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The effect of aerobic exercise on plasma levels of fibroblast growth factor 21 and insulin
resistance in individuals with cardiometabolic disorders: A Meta-Analysis
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Objectives and Study Background: Fibroblast growth factor 21

1;; 2c Se /235;14 (FGF21) is an endocrine hormone with anti-inflammatory effects that
. plays an important role in glucose regulation and insulin resistance. It has

Online ISSN . . . S

3060-7078 been identified as a marker of cardiovascular and metabolic diseases and

is strongly associated with physical activity. This meta-analysis aimed to

investigate the effects of aerobic exercise on plasma FGF21 levels and

insulin resistance in individuals with cardiometabolic disorders.

Review Methods and Data Sources: Relevant English-language articles

were searched from various databases, including PubMed, Scopus, Web

: of Science, and Persian-language articles using Google Scholar, Irandon,

Physiology, Department of | \f30iran, Noor Mags and SID search engines until 15 Farvardinmah 1404
Physical Education and (April 2025). To determine the effect size, the weighted mean difference
Sports Sciences, School of (SMD) and 95% confidence interval were calculated using CMA2
Humanities, University of | software. Heterogeneity was assessed using the I? test, and publication
Yasouj, Yasouj, Iran. ) bias was assessed using visual funnel plot analysis and the Egger test.
Mehdi Mogharnasi Findings: A total of 17 studies with 20 aerobic exercise interventions
2. Professor, Department | jnyolving 464 subjects with metabolic disorders were meta-analyzed. The
of Sports Sciences, results showed that aerobic exercise intervention in subjects with
University of Birjand, metabolic disorders significantly increased plasma levels of FGF21 by a
Birjand, Iran. , weighted mean difference of 0.391 pg/mL (P = 0.001) , and significantly
Abbas Saremi decreased insulin resistance by a weighted mean difference of -0.845
3.Professor, Department of | 1o/41 (P = 0.001) , compared to the control group.

Exercise Physiology, Faculty | conclusion: The findings of the present study suggest that aerobic
of Sport Sciences, Arak exercise may play a key role in improving the health of people with
University, Arak, Iran. cardiometabolic disorders by increasing FGF21 levels and simultaneously

reducing insulin resistance.
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Extended Abstract

Introduction:

Obesity is a risk factor for impaired blood glucose regulation and insulin resistance, both of which
play important roles in the pathogenesis of type 2 diabetes and cardiovascular diseases. As fat
accumulates in the liver, the condition worsens, leading to fatty liver disease, which can also
contribute to hypertension. The combination of metabolic defects—including obesity, insulin
resistance, hypertension, and lipid metabolism disorders—collectively leads to metabolic syndrome.
Importantly, adipose tissue, skeletal muscle, and the liver function as endocrine organs that play


https://orcid.org/0000-0002-0113-1497.
https://orcid.org/0000-0002-0113-1497.

September 2025. Vol 2. Issue 3 Journal of Sport Physiology Special Groups

crucial roles in regulating metabolism and insulin resistance.Insulin resistance is defined as the failure
to respond to normal concentrations of circulating insulin. It is associated with type 2 diabetes,
obesity, aging, physical inactivity, and genetic predisposition. Insulin resistance is characterized by a
reduced ability of insulin to act on peripheral tissues such as skeletal muscle and adipose tissue, as
well as a failure of insulin to suppress hepatic glucose output. The underlying defects in the pathology
of type 2 diabetes include insulin resistance in both muscle and liver.The liver is a major organ for
glucose and fat metabolism. Due to the accumulation of excess fat in the liver resulting from obesity,
its numerous secretory factors (hepatokines) play a role in the development of obesity-induced
diabetes. Recent studies have shown that several hepatokines are associated with obesity indices and
have significant effects on the metabolism of central and peripheral tissues. Among them, fibroblast
growth factor 21 (FGF21) has been the most extensively studied. FGF21 is a protein encoded in
mammals by the FGF21 gene and belongs to the FGF family of fibroblast growth factors, which plays
an important role in metabolic regulation, particularly in glucose and lipid homeostasis. FGF21 is
expressed in the liver, skeletal muscle, adipose tissue, pancreas, and brain. It has recently gained
recognition for its potential therapeutic applications in metabolic disorders and is involved in several
metabolic processes, such as increasing glucose uptake in adipocytes and improving insulin
sensitivity. FGF21 plays an important role in gluconeogenesis, promotes fatty acid oxidation,
regulates lipid metabolism and mitochondrial function in white adipose tissue, and facilitates the
browning of adipose tissue, thereby contributing to weight loss and improved lipid profiles in obese
and diabetic individuals. FGF21 stimulates glucose uptake in adipocytes through induction of the
glucose transporter GLUT-1 and inhibits glucagon secretion by pancreatic alpha cells. Elevated
FGF21 levels are associated with improved insulin sensitivity and reduced hyperglycemia, making it
a potential therapeutic agent for the management of obesity and type 2 diabetes.

Methodology:

Relevant English-language articles were searched in various databases including PubMed, Scopus,
and Web of Science, and Persian-language articles were searched using Google Scholar, Irandoc,
Magiran, Noor Mags, and SID search engines up to 15 Farvardin 1404 (April 4, 2025). To determine
effect size, the standardized mean difference (SMD) and 95% confidence intervals were calculated
using CMA2 software. Heterogeneity was assessed using the I? test, and publication bias was
evaluated using visual funnel plot analysis and the Egger test.

Findings:

A total of 17 studies with 20 aerobic exercise interventions involving 464 subjects with metabolic disorders
were included in the meta-analysis. The results showed that aerobic exercise intervention in subjects with
metabolic disorders significantly increased plasma levels of FGF21 by a weighted mean difference of 0.391
pg/mL (p=0.001) and significantly decreased insulin resistance by a weighted mean difference of -0.845 mg/dL
(p=0.001) compared to the control group.

Discussion:

FGF21 plays a key role in regulating energy homeostasis, glucose and lipid metabolism, and insulin
sensitivity. It has potential clinical applications for obesity and related diseases such as cardiovascular
disease and type 2 diabetes, as it can independently predict aortic stiffness in patients with type 2
diabetes. FGF21 is a key player in metabolic processes associated with obesity. One proposed
mechanism involves the expression and activity of AMP-activated protein kinase (AMPK), which
activates metabolic pathways that produce ATP while inhibiting anabolic reactions. AMPK signaling
regulates fatty acid oxidation in the liver and skeletal muscle, as well as mitochondrial biogenesis.
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Studies have shown that plasma levels of free fatty acids (FFA) are the primary signal for increasing
FGF21 concentrations, as serum FGF21 levels rise following fatty acid injection. Therefore, high
FFA concentrations are required for proper signaling to increase FGF21 gene expression.
Additionally, AMPK activity activates peroxisome proliferator-activated receptor alpha (PPAR«), an
important transcription factor, which can lead to increased FGF21 levels. FGF21 contains a PPARa
response element that is activated by the FFA/PPARo/RXR complex. Evidence indicates that fasting
FGF21 concentration is directly related to visceral fat stores and plasma non-esterified fatty acid
(NEFA) content; however, insulin resistance and other metabolic factors associated with type 2
diabetes play a more important role in increasing serum FGF21 levels. FGF21 has direct effects on
improving glucose metabolism and insulin resistance by increasing glucose uptake in adipocytes
through inducing GLUT-1 expression and inhibiting glucagon secretion from the pancreas. FGF21
improves glucose uptake by upregulating the expression of glucose transporters such as GLUTI,
which helps reduce blood glucose levels and improve insulin sensitivity—benefits that are
particularly valuable for individuals with type 2 diabetes and metabolic syndrome. FGF21 binds to
FGF receptors and beta-klotho, a biomarker detectable in the bloodstream, and stimulates fatty acid
oxidation in the liver, glucose uptake in adipose tissue, thermogenic adipose tissue gene expression,
and the browning of white adipose tissue in an endocrine manner. Exercise training is known to
improve insulin resistance through both insulin-independent and insulin-dependent mechanisms.
FGF21 directly improves insulin resistance by promoting glucose uptake in adipocytes through
induction of GLUTI1 and inhibition of glucagon secretion by pancreatic alpha cells. FGF21 also
indirectly reduces glucose levels and improves insulin resistance by promoting the browning of white
adipose tissue and increasing energy expenditure.

Conclusion:

The results of this meta-analysis demonstrate that aerobic exercise is an effective and beneficial
intervention for increasing FGF21 levels and reducing insulin resistance in individuals with
cardiometabolic disorders. Given the growing interest in diverse exercise modalities and the minimal
equipment required for these exercises, regular performance of aerobic exercise should be considered
by health centers as an effective and low-cost treatment strategy for individuals with metabolic
disorders.
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Meta Analysis
Study name Stafistics for each study Sid diff in means and 95% Cl
Siddiff Standard Lower Upper

inmeans  error  Variance  limit limit Z-Value pValue
Mohzeni etal, 2024 10.378 1.553 2410 7335 13421 6684 0.000 ——
Fakhrpour etal, 2022 0.466 0.383 0147 0285 4.6 1.216 0224
Ramezani etal, 2022 a 0.130 0.578 0.334 4002 4263 0228 0.8M
Ramezani etal, 2022 b 0107 0.578 0.334 1025 41.239 0186 0853
Ramezani etal, 2022 ¢ 0.047 0.648 0417 1218 1312 0072 0042
Perez-Lopez etal, 2022 -3.654 0.608 0.487 -BO021 -2286 -5.237 0.000 e
Yaghubi &Abedi, 2021 1.876 0.490 0240 0916 2836 3820 0.000 =
Rezaei etal, 2021 -3.458 0.577 0.333 4580 -2328 5006 0.000 a
Mazareizadeh etal, 2021 4.746 0.874 0.763 3.034 6450 5433 0.000 L
Chang & Mamkung, 2021 -5.804 0.848 0.710 -T466 4142 65845 0.000 -l
Astinchap etal, 2020 0.697 1.304 1.700 12252 7441 7436 0.000 ——
Alizadeh atal, 2019 -2.040 0.646 0417 4215 -1.683 4564 0.000 e
Hamedinia etal, 2019 a 0.354 0.503 0.253 0633 41340 0702 0482 1
Hamedinia etal, 2019 b 0.447 0.538 0.280 0607 4501 0832 0406
Toloueiazar etal, 2019 3.195 0.675 0455 1873 4518 4736 0.000 -
Azali Alamdari & Khalafi, 2019 0.959 0.431 0186 0114 41804 2225 0026 [
Banitalebi etal, 2019 0.892 0.355 0126 0197 4587 2516 0012 L]
Vizvari etal, 2018 1.660 0.438 0192 081 2519 3787 0.000 E 3
Tofighi atal, 2017 3.195 0.675 0455 4873 4518 4736 0.000 -
Karami & Banitalebi, 2017 0.748 0.301 0153 -0.018 4514 1043 0.056

0.3 0122 0.M5 0152 0630 32 0.0M "".-
-15.00 -7.50 0.00 7.50 15.00
Control Aerobic Exercise

Meta Analysis
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Meta Analysis

Study name Statistics for each study Sid diff in means and 95%Cl
Sid diff Standard Lower Upper
in means error  Variance limit  limit Z-Value p-Value
Fakhrpour etal, 2022 0.713 0.300 0.152 -1.477 0.0% -1.820  0.067 —.:L_
Perez-Lopez etal, 2022 0.173 0420 0184 -0.668 1.044 0404 0686
Yaghubi &Abedi, 2021 -1.070 0.436 0191 -1.925 -0.244 -2451 0014 ——.—
Rezaei etal, 2021 -0.969 0.386 0148 -1.726 0.243 2511 0012 ——.—
Chang & Mamkung, 2021 -0.492 0.377 0.142 1231 0.247  -1.304 0192 —_—l—
Astinchap etal, 2020 1011 0.388 0150 -1.771 0.2%1 -2608 0.000 ———
Alizadeh atal, 2019 -1.692 0.521 0.272 2713 0670 -3.246 0.001 .
Toloueiazar etal, 2010 -0.260 0.440 0.202 -1.140 0624 0578 0563 ——
Azali Alamdari & Khalafi, 2019 -1.042 0.435 0188 -1.805 04090 2306 0047 ——
Banitalebi etal, 2019 -0.703 0.348 0129 -1.386 -0.020 2047 0.044 ——
Vizvari etal, 2018 -0.923 0.308 0.158 -1.702 04143 231  0.020 ——.—
Karami &Banitalebi, 2017 -1.925 0.457 0.208 -2821 -1.020 4291 0.000 B
-0.845 0119 0.014 -1.077 -0.612 -7.114 0.000 *
-3.00 -1.50 0.00 1.50 3.00

Aerobic Exercise  Control

Meta Analysis
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