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Abstract

Background& purpose: Overweight and obesity are related to many diseases. Leptin and
acylated ghrelin hormones play a role in regulating energy balance. Physical activity can
improve leptin and acylated ghrelin in humans. The aim of the present study was the effect of
aerobic exercise on leptin and acylated ghrelin in overweight and obese people. Methods: A
systematic search of English and Farsi articles published in PubMed, Web of Science, Scopus,
Sid and Magiran databases was conducted until January 2024. The present meta-analysis was
conducted to investigate the effect of aerobic exercise on leptin and acylated ghrelin in
overweight and obese people. Mean difference and 95% confidence interval (CI) were calculated
using random effect model. Heterogeneity was evaluated using the (12) test, and publication bias
was evaluated by visual analysis of the funnel plot and Egger's test. Results: In total, 33 studies
on 1157 overweight and obese subjects, which were meta-analyzed, the results showed that
aerobic exercise in overweight and obese subjects caused a significant decrease in leptin with
the mean weight difference of -0.33 mg/dL (p=0.001) and the significant increase of acylated
ghrelin was compared to the control group by the weighted mean difference of 0.48 mg/dL
(p=0.002). Conclusions: The results showed that aerobic exercises with a significant effect on
reducing leptin and increasing acylated ghrelin can be a suitable and efficient method to regulate
appetite in overweight and obese people
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Extended abstract

Background: Overweight and obesity are the result of a disturbance in the regulation of energy balance. Energy balance
is a complex process that can be regulated through central and peripheral factors. In this connection, leptin and ghrelin
hormones play an important role in regulating the balance of energy intake and consumption. Today, exercise is
recommended as a non-drug method without side effects to prevent and treat obesity and improve health. And in this
regard, it seems that aerobic exercise can change the plasma levels of leptin and ghrelin in favor of appetite regulation
and weight control by creating a negative energy balance. In this regard, leptin is a hormone derived from adipose tissue
that suppresses appetite, and on the contrary, ghrelin is a hormone derived from the stomach that stimulates appetite.
Therefore, the aim of our study was to investigate the effect of aerobic exercise on leptin and ghrelin levels in overweight
and obese people.

Materials and Methods: Our research method was systematic review and meta-analysis based on Cochrane and Prisma
guidelines. In this meta-analysis, by searching keywords in PubMed; Web of Science databases; Scopus; Sid and Magiran,
all English and Farsi articles published until 2024 that were related to the research title "Effect of aerobic exercise on
levels of leptin and acylated ghrelin in overweight and obese people"; was studied. Then, in Google Scholar, the list of
sources of extracted articles and articles citing them were checked. In this meta-analysis, randomized clinical trial (RCT)
and non-randomized studies (NRS); studies conducted on overweight and obese people; Studies examining the effect of
aerobic exercise against the control group; Studies measuring leptin and acylated ghrelin were among the criteria for
entering the research. The evaluation of the quality of the articles was done using the criteria in the 10-question scale of
PEDro. In this study, the mean, standard deviation and sample size were used for statistical analysis. Data analysis was
done using random effect model and mean difference and 95% confidence interval was considered. To determine the
inconsistency or heterogeneity of the studies, the test (I2) was used, according to Cochran's instructions, the amount of
heterogeneity is as follows: low heterogeneity (less than 25%); mild heterogeneity (25 to 50 %); Moderate heterogeneity
(50 to 75%) and high heterogeneity (more than 75%) were interpreted. In the absence of heterogeneity, in the continuation
of the sensitivity analysis through the leave one-out method, considers (I?) less than 25% as a criterion. Publication bias
was assessed using visual interpretation of the funnel plot. If bias was observed, Egger's test was used as a secondary
determining test and in that significance level equal to 0.1 was considered as a significant publication bias.

Findings: From a total of 33 studies; In 23 leptin intervention studies; In 6 studies of ghrelin intervention and in 4 articles
both leptin and ghrelin intervention were meta-analyzed as main variables. The total subjects included in the meta-analysis
study were 1157, of which 625 subjects were in the aerobic exercise group and 532 subjects were in the control group.

All the subjects were inactive and the control group did not have any physical activity in all the studies. The statistical
sample size in the studies was between 12 and 173 people. The duration of each aerobic training session was between 16
and 36 minutes and a maximum of 60 and 90 minutes, and the intensity of acrobic training was between 25 and 40% and
between 100 and 110% of the maximum heart rate. Aerobic exercises in overweight and obese people caused a significant
decrease in leptin to the extent of the weighted average difference of -0.33 (between -0.19 and -0.47) mg/dL (p=0.001);
compared to the control group. Heterogeneity was investigated using (I2) test and the results showed that there is a high
and significant heterogeneity (P=0.001; [2=85.83). Aerobic exercises in overweight and obese people caused a significant
increase in acylated ghrelin with a mean weight difference of 0.48 (between 0.17 and 0.78) mg/dL (p=0.002) compared
to the control group. . Heterogeneity was investigated using (I2) test and the results showed that there is a high and
significant heterogeneity (P=0.001; 12=97.40). Aerobic exercises in overweight and obese people cause significant weight
loss as the difference in average weight is -0.33 (between -0.49 and -0.17) and (p=0.001); compared to the control group.
Heterogeneity was investigated using (12) test and the results showed that there is low and non-significant heterogeneity
(P=0.637; 12=0.000). Aerobic exercises in overweight and obese people cause a significant decrease in body mass index
as much as the difference in weight average -0.63 (between -0.78 and -0.47) and (p=0.001); compared to the control
group. Using the (I2) test, the heterogeneity was investigated and the results showed that there is a high and significant
heterogeneity (P=0.001; 12=89.46). Aerobic exercises in overweight and obese people cause a significant decrease in
body fat percentage as much as -0.98 difference in average weight (between -1.16 and -0.81) and (p=0.001); compared to
the control group. Using the (I12) test, the heterogeneity was investigated and the results showed that there is a high and
significant heterogeneity (P=0.001; 12=80.24).

Discussion: The results of 33 studies on 1157 subjects indicated that performing aerobic exercises caused a significant
decrease in leptin levels and an increase in acylated ghrelin in overweight and obese subjects compared to the control
group. We also found that performing aerobic exercises; It significantly reduces body weight, body mass index and body
fat percentage of trained subjects compared to the control group. Whether the reduction of body weight, body mass index
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and body fat percentage is related to leptin and acylated ghrelin levels in overweight and obese people; It is a subject that
is not the purpose of our study and needs further investigation. But it is believed that the regulation of blood leptin
concentration is mainly affected by the change in energy balance; Because with the occurrence of energy deficit, the
metabolic pathways effective in the regulation of leptin gene expression are activated and the concentration of leptin is
adjusted by reducing the flow of glucose in fat tissue and harvesting it by fat cells.

Article message: If performing aerobic exercises can create a negative energy balance; By reducing weight, body mass
index and body fat percentage and improving body composition, it can lead to stable health and cause a decrease in leptin
and an increase in acylated ghrelin in overweight and obese people. Therefore, it seems that regular aerobic exercise is
recommended as a non-pharmacological and effective solution to improve and regulate leptin and acetylated ghrelin levels
and regulates appetite in overweight and obese people.
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Meta Analysis

Doy neeme 20P8es tor opch sty 2 SO i moans ang PINCE
Swae  Sndard Lower  Upper
n means -ror Vanaace it imit  Z-Value pValue

Hemmat Sheharab ot ol 2022 2515 ons 0512 3917 1113 3516 0.000 —
Nazart ot al, 2022 0.202 0 300 0134 0920 0515 0553 0.580 —
Rezsel otad, 2022 2.515 ors 0512 3917 4113 38516 0000 pome—
Khaovart otal, 2021 8 0.240 0.540 0302 1317 0837 0437 006062 ——
Khaovan etal, 2021 b 0200 0540 0307 080T 1200 0.382 o.ros e
Avazpour & Amini, 2021 a 0321 0501 0313 1421 0770 05172 0ser ——
Avazpour & Amini, 2021 b -0 343 0005 0388 13528 0842 0507 osro ——
Zaminatshan et al, 2020 1.342 045 0243 0372 23%2 271 0007 _
Rostamizadeh etal, 2019 -0 403 0407 0166 1200 03953 090 0322 S—
Sayedi & Shabani, 2018 0 792 o3 0144 13535 0048 2088 o037 =
Jung & Song, 2018 0.383 0454 0.206 1272 0506 0845 O308 —_—
Bahwam & Powevaghar, 2018 2532 0.600 0.300 3700 1356 4210 0000 Srmmg—.
Raci otal, 2016 A -2 064 0539 0200 3120 1008 -3830 0000 S——
Raciletal 2010 A0 -2.090 054 0293 2071 0048 -ATH2 0 000 —
Raciletal 2016 8-> -1,801 o4 0978 2327 0673 -Aas%02 0 000 —
Racitetal 201660 2137 04063 0213 3045 1228 4010 0 000 —l—
Sestwaetal 20100 0303 0309 0136 10806 030%¢ 0083 0320 —
Vasconoelios etal, 2016 0043 O 447 0200 9920 0834 0000 0923 ——
Jatari atal, 2016 -0 981 0 235 0442 1636 0325 2930 0003 g
Mollanowruszi otal, 2018 s o410 050 0.207 05006 1428 0.808 oan e
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0997 o 0008 0811 0430 D0 0529 —-—
Soremd etal, 2012 0.047 o428 0983 D887 0702 D010 oo ——
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Haghigh' etal, 2012 0 280 0440 0202 1101 000t D023 0533 ——r
Balagopal etal, 2010 0.190 0519 0200 1207 0820 0307 0714 ——
Vandoostetad, 2010 -3.005 0.704 0583 5102 2108 4T2% 0.000 ———
Karacabey, 2000 -1.083 0350 0.115 1747 0420 3100 0.001 .
Park otal, 2007 0442 0320 0.103 1070 O0.180 -1.380 0168 —
Keolty ot ad, 2007 £.170 0400 0292 1072 0732 030 on2 S—
Schubertetal, 2005 0 000 0152 0023 0298 0200 0 000 1000

-0 334 oon 0003 D473 0190 4730 0.000 .T
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Meta Analysis

Study name Statistics for each shudy St diffin means and 05%CI

Siddiff Standard Lower

inmeans  emor  Variance  limit limit  Z-Value p-Value
Babaei etal, 2022 2.300 0608 0370 1116 3501 3704 0.000 —a—
Azali Alamdari etal, 2010 a 1320 0500 0350 0155 2504 2M0  0.026 ——
Azali Alamdari etal, 2019 b 0.707 0563 0347 0306 1810 1256 0200 -
Esmaieli etal, 2018 0.307 0503 0253 0670 1203 0611 0.5H -
Ebrahimpour & Irandoust, 2016 3.380 0.501 0340 2232 4547 65730 0.000 —i
Maollanovruzi etal, 20162 -0.452 0.517 0.267  -1.466 0561 0874 0382 -
Mollanovruzi etal, 2016 b 0.528 0523 0274 0407 1553 1040 0313 -
Tofighi etak, 2014 3.186 0658 0433 1807 4476 4844 0.000 -1
Saremi etal, 2012 -0.303 0431 0185 1147 0541 0703 0482
Eizadi etal, 2012 -1.076 0.3 0153 184 D310 2754 0.008 L
Balagopal etal, 2010 -0.063 0518 0268 1077 0852 0121 0004
Schubertetal, 2005 -158.728 8.535 72830 -175.455 142000 -18.508 0.000
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Meta Analysis
Study name Statistics for each study Std diff in means and 95%4Cl
St diff Standard Lower Upper
inmeans error Variance limit limit Z-Walue p-Value

Hemmati Shekarab etal, 2022 -0.062 0.535 0.286 -1.110 0986 0117 0.907
Babaei etal, 2022 -0.033 0.471 0.222 0957 0.801 0070 0044
Khanvari etal, 2022 a -0.269 0.550 0.302 -1.346 0800 -0.488 0.625
Khanvari etal, 2022 b -0.078 0.548 0.300 -1.152 0996 -0.142 0.887
Avazpour EAmini, 2021 a 0.015 0.558 0.311 1109 4.078 -0.028 0.o78
Avazpour &Amini, 2021 b -0.009 0.601 0.361 -1.187 4.160 -0.045 0.088
Rostamizadeh etal, 2019 -0.709 0.415 0.172 -1.523 0.104 -1.709 0.088
Sajedi & Shabani, 2018 0144 0.366 0.134 0861 0572 -0395 0.603
Jung & Song, 2018 -0.467 0.455 0.207 -1.360 0.426 -1.025 0.305
Bahram & Pourvaghar, 2018 -2.168 0.564 0.318 -3.273 -1.064 -3.848 0.000 ——
Esmaieli etal, 20118 -0.351 0.490 0.240 -1.311 0600 0717 0.474
seabraetal, 2016a -0.166 0.319 0.101 -0.790 0.458 -0.521 0.602
seabraetal, 2016 b -0.036 0.318 0.101 -0.660 0.587 -0.114 0900
Vasconcellos etal, 2016 -0.088 0.447 0.200 0965 0.780 0196 0.845
Mollanovruzi etal, 2013 -0.263 0.225 0.050 -0.703 0178 -1.160 0.242
nemetetal, 2013 -0.212 0.313 0.008 -0.826 0402 -0.676 0.400
Saremi etal, 2012 0197 0.420 0.184 -1.030 0644 -0.460 0.645
zoori etal, 2012 -0.007 0.578 0.334 -1.220 1.035 -0.168 0.866
Haghighi etal, 2012 -0.334 0.450 0.203 -1.217 0.540 -0.742 0458
Eizadi etal, 2012 -0.909 0.384 0.147 -1.660 -0.157 -2.369 0.018 ——
Irandoast etal, 2010 -0.563 0.481 0.231 -1.505 037 14171 0.242
karacabey etal, 2000 -0.685 0.325 0106 -1.323 -0.047 -2405 0.035 ——
park etal, 2007 -0.569 0.323 0.104 -1.202 0.064 -1.761 0.078
kelly etal, 2007 0.036 0.460 0.211 -0.865 0936 0.078 0.038

-0.339 0.082 0.007 0490 0178 4436 0.000 &

-5.00 -2.50 0.00 2,50 5.00
Favours Aerobic Exercise Favours Control
Meta Analysis
Bl 9 ()9 a8LSI glylo o1,81 3o 439 » (53led Ly poi 1 (Forest plot) cubilil Hloges —F JSC&
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Meta Analysis

Study name Statistics for each study Std diff in means and 05%.Cl
Sid diff Standard Lower Upper

in means ermor Variance limit limit Z-Value p-Value
Hemmati Shekarab etal, 2022 1.460 0.602 0.362 0.281 2.640 2428 0015 E o
Mazari etal, 2022 0.6 0.365 0133 0.732 0700 -0.043 0065
Rezaei etal, 2022 -0.834 0.557 0311  -1927 0258 -1.407 0134
Bahaei etal, 2022 0410 0.476 0227 -1.343 0524 0860 0300
Khanvari etal, 2022 a -0.057 0.548 0.300 -1.131 1016 0105 0.7
Khanvari etal, 2022 b 0.243 0.550 0302 -0.834 1.320 0.442 0653
Avazrpour &Amini, 2021 a 0.010 0.558 0.311  -1.083 1403 0.018 0086
Avazrpour &Amini, 2021 b -0.008 0.601 0361 -1486 41470 -0.013 0080
Zaminafshan etal, 2020 0.960 0.472 0.223 0.034 1.886 2033 0042
Rostamizadeh etal, 2019 =1.044 0.420 0184 -1.885 -0.203 -2.432 0.015
Azali Alamdari etal, 20102 -0.260 0.550 0302 -1.337 0818 -0473 0636
Azali Alamdari etal, 2010 b -0.621 0.550 0,313 A.T7 0476 -1.110 0.267
Sajedi & Shabani, 2018 0471 0.366 0.134 -0.888 0.546 -0.466 0641
Jung & Song, 2018 -0.760 0.465 0216 -1.671 0152 -1.633 0103
Bahram & Pourvaghar, 2018 -1.645 0.547 0.268 -2.650 -0.631 -3.170 0.001 =
Ezmaieli etal, 2018 2017 0.6097 0.486 4284 -1.550 4183 0.000 -
Racil etal, 2016 a- -7.600 1.100 1.437 -10.040 -5350 -6.424 0.000 -Hi—
Racil etal, 2016 b- -7.673 1.219 1.485 -10.062 -5.285 -6.206 0.000 -Hi—
Racil etal, 2016a -14.446 1.572 2473 -17.528 -11.364 0187 0.000 —i—
Racil etal, 2016 b -7.264 0.971 0043 0167 -5361 -7.480 0.000 Hl—
seabraetal, 2016a 0.120 0.387 0150 -0.888 0620 0.334 0738
seabraetal, 2016 b -0.082 0.318 o101 0706 0541 0250 0.706
Vasconcellos etal, 2016 0.104 0.448 0.200 0773 0.081 0.232 0817
Mollanovruzi etal, 2013 -0.316 0.225 0051 0757 0125 -1.405 0160
El- Kader etal 2013 -2.438 0.205 0087 -3.016 -1.850 -8.258 0.000 ]
Saremi etal, 2012 -0.253 0.430 0185 -1.005 0500 -0.588 0.557
soori etal, 2012 -0.239 0.579 0336 -1.375 0807 0413 0680
Haghighi etal, 2012 -0.304 0.452 0204 -1.270 0404 -0872 0383
Eizadi etal, 2012 -1.098 0.392 0153 -1.866 -0.331 -2804 O0.005
Irandoost etal, 2010 -0.595 0.482 0232 -1.530 0349 12368 O0O.HM7
park etal, 2007 -0.646 0.325 o105 -1.282 -0.000 -1.080 0.047
kelly etal, 2007 0.044 0.450 0.241 -0.860 004 0089 0029

-0.631 0.079 o006 -0.787 -0.476 -7.052 0.000 *
-18.00 -0.00 0.00 o.00 18.00

Favours Aerobic Exercise  Favours Control

Meta Analysis

Bl 9 (339 A8LSI (10 81,31 55 oy 0098 asled w (53led Wlo woi | (Forest plot) culolal jlog0s -0 JSCi

Meta Analysis

Study name Statistice for each study Std diff in means and 95%.Cl
Std diff Standard Lower Upper

in means error Variance  limit limit Z-Walue p-Value
Mazari etal, 2022 0.028 0.365 0.133 0688 0743 0076 0940 ——
Rezaei etal, 2022 -0.647 0.548 0.301  .721 0.428 -1.180 0.238 ——
Khanvari etal, 2022a -0.939 0.574 0.320 -2.064 0.186 -1.636 o102 —{—
Khanvari etal, 2022 b -0.872 0.576 0.332 2101 0156 -1.680 0.004 ——
Avazpour & Amini, 2021 a -58.010 12.865 165501 -03.224 42705 -5.287 0.000
Avazpour & Amini, 2021 b 56.838 11.163 124613 34950 78717 5.002 0.000
Zaminafehan etal, 2020 -0.680 0.460 0.212  -1.581 0.222 -1.478 0139 ——
Rostamizadeh etal, 2019 -0.468 0.408 0.167 -1.268 0332 -1.146 0.252 —
Sajedi & Shabani, 2018 -0.407 0.369 0136 1130 0316 -1.103 0.270 —
Jung & Song, 2018 -0.383 0.454 0.206 -1.272 0506 -0.845 0.398 ——
Bahram & Pourvaghar, 2048 -2.707 0.619 0.383 -30920 1404 4373 0000 —_—
Racil etal, 2016 a- -2.445 0.571 0.326 -3.565 -1.326 -4.284 0.000 ——
Racil etal, 2016 b- -2.163 0.554 0.307 -3.240 1077 -3.004 0.000
Racil etal, 2016a -1.836 0.373 0130 -2568 1104 4947 0.000 i
Racil etal, 2016 b -0.084 0.398 0158 -1.764 D205 -2475 0.3 ——
seabra etal, 2016 a -0.785 0.308 0.158 -1.5685 -0.005 -1.973 0.049 ——
seabra etal, 2016 b -0.779 0.320 0.108 -1.423 0135 -2370 0018 ——
Mellangvruzi etal, 2013 -1.002 0.273 0.07% -2.528 -1.456 -7.283 0.000
Saremi etal, 2012 -0.135 0.420 0.184 0975 0.705 -0.315 0.753 —_——
soori etal, 2012 -1.096 0.619 0.383 -2310 017 T 0.077 r
Haghighi etal, 2012 -1.926 0.541 0.203 -2087 0866 -3.560 0.000
Eizadi etal, 2012 -1.223 0.398 0.158 -2.003 0443 -3.074 0.002
Irandoost etal, 2010 -0.067 0.472 0.222 0901 0.858 014 0.888
park etal, 2007 -0.962 0.334 0112 1618 0307 -2877 0004 ——
kelly etal, 2007 -0.087 0.460 0.211 -0.088 0814 -0.190 0.840

-0.088 0.089 0.008 -1.161 -0.814 -11.135 0.000 *
-4.00 -2.00 0.00 2.00 4.00

Favours Aerobic Exercise  Favours Control

Meta Analysis
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