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ABSTRACT
The aim of this systematic review with pairwise and network meta-analyses was to examine the effects of different exercise 
types on visceral adipose tissue (VAT) in patients with prediabetes and type 2 diabetes mellitus (T2DM). A comprehensive search 
was conducted in PubMed, Web of Science, and Scopus using four main keywords including “exercise training,” “visceral fat,” 
“diabetes,” and “randomization” from inception to April 2025. Thirty-three randomized controlled trials or clinical trials with 
parallel groups were included (1740 patients), in which exercise training was compared with either nonexercise or other types of 
exercise training. Combined training (n = 5) (−0.63 [95% CI −0.95 to −0.30], p = 0.001), high-intensity interval training (n = 11) 
(−0.53 [95% CI −0.86 to −0.19], p = 0.001), and aerobic training (n = 24) (−0.38 [95% CI −0.59 to −0.18], p = 0.001), but not resist-
ance training (n = 8) (−0.25 [95% CI −0.54 to 0.03], p = 0.08) were more effective for reducing VAT as compared with controls. 
Subgroup analyses based on age, health status, body mass index, or intervention duration confirmed that combined training, 
high-intensity interval training, aerobic training, but not resistance training, induced advantageous alterations in VAT compared 
to the control group. The main findings show that the P-score–based ranking of interventions reported the highest probability 
ranking for CT (0.89), followed by HIIT (0.76), AT (0.52), and RT (0.32). These findings provide compelling evidence to support 
the use of exercise training as a noninvasive and cost-effective nonpharmacological intervention for the reduction of VAT in 
patients with prediabetes and T2DM.
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1   |   Introduction

1.1   |   Glucose Metabolism and Visceral Fat

Impaired glucose metabolism, frequently associated with 
excess body weight or adiposity, is a common global public 
health issue that increases the risk of morbidity and mortal-
ity associated with cardiovascular diseases [1]. Consequently, 
physically inactive individuals with poor glucose control com-
monly demonstrate metabolic dysregulation and cardiovascu-
lar complications, as well as excess visceral adiposity [2, 3]. 
People with prediabetes and type 2 diabetes mellitus (T2DM) 
usually exhibit abdominal obesity associated with increased 
visceral adipose tissue (VAT) located within the abdominal 
cavity surrounding internal organs, including the liver and 
intestines [4]. Excessive VAT accumulation fosters harmful 
diabetes-related health effects resulting in an increased risk 
of hepatic steatosis, cardiovascular diseases, and metabolic 
syndrome [5]. Moreover, abnormal VAT leads to chronic low-
grade inflammation, elevated oxidative stress, low antioxidant 
capacity, and compromised immune function [6]. In order to 
improve metabolic health among people with prediabetes and 
T2DM, reducing visceral adiposity is therefore considered 
more effective than other anthropometric parameters in glu-
cose management [7].

1.2   |   Role of Exercise in Visceral Fat

In light of these considerations, the prioritization of nonpharma-
cological interventions, such as physical exercise, has emerged 
as an important approach for medical practitioners, healthcare 
professionals, and policymakers striving to address the adverse 
health consequences and concomitant economic burdens asso-
ciated with T2DM [8]. Physical exercise can be a noninvasive 
and cost-effective therapeutic tool for reducing VAT and improv-
ing glucose homeostasis in individuals with metabolic health 
impairments [9–12]. Although regular exercise may not always 
reduce body weight, extra literature indicates that exercise can 
decrease visceral adiposity, even in the absence of weight loss 
[13], and improve hormonal alterations that impact the regula-
tion of glucose levels and fatty acid metabolism among people 
with poor glucose control [14].

1.3   |   Impact of Different Exercise Types on 
Visceral Fat

Exercise training can have inconsistent effects on VAT among 
individuals with prediabetes and T2DM [9, 15]. A plethora 
of studies investigating some of the most popular exercise 
training modalities in both exercise communities and clini-
cal practice [16] display positive effects on VAT in populations 
with prediabetes and T2DM. In particular, aerobic training, 
high-intensity interval training (HIIT) and combined aerobic 
and resistance training, but not resistance training alone, ex-
hibit favorable changes in VAT [9, 13, 17–29]. However, these 
beneficial exercise-induced changes are not always clinically 
significant, and the role of different exercise types in lower-
ing VAT requires further elucidation. Any discrepancies may 
be attributed to diverse study populations, which may have 

resulted in varying outcomes [9, 30–33], meaning whether 
there is an optimal type of exercise for patients with prediabe-
tes and T2DM is unknown.

1.4   |   Research Objectives

Although robust evidence supports a vital role for exercise 
in improving cardiometabolic risk associated with diabetes 
[34], the comparative efficacy of the most widely used exercise 
types for reducing VAT among individuals with prediabetes 
and T2DM remains unclear. The objectives of the present sys-
tematic review that uniquely adopted pairwise and network 
meta-analyses was to investigate the efficacy of different types 
of exercise for reducing VAT in patients with prediabetes 
and T2DM and to identify the most effective type of exercise 
training.

2   |   Methods

2.1   |   Registration

This systematic review with pairwise and network meta-
analyses was conducted according to Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) [35] and 
the Cochrane Handbook for Systematic Reviews of Interventions 
[36]. The present study was registered at the International 
Prospective Register of Systematic Reviews (PROSPERO) with 
registration number: CRD42024598045

2.2   |   Literature Search Strategy

A comprehensive search was conducted in PubMed, Web of 
Science, and Scopus using four main keywords, including “ex-
ercise training,” “visceral fat,” “diabetes,” and “randomization” 
from inception to July 2024. There were restrictions set for the 
English language and studies of humans, where possible. The 
full search strategy is summarized in Table S1. In addition, the 
search was updated through to April 2025. In addition, the ref-
erence lists of the included studies, additional relevant meta-
analyses [9, 13, 18] and Google Scholar were manually searched 
to ensure that all relevant studies were included in the meta-
analyses. Two authors (M.K. and S.F.) independently performed 
the database and manual searches.

2.3   |   Study Selection and Eligibility Criteria

All retrieved records were imported to EndNote and duplicate 
articles excluded. Subsequently, the records were screened 
against the inclusion and exclusion criteria. The screening 
process was conducted in two stages: 1) title and abstract 
screening and 2) screening of the full texts of eligible articles. 
Study selection was completed by two independent authors 
(S.F. and F.D.) and any disagreements were resolved through 
discussion with another author (M.K.). Interrater agreement 
[37] assessed using Cohen's κ statistic was 0.86 before resolv-
ing discrepancies. The studies included in the meta-analysis 
met the following criteria: they must have been written in 
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the English language. Additionally, the studies must have 
met the following population, intervention, comparison, out-
comes, and study (PICOS) criteria to be included: For popu-
lation, studies must have involved adults with prediabetes or 
type 2 diabetes mellitus (T2DM) with mean ages ≥ 18 years, 
regardless of biological sex. Prediabetes was defined as fast-
ing blood glucose (FBG) between 6.1 and 6.9 mmol/L, two-
hour blood glucose (2 h-BG) between 7.8 and 11.1 mmol/L, 
or glycated hemoglobin (HbA1c) between 5.7 and 6.4% (39–
46 mmol/mol). T2DM was defined as FBG ≥ 7.0 mmol/L, 
or 2 h-BG ≥ 11.1 mmol/L, or HbA1c ≥ 6.5% (48 mmol/mol). 
HbA1c was prioritized among these glycemic markers for di-
agnosing prediabetes or T2DM [38–40]. In addition, partici-
pants with obesity, metabolic syndrome, or fatty liver diseases 
were included if they met the prediabetes definition. For in-
tervention, studies were included if they involved any mode of 
exercise including aerobic training, resistance training, HIIT, 
or combined aerobic and resistance training and had a dura-
tion ≥ 2 weeks. In addition, studies involving other exercise 
types such as Pilates, yoga, or tai chi were included. In order to 
facilitate comparison, studies involving nonexercise or usual 
care control groups and other exercise training groups were 
included. For outcomes, studies had to measure visceral fat, 
interabdominal fat, or preperitoneal fat before and after in-
tervention using valid measurement units such as grams/kg, 
percentages, mm, cm2, L, or cm3 [41]. To ensure the method-
ological quality of the study, randomized controlled trials or 
clinical trials with parallel groups that had undergone peer 
review were included when they compared exercise training 
and nonexercise or other types of exercise. Exclusion criteria 
were nonoriginal, nonrandomized studies. In addition, stud-
ies without more than one group or studies that used the bio-
electrical impedance method were excluded because of some 
concerns about the validity of quantifying VAT, especially in 
clinical settings [42, 43].

2.4   |   Data Extraction

Two authors (S.F. and F.D.) independently extracted the data, 
and any disagreements were resolved by discussion with an-
other author (M.K.). The following data were extracted: 1) 
publication characteristics, including first author name and 
publication year; 2) study design, including randomized con-
trolled or clinical trials; 3) participant characteristics, including 
sample size, ages, body mass indexes (BMI), and health status; 
4) exercise characteristics, including type, intensity, duration of 
intervention, and protocol; 5) outcome variable (VAT), including 
measurement methods and reported units.

2.5   |   Data Synthesis

In order to perform the requisite analyses, the mean changes 
and their standard deviations (SDs) were extracted. However, 
when required, these data were calculated from means and 
SDs of preintervention and postintervention data using a rele-
vant formula with conservative values of 0.5 for correlations, as 
recommended in the Cochrane Handbook. In addition, when 
required, means and SDs were calculated from other data such 
as standard errors, medians, and interquartile ranges (IQRs), 

and 95% confidence intervals, or were extracted from figures 
using Getdata software [44–46]. If studies had more than one 
intervention arm with different exercise types (such as aerobic 
and resistance), each one was included as a separate arm, and 
the sample size of the control group was divided by the num-
ber of intervention arms in the pairwise analysis. However, if 
studies had more than one exercise arm with the same exercise 
type (such as aerobic training with moderate versus high inten-
sities), these were combined using the relevant formulas recom-
mended by the Cochrane Handbook for Systematic Reviews of 
Interventions. In addition, studies involving exercise training 
plus a dietary intervention, versus dietary intervention alone, 
were included in the analyses if the diet was the same in all in-
tervention arms.

2.6   |   Quality Assessment

The overall quality of the included studies was assessed using 
the Physiotherapy Evidence Database (PEDRO) scale, which 
contains 11 items [47]. However, two items, including “blinding 
of all subjects,” and “blinding of all therapists who administered 
the therapy,” were excluded from our review because of the im-
possibility of applying them in exercise interventions. Finally, 
the quality of the included studies was assessed using the 9 re-
maining items by two independent authors (S.F. and F.D.), and 
any disagreements were resolved by discussion with another au-
thor (M.K.). The scores ranged from 0 to 9, with higher scores 
demonstrating higher quality. The quality assessment scores are 
summarized in supplementary Table 2.

2.7   |   Statistical Analysis

The pairwise meta-analysis was conducted using comprehen-
sive meta-analysis software (version 3) to compare the effects 
of exercise training versus nonexercise control groups. The 
standardized mean differences (SMDs) were calculated using 
random effects models, and effect sizes were interpreted using 
the Cochrane guidelines, with 0.20–0.49, 0.50–0.79, and ≥ 0.80 
indicating small, medium, and large effect sizes, respectively 
[36]. The heterogeneity among included studies was determined 
using I2 and Q-statistics, with the I2 interpreted according to the 
Cochrane guidelines, with 25%, 50%, and 75% indicating low, 
moderate, and high heterogeneity, respectively. Publication bias 
was assessed using the visual interpretation of funnel plots and 
Egger's tests as a secondary measure, where a p value of < 0.10 
indicated possible publication bias [48]. A sensitivity analy-
sis was conducted by removing individual studies to ascertain 
that the findings were not unduly influenced by a single study. 
Additionally, several subgroup analyses were performed based 
on the age of participants (middle-aged: < 60 years, older: ≥ 
60 years), health status (prediabetes, T2DM), BMI classifica-
tion (nonobese: BMI < 30 kg m2, obese: BMI ≥ 30 kg m2), and 
intervention duration (short-term: < 16 weeks, long-term: ≥ 
16 weeks). To investigate the direct and indirect effects of ex-
ercise modes, the network meta-analysis was conducted with 
a frequentist framework using the netmeta package in the sta-
tistical software R (V.4.4.1). Because the visceral fat reported 
with different measurement units in the included studies, the 
standardized mean differences (SMDs) were determined using 
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a random effects model to calculate the effect size. Network for-
est plots and league tables were used to show the relative esti-
mate of mixed (direct and indirect) effect sizes and 95% CIs for 
all combinations of interventions in the network. P score values 
(ranging from 0 to 1) were used to rank each intervention, with 
smaller values indicating the better rank. In addition, the tran-
sitivity assumption was assessed by a visual inspection of par-
ticipant characteristics including age, biological sex, and health 
status; study design characteristics including randomization; 
and intervention characteristics including intervention dura-
tion. The assumption of consistency was assessed using direct 
and indirect estimates via node-splitting models, and statistical 
inconsistency was considered present when p ≤ 0.05 [49, 50]. 
Heterogeneity was assessed using the I2 and Q-statistic accord-
ing to Cochrane guidelines, which describe within-design het-
erogeneity and between-design inconsistency. Publication bias 
was assessed using the visual interpretation of funnel plots and 
confirmed using Egger's tests.

3   |   Results

3.1   |   Search Strategy

The initial search yielded 871 records, of which 576 remained 
after removing duplicates. Subsequently, 516 articles were re-
moved based on title and abstract screening, and 60 articles 
were deemed eligible for the full-text screening. Following the 
complete screening process, 28 studies were removed because 

of reasons such as not measuring visceral fat (n = 6), not includ-
ing individuals with T2DM or prediabetes (n = 14), published 
more than once (n = 5), and being nonrandomized (n = 3) as 
presented in Figure  1. In addition, 1 study was added after 
updating the search [51]. Finally, 33 studies met all inclusion 
criteria and were included in the analyses [52–83]. Among the 
included studies, six did not have a control group and were not 
included in the pairwise meta-analysis but were included in 
the network meta-analysis [53, 54, 65, 70, 74, 76]. All included 
studies were randomized control or clinical trials with parallel 
groups. The details of the searches and study selection process 
are presented in Figure 1, and study characteristics are summa-
rized in Table 1.

3.2   |   Participants and Interventions 
Characteristics and Quality Assessment

Overall, 1740 participants with a mean age ranging from 45 to 
70 years and a mean BMI ranging from 25 to 40 kg m2 were in-
cluded in the meta-analysis, with 20 studies having participants 
with T2DM [51–57, 59–62, 67, 68, 70–75, 77, 81] and 12 with predia-
betes [58, 63–66, 69, 76, 78–80, 82, 83]. In addition, the participants 
had other comorbidities such as nonalcoholic fatty liver disease 
[52, 58, 63, 64], nonalcoholic steatohepatitis [28, 66], metabolic 
dysfunction–associated [80], and metabolic syndrome [75, 76] 
before or stage I hypertension [62]. The intervention duration 
ranged from 2 to 24 weeks, with a weekly frequency of exercise 
sessions ranging from 2 to 7 sessions per week. Different modes of 

FIGURE 1    |    Flow diagram of systematic literature search.
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exercise training, including aerobic training, resistance training, 
combined aerobic and resistance training, and HIIT, were used 
in the interventions. The details of participant and intervention 

characteristics are presented in Table 1. The overall quality of in-
cluded studies was summarized in supplementary Table 2, which 
reported that PEDro scale scores ranged from 5 to 9.

FIGURE 2    |    Forest plot of the effects of exercise training versus CON on visceral fat. Data are reported as SMD. SMD: standardized mean 
difference.

FIGURE 3    |    Funnel plots of the meta-analyses of the effects of exercise training on visceral fat.
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3.3   |   Meta-Analysis

Overall, 37 intervention arms were included in the meta-
analysis. Compared with controls, exercise training demon-
strated a significant reduction in VAT (−0.43, p = 0.001) 
(Figure 2). The I2 statistic revealed a high degree of heteroge-
neity among the included studies (I2 = 54.80%, p = 0.001). In 
addition, the visual interpretation of funnel plots suggested 
publication bias, which was not confirmed by the Egger's test 
(p = 0.23) (Figure 3). The trim and fill method identified five 
missing studies from the left side of the funnel plot. After 
accounting for the missing studies, the overall effect size in-
creased to (−0.55).

3.3.1   |   Subgroup Analyses

Several subgroup analyses were performed with results show-
ing that when compared with a control group, VAT was re-
duced in both middle-aged (−0.34, p = 0.001) and older adults 
(−0.54, p = 0.001), in adults with prediabetes (−0.71, p = 0.001) 
and T2DM (−0.28, p = 0.001), with (−0.43, p = 0.002) or without 

obesity (−0.46 [95% CI −0.62 to −0.29], p = 0.001), and following 
short-term (−0.37, p = 0.009) and longer-term (−0.49, p = 0.001) 
intervention duration (supplementary Table 3).

3.4   |   Network Meta-Analysis

Network geometry for visceral fat is displayed in Figure 4. Thirty-
three studies involving 54 pairwise comparisons, 5 treatment 
arms, and 10 study designs were eligible for NMA. Compared 
with a control group, combined training (−0.63, p = 0.001), 
HIIT (−0.53, p = 0.001), and aerobic training (−0.38, p = 0.001) 
were effective for reducing VAT, but resistance training was 
not (−0.25, p = 0.08) (Figure 5, supplementary Table 4). In ad-
dition, the P score–based ranking of interventions is shown in 
Figure 5. The highest ranking was for combined training (0.89), 
followed by HIIT (0.76), aerobic training (0.52), and resistance 
training (0.32) (Figure 5). The results of heterogeneity and in-
consistency tests are summarized in supplementary Table 3 and 
demonstrated considerable heterogeneity with I2 = 55.2% (36.0%; 
68.6%) (Q statistics in supplementary Table 5). Nevertheless, the 
node splitting analysis results, which were conducted to com-
pare direct and indirect evidence, demonstrated no significant 
inconsistency between the direct and indirect estimates (sup-
plementary Table  6). In addition, Egger's test revealed no sig-
nificant publication bias in the network meta-analysis (p = 0.66) 
(Figure 6).

FIGURE 4    |    Network geometric map of studies investigating the ef-
fects of exercise training on visceral fat.

FIGURE 5    |    Forest plot of the network meta-analyses of the effects of exercise training on visceral fat.

FIGURE 6    |    Funnel plots of the network meta-analyses of the effects 
of exercise training on visceral fat.
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4   |   Discussion

In this systematic review with pairwise and network meta-
analyses, we provide strong evidence regarding the advan-
tageous effects of four exercise types on VAT in patients with 
prediabetes and T2DM. When compared with a control group, 
combined aerobic and resistance training, aerobic training, and 
HIIT, but not resistance training, resulted in larger reductions in 
visceral fat in both patient groups, irrespective of age, health sta-
tus, BMI, or duration of intervention. This important outcome 
provides healthcare professionals and public health policymak-
ers with clear evidence of a noninvasive, nonpharmacological, 
and cost-effective clinical strategy for supporting patients with 
impaired metabolic health [85].

Reducing visceral fat in patients with prediabetes and T2DM has 
significant metabolic effects [86]. Regular exercise is an effective 
lifestyle intervention for reducing VAT among patients with met-
abolic dysfunction [9–12] and reducing their risk of cardiovascu-
lar disease morbidity and mortality [87]. This process improves 
insulin signaling, inflammation, mitochondrial function, oxida-
tive stress, lipid metabolism, adipokine regulation, cortisol and 
the hypothalamic–pituitary–adrenal axis, insulin and glucagon, 
and incretin hormone activity, which are all driven by molecu-
lar and hormonal mechanisms [86]. Collectively, these adapta-
tions improve glucose homeostasis, reduce cardiometabolic risk, 
and delay disease progression. Consequently, the focal point of 
diabetes management is the targeting of visceral fat through 
structured lifestyle interventions or pharmacotherapy [88]. Our 
findings indicate that combined training, HIIT, and aerobic 
training facilitate reductions in VAT, which is commonly asso-
ciated with low-grade chronic inflammation in patients with 
prediabetes and T2DM who have BMIs ranging from 25 to 40 kg 
m2. The present outcomes align with other systematic reviews 
and meta-analyses investigating the effects of different forms of 
exercise on VAT in various populations with metabolic health 
dysregulation [9, 12, 18, 22, 30–33].

Combining aerobic and resistance training has been widely 
reported as the most effective exercise strategy for improving 
cardiometabolic health-related indicators [25, 34], including 
body composition and inflammatory markers [24, 89–92]. The 
present network meta-analysis showed that combined training 
may be the best exercise strategy for reducing VAT in individu-
als with prediabetes and T2DM. The combination of resistance 
training with aerobic exercise has been established as an effec-
tive approach for enhancing muscular fitness and bone mass, 
while aerobic exercise appears to be an effective strategy for 
reducing VAT [9, 93]. Furthermore, numerous meta-analytical 
studies have reported that combined training may be the opti-
mal form of exercise for improving chronic low-grade inflam-
mation [91, 93, 94]. Hence, combined training is recommended 
for cardiometabolic health improvements, including VAT reduc-
tion in populations with glucose metabolism derangements.

HIIT appears to be the second-best exercise type for reducing 
VAT in patients with prediabetes and T2DM. This vigorous and 
time-efficient exercise strategy has been widely reported to im-
prove body composition, liver fat, chronic inflammation, glyce-
mic markers, and cardiovascular disease risk factors in people 
with metabolic health dysfunction [25, 27, 95–102]. Vigorous 

intermittent exercise can increase the secretion of cytokines 
and myokines, whereas moderate-intensity continuous aero-
bic exercise does not [9]. This may be the mechanism by which 
HIIT reduces VAT, as interleukin 6 and other adipo-myokines 
exert favorable effects on metabolism [103–105]. HIIT seems to 
augment basal metabolic rate and enhance postexercise oxygen 
consumption more than moderate-intensity continuous aerobic 
exercise in participants with a high BMI, promoting beneficial 
changes in VAT [106–108].

The P-score ranking showed that aerobic exercise ranks third, 
suggesting that aerobic exercise may be the least effective train-
ing modality for reducing VAT in patients with prediabetes 
and T2DM. Nevertheless, substantial evidence demonstrates 
the positive impact of aerobic exercise on visceral adiposity in 
populations who are overweight or obese and at high risk of 
impaired glucose control [9, 28, 31]. Interestingly, a previous 
meta-analysis found a minimal visceral fat reduction by vari-
ous aerobic exercise interventions using different training pa-
rameters in participants with overweight and obesity [28]. In 
our study, aerobic exercise interventions were characterized 
by moderate-intensity protocols and not high-intensity stimu-
lation used in HIIT interventions. This difference may play a 
key role in activating the molecular and hormonal mechanisms 
behind visceral fat reduction, even without clinically significant 
weight loss [28, 109]. Taken together, the present results indi-
cate that vigorous-intensity aerobic exercise may be superior to 
moderate-intensity in reducing VAT. However, intensity is not 
the only training parameter affecting the efficacy of aerobic ex-
ercise on visceral fat, as volume also plays a key role, because the 
dose–response relationship between aerobic exercise and VAT 
reduction occurs in people with excess adiposity but without 
obesity-related illness [109].

Although resistance training can improve numerous cardiomet-
abolic health-related indicators in populations with prediabe-
tes and T2DM [25, 87], the present results do not confirm its 
efficacy on the VAT reduction as a standalone exercise. This 
outcome corroborates previous meta-analyses, showing that 
muscle-strengthening should be supplemented by some forms 
of aerobic-based activities to reduce visceral fat in participants 
with overweight or obesity [28, 31, 32]. However, this finding 
does not agree with other meta-analyses investigating the in-
fluence of resistance training on VAT in individuals with over-
weight or obesity, but without prediabetes or T2DM [9, 12, 33]. It 
is worth mentioning that in the meta-analysis by Chen et al. [9], 
resistance training had a relatively small overall effect and was 
the least effective form of exercise compared to aerobic training, 
combined training, and HIIT. Furthermore, the literature on re-
sistance training protocols reveals a considerable diversity in the 
prescribed training parameters, including frequency, intensity, 
and duration, that could influence the outcomes of visceral fat.

4.1   |   Future Directions and Clinical Implications

The present findings support clinicians, practitioners, and the 
public health authorities responsible for formulating and im-
plementing policy with robust data of a nonintrusive, nonphar-
maceutical, and cost-effective approach for supporting patients 
with prediabetes and T2DM. Interestingly, different exercise 
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interventions, such as combined aerobic and resistance training, 
aerobic training, or HIIT, can be incorporated into a patients' 
management plan in healthcare settings as a feasible and low-
risk clinical strategy for reducing visceral fat in these popula-
tions. However, future clinical trials should focus on HIIT-type, 
resistance-based training protocols [110] or concurrent HIIT 
and resistance training, aiming to identify whether this popular 
exercise approach [16] elicits positive alterations in VAT not only 
in individuals with excess body weight and adiposity [9] but also 
in those with prediabetes and T2DM.

4.2   |   Limitations

The current meta-analysis has several limitations that should 
be acknowledged. Specifically, limitations include the fact that 
we did not report other anthropometric, body composition, and 
chronic inflammatory variables to investigate whether the ef-
fects of various types of exercise on these outcome measures 
were consistent with the effects on VAT, as these were consis-
tently unavailable. Second, the present review aimed to investi-
gate the exclusive role of different forms of exercise in visceral 
fat reduction. Thus, combined exercise and diet interventions 
were not included, and therefore, the impact of diet was not con-
sidered. Future meta-analyses are suggested to explore the effi-
cacy of various exercise types combined with dietary strategies. 
Finally, the dose–response effects of different forms of exercise 
were not examined because of the limited number of original 
studies, which did not allow for valid subgroup analyses.

5   |   Conclusions

The present systematic review with pairwise and network 
meta-analyses provides evidence that various exercise types, 
including combined aerobic and resistance training, HIIT, and 
aerobic training, but not resistance training, can reduce VAT in 
patients with prediabetes and T2DM. The highest ranking for 
VAT reduction was reported for combined training, followed by 
HIIT, and aerobic exercise training. This evidence provides a 
foundation for clinicians and practitioners to prescribe a range 
of exercise interventions for patients with prediabetes and 
T2DM, for whom abdominal adiposity is a common character-
istic, resulting in insulin resistance due to low-grade chronic 
inflammation.
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