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Introduction: Childhood obesity is associated with increased inflammation and metabolic
disorders, such as elevated tumor necrosis factor-alpha (TNF-o) levels and adverse changes in
the lipid profile. Aerobic exercise, as a non-pharmacological intervention, may help improve
these indicators. This meta-analysis was conducted to examine the effects of aerobic exercise
on the lipid profile and TNF-a levels in overweight and obese children and adolescents.

Materials & Methods: A comprehensive search of databases such as PubMed, Web of Science,
Scopus, Magiran, Noor Mags, Google Scholar, and SID was conducted to review all articles
published from inception to June 29, 2025. In this systematic review, types of aerobic exercise
such as running, cycling, treadmill, and group exercise were examined. To understand the
effect of aerobic exercise on blood lipids (such as HDL, LDL, total cholesterol, and
triglycerides) and TNF-a levels, data on children and adolescents aged 6 to 18 years who were
overweight or obese were analyzed with CMA version 2 software, and weight mean difference
(WMD) and 95% confidence intervals were calculated.

Results: The meta-analysis comprised 25 studies, including 29 aerobic exercise interventions,
with a total of 840 overweight and obese children and adolescents (both genders). The findings
indicated that aerobic exercise was correlated with a notable increase in HDL (P = 0.026,
WMD = 2.740 mg/dl, 95% CI: 0.323 to 5.158) and substantial decreases in TNF-a (P = 0.005,
WMD = -0.495 pg/ml, 95% CI: -0.840 to -0.150), LDL (P = 0.001, WMD = -8.795 mg/dI,
95% CI: -12.871 to -4.718), TC (P = 0.002, WMD = -11.287 mg/dl, 95% CI: -17.599 to -
4.976), and TG (P = 0.001, WMD = -23.72 mg/dl, 95% CI: -34.419 to -13.030) in comparison
to the control groups.

Conclusion: Aerobic exercise improves blood lipids and reduces TNF-a levels in overweight
or obese children and adolescents. This effect has been seen most in programs that last about
4 to 20 weeks and are performed two to four times a week at moderate to vigorous intensity.
In short, aerobic exercise is a simple and safe way to improve health and metabolism in this
age group.
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Introduction

From a pathophysiological perspective,

through necrosis and apoptosis (1). On the other
hand, overweight and obese children and
adolescents commonly exhibit disturbances in

obesity is associated with increased tumor
necrosis factor-alpha (TNF-a), an inflammatory
cytokine. This molecule, secreted by immune
cells, fibroblasts, and adipose tissue, plays a role
in chronic inflammation, insulin resistance, and
metabolic disorders; it is also involved in
pathological conditions by impairing insulin
signaling pathways and inducing cell death
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their lipid profiles. These disturbances include
elevated low-density lipoprotein (LDL) and
triglycerides (TG) and decreased high-density
lipoprotein (HDL), all of which are recognized as
significant risk factors for cardiovascular diseases
(2). Overweight children generally have higher
levels of LDL and TG and lower levels of HDL
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compared to their normal-weight peers (3). The
combination of increased waist circumference,
total cholesterol, TG, and LDL along with
decreased HDL in these children further elevates
the risk of metabolic diseases (3). One of the best
non-drug approaches to stopping and treating
obesity and its effects is regular exercise,
especially aerobic exercise (4). Aerobic exercise
is crucial for heart health and metabolism because
it helps the body burn fat, increases insulin
sensitivity, and reduces inflammation. But
modern lifestyles, lack of exercise, and constant
use of technology have made children less active
(5). In addition, issues such as limited time and
lack of motivation have led some studies to focus
on high-intensity interval training (HIIT) as an
alternative method (5).Thus, this meta-analysis
was conducted to examine the effects of aerobic
exercise on the lipid profile and TNF-a levels in
overweight and obese children and adolescents.

Methods

A comprehensive search was conducted in
electronic databases, including PubMed, Web of
Science, Scopus, Magiran, Noor Mags, Google
Scholar, and SID, for articles published from
inception to June 29, 2025. The studies included
in this systematic review reported various types of
aerobic exercises, such as running, cycling,
treadmill training, and group exercise programs.
To determine the effect size of aerobic exercise on
the lipid profile (high-density lipoprotein [HDL],
low-density lipoprotein [LDL], total cholesterol
[TC], and triglycerides [TG]) and plasma levels of
TNF-a in overweight and obese children and
adolescents aged 6 to 18 years, the weighted mean
difference (WMD) and 95% confidence interval
(CI) were calculated using Comprehensive Meta-
Analysis (CMA) software, version 2.

Results

In total, 25 studies (including 29 aerobic
exercise interventions) involving 840 overweight
and obese children and adolescents (both boys and
girls) were included in the meta-analysis. The
results showed that aerobic exercise was
associated with a significant increase in HDL (P =
0.026, WMD = 2.740 mg/dl, 95% CI: 0.323 to
5.158) and significant reductions in TNF-a (P =
0.005, WMD = -0.495 pg/ml, 95% CI: -0.840 to -
0.150), LDL (P = 0.001, WMD = -8.795 mg/dl,
95% Cl: -12.871 to -4.718), TC (P = 0.002, WMD
=-11.287 mg/dl, 95% CI: -17.599 to -4.976), and
TG (P =0.001, WMD = -23.72 mg/dl, 95% CI: -
34.419 to -13.030) compared with the control

groups.

Conclusion

The results of this meta-analysis clearly
show that aerobic exercise, whether continuous or
intermittent, significantly improves blood lipids
and reduces TNF-a (an inflammatory factor)
levels in obese or overweight adolescents. This is
very important, because it shows that aerobic
exercise can lower bad cholesterol (LDL) and
total cholesterol (TC) levels, and in turn increase
good cholesterol (HDL). In other words, regular
exercise of this type of exercise reduces the risk of
metabolic diseases in these individuals and
improves their metabolic status. In conclusion, it
can be said that aerobic exercise, whether
continuous or intermittent, is a safe and drug-free
method to control metabolic and functional
problems in this group of adolescents. Therefore,
it is recommended that these types of exercises,
under the supervision of sports trainers and health
professionals, be included in adolescent obesity
prevention and treatment programs to improve
overall health and reduce the complications of
obesity.
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Meta Analysis

Model  Study name Statistics for each study Difference in means and 95% C|

Difference  Standard Lower Upper
inmeans  emor  Variance limit  fimit Z-Vahe p-Vake

Pena etal 2022 -0.200 0.026 0001 -0351 -0249 -11619 0000
Nambietal 2022 -0.200 0.037 0001 -0273 -0127 -5367 0.000
Habibian et al 2021 0230 0074 0005 -0374 -0086 -3122 0002
Livetal 2017 -0.140 0.051 0003 -0240 -0040 -2745 0.006
Ramezani & Akban, 2017 1110 0.014 0000 -1138 -1082 -7735%9 0000
Vasconcellos et al 2016 -0100 0696 0484 -1464 1264 -0144 0886
Ghorbanian & Ghasemnian, 2016 1410 0.095 0009 -1596 -1224 -14893 0000
Kazemi & Shahrokhi, 2016 -1.0%0 0.097 0009 -1280 -0900 -11220 0000
Rahmati et al 2016 -0.240 0.025 0001 -0290 -019%0 9414 0000
Kelly etal 2007 0100 0105 0011 -0107 0307 0849 0342
Random -0495 0176 0031 -0840 -0150 -2814 0005
-400 200 0.00 200 400
Aerobic Exercise Control
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Meta Analysis
D
* ]\’ Model  Study name Statistics for each study Difference in means and 95% CI
' l Difference  Standard Lower  Upper
3 ' inmeans eror  Varance  limit limt  Z-Valve p-Vale
) Safarbeigietal 20242 14400 7372 54249 -0049 28849 1953 0051 —
%} Safarbeigietal 2024b 9.400 6363 40489 3071 21871 1477 0140
= Arabmomeni & Abdellah Hamid, 2023 1700 9068 82235 -16074 19474 0187 0851
Y Valipoor etal 2022 5320 2855 14860 -2235 12875 1380 0168
%5 Khalitahmasebi et al, 2022 -20380 4551 20714 -38300 -20460 -64SS  0.000 —B
2 Mengetal 20223 3860 4407 19419 -ATT7 12497 0876 0381
ay Mengetal 2022b 3870 4729 22363 13139 5399 -0818 0413
2, Habibian et al, 2021 5A% 2540 6450 0512 10468 2162 003 -
—:3 Ahmadi et al 2020 4670 3286 10801 1771 1 1421 0155
:{.} Haghshenas, 2020 3080 2590 6709 1997 8157 1189 0234
Valipooretal 20203 4930 6176 38147 7475 17035 0798 0425
9 Valipooretal 2020 b 3880 4305 18531 -4557 12317 0901 0367
a Plavsic etal, 2020 0780 3247 10541 -5583 7143 0240 0810
—i Mohammadi etal 20192 0870 6111 37344 1107 12847 0142 0887
N Mohammadietal 2019 b 2280 6416 41162 -10295 14855 0355 0722
7 Letal 2017 6960 3077 9467 0920 12991 2262 0024 ——-
A Vasconcellos etal, 2016 -4200 5573 31060 15122 6723 -0754 0451 —E—
j Ghorbanian & Ghasemnian, 2016 4350 2256 5087 5771 3071 -0599 0549 -t
N Kazemi & Shahrokhi, 2016 1440 1722 2964 1935 4815 0836 0403
'?) Farzanegietal 2016 6890 2038 9227 0936 12844 2268 0023 ——
Ramezani etal 2016 9470 1620 2625 6295 12645 5845 0000 E 3
Rahmatietal 2016 0430 0515 0266 -1440 0580 -0834 0404 [ ]
Goodarzi etal 2015 4000 3122 9745 -2118 10018 1281 0200 -+
Ghorbanian etal 2015 SBH 2029 415 1864 9516 2879 0004 L
Monteiro etal 2015 9500 2361 11297 3002 16178 2853 0004 -
Random 2740 1233 1521 0323 5158 2222 0026 3
-45.00 -2250 000 2250 4500
Control Aerobic Exercise
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Meta Analysis

Model  Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
inmeans emor  Varance  limit limit  Z-Valve p-Vale

Safarbeigietal 20242 36600 16134 260302 -68222 -4978 -2269 0023 ——
Safarbeigietal 2024 b 16400 20543 421997 -56662 23863 0798 0425
Arabmomeni & Abdeliah Hamid, 2023 5840 24950 1221497 74341 62661 -0167 0867
Valipoor etal 2022 12670 B0SS 64879 -28457 M7 1572 OM6
Khalitahmasebi etal 2022 7740 7639 58349 22712 7232 1013 03N
Mengetal 20223 7740 6709 45008 -20889 5409 1154 0249
Mengetal 2022b 15470 7937 62996 -31026 0086 -1949 0051 —
Habibian etal, 2021 -20220 5895 34754 31775 -8665 -32430 0001 -
Ahmadietal 2020 1780 6869 47182 11683 15243 0259 079 _:—
Haghshenas, 2020 -6710 8112 65807 -22610 910 -0827 0408
Valipoor etal, 20203 12960 8326 69330 -30280 2360 1677 0094 —JE—
Valipooretal 2020b 7320 9394 88246 35732 1092 1844 0065 —
Plavsic etal 2020 41210 7100 50408 -25426 2706 1579  OA14 -
Mohammadietal, 20193 20300 6634 44007 13302 12702 -0045 0964 :::
Mohammadietal 2019 b 0880 7294 53209 15477 13417  -0121 0904
Livetal 2017 16240 6909 47739 -20782 -2698 -2350 0019 -
Vasconcellos etal 2016 9500 10909 119004 11881 30881 0871 0384 ——
Ghorbanian & Ghasemnian, 2016 6620 10959 120106 -14850 28110 0605 0545 T—
Kazemi & Shahrokhi, 2016 -2.090 5019 25195 11928 7748 -0416 0677
Farzanegietal 2016 4040 1452 124365 -35997 777 1268 0205 ——
Ramezanietal 2016 79670 17834 318061 114625 -44715 -4467 0000 ——
Rahmatietal 2016 5640 1252 1567 -8094 -2186 -4505 0000
Goodarzietal 2015 13120 10577 111866  -7.610 233850 1240 0215
Ghorbanian etal 2015 -12.220 1184 125072 34149 9689 1094 0274
Monteiro et al 2015 15660 9407 88495 -24098 2778 1665  0.096

Random 8795 2080 4325 12871 -AT18 -4229 0000 4

-12000 -65.00 000 65.00 120.00
Aerobic Exercise Control
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Meta Analysis
e
B
N Model  Study name Statistics for each study Difference in means and 95% CI
} Differernce  Standard Lower  Upper
’-) inmeans emor  Varance  limit limit  Z-Valve p-Vale
4, Safarbeigietal 20242 -25790 16325 266509 -S7787 6207 1580  OMd
= Safarbeigietal 2024 b 5390 27855 77519 -59985 49205 0193 0847
Y Arabmomeni & Abdellah Hamid, 2023 4340 5148 26498 1429 8749 -0260 0795
5 Valipoor etal 2022 10580 9551 91226 -29300 8140 1108 0268
;‘5 Khalitahmasebi et al 2022 46220 7339 52862 -30604 -1836 -2210 0027 -
Ty Mengetal 20222 7720 10238 104828 27787 12347 -0754 041
) Mengetal 2022b 49320 12870 165635 -44545 5905 1501 0433
3.:. Habibian et al 2021 -26760 8188  67.051 -42809 -10711 -3268  0.001 -
Ahmadietal 2020 40660 9426 88852 -29135 7AIS 1131 0258
3 Haghshenas, 2020 44390 9611 92378 23228 A4 1497 014
Plavsic etal 2020 4640 BOSS 6480 -20428 11148 -0576 0565
—5}\ Mohammadietal 2019 -2580 8687 75464 19606 14446 -0207 0766
V)] Mohammadi etal 2019b 7750 9184 84341 25750 10250 -0844 0399
A Liuetal 2017 -22980 9700 94093 -42992 -4968 -2472 0013 B
j Vasconcellos etal 2016 35100 11658 135916 12250 S7950 300 0003 ——
R Ghorbanian & Ghasemnian, 2016 -4620 13578 184374 -31233 2993 -0340 0734 _—:—_
1.3 Farzanegietal 2016 4470 20048 401905 43763 34823 -0223 0824
: Ramezanietal 2016 90390 19510 2380628 128628 -52152 -4633 0000 ——
Rahmatietal 2016 49160 1021 1043 2161 17459 -18765 0000 |
Goodarzietal 2015 13840 11899 W15 -0482 M6 1163 0245 +EB—
Ghorbanian etal 2015 -22600 12878 165840 -48840 1640 1833 0067 —
Monteiro etal 2015 9190 9960 99198 -287M1 10331 -0922 0356
Random 1287 3220 10371 17599 -4976 -3505 0000 ¢
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Standard Error

Meta Analysis
Model  Study name Statistics for each study Difference in means and 95% C|
Difference  Standard Lower  Upper
inmeans emor  Varance  limit imit  Z-Valve p-Vake

Safarbeigietal 20243 -24800 15869 251827 55903 6303 1563  OM8
Safarbeigietal 2024b -23800 22188 492321 -67288 19688 1073 0283
Arabmomeni & Abdellah Hamid, 2023 9360 30947 957739 -70016 51296 -0302 0762
Valipoor et al 2022 47670 12033 144792 -41254 5914 1468 0142 —
Khalitahmasebi et al 2022 -57570 8370 70056 -73975 -41165 -6878 0000 -B-
Mengetal 20222 -35420 18531 343410 -TI741 0901 1911 0056 —E—
Mengetal 2022b -26550 2709 734189 -79657 26557 -0980 0327 &
Habibian et al, 2021 14290 5606 31428 -25278 -3302 -2549 00N L 3
Ahmadietal 2020 -24880 12956 194763 -52233 2473 1783 0075 —i—
Haghshenas, 2020 -28480 1939 376195 66495 9535 1468 0142 ——
Valipoor etal 20202 19440 13692 18TAT1 -46276 7396 1420 0156 —+
Valipoor etal 2020b 18360 15657 245442 -49047 12327 1473 0241 ——
Plavsic etal 2020 7960 9362 87650 -26309 10389 -08S0 0395
Mohammadietal, 2019 3250 8294 68783 -19505 13005 -0392 0695
Mohammadietal 2019 b -3000 8334 69449 19334 13334 -0360 0719
Livetal 2017 -42510 9247 85500 -60.63 -24387 -4507 0000 -
Vasconcellos etal 2016 0900 23575 555760 -45305 47105 0038 0970
Ghorbanian & Ghasemnian, 2016 51790 26359 694812 0127 103453 1965 0049 t—
Kazemi & Shahrokhi, 2016 2200 6495 42180 -14929 10529 -0339 0735
Farzanegietal 2016 11900 36172 1308414 -B2796 58996 -0329 0742 4
Ramezani etal 2016 100990 18835 354755 -137.906 -64074 -5362 0000 —1
Rahmatietal 2016 3500 1397 1951 0763 6237 2506 001 | |
Goodarzietal, 2015 72920 13446 180806 -99274 -46566 -5423 0000 —
Ghorbanian etal 2015 -55070 32769 1140357 -121256 11116 1631 0103 =
Monteiro et al, 2015 -51450 14586 212739 -80037 -22863 3527 0000 —

Random -23725 5456 29773 34419 -13030 -4348 0000 E
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