
Frontiers in Nutrition 01 frontiersin.org

Effects of plant-based diets 
combined with exercise training 
on leptin and adiponectin levels 
in adults with or without chronic 
diseases: a systematic review and 
meta-analysis of clinical studies
Fatemeh Kazeminasab 1*, Rouholah Fatemi 2, Reza Bagheri 3, 
Heitor O. Santos 4 and Fred Dutheil 5

1 Department of Physical Education and Sports Science, Faculty of Humanities, University of Kashan, 
Kashan, Iran, 2 Department of Sport Physiology, Dehdasht Branch, Islamic Azad University, Dehdasht, 
Iran, 3 Department of Exercise Physiology, University of Isfahan, Isfahan, Iran, 4 School of Medicine, 
Federal University of Uberlandia (UFU), Uberlandia, Minas Gerais, Brazil, 5 Université Clermont Auvergne, 
CNRS, LaPSCo, Physiological and Psychosocial Stress, CHU Clermont-Ferrand, University Hospital of 
Clermont-Ferrand, Preventive and Occupational Medicine, Witty Fit, Clermont-Ferrand, France

Background: The effects of exercise training combined with plant-based diets 
(PBD) on leptin and adiponectin levels have been studied. However, little is 
known regarding the impact of exercise training combined with PBD on leptin 
and adiponectin levels in adults with or without chronic diseases.

Methods: PubMed, Web of Science, and Scopus were searched to identify 
original articles, published until May 2024, to assess the effects of exercise 
training combined with PBD on leptin and adiponectin levels in adults with 
or without chronic diseases. Standardized mean differences (SMD) and 95% 
confidence intervals were calculated using random models.

Results: Nine studies comprising 960 participants with overweight and obesity 
were included in the current meta-analysis. Exercise training combined with 
PBD reduced leptin [SMD  =  -0.33 (95% CI: −0.62 to −0.04); p  =  0.025] while 
increasing adiponectin [SMD  =  0.93 (95% CI: 0.12 to 1.74); p  =  0.024] levels.

Conclusion: Exercise training combined with PBD is suggested as a non-
invasive intervention for reducing leptin while increasing adiponectin levels to 
control body mass and other disorders related to obesity in adults.
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1 Introduction

Obesity is a global phenomenon that has reached epidemic proportions, affecting both 
developed and developing countries (1). The worldwide prevalence of obesity is escalating 
swiftly, with a substantial surge in the past years (2). Obesity is associated with several 
metabolic disorders and chronic diseases, including type 2 diabetes mellitus (T2DM), 
cardiovascular diseases (CVD), and certain types of cancer (3, 4). Adipose tissue plays a crucial 
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role in the progression of obesity and its associated health risks (4). 
Leptin and adiponectin are adipokines that modulate energy balance, 
cardiometabolism, and low-grade inflammation (5). Leptin levels are 
elevated in individuals with obesity and are associated with leptin 
resistance, which is related to various metabolic diseases (6). Leptin 
affects body mass by reducing food intake and increasing energy 
intake (7). It also plays a role in the reproductive processes, 
angiogenesis, blood pressure, glucose and lipid metabolism, bone 
formation, and immune responses (8–12). Leptin levels are positively 
correlated with fat mass, resulting in elevated levels in individuals with 
obesity (13). On the other hand, adiponectin regulates energy 
expenditure, stimulates appetite, and its secretion escalates in tandem 
with enhanced insulin sensitivity (6). Adiponectin, the adipokine 
most abundantly secreted by adipose tissue (7), exhibits a decline in 
serum concentrations with obesity and is also associated with an 
elevated risk of T2DM and CVD (14, 15).

Drug and surgical interventions (e.g., bariatric surgery or 
intragastric balloon) for obesity, despite demonstrating effectiveness, 
frequently entail a multitude of adverse effects and the recurrence of 
body mass (16–18). Consequently, efforts must be directed toward 
dietary and lifestyle modifications, especially those that are abundant 
in plant-based diets (PBD), since those consuming PBD lower their 
risk for obesity, CVD, T2DM, and other health conditions (19, 20). 
PBD are capable of potentially exerting an influence on the quantities 
of leptin and adiponectin in the human body (21, 22). As per the 
investigation conducted by Lederer et al. (23), plasma adiponectin 
concentrations were noticeably higher in females who transitioned 
from an omnivorous to PBD when compared to those following a diet 
rich in meat; nevertheless, this study did not observe any significant 
alterations in plasma leptin concentrations. Another study conducted 
by Menzel et  al. (24) failed to identify any notable variances in 
inflammatory markers, including adiponectin, between vegans and 
individuals who consume both plant-and animal-based foods.

While vegetarian and vegan diets have the potential to influence 
leptin and adiponectin levels, further research is needed to fully 
understand the impacts of PBD. This includes exploring the benefits of 
reducing animal food consumption rather than completely eliminating 
it. PBD focus on foods primarily from plants; however, they are not the 
same as vegetarian or vegan diets since PBD may include meat and 
dairy, although proportionately predominating in plant sources such as 
fruits, vegetables, nuts, seeds, oils, whole grains, legumes, and beans 
(25). However, it is widely acknowledged that the Mediterranean diet 
and other vegetarian diets (e.g., semi-vegetarian, flexitarian, pescatarian, 
lacto-ovo vegetarian, and vegan) are often classified as PBD (26).

Many investigations have examined the correlation between 
physical activity and leptin and adiponectin levels. A narrative review 
reported that physical activity (only daily physical activity was 
measured but not any specific physical exercises) elevated adiponectin 
and decreased leptin levels while simultaneously lowering body mass 
index (BMI) and body fat percentage (BFP) (27). Physical activity, 
either on its own or in conjunction with changes in diet or lifestyle, 
can reduce the levels of leptin in individuals with prediabetes (19) and 
obesity (28). In a meta-analysis of seven studies by Jadhav et al. (29), 
physical activity promotion, with or without dietary or lifestyle 
modification, reduced leptin levels but had no remarkable effects on 
adiponectin levels in individuals with prediabetes. Seemingly, there is 
a weak to moderate relationship between aerobic exercise with 
increased adiponectin levels and decreased leptin levels (30), but it 

cannot be neglected and ought to be further examined in conjunction 
with diet, mainly PBD as a cost-effective, low-risk intervention that 
may improve obesity and cardiometabolic parameters (31, 32). In 
terms of different forms of physical activity, it was shown that only 
aerobic exercise but not other forms led to a rise in adiponectin levels 
and a decrease in leptin levels. To summarize, engaging in physical 
activity, particularly aerobic exercise, results in increased adiponectin 
levels and decreased leptin levels in individuals with prediabetes and 
diabetes (30).

The combination of both exercise training and PBD would 
be  anticipated to produce an additive effect, which may lead to 
improved health outcomes after the intervention (33–35). The 
previous study suggests that a combination of exercise training with 
the Mediterranean diet is more effective than a normal diet for 
reducing leptin in overweight/obese adults with metabolic syndrome 
(36). Nevertheless, these results are not consistently reliable. For 
example, one study did not suggest further increases in adiponectin 
with exercise training in combination with Mediterranean diet as 
compared with non-vegetarian diets (37). However, the combined 
impact of exercise training combined with PBD has not been 
elucidated in previous meta-analyses. Therefore, the aim of this study 
was to determine the impact of exercise training combined with PBD 
on leptin and adiponectin in adults with or without chronic diseases 
using a systematic review and meta-analysis method.

2 Methods

2.1 Study registration

The current systematic review and meta-analysis was conducted 
according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 guidelines (38) and the Cochrane 
Handbook of Systematic Reviews of Interventions. The systematic 
review and meta-analysis was registered prospectively with the 
International Prospective Register of Systematic Reviews 
(PROSPERO) under the registration number: CRD42023457202.

2.2 Search strategy

PubMed, Scopus, and Web of Science were the primary databases 
searched to recognize original research articles, published up until 
May 2024, using a combination of exercise training and PBD terms 
and the outcomes (leptin and adiponectin). In addition, reference lists 
of all included studies and previous relevant meta-analyses (39, 40) 
were searched to detect records not found during the initial electronic 
search. The search was limited to articles written in the English 
language and human studies. There was no limit on publication dates. 
Studies were limited only based on the age of the participants. Adults 
were included in the present study. Studies performing PBD combined 
with exercise training interventions were searched by using the 
following keywords: “vegetarian diet,” “diet,” “Mediterranean diet,” 
“vegetarian diet,” “plant-based diet,” “paleolithic diet,” “dietary 
pattern,” “DASH,” “vegan diet,” “lacto-ovo-vegetarian diet,” and 
“exercise,” “training,” “exercise training,” “physical activity,” and 
“adipokine,” “adipocytokine,” “adiponectin,” “leptin.” The search 
strategy for each database is reported in Supplementary Table S1.
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2.3 Eligibility criteria

Studies were eligible for inclusion if they met the following PICO 
(population, intervention, comparison, and outcome) criteria: (1) For 
population, adults with or without chronic diseases. (2) For the 
intervention, studies with exercise training combined with PBD were 
included. (3) For comparison, the pre- and post-test comparisons for 
the combined effects of exercise training combined with PBD were 
required. (4) For outcomes, studies that reported leptin and 
adiponectin measured using a fully validated method were included.

2.4 Study selection

The study selection process is shown in Figure 1. Following the 
removal of duplicate studies, titles and abstracts of articles were 
independently assessed, and then the full texts of potentially eligible 
studies were reviewed by two reviewers to determine eligibility. Any 
disagreements were resolved through discussion with another author.

Studies that met the following criteria were included in this 
systematic review and meta-analysis: (1) randomized controlled trials 
(RCTs), prospective cohort studies, non-randomized controlled trials 
(non-RCTs); (2) the types of diets included vegetarian, lacto-ovo 
vegetarian, lacto-vegetarian, ovo-vegetarian diets, Mediterranean diets, 
Apulian diet (aphypoD); (3) exercise training types were not limited; 
(4) studies that examined the effect of exercise training combined with 
PBD on serum or plasma leptin and adiponectin; and (5) studies that 
presented outcome data of interest as the mean and standard deviations 
(SD), mean and standard error of the mean (SEM), or quartile and 

95% confidence interval (CI) in the intervention group. The exclusion 
criteria were as follows: (1) vegetarian participants; (2) other 
interventions along with exercise training and diet have been applied; 
(3) studies that were animal studies, narrative reviews, commentaries, 
letters, books, case reports, case studies, pilot studies, and conferences; 
and (4) studies that were not published in English language.

2.5 Data extraction

Data extraction was completed independently by 2 researchers, and 
disagreements were resolved through discussion with a third review 
author. The following study characteristics were extracted: (A) 
participant information, including age, biological sex, BMI, health 
status, and sample size; (B) study design; and (C) exercise training 
characteristics (type, duration, and frequency); (D) diet characteristics 
and duration of intervention; and I outcome analysis. For each outcome 
(leptin, and adiponectin), pre-and post-intervention (mean and SD), or 
mean differences and associated standard deviations of the experimental 
group were entered into the meta-analyses to generate forest plots. If 
the means and standard deviations (SDs) were not reported, the SDs 
were calculated from standard errors of means (SEM), medians and 
interquartile ranges (IQRs), or means and IQRs (41–43).

2.6 Quality assessment

The risk of bias was evaluated using the Physiotherapy Evidence 
Database (PEDro) scale. Two items were omitted from the initial 

FIGURE 1

Flow diagram of systematic literature search.
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11-item scale due to factors such as similarity of groups at baseline, 
absence of blinding for participants and intervention providers, and 
the inability to obscure the allocated dietary conditions during the 
studies for both participants and intervention providers. The scale 
used for the current study consisted of nine items: (1) specified 
eligibility criteria, (2) randomized participant allocation, (3) concealed 
allocation, (4) blinding of all assessors, (5) evaluated outcomes in 85% 
of participants, (6) intention-to-treat (ITT) analysis, (7) reporting of 
statistical comparisons between groups, (8) and point measures and 
measures of variability (Supplementary Table S2).

2.7 Statistical analysis

Meta-analyses were performed using the Comprehensive Meta-
analysis (CMA) software (version 2.0, United  States) to compute 
standardized mean differences (SMD) and 95% CIs for outcomes using 
random-effects models. Effect sizes were calculated to compare the 
impact of exercise training combined with PBD on leptin and 
adiponectin in adults. Heterogeneity was evaluated by using the I2 
statistic, and significance was set at p < 0.05. According to Cochrane 
guidelines, I2 statistics were interpreted as follows: 25% as low, 50% as 
moderate, and 75% as high heterogeneity. Publication bias was detected 
through the interpretation of funnel plots. If publication bias was 
present, Egger’s test was used as a secondary test. Significant publication 
bias was deemed apparent if p < 0.1 (44). Furthermore, the trim and fill 
method was used to correct the potential effects of publication bias 
when visual interpretation of funnel plots demonstrated publication bias.

3 Results

3.1 Included studies

Based on our original search technique, we discovered a combined 
total of 808 articles in PubMed, 136 articles in Scopus, and 1,465 articles 
in Web of Science. After excluding duplicate records and evaluating the 
titles and abstracts, 16 studies were determined to be relevant and 
necessitated a comprehensive assessment of their complete texts. After 
conducting a detailed assessment of the full texts, five studies were 
excluded for the following reasons: did not measure leptin and 
adiponectin (n = 5) levels. In this systematic review and meta-analysis, 
a total of nine studies were evaluated, which comprised intervention 
groups involving the combination of exercise training and PBD. The 
flow diagram of the systematic literature search is shown in Figure 1.

3.2 Participant characteristics

A combined group of 960 adults with different diseases such as 
metabolic syndrome, obesity, postmenopausal women, obstructive 
sleep apnea, T2DM, and coronary artery disease were included, 
with sample sizes ranging from 37 (45) to 266 (46). The average age 
ranged from 18 years (34) to 75 years (36), while the BMI ranged 
from 24.6 kg.m−2 (33) to 40 kg.m−2 (36, 46). A total of nine studies 
were encompassed in the analysis. Among them, seven studies had 
both males and females (20, 35–37, 45–47), whereas one study only 
included males (34) and one study only included females (33). 

The participants’ health status varied across the studies, including 
healthy elderly participants (47), metabolic syndrome (34, 46), 
overweight and obesity (20, 36), postmenopausal women (33), 
obstructive sleep apnea (37), T2DM (45), and coronary artery 
disease (35). Table 1 provides a more comprehensive breakdown of 
the characteristics of the participants.

3.3 Intervention characteristics

A combination of exercise training and PBD methodologies was 
implemented across the included studies in the analysis. Some studies 
used plant foods with a low glycemic load, low in saturated fats and 
alcohol, and rich in antioxidants and fiber (33), PBD including soya 
foods, nuts, seeds, and healthy oils (47), and others used Mediterranean 
diet including fruits, vegetables, nuts, whole grains, and olive oil daily 
(34, 36, 37, 46). Additionally, the length of the interventions varied, 
ranging from 1 week (20) to 24 months (33–37, 45–47). The studies 
incorporated various forms of exercise training interventions, 
including moderate-intensity physical activity, moderate- and high-
intensity walking, yoga programs, moderate aerobic exercise on a 
treadmill, swimming or aerobic ball games, or cycling. In most studies, 
participants exercised 150 min/week. Detailed information about the 
intervention characteristics can be found in Table 1.

3.4 Meta-analysis

3.4.1 The effects of PBD combined with exercise 
training on leptin in adults

Based on five intervention arms, PBD combined with exercise 
training had significantly lower serum concentrations of leptin 
[SMD = -0.33 (95% CI: −0.62 to −0.04) and p = 0.025] (Figure 2). The 
studies included in the analysis demonstrated high heterogeneity 
(I2 = 92.19%, p = 0.001). The absence of publication bias was supported 
by the results of funnel plots and Egger’s test (p = 0.90). Given that the 
result of the funnel plots and Egger’s test was not significant, the trim 
and fill method was not performed.

3.4.2 The effects of PBD combined with exercise 
training on adiponectin in adults

Based on five intervention arms, PBD combined with exercise 
training had significantly higher serum concentrations of adiponectin 
[SMD = 0.93 (95% CI: 0.12 to 1.74) and p = 0.024] (Figure 3). The 
studies included in the analysis demonstrated high heterogeneity 
(I2  = 96.84%, p  = 0.001). The existence of publication bias was 
supported by the results of funnel plots and Egger’s test (p = 0.003). In 
addition, the trim and fill results showed that the overall changes were 
as follows: adiponectin [SMD = 0.93 (95% CI: 0.12 to 1.74)]. The 
results of adiponectin did not change [SMD = 0.93 (95% CI: 0.12 to 
1.74)]. Since no bias is present in these simulations all “missing” 
studies detected are because of chance funnel plot asymmetry.

3.5 Quality assessment

The PEDro tool was used to assess the methodological quality of 
each individual study, and their scores varied between 3 and 9 out of 
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TABLE 1 Study, participants, and intervention characteristics.

Source, year Study characteristics Participant characteristics Exercise 
training 
characteristicsDesign of 

study
Sample size 

(sex)
Intervention 

duration
Outcomes Health 

status
Age (years) BMI (kg.m−2) Diet 

characteristics
Mean  ±  SD Mean  ±  SD

Bendinelli et al., 

2023 (33)

Factorial 

randomized trial

82 F 24-month Leptin Adiponectin Postmenopausal 

women

PBD + Ex: 58.7 ± 5.3 PBD + Ex: 24.6 ± 3.2 Plant foods with a low 

glycemic load, low in 

saturated- and trans-fats 

and alcohol, and rich in 

antioxidants and fiber.

Moderate-intensity 

PA three MET-hours/

day, up to one hour/

day. Suggested daily 

activities were 

walking at moderate 

pace, and biking- at 

least one hour/week 

of more strenuous 

activity (6–10 MET)

Esposito et al., 2011 

(34)

Randomized 

controlled trial

52 M 24-month Adiponectin Sedentary 

overweight with 

metabolic 

syndrome

PBD + Ex: ≥18 PBD + Ex: ≥26 Mediterranean regime 

includes fruits, 

vegetables, nuts, whole 

grains and olive oil daily 

(Carbohydrates 50 to 

60%, proteins 15 to 

20%, total fat ≤30%, 

saturated fat <10%)

Mainly walking for a 

minimum of 39–

156 min per day, but 

also swimming or 

aerobic ball games

Georgoulis et al., 

2021 (37)

Randomized 

controlled clinical 

trial

60 (M & F) 6-month Adiponectin Overweight 

patients with 

moderate-to-

severe 

obstructive sleep 

apnea

PBD + Ex: 48 ± 10.0 PBD + Ex: 35.8 ± 6.0 Mediterranean diet, i.e., 

a primarily plant-based 

dietary pattern 

(consumption of olive 

oil, vegetables, legumes, 

whole grains, fruits, and 

nuts, moderate 

consumption of poultry 

and fish)

≥150 min/week of 

moderate- and high-

intensity walking

Hernando-Redondo 

et al., 2022 (46)

Randomized, 

controlled, 

multicenter 

clinical trial

266 (M & F) 12-month Leptin Patients with 

metabolic 

syndrome

PBD + Ex: 65.44 ± 4.62 PBD + Ex: 27–40 Mediterranean diet 

adherence

150 min/week

2207.52 MET min/

week

(Continued)
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TABLE 1 (Continued)

Source, year Study characteristics Participant characteristics Exercise 
training 
characteristicsDesign of 

study
Sample size 

(sex)
Intervention 

duration
Outcomes Health 

status
Age (years) BMI (kg.m−2) Diet 

characteristics
Mean  ±  SD Mean  ±  SD

Salas-Salvadó et al., 

2019 (36)

Randomized 

controlled trial

261 (M & F) 12-month Leptin Adults with 

overweight and 

obesity

PBD + Ex: 55–75 PBD + Ex: 27–40 Mediterranean diet 

adherence extra with 

Virgin olive oil (1 L/

month) and raw nuts 

(125 g/month)

Not provided

Kahleova et al., 2011 

(45)

Randomized 

controlled trial

37 (M & F) 6-month Adiponectin Patients with 

type 2 diabetes

PBD + Ex: 54.6 ± 7.8 PBD + Ex: 35.1 ± 6.1 Vegetarian diet (0% of 

energy from 

carbohydrates, 15% 

protein and 25% fat) 

consisted of vegetables, 

grains, legumes, fruits 

and nuts

1 h, 2 times/week of 

individualized 

exercise program 

based on their history 

of physical activity 

with 60% MHR

Koeder et al., 2023 

(47)

Non-randomized 

controlled trial

80 (M & F) 10-week Adiponectin Healthy elderly PBD + Ex: 59.7 ± 8.36 PBD + Ex: 27.2 ± 0.5 Plant-based diet 

including soya foods, 

nuts, seeds, and healthy 

oils

Suggestions for 

recreational walking 

and cycle

Telles et al., 2010 

(20)

Non-randomized 

controlled trial

47 (M & F) 1-week Leptin Adults with 

obesity

PBD + Ex: 40.3 ± 10.2 PBD + Ex: 35.97 ± 5.72 Vegetarian diet includes 

fresh fruits and 

vegetables, lentils

Yoga program 

consisted of 2 sessions 

each day.

Voeghtly et al., 2013 

(35)

Non-randomized 

controlled trial

76 (M & F) 12-month Leptin Patients with 

coronary artery 

disease

PBD + Ex: 60.6 ± 7.6 PBD + Ex: 32.9 ± 7.2 Low-fat vegetarian diet 

(<10% of calories from 

fat)

180 min/week of 

moderate aerobic 

exercise on treadmill

M, male; F, female; Ex, exercise; MET, metabolic equivalent; PA, physical activity; PBD, plant-based-diets; MHR, maximum heart rate.
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a possible maximum of 9 points. One study had a score of 9 (37), one 
study had a score of 8 (33), two studies had scores of 6 (36, 45), four 
studies had 5 (20, 34, 35, 46), and one study had a score of 3 (47). Most 
of the PEDro scores were lowered due to three items (concealed 
allocation, blinding of all assessors, and intention-to-treat analysis). 
The details of the quality analysis are shown in Supplementary Table S2.

4 Discussion

The aim of this meta-analysis was to investigate the effect of PBD 
combined with exercise training on leptin and adiponectin levels in 
adults with or without chronic diseases. The main findings of the study 
showed that exercise training combined with PBD caused a significant 
decrease in leptin while a significant increase in the levels of 
adiponectin in adults. Many studies support these findings (20, 33, 35, 
36, 46). Our findings have important implications for understanding 
the effects of lifestyle modification on leptin regulation and obesity. 
Leptin is a hormone secreted by adipose tissue and acts centrally in 
the hypothalamus to regulate energy balance and appetite (48). Higher 
levels of leptin indicate that the hypothalamus has sufficient fat stores 
to suppress appetite and increase energy expenditure. Individuals with 
obesity typically have chronically elevated leptin levels, indicating 
leptin resistance, in which increased leptin signaling does not translate 
into appropriate appetite suppressant effects (49). The reduction in 
leptin observed with dietary and exercise training interventions may 

contribute to sensitizing the brain to the effects of leptin and better 
body mass control.

Several mechanisms may underlie the leptin-lowering effects of 
exercise training. For instance, exercise training has been shown to 
increase catecholamines such as epinephrine and norepinephrine, 
which inhibit the production and secretion of leptin in adipose tissue 
(50). Exercise-induced activation of the sympathetic nervous system 
can also directly inhibit transcription (51). In addition, the anti-
inflammatory effects of exercise training may reduce leptin 
production, as inflammatory cytokines stimulate leptin secretion (52).

PBD are lower in fat and higher in fiber than omnivorous diets. 
Inadequate dietary fat consumption significantly contributes to the 
reduction of circulating leptin, given that acute increases in adipose 
triglycerides and plasma fatty acids modulate leptin secretion (53). Fiber 
has also been shown to bind leptin in the small intestine and inhibit its 
absorption. Additionally, lower amounts of protein in PBD may affect 
leptin levels, as protein strongly stimulates leptin secretion (22, 54).

The synergistic effect of physical activity and PBD on leptin 
reduction may be explained by the reduction of fat cell size and total 
body fat mass (39). Exercise training and negative energy balance 
activate triglycerides stored in fat cells and reduce fat diameter. The mass 
of leptin-producing adipose tissue also decreases with body mass loss 
caused by diet and exercise training. These morphological changes in fat 
probably underlie the concomitant decrease in plasma leptin levels (55).

These findings have clinical implications for the treatment of 
obesity. Increased leptin levels are associated with an increased risk of 

FIGURE 2

Forest plot of the effects of exercise training combined with PBD on serum leptin. Data are reported as SMD (95% confidence limits). SMD, 
standardized mean differences.

FIGURE 3

Forest plot of the effects of exercise training combined with PBD on serum adiponectin. Data are reported as SMD (95% confidence limits). SMD, 
standardized mean differences.
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metabolic diseases, cardiovascular events, and some cancers (56). The 
leptin-lowering effects of aerobic exercise and PBD demonstrated in 
this meta-analysis may contribute to the reduction in morbidity and 
mortality observed with these lifestyle changes. For adults with 
obesity, combining regular aerobic exercise with a Mediterranean diet 
may be an effective strategy not only for body mass loss but also for 
improving leptin sensitivity and metabolic health (46).

The results of the current meta-analyses also showed that a 
combination of PBD with exercise training led to remarkable increases 
in adiponectin levels in adults. Other studies also support these findings 
(33, 34, 37, 45, 47). Several mechanisms may contribute to this 
upregulation of adiponectin by exercise training and PBD. First, exercise 
training is a potent stimulus for increased adiponectin production and 
release from adipose tissue. Skeletal muscle contractions during aerobic 
exercise, such as walking, running, or cycling, stimulate the release of 
adiponectin into the circulation (57). This may be mediated by the 
activation of p38 mitogen-activated protein kinase (MAPK) signaling 
in adipocytes in response to muscle contraction (58). In addition, 
exercise training reduces inflammation within visceral fat, which may 
reduce transcriptional and translational repression of adiponectin (59).

Second, PBD are rich in nutrients and bioactive compounds that 
have been shown to increase adiponectin levels. Specifically, high fiber 
intake from whole grains, fruits, vegetables, and legumes regulates 
adiponectin by increasing insulin sensitivity and suppressing 
inflammatory signals (60). PBD also consist of adequate vitamin C, 
magnesium, and omega-3 fatty acids from plant sources, all of which 
are associated with increased adiponectin production (22). 
Eliminating meat in Mediterranean diets may help by removing 
pro-inflammatory factors and improving oxidative balance (46).

Together, these synergistic mechanisms induced by aerobic 
exercise and PBD significantly increase adiponectin levels. The large 
effect size shown in this meta-analysis is clinically significant, as higher 
circulating adiponectin is independently associated with a variety of 
health benefits. Prospective studies show that increased adiponectin 
reduces the risk of obesity, T2DM, CVD, and some cancers (61). 
Adiponectin exerts these protective effects through its insulin-
sensitizing, anti-inflammatory, and anti-atherogenic properties (62).

Given the increasing prevalence of hypoadiponectinemia in many 
populations, our findings have important implications. Adiponectin 
levels have declined significantly over the past few decades, likely due 
to increased levels of physical inactivity and unhealthy diets high in 
saturated fat and processed foods (63). Low adiponectin is now thought 
to be  an independent risk factor for insulin resistance, metabolic 
syndrome, and CVD (64). Therefore, lifestyle modification aimed at 
increasing adiponectin may provide a powerful therapeutic strategy for 
the prevention and management of several interrelated chronic diseases.

In summary, the present meta-analysis study showed that a 
combination of exercise training and PBD decreased circulating leptin 
levels while increasing adiponectin. The decrease in leptin and 
increase in adiponectin may be attributed to the decrease in fat mass, 
as well as the direct effect of exercise training and diet composition on 
leptin production and secretion. Increasing chronic adiponectin and 
leptin levels through lifestyle modification may improve leptin 
sensitivity and obesity-related diseases. Further research is needed to 
identify long-term clinical effects and determine definitive strategies.

Overall, findings are different regarding the effect of PBD and 
physical activity on leptin and adiponectin levels. One study showed 
that PBD had no effect on leptin and adiponectin levels (21), while the 

other study showed that a short-term intervention with a vegetarian diet 
resulted in improved plasma concentrations of adiponectin and leptin 
(23). Certain dietary components that are lower in PBD diets, such as 
energy intake, saturated fat, heme iron, and red and processed meat, 
may influence the risk of metabolic syndrome. In addition, PBD contain 
more fruits, vegetables, and fiber, which protect against metabolic 
syndrome. Additionally, intensive lifestyle changes, including PBD diet, 
have been associated with a reduced risk of metabolic syndrome (65).

This meta-analysis has several strengths that lend credence to the 
results. To the best of our knowledge, the current study is the most 
comprehensive meta-analysis addressing the effects of PBD combined 
with exercise training on leptin and adiponectin levels in adults with or 
without chronic diseases. We minimized the potential for bias in the 
review process by executing a comprehensive search of the literature and 
also conducting a systematic review and reporting the meta-analytic 
results according to the PRISMA guidelines. Nevertheless, some 
potential limitations should be  considered when interpreting these 
findings. First, diet and exercise programs varied somewhat across trials, 
which may introduce heterogeneity. Additional standardized 
intervention studies in different populations could further substantiate 
the effects on adiponectin. Also, some studies were conducted on 
healthy people and some on adults with overweight and obesity, which 
may distort the homogeneity of the results to some extent. One of the 
reasons for the high heterogeneity can be attributed to the different 
health characteristics of participants, such as menopause, metabolic 
syndrome, obstructive sleep apnea, obesity, or coronary artery disease, 
and the duration of the interventions. Conducting meta-regressions 
could potentially offer more robust findings in this case. However, the 
limited number of studies that provided data on BFP and BMI precluded 
us from conducting meta-regression or subgroup analyses to examine 
the relationship between leptin and adiponectin with BFP or BMI. Also, 
due to the small number of studies, it was not possible to perform 
subgroup analysis based on the type, duration, and intensity of exercise.

5 Conclusion

The findings of the present systematic review and meta-analysis 
show the important role of PBD combined with exercise training in 
improving leptin and adiponectin. Exercise training combined with 
PBD are suggested as non-invasive interventions for reducing leptin 
and increasing adiponectin levels to control body mass and other 
disorders related to obesity in adults with or without chronic diseases.
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