels of obesi-
ty and overweight. Whether this means that certain people are
inherently better able to lower their diabetes risk through exer-
cise due to their muscle composition and their exercise effects
on myokines, particularly myonectin, remains a point of debate.

There are no conclusive findings on long-term exercise-in-
duced changes in myonectin levels in humans. Limited stud-
ies have explored the relationship between exercise-induced
myonectin levels and glycemic control or insulin resistance,
particularly in individuals with overweight or obesity. The exer-
cise duration needed to elicit changes in myonectin levels and
its effects on metabolic risk factors remains poorly understood.
Hence, studying uncertainties surrounding a) myonectin levels
pre and post-exercise intervention in individuals with varying
metabolic statuses, b) the impact of exercise duration, c) type of
exercise for targeting muscles, and finally, d) myonectin-mediated
effects on glucose and insulin resistance in healthy individuals or
those at risk for early detection of diabetes, are crucial to deepen
our understanding of metabolic linked pathogenesis and identify
potential therapeutic exercise targets.

A systematic literature review approach was chosen to ex-
plore missing clues and identify exercise prescription factors that
could mitigate or clarify the risk of transitioning from overweight
or obesity to the prediabetes stage, focusing on the role of the
myonectin axis.

The research question was:

How do exercise-induced changes in myonectin levels relate
to improvements in insulin resistance in healthy, overweight, and
obese individuals? This systematic review aimed to investigate
whether exercise-induced changes in myonectin levels were as-
sociated with improved insulin resistance in healthy, overweight,
and obese individuals and identify exercise-specific myonectin
responses linked to myonectin-mediated glucose metabolism.

MATERIAL AND METHODS

Search strategy

An online search was conducted using the following databas-
es: PubMed, Science Direct via Scopus, Cumulative Index of
Nursing and Allied Health Literature (CINAHL) via EBSCO,
TRIP Database (Turning Research into Practice), Cochrane Li-
brary, and Google Scholar. The search focused on medical terms
such as “prediabetes”, “overweight”, and “obesity”, combined
with key terms including “myonectin”, “Complement Clq Tu-
mor Necrosis Factor-Related Protein or isoform 5: ‘CTRP5’ or
‘C1QTNF5, “Erythroferrone”, and “exercise” using Boolean
search operators. The main keywords, full search strategy, and
syntaxes are provided in a supplementary file. The database
search was limited to studies published between 2010 and July
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2022, including human participants. Registration: PROSPERO:
CRD42020138434.

Selection criteria

Studies that evaluated the effects of exercise interventions on
myonectin responses and insulin resistance in overweight and
obese individuals were selected. In addition, studies reporting
CTRP5/ C1QTNF5 protein family expression and secretion
from myocytes or exercise intervention with glucose or lipid me-
tabolism were selected. Two authors, MRP and AMAA, inde-
pendently searched and scrutinized the articles. The PICO (Pop-
ulation, Intervention, Comparison, and Outcome) framework
was used as follows:

e  Population: studies involving healthy adults and over-
weight and obese individuals aged 18 years and older
were included. Studies involving individuals with systemic
diseases or injuries were excluded.

e Intervention: the review included aerobic and/or re-
sistance exercise interventions lasting at least 8 weeks for
overweight and obese participants, with comparisons to
healthy adults participating in aerobic and/or resistance
exercise without a defined duration limit. Interventions
such as Pilates, body-mind movement, stretching, breath-
ing exercises, and meditation were excluded.

*  Comparison: studies were required to include pre-ex-
ercise and post-exercise measurements. Studies lacking
baseline or follow-up data for overweight and obese par-
ticipants were excluded.

e Outcome: studies assessing changes in blood serum or
plasma myonectin levels and insulin resistance parame-
ters in overweight and obese participants were included.

The review focused on comparative exercise intervention stud-

les, including randomized and non-randomized clinical trials
published in English or Arabic in peer-reviewed journals. Ex-
clusion criteria included animal studies, very short-term exercise
interventions (post-analysis conducted within 24—48 hours), di-
agnostic studies, case reports, review articles, letters, conference
abstracts, theses, book chapters, and guidelines.

Data extraction and study appraisal

Articles meeting the inclusion criteria checklist were reviewed by
two authors who reached a consensus and independently extract-
ed data. Two authors (SK & KG) re-checked and confirmed the
data obtained. The extracted data included details on overweight
and obese participants, exercise interventions, and myonectin
levels, followed by glucose and insulin parameters, stored in
Word documents and Excel files as SI units.

The following exercise parameters were derived and tabulat-
ed for each study: a) type of exercise, b) duration, ¢) number of
sessions per week, d) total intervention period (in weeks), e) time
spent, and f) intensity of exercise.

The anthropometric and biochemical parameters measured
before and after exercise training were thematically categorized
into groups based on participant characteristics (overweight and
obese individuals or healthy participants) and the duration of ex-
ercise intervention (more than 10 weeks and less than 8 weeks).

The Risk of Bias in Non-Randomized Studies of Interventions
(ROBINS-I) tool was used to ensure the quality and reliability
of non-randomized studies by systematically identifying and ad-
dressing various sources of bias. Each element of the tool was

assessed independently by two reviewers, and a consensus was
reached to derive a cumulative rating [22].

A narrative synthesis and review were developed based on two
themes: a) myonectin response levels before and after exercise
and b) the effects or associations of myonectin with glucose tol-
erance and insulin resistance in overweight, obese, and healthy
participants. The results of individual studies were summarized
to draw overall inferences. A consensus among the authors was
reached to provide a main summary of the results based on the
following factors: a) exercise interventions lasting up to 12 weeks,
b) up to 8 weeks, and the type of exercise intervention.

Reporting

The present literature review adheres to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to ensure transparency and completeness in reporting
the review process and findings [23].

RESULTS

Article selection process

A total of 1,231 articles were initially retrieved from electronic
databases and subjected to manual screening for relevance. Re-
viewers carefully assessed each article to determine whether they
met the predefined inclusion and exclusion criteria, resolving any
disagreements through consensus. Following this process, dupli-
cate articles were identified and removed, leaving 478 unique ar-
ticles for screening. Subsequent screening and further evaluation
based on the PICO checklist and removing duplicates resulted
in 42 articles. Full eligibility criteria were met by the 14 full-text
articles included for a comprehensive review. The selection pro-
cess adhered to PRISMA statement guidelines, ensuring trans-
parency and reproducibility. The flowchart illustrating the article
selection procedure is presented in Figure 1 [23].

A checklist of inclusion criteria, exercise dosage parameters,
demographic details with changes in bio-metabolic variables,
and a summary of included articles of obese and overweight par-
ticipants are presented in Tables 1-4. Tables 3 and 4 summarize
the effects of exercise on myonectin up to 8 weeks and 12 weeks,
respectively [24-31]. Similar details are extracted in Tables 5-7
for healthy participants [32-37].

Summary of myonectin level changes and exercise
associated with insulin resistance for exercise
interventions longer than 8 weeks

Two studies investigated the association between myonectin level
changes and insulin resistance following exercise interventions
in different populations. Lim ez al. [24] studied healthy younger
women (22.5 years old) and older overweight women (60.3 years
old). They found that exercise significantly decreased myonectin
levels in both groups. Choi et al. [25] investigated women with
obesity (30-60 years old). They found that exercise significantly
increased myonectin levels in this population. Overall, the find-
ings of these two studies appear contradictory. The observed dif-
ferences may be due to variations in the baseline characteristics
of the study populations, such as age and weight status. More
research is needed to elucidate the complex relationship between
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Records identified through database searching
Science Direct (n = 44), TRIP database (n = 15),
Pubmed (n = 214), Cochrane Library: (n = 160),
EBSCO host (n = 21)

Additional records identified
through grey sources via Google
Scholar, (n = 24)

l

Records screened
(n=216)

Screening

Records after screening & duplicates

removed
(n=42)
Full-text articles Excluded with reasons
assessed for eligibility Letters & reviews: (n = 9)
(n=34) Wrong demographics: (n = 8)
Wrong outcome: (n = 3)

Studies included in
qualitative synthesis

Obese and overweight
(n = 8) & healthy

participants (n = 6)

Figure 1. Article selection flow diagram

myonectin, exercise, and insulin resistance. Exercise decreased
myonectin levels in healthy, younger, and older overweight wom-
en, while it increased myonectin levels in obese women, following
combined resistance and acrobic exercise of 12 weeks.

Summary of myonectin level changes and their
association with insulin resistance in 8-week exercise
interventions

Significant increases in myonectin levels were observed after ex-
ercise in two studies [30-31], which involved exercise intensities
of 60% to 70% of maximum heart rate. These protocols were
comparable to swimming exercises and targeted postmenopausal
overweight and obese women. This increase in myonectin levels
was also associated with significant changes in fasting insulin and
insulin resistance. In contrast, concurrent training or resistance
training [27,28] relatively increased myonectin levels in obese
and overweight older women and obese men, though not statisti-
cally significant. This non-significant increase could not translate

into significant changes in fasting glucose, insulin, and insulin
resistance, except in the group that underwent resistance endur-
ance, which showed a significant reduction in fasting glucose.
Weight and BMI also reduced significantly after 8 weeks of exer-
cise training. Resistance training was associated with a significant
decrease in total cholesterol and body fat percentage.

Interval running with the maximum speed, using the high-in-
tensity interval training (HIIT) principle and characterized by
near-exhaustive effort [29], decreased the myonectin levels in
overweight, inactive women. Fasting insulin levels showed signifi-
cant beneficial changes in the HII'T group, with a notable reduc-
tion. However, no significant changes in insulin resistance were
observed. Hence, exhaustive exercise prescription warrants more
research.

*  Myonectin levels generally increased after exercise inter-
ventions across various populations, including older wom-
en, obese men, overweight women, and postmenopausal
women, in 5 out of 6 studies included.

¢ In most studies, exercise was consistently associated with
improvements in insulin resistance (decreased fasting glu-
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cose, fasting insulin, and HOMA-IR) alongside myonec-
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U of myonectin level increases and improved metabolic pa-
. rameters.

c g These findings suggest that exercise interventions increase

F] 205 S S ' S S S OS myonectin levels and may contribute to improved insulin sensitiv-

£ 'g ity and metabolic health in diverse populations. Control groups

often showed either stable or slightly decreased myonectin lev-
els, emphasizing the role of exercise in modulating myonectin

u R e ' > > 5 production and metabolic health. Myonectin levels and insulin
S sensitivity respond differently to exercise duration among spe-
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Table 5. PICO framework for studies on exercise and myonectin in healthy individuals

Author, Year Li et al., 2018 Bahremand et al., Fereshteh et al., Kaminski et al., Abdolreza et al., Joy et al., 2016
2020 2019 2019 2020
Study Design Cross-sectional NA Semi-experimen- Cross-sectional, NA NA
studies. tal study single-center
Population T2DM, IGT, Healthy Healthy young Sedentary young Young, healthy Young men Healthy,
individuals women men volunteers resistance-trained
men
Inclusion
criteria:
Age > 18 years v v v NA v
BMI 2 25 Kg/m? - - - - -
Comparator and Exposure
Control group = = = = =
Exercises group v v (CT and Crossfit) v v v
Outcomes
Myonectin level v v v v v
Adiponectin : ) ) : .
FPGp ; v v . .
FPI - v v : -
Insulin : v v : .
resistance*
Total : v . : .
cholesterol

domains such as intervention and deviations from intended inter-
ventions, suggesting robust methods in those areas. The overall
risk of bias ranged from moderate to serious across the studies
(Figure 2).

The risk of bias graph (Figure 3) highlights areas of concern
and strength across various domains for multiple studies.

High-risk areas

Confounding and participant selection were the most problem-
atic areas, with many studies exhibiting serious to critical risks of
bias. Figure 3 suggests that future research should focus on im-
proving control of confounding factors and the selection process
of participants in myonectin studies.

Low-risk areas

Intervention classification, adherence to intended interventions,
and outcome measurement generally showed low risks of bias,
indicating strong performance in these domains, ensuring robust
exercise intervention in selected populations.

DISCUSSION

The elevation in myonectin may contribute to immediate im-
provements in insulin sensitivity and glucose metabolism by facil-
itating nutrient uptake and utilization in skeletal muscle [38,39].
Figures 4 and 5 provide a comprehensive overview of the overall
effects of exercise on myonectin and metabolic health, as well as
the duration-dependent outcomes of exercise interventions.

A conundrum with adiposity

The myonectin response to exercise appears modulated by adi-
posity status, with obese individuals exhibiting blunted or delayed
responses compared to their lean counterparts. This impaired
myonectin regulation in obesity may reflect underlying distur-
bances in skeletal muscle metabolism and adipose tissue func-
tion [40]. However, exercise interventions tailored to overweight
and obese individuals have been shown to effectively enhance
myonectin expression and improve insulin sensitivity, highlight-
ing the therapeutic potential of physical activity in these groups
[41].The key difference seems to be that exercise has a more
pronounced effect on increasing myonectin in individuals who
are overweight or obese, likely due to the role of myonectin in
regulating lipid metabolism and insulin sensitivity in these popu-
lations. In healthy, lean individuals, the exercise-induced changes
in myonectin are less clear. In summary, the search results indi-
cate that exercise, both aerobic and resistance, can significantly
increase myonectin and improve insulin resistance in overweight
and obese individuals, but the effects are less consistent in healthy,
non-obese adults. The reasons why myonectin levels respond dif-
ferently to exercise in healthy adults compared to overweight/
obese adults are not fully understood. Genetic expression, diet,
energy usage during exercise, and other complex myokines or ad-
ipokines interplay were factors that needed to be considered. The
studies suggest that the exercise-induced increase in myonectin
and its beneficial effects on lipid metabolism and insulin sensitiv-
ity are more pronounced in overweight/obese populations than
in healthy, lean individuals [42,43].

Mechanistically, myonectin appears to promote fatty acid up-
take in adipose tissue and the liver, thereby regulating system-
ic lipid homeostasis. Myonectin can increase the expression of

JOURNAL of MEDICINE and LIFE. VOL: 18 ISSUE: 2 FEBRUARY 2025
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Table 6. Type of exercise and exercise dosage parameters in healthy individuals

Study N Experimental Control Type of Duration
group group  exercise (Week)
Li et al., NA Healthy young NA A 0
2018 individuals, n 45-minute
(Subgroup =12 bout of
analysis) aerobic
treadmill
exercise
Bahremand 30 Healthy young Healthy CrossFit 8 weeks
etal., 2020 women young and
Healthy CrossFit,n=16 women Concurrent
Young cT training
women (n=14)
Fereshteh 14 volunteer = Resistance 4 and 6
et al., 2019 non-physical training weeks
education
students
n=14
Kaminski et 29 Young, healthy - Short-term 0O
al., 2019 volunteers physical
Female, n= activity
19 and male, (Bruce
n=10 protocol)
Abdolreza 20 Resistance = Resistance 4 weeks
et al., 2020 training with training
blood flow
restrictions
group (n
=10) and
Resistance
training
without
blood flow
restrictions
group (n=10)
Joy et al, 25 the PLA group - Resistance 12 weeks
2016 (n=11)and and power (8 wk-2 wk-
TRT group (n training 2wk)
=14)

genes involved in lipid uptake and transport, such as CD36,
FATP1, Fabpl, and Fabp4 [43,44].

In obese and insulin-resistant states, the reduced levels of
myonectin may contribute to increased central obesity and lipid
accumulation. Restoring myonectin levels through exercise may
help improve lipid metabolism and insulin sensitivity in these
populations [43,13]. While the scientific reasons for the differ-
ence are not fully understood, the key takeaway is that exercise
is beneficial for young adults in improving insulin sensitivity and
overall health. Exercise-induced increases in myonectin levels
may contribute to improved insulin sensitivity and glucose up-

Duration Duration Intensity

(Time (x/Week)

minutes)

45 0 with 60% of maximal oxygen

minutes consumption for 45 minutes.

20-22.5 3x/week Aerobic and resistance exercise
with 5% graded increase from 60
to 80 of max heart rate and 60 to
80 of IRM
Cross fit: high-intensity, low
repetition, and high percentage of
1RM, as many rounds as applicable

10-20 (AMRAP), work out of the day

minutes

NA 3x/week 6 exercises (bench press, barbell
curl, leg press, leg extension, leg
curl, wide grip lat pull down), with
3 sets of 8-10-12 repetitions in each
exercise and the intensity of 60-70-
80%of 1RM (respectively for 1<, 2"
and 3 weeks).

~20 0 85% of the predicted maximum
heart rate.

60MIN NP Without restrictions -70%; with
restrictions - 30%. 1-3 sets, 15
repetitions

NP 3 days per standard resistance training phase:

week for 1 muscle hypertrophy, 1 power, 1
8 weeks strength-oriented workout at 40%

RM to 100% RM, and 2-6 sets of
Wingates cycle ergometer

take in skeletal muscle, reducing insulin resistance and the risk of
developing T2DM [45]. Additionally, exercise has been shown to
enhance mitochondrial density and function, further improving
metabolic health and insulin sensitivity among overweight and
obese individuals [46].

Aging effect and myonectin

The mean age of the participants was 21 to 30.8 years for healthy
individuals. Exercise inconsistently affected myonectin levels,
with minimal changes and little impact on key metabolic param-
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eters. This aspect warrants more research. 12-week interventions
showed more consistent improvements in myonectin levels asso-
ciated with metabolic benefits compared to 8-week interventions
among individuals aged between 22.5 and 60.3 years.

Exercise, myonectin, and metabolic health indicators

Studies also reported improvements in fasting plasma glucose,
fasting plasma insulin, and total cholesterol levels following ex-
ercise interventions and their association with myonectin levels.

However, there was limited data on other parameters, such as he-
moglobin Alc levels, which hindered the evaluation of myonec-
tin as a potential biomarker for prediabetes or diabetes screening
[14,47], as well as exercise prescription.

Diabetes and myonectin conundrum

In patients with diabetes, lower myonectin levels are associated
with worse metabolic parameters like higher BMI, cholesterol,
triglycerides, insulin resistance, and inflammation. Similarly,
obese non-diabetic individuals have significantly lower myonec-
tin levels compared to lean controls [48]. However, myonectin
levels exhibit a progressive increase from normal glucose toler-
ance to prediabetes to T2DM, with the highest levels observed in
overt diabetes [16].

Figure 2. Risk of bias summary (studies including obese and over-

weight participants)

Based on the available evidence, our findings suggest that
myonectin may serve as a potential biomarker for diabetes risk
and insulin resistance, particularly in overweight and obese indi-

Figure 3. Risk of bias graph (studies including obese and overweight participants)
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Figure 4. Exercise, Myonectin & Metabolic Health Flowchart
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Figure 5. Exercise Duration, Myonectin and Insulin Sensitivity Flowchart

viduals. Given its role in metabolic regulation, aerobic exercise,
combined resistance, aerobic exercise, and HII'T appear to be
beneficial interventions. This type of exercise can improve insu-
lin sensitivity, manage metabolic stress, and potentially influence
myonectin levels favorably, especially in populations at risk for
diabetes or with existing insulin resistance.

To replicate our findings and mitigate time delays and gaps in
current literature, we conducted an extended search using simi-
lar keywords and search strategies in the PubMed database for
studies published between 2022 and 2024. The search strategy
was: [("Exercise"[MeSH Terms] OR "Physical Activity" OR
"Resistance Training" OR "Aerobic Exercise" OR "High-In-
tensity Interval Training" OR "HIIT") AND ("Myonectin" OR
"CTRP15" OR "C1q/TNF-related protein 15" OR "Myokines"
OR "Adipokines") AND ("Insulin resistance"[MeSH Terms] OR
"Glucose Metabolism" OR "Glycemic Control" OR "Type 2 Di-
abetes" OR "Metabolic Syndrome") AND ("Overweight"[MeSH
Terms] OR "Obesity" [MeSH Terms] OR "Healthy" OR "Lean"
OR "Elderly" OR "Normal Weight")) NOT ("Diabetes"))]. This
search resulted in 16 articles, of which only 2 met our inclusion
criteria for investigating exercise, myonectin, and insulin resis-
tance in healthy, obese, and overweight individuals.

A study by Bahremand [33], available as a preprint online in
2020 and published in 2023, has already been included in our
thematic synthesis. A recent study replicated our findings [49].
The study concluded that in sedentary individuals with metabol-
ic syndrome, myonectin levels are typically reduced compared
to non-metabolic individuals. Exercise, particularly HII'T, gen-
erally increased myonectin levels in both groups. However, the
increase was often more significant in those with metabolic syn-
drome, improving lipid metabolism and metabolic health, and
also negatively correlated with the android/gynoid fat mass ratio.
No correlation was found in lipid profile, free fatty acids (FFA),
intramuscular lipid content, or HOMA-IR [49]. However, these
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findings are limited to a single database. Expanding searches to
additional databases may provide additional cues.

Limitations

Despite providing insights, this review has several limitations.
Firstly, significant heterogeneity among the included studies, par-
ticularly in methodological quality, may impact the reliability of
the findings. The evidence of certain effects was limited due to
small sample sizes, lack of blinding, and potential bias presented
in the included studies. Hence, knowledge of evidence synthe-
sis needs to be interpreted with caution. Additionally, there was
a lack of uniformity in exercise interventions, with variations in
duration, intensity, and type of exercise across studies, making
it challenging to draw definitive conclusions. Furthermore, the
absence of studies focusing specifically on pre-diabetic or diabet-
ic populations limits the generalizability of the findings to these
groups. Moreover, the review identified a scarcity of longitudinal
clinical studies, highlighting the need for more robust research in
this area. Lastly, the limited availability of data on certain param-
eters, such as hemoglobin Alc levels, hindered a comprehensive
evaluation of the relationship between myonectin, exercise, and
glycemic control. These limitations underscore the necessity for
future studies to address methodological inconsistencies, expand
to other databases and grey literature, explore diverse populations,
and provide comprehensive data to enhance the understanding
of the impact of exercise on myonectin and insulin resistance
among overweight and obese individuals. A cautious interpreta-
tion of current findings is warranted due to the non-randomized
quasi-experiments and cross-sectional design of studies included
in the current review. Overall, while the studies show strengths in
several areas of bias assessment, significant attention is needed to
address confounding and participant selection biases to improve

© 2025 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.
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the reliability and validity of non-randomized studies. This can
be addressed by randomized controlled studies.

Future recommendations

Future research should explore several key areas to deepen our
understanding of the impact of exercise on myonectin and in-
sulin resistance among overweight and obese individuals. Firstly,
long-term studies investigating the effects of various exercise mo-
dalities, intensities, and durations on myonectin regulation and
insulin resistance markers in diverse populations are essential.
Longitudinal studies with larger sample sizes and well-controlled
clinical designs could provide more robust evidence on the role
of exercise in preventing the transition from overweight/obesity
to prediabetes.

Few selected studies included HbAlc measurements despite
exercise interventions lasting up to 12 weeks. As a result, this re-
view could not fully assess myonectin as a biomarker for predi-
abetes risk or exercise response. More studies are suggested to
address this biomarker linkage. Given its potential role in insulin
resistance, investigating the use of myonectin measurements in
clinical practice to monitor overweight/obese patients’ symp-
toms and guide exercise prescriptions for improved metabolic
health is warranted.

Studies comparing different exercise modalities (e.g, con-
stant-moderate vs. HIIT) and their impact on myonectin levels
and insulin resistance in humans with prediabetes and T2DM
are needed. The hepato-protective effects on beta-cells of various
myokines exerted by exercise interventions and their influence
on diabetic transition and complications must also be explored.

CONCLUSION

Studies show mixed results on how exercise affects myonectin
levels and insulin resistance. In overweight and obese individu-
als, aerobic exercise, combined resistance, aerobic exercise, and
HIIT consistently elevated myonectin levels alongside improved
BMLI, fasting glucose, fasting insulin, and HOMA-IR, indicating
enhanced metabolic health. Conversely, evidence in healthy indi-
viduals regarding myonectin response to exercise is inconclusive,
with some studies showing no significant changes, highlighting
potential variability based on baseline metabolic status. In con-
clusion, while aerobic exercise appears beneficial for increasing
myonectin levels and improving metabolic health, combined re-
sistance, aerobic exercise, and HIIT also show promise. These
exercise modalities can play a crucial role in managing insulin
resistance and may prevent transitioning into pre-diabetes, par-
ticularly in overweight and obese populations. Further research
is needed to understand how exercise impacts myonectin levels
in healthy individuals and to optimize exercise prescriptions for
metabolic health.
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