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                     Abstract 
  Background     Omentin-1 has been acknowledged as an anti-infl ammatory and insulin-sensitizing marker, which is mainly 

expressed in adipose tissue. Exercise training is a therapeutic intervention that can possibly improve and modify circulating 

Omentin-1 levels. 

   Objective     To determine the eff ects of exercise training on circulating Omentin-1, glycemic control, and body composition 

in adult population. 

   Data sources     Four electronic databases and reference lists of included articles were searched until February 5, 2023. The 

eff ect size of outcomes was summarized by calculating the mean diff erence (MD) with 95% confi dence interval (CI). 

   Results     Ten RCTs comprising 385 participants were included. The overall model revealed that exercise training increased 

Omentin-1 compared to the control (MD = 3.57 ng.ml; 95% CI, 1.80 to 5.34 ng.ml;  p  < 0.001). Subgroup analysis by exercise 

modalities revealed signifi cant increases in Omentin-1 after isolated aerobic ( p  = 0.002) and resistance ( p  < 0.001) training 

but not after combined training. Subgroup analysis by sex indicated a signifi cant improvement of Omentin-1 in women 

( p  = 0.015) and men ( p  = 0.007). Furthermore, a signifi cant increase was found in both healthy ( p  = 0.035) and non-healthy 

( p  = 0.002) participants. Analysis of other outcomes indicated that exercise training signifi cantly reduced glucose, insulin, 

insulin resistance, body weight, body mass index, and body fat, as well as improved lipid profi les. 

   Conclusion     These fi ndings reveal that isolated aerobic and resistance exercises resulted in an increase in serum levels of 

Omentin-1 in adults. More high-quality studies are required to clarify the mechanisms underlying the infl uence of exercise 

training on Omentin-1 concentrations. 

    Keywords     Adipokines    ·  Anti-infl ammatory    ·  Exerkine    ·  Insulin resistance    ·  Adipose tissue  

      Introduction 

 Metabolic disorders, such as type 2 diabetes, hypertension, 

and dyslipidemia, are becoming increasingly prevalent in the 

adult population, posing a signifi cant challenge to healthcare 

systems worldwide [ 1 – 3 ]. Recent research has revealed that 

adipose tissue functions as an active endocrine tissue, releas-

ing various bioactive molecules, including adipokines, that 

play a crucial role in energy homeostasis, blood pressure 

regulation, and glucose and lipid metabolism [ 4 ,  5 ]. Stud-

ies have reported a strong correlation between adipokines 

and the prevalence of metabolic disorders, suggesting that 

adipokines could potentially serve as therapeutic targets 

for the treatment of these conditions [ 6 ,  7 ]. Therefore, it is 
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important to investigate the role of adipokines in the patho-

genesis and treatment of metabolic disorders [ 8 ,  9 ]. 

 Omentin-1 is a recently identifi ed adipokine that has vari-

ous isoforms, with Omentin-1 being the main form present in 

the bloodstream of humans [ 10 ]. Omentin-1 plays a crucial 

role in regulating insulin sensitivity, lipid metabolism, and 

lipolysis, and has been attributed with important functions 

such as anti-infl ammatory and anti-atherosclerotic eff ects 

[ 11 ,  12 ], as well as regulation of high density lipoprotein 

production through stimulation of insulin receptor substrate 

[ 13 ,  14 ]. There is a growing body of evidence suggesting 

a strong association between Omentin-1 and dysmetabolic 

conditions such as insulin resistance, type 2 diabetes, and 

metabolic syndrome, as well as infl ammatory response [ 15 ]. 

In this regard, a meta-analysis has revealed that omentin lev-

els are signifi cantly lower in individuals diagnosed with type 

2 diabetes mellitus compared to controls, and reduced omen-

tin levels are associated with an increased risk of complica-

tions in patients with diabetes [ 14 ,  16 ]. Omentin-1 has also 

been implicated in the development of obesity and obesity-

related chronic disorders [ 17 ,  18 ]. Additionally, Omentin-1 

has been demonstrated to improve energy balance, glucose 

metabolism, cardiovascular system function, and reduce oxi-

dative stress [ 19 ,  20 ]. Hence, regulating Omentin-1 secretion 

and signaling may be important for both the management 

and mitigation of these adverse conditions [ 21 ]. 

 Overall, Omentin-1 is a secretory factor that may act as 

both an endocrine factor, infl uencing systemic metabolism, 

including insulin action in subcutaneous adipocytes, and an 

autocrine/paracrine factor, regulating the biology of visceral 

adipose tissue locally [ 22 ,  23 ]. As such, investigating Omen-

tin-1 has signifi cant potential for identifying novel biomark-

ers and therapeutic targets for metabolic disorders. 

 Physical exercise is a critical non-pharmacological inter-

vention for improving insulin sensitivity through a variety 

of metabolic and physiological alterations [ 24 – 26 ]. A grow-

ing body of evidence suggests that exercise training inter-

ventions may modify circulating Omentin-1 levels, which 

could have important implications for metabolic health. 

However, the literature on the eff ect of exercise on Omen-

tin-1 levels has yielded inconsistent fi ndings. Some studies 

have reported reductions in Omentin-1 levels after exercise 

training interventions [ 27 ], while others have observed 

increases [ 28 – 31 ]. Nevertheless, other investigations, such 

as that by Faramarzi et al. (2016), have reported no altera-

tions in Omentin-1 levels following exercise training [ 32 ]. 

These discrepancies may be attributed to a wide range of 

factors, including diff erences in exercise modalities, dura-

tion, intensity, and frequency, as well as cohort features such 

as age, gender, and body composition. 

 Despite the growing interest in the potential eff ects of 

exercise training on circulating Omentin-1 levels, the gen-

eral impact of exercise on serum Omentin-1 concentrations 

remains unclear due to inconsistent fi ndings in the literature. 

To address this gap in knowledge, we conducted a systematic 

review and meta-analysis of randomized controlled trials 

(RCTs) in humans to investigate the impact of exercise train-

ing on Omentin-1 concentrations in adults. Our study aims 

to provide a comprehensive synthesis of the existing litera-

ture on this topic and to specifi cally investigate the eff ects 

of exercise training on Omentin-1 in adults, thus contribut-

ing to the broader understanding of the potential clinical 

implications of Omentin-1 as a biomarker and therapeutic 

target for metabolic disorders. In addition to our primary 

objective, we also assessed the eff ects of exercise training 

on insulin resistance, lipid profi les, and body composition in 

this population, providing valuable insights into the poten-

tial clinical benefi ts of exercise interventions for improving 

metabolic health. 

    Methods 

 We performed the current meta-analysis and systematic 

review based on Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines [ 33 ]. 

This review was not registered. 

   Literature search 

 Four electronic databases, including PubMed, Medline, Web 

of Science, and Google Scholar were used for a detailed 

search by two investigators (AA and AN). The search uti-

lized the following terms: ((((adult) AND (physical activity 

OR exercise)) AND Omentin/Omentin-1 AND human) NOT 

(child OR children OR adolescent OR rat OR mouse OR ani-

mal))). For additional eligible studies, reference lists of all 

relevant research, accompanied by reviews and book chap-

ters, were also hand-searched. The search strategy covered 

the period from database inception until February 5, 2023. 

Two independent investigators read the titles and abstracts 

of the studies and fi ltered the related studies to include them 

in the text. 

    Article selection 

 To determine the study inclusion criteria, we considered 

the participants, intervention, comparison, outcome, and 

study design (PICOS) criteria. To qualify the studies in 

this review, three investigators (AA, RFM, and GhRMR) 

independently assessed the titles, abstracts, and full texts 

of the relevant articles to determine study eligibility. Quali-

fi ed studies were required to meet the following criteria: (a) 

population: men and women (aged  ≥ 18 years); (b) interven-

tion: aerobic, resistance, or combined aerobic + resistance 

training, in which subjects did not take part in an exercise 
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training regimen within the prior 6 months; (c) compari-

son: non-exercise control group; (d) outcomes: Omentin-1, 

insulin resistance index, lipids, and body composition were 

used as outcome measures and measured at baseline and 

end of the intervention; (e) study design: RCTs published in 

the English language which comprised a comparison with 

non-exercise control groups. 

    Outcome measures 

 The primary outcome measure in the current study was 

serum Omentin-1 level at baseline and end of the interven-

tion. The secondary outcome measures were glycemic fac-

tors (i.e., glucose, insulin, and HOMA-IR), lipid profi les, 

and body composition. 

    Data extraction 

 The data was extracted by two independent investigators 

(AA and RFM), and the discrepancies were resolved by 

the third reviewer (GhRMR). The information extracted 

included the following: details of publications (author, 

publication year, and country), characteristics of the study 

(the sample size for each group, health status, and exercise 

training modalities), characteristics of participants (mean 

or range age, gender), details of intervention (intervention 

period, frequency, intensity, duration, sets, and repetition), 

mean and standard deviation (SD) of the dependent varia-

bles at baseline, end of intervention, and/or changes between 

baseline and end of intervention. All values for Omentin-1 

were recorded as ng.ml or converted to such if necessary. 

    Data synthesis 

 The eff ect size of each outcome was summarized by calcu-

lating the mean diff erence (MD) between the intervention 

and control groups from baseline and end of intervention for 

all included studies. Due to the similar methods of reporting 

techniques for outcomes, we utilized the MD with a 95% 

confi dence interval (CI). The Comprehensive Meta-Analysis 

(CMA) software version 3.3.070 [ 34 ] was applied to conduct 

the analyses. Extracted outcome data was accomplished uti-

lizing the change in the mean and SD values. The baseline 

mean was subtracted from the end of intervention mean, and 

the change SD was computed by applying study group sub-

ject numbers along with group p-values or 95% CI, where 

the change in mean and SD was not available. Where data 

were not revealed in text or tables and corresponding authors 

could not be contacted, data shown in fi gures was extracted 

or obtained where feasible by the GetData Graph Digitizer 

software. Where an article included a non-exercise control 

group and more than one exercise intervention group, we 

independently labeled each exercise intervention group and 

adjusted the sample size of the control group based on the 

number of exercise intervention groups. Because of the 

signifi cant heterogeneity expected among studies, random-

eff ects models were preferred. 

 The  I 2  statistic [ 35 ] and Cochran’s Q statistic [ 36 ] were 

used to establish heterogeneity. The  I 2  ranges from 0 to 

100%, where a value of 0% refl ects no observed heteroge-

neity, and values of 25%, 50%, and 75% show low, moderate, 

and high heterogeneity, respectively [ 35 ]. Subgroup analyses 

comprising the eff ect of exercise training modalities, partici-

pants’ gender, and health status of participants were consid-

ered to discover heterogeneity within main eff ects analyses. 

Meta-analysis was completed using Forest plots, and a 5% 

level of signifi cance was considered to represent the signifi -

cance of results. 

    Study quality 

 The Physiotherapy Evidence Database (PEDro) scale, which 

is an 11-item questionnaire considered to collect data on 

eligibility criteria, random allocation, concealed allocation, 

similarity of baseline values, blinding of participants, blind-

ing of therapists and/or assessors, key outcomes, intention-

to-treat analysis, between-group diff erences, point and vari-

ability measures, was applied to evaluate the methodological 

quality of the included studies [ 37 ]. This scale has been 

stated to be valid [ 38 ] and reliable [ 37 ]. Only those RCTs 

scoring  ≥ 5 on the PEDro scale–a value considered to be of 

moderate to high quality [ 39 ] were considered for analysis. 

Two investigators (ANH and ShS) individually performed 

all quality assessments and any discrepancy was resolved by 

the third investigator (GhRMR). 

    Publication bias 

 To qualitatively assess publication bias, we used funnel 

plots of the eff ect size generated by Comprehensive Meta-

Analysis software (version 2; Biostat Inc., Englewood, New 

Jersey, USA). Begg and Egger tests were used to assess fun-

nel plot asymmetry, and a substantial publication bias was 

recognized if the P value was less than 0.10 [ 34 ]. To evalu-

ate the eff ect of publication biases on the interpretation of 

the results, the trim and fi ll computation was assessed [ 34 ]. 

     Results 

   Literature search 

 Initially, 580 papers were identified through database 

searches, with an additional fi ve papers recognized via 

reference list searching. After title and abstract screening, 

440 papers were omitted, leading to a full text review of 
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29 eligible studies. Nineteen other articles were removed 

for the reasons presented in Fig.  1 . Ten articles met all 

inclusion criteria. The PRISMA fl ow diagram outlining 

this process is depicted in Fig.  1 .         

    Cohort characteristics 

 Table  1  reveals the details of included studies. Briefl y, 

when combined, 385 individuals (177 males; 208 

females) participated in the studies. Four studies exclu-

sively recruited male participants [ 28 – 30 ,  40 ]; fi ve studies 

exclusively recruited female participants [ 27 ,  32 ,  41 – 43 ]; 

and one study recruited both males and females [ 44 ]. In 

10 studies, the mean age of subjects ranged from 24.5 to 

60.3 years. According to Health status classifi cation cri-

teria, four studies had participants who were classifi ed on 

average as obese [ 28 ,  30 ,  32 ,  40 ], two as postmenopausal 

[ 42 ,  43 ], two as healthy [ 27 ,  29 ], one as type 2 diabetes 

[ 41 ] and one with coronary heart disease participants [ 44 ]. 

All the included studies were RCTs published between 

2010 and 2022.  

    Description of included studies 

 Our 10 included RCTs (16 intervention groups) had an 

aggregate of 385 participants, 223 intervention participants, 

and 162 controls. 

 The intervention period of the investigations ranged from 

eight to 16 weeks, with each session’s length ranging from 

15 to 80 min. Of the 10 included studies, fi ve [ 29 ,  30 ,  32 , 

 43 ,  44 ] used only an aerobic exercise program, one exam-

ined high-intensity interval training program [ 28 ], one [ 42 ] 

explored circuit resistance training, one [ 27 ] comprised 

resistance, endurance and combined resistance + endurance, 

one [ 41 ] explored all three modalities (aerobic, resistance 

and combined aerobic + resistance), and one [ 40 ] comprised 

nonlinear resistance and aerobic interval training. 

 The most common types of aerobic exercise included 

walking, jogging, and running. The intensity of workouts 

ranged from 55–65% of maximal heart rate, and 65–70% of 

the symptomatic limit heart rate. Nevertheless, one study 

[ 43 ] did not report the intensity of exercise. The duration 

of the study of one RCT that used a high-intensity interval 

training regimen [ 28 ] was 12 weeks, include cycling at an 

  Fig. 1       Flowchart showing the process for the inclusion of studies  
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intensity of 85–95% maximum heart rate, followed by one 

minute of passive recovery between each bout. 

    Eff ect of exercise on Omentin-1 

 Ten studies (16 arms) were analyzed for Omentin-1 as 

revealed in Fig.  2 . Overall, exercise interventions resulted 

in an increase in the Omentin-1 level (MD = 3.57 ng.ml; 

95% CI [1.80 to 5.34 ng.ml];  p  < 0.001;  I 2  = 84%; p for het-

erogeneity < 0.00001). Subgroup analyses are revealed in 

Supplemental Table  1 . There was a signifi cant increase in 

the Omentin-1 level for the 9 arms reporting the level of 

Omentin-1 for aerobic exercise interventions (MD = 3.54 ng.

ml; 95% CI [1.25 to 5.83 ng.ml];  p  = 0.002). Moreover, the 

3 arms aimed at resistance training evidenced a signifi cant 

increase in the Omentin-1 level of 2.83 ng.ml (95% CI [1.36 

to 4.30 ng.ml];  p  < 0.001). However, the 4 arms applying 

a combined aerobic and resistance training protocol dis-

covered a non-signifi cant change in Omentin-1 levels of 

4.61 ng.ml (95% CI [-2.39 to 11.62 ng.ml];  p  = 0.197). Sub-

group analysis by sex indicates a signifi cant improvement of 

Omentin-1 in women (MD = 3.56 ng.ml,  p  = 0.015) and men 

(MD = 5.43 ng.ml,  p  = 0.007). Furthermore, a statistically 

signifi cant increase was found in both studies with healthy 

participants (MD = 2.97 ng.ml,  p  = 0.035) and non-healthy 

participants (MD = 4.41 ng.ml,  p  = 0.002).         

    Eff ect of exercise on glucose, insulin, and HOMA-IR 

 Seven studies (11 arms) providing a total of 221 par-

ticipants reported fasting glucose as an outcome meas-

ure. Pooled results demonstrated that exercise training 

signifi cantly reduced glucose levels (MD = -5.92 mg/dl; 

95% CI, -10.03 to -1.81 mg/dl;  p  < 0.001;  I 2  = 63%; p for 

heterogeneity = 0.002; Table  2 ). A comparison of glucose 

levels based on the mode of exercise training revealed 

that glucose levels decreased signifi cantly when isolated 

aerobic (MD = -5.24,  p  = 0.30) and resistance training 

(MD = -14.03,  p  = 0.018) were used. Another subgroup 

analyses revealed that glucose levels reduced in stud-

ies with male participants (MD = -8.83,  p  < 0.001), as 

well as in studies with healthy participants (MD = -9.43, 

 p  < 0.001; Supplemental Table  1 ).  

 There was a signifi cant pooled MD for the eff ective-

ness of exercise training programs on insulin levels (-1.52; 

95% CI, -2.56 to 0.49;  p  = 0.004,  I 2  = 40%; nine inter-

vention arms; Table  2 ). A comparison of insulin levels 

based on sex revealed that insulin concentrations reduced 

signifi cantly only in men (MD = -1.77 [-3.08 to -0.46], 

 p  = 0.008) but not in women (MD = -0.92 [-2.90 to -0.91], 

 p  = 0.362). Moreover, subgroup analyses based on health 

status revealed signifi cant reductions only in healthy sub-

jects (MD = -2.44 [-3.32 to -1.56],  p  < 0.001; Supplemen-

tal Table  1 ). 

 HOMA-IR was significantly reduced, with an MD 

of − 0.62 (95% CI,  − 0.82 to  − 0.42;  p  < 0.001) (Table  2 ). 

Both healthy and non-healthy participants revealed a sig-

nifi cant reduction in HOMA-IR, with an MD of -0.72 (95% 

CI, -0.90 to -0.53;  p  < 0.001) and -0.45 (95% CI, -0.82 

to -0.07;  p  = 0.019), respectively. Moreover, subgroup 

analyses based on sex revealed that HOMA-IR decreased 

signifi cantly in both men (MD = -0.60 [-0.87 to -0.33], 

 p  < 0.001) and women participants (MD = -0.62 [-1.08 to 

-0.16],  p  = 0.008) (Supplemental Table  1 ). 

  Fig. 2       Forest plot for the 

Omentin-1. RT, resistance 

training; AT, aerobic train-

ing; CT, combined training; 

E + S, endurance + strength; 

S + E, strength + endurance; 

CI, combined intervention; NS, 

non-smoker; s, smoker; NLRT, 

non-linear RT; AIT, aerobic 

interval training  
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    Eff ect of exercise on lipids 

 Table  2  illustrates the results for lipids. Statistically signifi -

cant reductions were found for triglyceride after exercise 

interventions (-16.48 mg/dl [-21.91 to -11.05],  p  < 0.001). 

Total cholesterol and low-density lipoprotein were also 

signifi cantly reduced after exercise regimens (-12.63 mg/

dl [-18.23 to -7.04],  p  < 0.001 and -7.64 mg/dl [-14.49 to 

-0.78],  p  = 0.029, respectively). Inversely, high-density lipo-

protein was signifi cantly increased after exercise training 

regimens (3.11 mg/dl [0.34 to 5.88],  p  = 0.028). 

    Eff ect of exercise on body composition 

 Body weight was significantly reduced, with an MD 

of − 2.18  kg (95% CI,  − 3.16 to  − 1.19  kg;  p  < 0.001) 

(Table  2 ). Non-healthy participants had a larger and sig-

nifi cant reduction in body weight, with an MD of -2.38 kg 

(95% CI, -3.53 to -1.23 kg;  p  < 0.001) than healthy partici-

pants (MD = -1.62 kg; 95% CI, -3.53 to 0.30 kg;  p  = 0.10). 

Moreover, studies with male participants revealed a larger 

reduction in body weight, with an MD of -3.40 kg (95% CI, 

-5.66 to -1.14 kg;  p  = 0.003) than those with female partici-

pants (MD = -1.89 kg; 95% CI, -2.99 to -0.80 kg;  p  = 0.001) 

(Supplemental Table  1 ). 

 BMI was signifi cantly reduced, with an MD of  − 0.82 kg.

m 2  (95% CI,  − 1.17 to  − 0.47 kg.m 2 ;  p  < 0.001) (Table  2 ). 

Non-healthy participants had a larger reduction in BMI, 

with an MD of -0.86 kg.m 2  (95% CI, -1.27 to -0.45 kg.m 2 ; 

 p  < 0.001) than healthy participants (MD = − 0.71 kg.m 2 ; 

95% CI, − 1.38 to -0.05 kg.m 2 ;  p  = 0.036). Also, studies with 

male participants had a larger reduction in BMI, with an MD 

of -0.95 kg.m 2  (95% CI, -1.59 to -0.32 kg.m 2 ;  p  = 0.003) 

than those with female participants (MD = -0.76 kg.m 2 ; 95% 

CI, -1.18 to -0.34 kg.m 2 ;  p  < 0.001) (Supplemental Table  1 ). 

 Body fat was significantly reduced, with an MD of 

-2.12% (95% CI, -2.66 to -1.57%;  p  < 0.001). Non-healthy 

participants had a larger reduction in body fat, with an 

MD of -2.31% (95% CI, -3.18 to -1.45%;  p  < 0.001) than 

healthy participants (MD = -1.99%; 95% CI, -2.68 to -1.30%; 

 p  < 0.001). Furthermore, studies with male participants had 

a larger reduction in body fat, with an MD of -2.59% (95% 

CI, -3.62 to -1.55%;  p  < 0.001) than those with female par-

ticipants (MD = -1.94%; 95% CI, -2.57 to -1.30%;  p  < 0.001) 

(Supplemental Table  1 ). 

    Quality assessment 

 Supplemental Table  2  shows the quality assessment of the 

included studies. Overall, the median PEDro score was 6/11 

points (ranging from 5 to 8). 

    Publication bias 

 The funnel plot, including the Egger regression test for the 

Omentin-1 analyses, did not suggest publication bias, nor did 

Duval and Tweedie’s trim and fi ll computation change the 

results. Moreover, funnel plots, including Egger regression 

tests for other analyses, did not suggest publication bias, nor 

did Duval and Tweedie’s trim and fi ll computation change 

the results (see Supplemental Figs.  1 – 11 ). 

     Discussion 

 The primary purpose of the present study was to undertake 

a systematic review and meta-analysis of RCTs consider-

ing the eff ects of exercise training regimens on Omentin-1 

levels in adults. The second purpose was to estimate the 

impact of exercise training protocols on insulin resistance, 

lipid profi les, and body composition in this population. The 

meta-analysis found a statistically signifi cant increase in 

serum Omentin-1 levels among participants who underwent 

exercise training interventions. In addition, exercise training 

  Table 2       Full results of 

secondary outcomes  

  MD , mean diff erence;  CI , confi dence interval;  TG , triglyceride;  TC , total cholesterol;  HDL , high-density 

lipoprotein;  LDL , low-density lipoprotein;  BMI , body mass index 

  Variable    N. arms    MD (95% CI)     p -value    p-heterogeneity    I 2   

  Glucose (mg.dl)    11    -5.92 (-10.03, -1.81)     < 0.001    0.002    63%  

  Insulin    9    -1.52 (-2.56, -0.49)    0.004    0.100    40%  

  HOMA-IR    8    -0.62 (-0.82, 0.42)     < 0.001    0.306    15%  

  TG (mg.dl)    7    -16.48 (-21.91, -11.05)     < 0.001    0.521    0%  

  TC (mg.dl)    6    -12.63 (-18.23, -7.04)     < 0.001    0.901    0%  

  HDL (mg.dl)    7    3.11 (0.34, 5.88)    0.028    0.042    54%  

  LDL (mg.dl)    7    -7.64 (-14.49, -0.78)    0.029    0.031    56%  

  Body mass (kg)    14    -2.18 (-3.16, -1.19)    0.003    1.000    0%  

  BMI (kg.m 2 )    12    -0.82 (− 1.17, − 0.47)     < 0.001    1.000    0%  

  Body fat (%)    12    -2.12 (-2.66, -1.57)     < 0.001    0.926    0%  
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resulted in signifi cant improvements in HOMA-IR, glucose 

and insulin levels, lipids, and all body composition param-

eters, including body weight, BMI, and body fat. Meanwhile, 

subgroup analyses according to the type of exercise interven-

tions (aerobic, resistance, and mixed of them), the health 

status (healthy and non-healthy), and sex (men, women, and 

both) revealed that exercise training had statistically similar 

results across these subgroups (Supplemental Table  1 ). 

 Recent evidence [ 6 ,  45 ,  46 ] has confirmed that an 

improvement in serum adipokine concentrations can lower 

the risk of various diseases such as obesity, diabetes, and 

cardiovascular disease, suggesting the potential role of adi-

pokines as therapeutic targets in this regard. Among adi-

pokines, Omentin-1 can disclose the pathophysiology of 

obesity and insulin resistance [ 47 ] by refl ecting anti-infl am-

matory eff ects in obesity-related cardiometabolic disorders 

[ 48 ]. It has been revealed that Omentin-1 increases insulin 

action by activating protein kinase B to improve insulin sign-

aling and glucose uptake by adipocytes [ 22 ,  49 ]. 

 Exercise training interventions have been suggested to 

improve the circulating levels of several adipokines [ 50 ]. 

Previous research has shown, for example, that diff erent 

exercise training modalities might have therapeutic targets 

in various populations by increasing plasma or serum adi-

ponectin and decreasing leptin concentrations [ 46 ,  51 ,  52 ]. 

Nevertheless, the eff ects of exercise regimens on Omentin-1, 

an anti-infl ammatory adipokine secreted by visceral adipose 

tissue [ 22 ,  30 ], still remain unclear in diff erent populations. 

The fi ndings of the current study revealed that exercise train-

ing increased serum Omentin-1 levels in adults. 

 In adipose tissue, Omentin-1 has been identifi ed as one of 

the fi rst molecules to exhibit a signifi cant diff erence in gene 

expression between visceral and subcutaneous fat depots 

[ 22 ]. Additionally, Omentin-1 has been shown to enhance 

the eff ect of insulin action on glucose metabolism, suggest-

ing a potential role in insulin sensitivity [ 49 ]. As a secretory 

factor, Omentin-1 may also act as both an endocrine factor 

to modulate systemic metabolism and an autocrine and par-

acrine factor to regulate adipose tissue biology locally [ 22 ]. 

Since Omentin-1 circulates in the blood, it may have eff ects 

on distant tissues such as muscle, liver, and subcutaneous 

fat to enhance insulin sensitivity and glucose metabolism, 

suggesting a wider role in nutrient storage and partitioning. 

As subcutaneous fat involves more than 80% of the adipose 

tissue in the human body, the fact that Omentin-1 circulates 

systemically and potentiates insulin action in subcutaneous 

fat may be of physiological and pathophysiological impor-

tance [ 22 ]. While the clinical applications of Omentin-1 are 

not yet fully established, our fi ndings are consistent with the 

fi ndings of Jung et al. (2021) and suggest that Omentin-1 

may have signifi cant potential as a newly identifi ed hormone 

with important roles in adipose tissue and systemic metabo-

lism. Furthermore, our study suggests that Omentin-1 could 

be a promising therapeutic target for metabolic disorders and 

a valuable biomarker for assessing metabolic health [ 53 ]. 

 The exact mechanism for exercise-induced increases 

in the level of Omentin-1 has not been acknowledged yet. 

Nonetheless, some main possibilities could be suggested for 

the association between serum Omentin-1 concentrations 

and exercise training in our study. Firstly, Omentin-1 con-

centrations have been reported to correlate with improved 

plasma lipids due to weight loss [ 54 ] and/or physical exer-

cise [ 31 ]. In this context, our results reveal that exercise 

training regimens were associated with signifi cant improve-

ments in lipid profi les. Omentin has been demonstrated to 

enhance the phosphorylation of 5-AMP-activated protein 

kinase, which inhibits the synthesis of endogenous choles-

terol [ 55 ]; therefore, it seems that Omentin-1 has a remark-

able role in regulating lipid metabolism and also acts against 

diabetic dyslipidemia as a compensatory mechanism [ 56 ]. 

Moreover, Omentin-1 was suggested to have an anti-ath-

erogenic behavior; as a result, it can affect the level of 

high-density lipoprotein by modulating insulin action [ 19 , 

 57 ]. Secondly, it has been stated that an improvement in 

body composition parameters is one other of the probable 

mechanisms to explain the Omentin-1 increase follow-

ing exercise training [ 30 ,  56 ], which was observed in our 

study. In this regard, studies have established that weight 

management or loss through lifestyle interventions (exer-

cise training along with dietary modifi cation) meaningfully 

resulted in increased basal Omentin-1 concentrations in a 

range of populations, accompanied by additional improve-

ments in body composition and metabolic profi le [ 30 ,  31 , 

 56 ]. Nevertheless, Wilms and colleagues (2015) observed 

an increase in Omentin-1 concentrations without a profound 

change in body weight [ 31 ]. On the other hand, the results 

of Faramarzi et al. (2015), one of the included studies in our 

meta-analysis, demonstrated signifi cant decreases in BMI 

and body fat without profound alterations in plasma levels 

of Omentin-1, glucose, insulin, and HOMA-IR [ 32 ]. These 

controversial fi ndings may reveal that Omentin-1 secretion 

is very sensitive to exercise and may rise even without the 

induction of a negative energy balance. In addition, other 

explanations for the inconsistency in these fi ndings might 

derive from dissimilarities in the applied exercise training 

protocols (i.e., intensity, duration, and modality). Undoubt-

edly, these ideas need additional examination. 

 Another explanation is that weight loss improves insulin 

sensitivity, which leads to an increase in Omentin-1 as it 

has been evidenced that hyperinsulinemia is an inhibitor of 

Omentin production [ 58 ]. A number of studies have verifi ed 

the function of Omentin-1 in facilitating insulin signaling 

through the activation of kinase B protein/Akt and enhanc-

ing glucose uptake stimulated by insulin into adipose tissue 

[ 59 ]. It has been shown that Omentin-1 has the potential to 

enhance glucose metabolism and insulin sensitivity through 
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the facilitation of glucose transport into the muscles subse-

quent to exercise training [ 13 ]. The study conducted by Cas-

tro et al. (2019) revealed a relationship between omentin-1 

and skeletal muscle as well as adipocytes [ 13 ]. According to 

Alizadeh et al. (2017), exercise training results in an eleva-

tion in omentin gene expression in adipose tissue and thus 

enhances insulin sensitivity [ 60 ]. Moreover, Omentin secre-

tion by adipocytes is related to the physiological adaptation 

of skeletal muscle to exercise training [ 31 ]. Therefore, inde-

pendently of the insulin eff ect, exercise training alters circu-

lating Omentin-1 levels and impacts skeletal muscle glucose 

metabolism via protein kinase B. Nevertheless, additional 

studies are required to examine Omentin-1 concentrations 

during chronic exercise training regimens. 

 The current review has some strengths. First, we adopted 

a three-step search strategy for four databases, reference lists, 

specialized journals, and gray literature. Second, we chose 

only the RCT design due to its credibility. Nevertheless, we 

believe that there are also some limitations in our study. 

First, only 10 RCTs with a total of 385 participants were 

studied. According to this, further trials with large sample 

sizes are needed to deliver more defi nitive fi ndings, and the 

fi ndings should be interpreted with caution. Second, in this 

review, statistical heterogeneity is evident. Despite the fact 

that subgroup analyses were undertaken to identify possible 

sources of heterogeneity, the high levels of heterogeneity 

cannot be adequately and rationally explained. Third, one 

of the most essential limitations of our meta-analysis is that 

we did not register our protocol with PROSPERO, which 

is the major registration platform for systematic reviews 

and meta-analyses. Finally, while all the included studies 

in our meta-analysis used enzyme-linked immunosorbent 

assay (ELISA) kits to measure serum Omentin-1 concen-

trations, not all the studies provided detailed information 

on the features of the ELISA kits used, such as assay range, 

assay sensitivity, or minimal detectable concentration for 

Omentin-1. This limitation means that it was not possible 

to provide a comprehensive comparison of diff erent assay 

methods used for estimating Omentin-1 in diff erent RCTs, 

which may aff ect the comparability of the results across the 

studies. 

    Conclusion 

 The overall conclusion of this meta-analysis was that 

exercise training interventions raised serum Omentin-1, 

reduced glucose, insulin, body weight, BMI, and body fat, 

as well as improved lipids and insulin resistance. Never-

theless, isolated aerobic and resistance exercise interven-

tions signifi cantly aff ected the serum levels of Omentin-1, 

but not combined aerobic plus resistance exercises. Fur-

ther high-quality investigations are required to clarify the 

mechanisms underlying the infl uence of exercise training 

on Omentin-1 concentrations. 
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