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Abstract

: The present meta-analysis aimed to investigate the effects of acute
and chronic aerobic exercise on fetuin A levels and lipid profiles in obese individuals
with type 2 diabetes.

: This meta-analysis searched PubMed, Web of Science,
Scopus, Magiran, Irandon, Noor Mags, and SID databases for relevant studies from
inception until 1404/11/5 (24 February 2026). The inclusion criteria were: (1)
original articles in Persian or English; (2) participants with obesity and type 2
diabetes; (3) intervention comparing acute or chronic aerobic exercise to a control
group; and (4) measurement of photoin A and lipid profile. A random-effects model
was used to calculate the weighted mean difference (WMD) and 95% confidence
interval (CI).

: A total of 7 studies (with 9 aerobic exercise interventions) involving 228
obese individuals with type 2 diabetes indicated that both acute and chronic aerobic
exercise were associated with a significant reduction in fetuin A [WMD = -48.021
ng/mL, P =0.002], triglycerides (TG) [WMD =-15.111 mg/dL, P =0.002], and low-
density lipoprotein (LDL) [WMD =-10.951 mg/dL, P =0.001]. However, acute and
chronic aerobic exercise resulted in insignificant changes in total cholesterol (TC)
[WMD = -17.066 mg/dL, P = 0.006] and high-density lipoprotein (HDL) [WMD =
3.888 mg/dL, P=10.118].

: The results indicate that acute and chronic aerobic exercise is
associated with decreases in fetuin A, TC, TG, and LDL, as well as an increase in
HDL among obese individuals with T2D. Therefore, incorporating aerobic exercises
such as brisk walking and cycling into the daily routines of obese and diabetic
individuals is recommended to promote health.
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Introduction

Type 2 diabetes (T2D) is one of the most
prevalent metabolic disorders, characterized by an
absolute or relative deficiency in insulin secretion or
action. Its prevalence has surged among adults
globally in recent decades, leading to abnormal
changes in blood lipid and lipoprotein
concentrations. T2D is often associated with lipid
metabolism  disorders, with  hyperlipidemia
indicating abnormal blood lipid levels that can
disrupt metabolic processes. Understanding the
factors contributing to cardiovascular diseases and
T2D is crucial for prevention and management.

Atherosclerosis, a significant cardiovascular
disease, is directly influenced by obesity, with high
concentrations of low-density lipoprotein (LDL)
cholesterol being critical in its development. Obese
individuals typically exhibit elevated levels of
triglycerides, total cholesterol, and LDL, which are
recognized as significant risk factors for
atherosclerosis. Conversely, levels of high-density
lipoprotein (HDL) are often lower in this
population.

Fetuin A, a circulating glycoprotein primarily
secreted by the liver, is elevated in individuals with
type 2 diabetes (T2D) and obesity. It acts as a natural
inhibitor of insulin receptor tyrosine kinase,
impairing insulin signaling and glucose uptake in
adipose and muscle tissue, thereby promoting
systemic insulin resistance. Furthermore, elevated
serum fetuin A levels are directly associated with
dyslipidemia, establishing it as a potential marker
for vascular disease in T2D patients.

Aerobic exercise, characterized by activities
predominantly utilizing the oxidative energy
system, is recommended as an effective method for
improving metabolic disorders and enhancing
cardiorespiratory function in T2D patients. Aerobic
exercise can be performed using interval training,
which involves repeated short bursts of high-
intensity activity followed by periods of moderate or
low-intensity rest, or continuous training, which
entails sustained moderate-intensity activity without
rest. Research indicates that aerobic exercise is
associated with reductions in fetuin A, TC, TG, and
LDL, along with increases in HDL among obese
individuals with T2D.

Aerobic exercise refers to activities in which the
dominant energy system in these activities is the
oxidative system. It is recommended as one of the
useful methods for improving metabolic disorders
and improving cardiorespiratory function in patients
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with T2D. In the interval training method, repeated
and short periods of high-intensity activity and
passive or active rest periods of moderate or low
intensity are performed. However, in the continuous
training method, continuous and non-stop activity of
moderate intensity is performed without rest
periods. Accordingly, the results of research studies
show that aerobic exercise is associated with a
decrease in fetoin A, TC, TG, LDL, and an increase
in HDL in obese and type 2 diabetic individuals
compared to the control group. Given the
established role of exercise in managing obesity,
cardiovascular disease, and diabetes, defining
optimal exercise protocols to mitigate diabetic
complications is essential. Therefore, the present
systematic review and meta-analysis aimed to
investigate the effect of aerobic exercise on fetoin A
levels and lipid profile in obese individuals with
T2D.

Methodology

A systematic search of PubMed, Web of
Science, Scopus, Magiran, Irandon, Noor Mags,
and Sid databases was conducted for articles
published without year restrictions until 5 Bahman
1403 (January 24, 2025). The meta-analysis
included 7 studies (with 9 aerobic exercise
interventions) involving 228 participants, all of
whom were obese and diagnosed with T2D. The
aerobic exercise intervention group consisted of
127 subjects with a mean age 0of 47.97 + 4.34 years
and a body mass index (BMI) of 31.58 + 2.44
kg/m?, while the control group contained 101
subjects with a mean age of 47.35 £ 3.98 years and
a BMI of 28.41 £ 4.01 kg/m?. The weighted mean
difference (WMD) and 95% confidence interval
(CI) were computed using a random-effects model
in CMA2 software. The I* test was utilized to
assess heterogeneity, and the Funnel Plot and
Egger's test were employed to evaluate publication
bias.

Results

The analysis of 7 studies (with 9 aerobic
exercise interventions) involving 228 obese
individuals with T2D demonstrated that acute and
chronic aerobic exercise significantly reduced
fetuin A levels [WMD = -48.021 ng/mL, P =
0.002], TG [WMD = -15.111 mg/dL, P = 0.002],
and LDL [WMD = -10.951 mg/dL, P = 0.001].
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However, acute and chronic aerobic exercise
resulted in insignificant changes in TC [WMD = -
17.066 mg/dL, P = 0.006] and HDL [WMD =
3.888 mg/dL, P =0.118].

Discussion

Several mechanisms may explain how
exercise reduces fetuin A levels, including: 1)
reduction of intrahepatic fat content through
down-regulation of sterol regulatory element-
binding protein 1 and up-regulation of
peroxisome proliferator-activated  receptor-
gamma (PPAR-y) expression; 2) reduction of
hepatic glucolipotoxicity by modulating reactive
oxygen species (ROS) and inhibiting pro-
inflammatory mediators; and 3) activation of
protein kinase B (Akt) and phosphorylation of
the 160-kDa substrate AS160, which has been
shown to improve glucose tolerance and reduce
insulin resistance. Other beneficial effects of
exercise include the natural regulation of hepatic
insulin receptor tyrosine kinase inhibitors,
insulin sensitivity, glucose transporter type 4
(GLUT4), glycogen synthesis, hexokinase
activity, muscle glucose delivery, and alterations
in muscle composition. Regular exercise reduces
liver fat content, thereby diminishing the primary
stimulus for the initial increase in fetuin A levels.

Physiologically, the elevation in HDL can be
attributed to mechanisms such as enhanced
lecithin-cholesterol  acyltransferase (LCAT)
activity and decreased hepatic lipase activity.
HDL has a significant capacity to reduce
lipoperoxide levels produced in oxidized LDL,
thereby mitigating the risk of cardiovascular
diseases. The consumption of fat as fuel during
exercise and recovery contributes to reductions
in LDL and very-low-density lipoprotein
(VLDL) levels. Exercise also increases
apolipoprotein type A levels and stimulates
lipoprotein lipase (LPL) activity, which
catabolizes the lipid component of LDL, leading
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to decreased LDL levels in the bloodstream.
Additionally, LPL activity following exercise
training may contribute to reduced TG levels.
One of the beneficial adaptations of aerobic
exercise is the increase in plasma HDL levels,
which facilitates the transport of cholesterol
from blood vessels to the liver, preventing fat
accumulation in the vasculature. Aerobic
exercise may enhance fat metabolism by
modulating key enzymes, such as increasing
lipoprotein lipase (LPL) and
lysophosphatidylcholine acyltransferase (LCAT)
activity, while altering hormone-sensitive lipase
(HSL) activity.

Conclusion

Given the common risk of cardiovascular diseases
and metabolic disorders in patients with diabetes,
aerobic exercise can enhance cardiovascular risk
factors in these individuals. By enhancing fatty acid
metabolism, aerobic exercise improves lipid profiles
and boosts antioxidant capacity, thereby reducing
cardiovascular risk factors. Additionally, the
mediating role of fetuin A in these exercise-induced
changes warrants special attention. The findings of
this meta-analysis indicate that aerobic exercise
reduces fetuin A levels and improves lipid profiles,
including reductions in TC, TG, and LDL, along with
an increase in HDL among obese individuals with
T2D. Therefore, incorporating aerobic exercises such
as brisk walking and cycling into the daily routines of
obese and diabetic individuals is recommended to
promote health.
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2. hormone sensitive lipase
3, Lecithin—cholesterol acyltransferase
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