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Abstract 

Background Lifestyle modifications involving diet and exercise are recommended for patients diagnosed with obe‑
sity and type 2 diabetes mellitus (T2DM). The purpose of this review was to systematically evaluate the effects 
of combined aerobic exercise and diet (AEDT) on various cardiometabolic health‑related indicators among individuals 
with obesity and T2DM.

Methodology A comprehensive search of the PubMed/Medline, Web of Science, Scopus, Science Direct, Cochrane, 
and Google Scholar databases was conducted for this meta‑analysis. The Cochrane risk of bias tool was used to evalu‑
ate eligible studies, and the GRADE tool was used to rate the certainty of evidence. A random‑effects model for con‑
tinuous variables was used, and the results were presented as mean differences or standardised mean differences 
with 95% confidence intervals.

Results A total of 16,129 studies were retrieved; 20 studies were included, and data were extracted from 1,192 partic‑
ipants. The findings revealed significant improvements in body mass index, body weight, waist circumference, systolic 
blood pressure, diastolic blood pressure, total cholesterol, triglycerides, fasting blood glucose, fasting plasma insulin, 
glycated hemoglobin, leptin, interleukin‑6, C‑reactive protein, and adiponectin (p < 0.05) compared to the standard 
treatment (ST) group. No significant differences were observed between the AEDT and ST groups in fat mass, hip 
circumference, waist‑to‑hip ratio, high‑density lipoprotein cholesterol, low‑density lipoprotein cholesterol, and tumor 
necrosis factor‑alpha. The present findings are based on low‑ to moderate‑quality evidence.

Conclusions AEDT may be a critical behavior for holistic cardiometabolic health‑related benefits as a contemporary 
anti‑obesity medication due to its significant positive impact on patients with obesity and T2DM. Nevertheless, fur‑
ther robust evidence is necessary to determine whether AEDT is an effective intervention for lowering cardiovascular 
and metabolic risk factors among individuals with obesity and T2DM.
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Introduction
The prevalence of obesity and type 2 diabetes mellitus 
(T2DM) continue to escalate, largely attributed to the 
effects of urbanisation, which, in turn, results in nota-
bly reduced levels of physical activity [1]. Studies found 
that people living in urban areas have higher body 
mass index (BMI) than those living in rural areas [2, 
3]. The incidence of these two pathologies is estimated 
to double in the following decades [4]. With increas-
ing urbanisation and the abundance of high-calorie 
meals, there is a noticeable change in the expression 
and regulation of genes related to metabolic pathways, 
energy consumption, and body weight management 
[5]. These genetic and environmental factors, such as 
obesity, poor diet, and sedentarism strongly contrib-
ute to multiple pathophysiological changes that lead to 
adversely impaired glucose metabolism in T2DM [6]. 
Some genome-wide association epidemiological rela-
tionship studies conducted associate obesity and other 
metabolic diseases with around 97 loci of body mass 
index (BMI) variants linked to relevant cardiometa-
bolic traits, influencing metabolic pathways probably 
by shared genetic effects and cross-phenotypic correla-
tions [7].

Studies evaluating specific diet regimens for T2DM 
found that all diet types are designed to improve meta-
bolic imbalances. Nonetheless, the responses of individu-
als vary according to their needs and pathophysiological 
attributes, resulting in a deficiency of personalised die-
tary plans [8]. A comparable tendency was observed in 
Krebs, Elley [9] randomised controlled trial (RCT), dem-
onstrating a modest reduction in weight and waist cir-
cumference. Also, factors influencing nutrient utilisation 
and metabolism encompass the composition and activity 
of the gut microbiota [10], which collectively contribute 
to an individual’s response to specific diets and impact 
the body’s energy expenditure.

A lack of physical exercise is a risk factor per se compa-
rable to having a previous cardiovascular event and even 
a greater predictor of all-cause mortality in individuals 
with obesity, than hypertension, smoking status, or cho-
lesterol levels [11]. Although physical exercise improves 
vascular structure and endothelial function, lowers blood 
pressure and lipid levels, improves glycemic control 
[12], and reduces chronic inflammation and body mass 
[13], people with excessive weight demonstrate exercise 
motivation due to body dissatisfaction [14]. In T2DM 
patients, increased glycated haemoglobin (HbA1c) lev-
els are predictive of vascular complications, and HbA1c 
was reported to reduce in direct correlation with exer-
cise intensity. Although there is currently no known cure 
for T2DM, treatment options are centred on lifestyle 
changes, managing obesity, insulin sensitizers, and oral 

hypoglycemic drugs, these are still first-line interven-
tions, particularly for obese T2DM patients [15].

It is evident that various exercise types have clinically 
positive effects on populations with obesity, even with-
out weight loss [16–23]. In particular, aerobic training 
has been reported as a popular [24] and effective exer-
cise mode for improving several cardiovascular and 
metabolic risk factors among adults with obesity [23]. 
However, only a few trials have evaluated the effective-
ness of AEDT in overweight/obese patients with T2DM. 
Hence, the long-term implications of AEDT in T2DM 
patients remain unclear, and therefore, this review aims 
to evaluate the effects of AEDT on various cardiometa-
bolic health-related indicators among overweight and 
obese patients with T2DM.

Materials and methods
Protocol registration
This systematic review and meta-analysis were con-
ducted in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses statement 
guidelines [25]. The study protocol was registered in the 
International Prospective Register of Systematic Reviews 
(ID: CRD42023390330).

Literature search strategy
Articles were retrieved from PubMed/Medline, Web of 
Science, Scopus, Science Direct, Cochrane Library, and 
Google Scholar after a systematic electronic search. Four 
authors (S.B.A.L., W.S.W.G., A.B.D., and H.A.) employed 
a combination of keywords and Boolean operators, 
specifically “OR” and “AND” in conducting an elec-
tronic search of literature until October 20, 2023. The 
keywords utilised were “exercise” OR “training” AND 
“obesity” AND “diabetes” AND “diet” as stated in Table 
S1, to retrieve pertinent material. The search strategy 
used keywords related to the PICOS [(P) Population: 
T2DM patients with overweight or obesity; (I) Interven-
tion: AEDT; (C) Comparator: standard treatment (ST) 
(patients who continued their usual lifestyle and did not 
engage in any exercise or diet regimen); (O) Primary 
Outcomes: BMI, body weight, fat mass, waist circumfer-
ence, hip circumference, and waist-to-hip ratio (WHR); 
Secondary Outcomes: systolic blood pressure (SBP), 
diastolic blood pressure (DBP), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), total cholesterol (TC), triglycerides (TG), 
HbA1c, fasting blood glucose (FBG), fasting insulin (FI), 
adiponectin (ADPN), leptin (LEP), tumour necrosis fac-
tor-alpha (TNF-α), interleukin-6 (IL-6), C-reactive pro-
tein (CRP) and (S) Study type: randomized controlled 
trials (RCTs) and controlled clinical trials] framework. 
The reference lists of included articles were searched for 
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articles that met the inclusion criteria as well as the refer-
ence lists of all relevant systematic reviews.

Eligibility criteria
Studies were considered eligible for inclusion if the 
following criteria were met: (i) participants were 
patients with T2DM and concurrent overweight (BMI 
25–29.9  kg/m2) or obesity (BMI ≥ 30  kg/m2); (ii) no 
specified age limit for participants; (iii) the intervention 
used in the studies was AEDT; (iv) investigated at least 
one of the aforementioned primary outcomes in humans. 
Secondary outcomes also were included due to their 
association with cardiometabolic health; (v) articles pro-
vided full-text accessibility and were published in a ref-
ereed journal from inception up to 20 October 2023; (vi) 
no language restrictions; and (vii) studies were RCTs or 
controlled clinical trials. The following were excluded: 
(i) studies involving a mixed sample of individuals (e.g., 
apparently healthy individuals, non-diabetic people with 
overweight/obesity, or overweight/obese people without 
T2DM); (ii) articles where the effects of CART cannot be 
isolated because exercise training was involved as part of 
a multicomponent intervention (e.g., diet and exercise 
intervention); (iii) studies where the control group per-
formed exercise; (iv) articles that did not assess the out-
come measures of interest; (v) studies that used an acute 
exercise intervention (e.g., single bout or duration ≤ 2 
weeks); and (vi) review articles, case reports, studies 
lacking a control group, and ambiguous or unclear data.

Study selection
Four authors (S.B.A.L., W.S.W.G., M.H.A., and H.A.) 
employed a linear evaluation approach to assess eligibil-
ity criteria. They examined the names, abstracts, and full 
texts (in cases of uncertainty) and thoroughly evaluated 
the remaining articles based on qualifying criteria before 
deciding. In conflicts or uncertainties, a fifth author 
(M.G.) aided, applying the same method separately. Lit-
erature management software (EndNote X9, Clarivate 
Analytics, Philadelphia, PA, USA) was used to manage 
the literature search records.

Data extraction
Two authors (S.B.A.L. and B.D.A.) independently sam-
pled and extracted data from the relevant studies after 
reading the full text. The included studies generated sub-
stantial data that was retrieved and published, consisting 
of the first author, publication year, population, gender, 
sample size, exercise intervention details (frequency, 
intensity, time, type), study duration, and outcome 
measures.

Risk of bias assessment
Two authors (S.B.A.L. and B.D.A.) independently 
assessed the risk of bias from individual studies accord-
ing to the Cochrane Handbook for Systematic Reviews of 
Interventions [26]. The overall risk of bias assessment for 
each eligible study was judged considering the following 
factors: (i) random sequence generation; (ii) allocation 
concealment; (iii) blinding of participants and personnel; 
(iv) blinding of outcome assessors; (v) completeness of 
outcome data; (vi) selectivity of outcome reporting; and 
(vii) other biases as outlined in the Cochrane Handbook 
for Systematic Reviews of Interventions (Table S2). Eligi-
ble studies were classified into three levels of risk of bias 
(e.g., high, some concerns, and low) by the number of 
factors for which high, unclear, or low risk of bias poten-
tially existed.

Data analysis
All analyses were conducted using Review Manager 
5.4 software (Cochrane Collaboration, https:// rev-
man. cochr ane. org/ info). A random-effects model was 
applied to present the outcomes and Cochran’s Q-test 
and the  I2-test were used to assess heterogeneity [27]. 
We conducted a subgroup analysis when the  I2 statis-
tic was more than 50%, and a subgroup analysis on the 
reported comorbidities was performed. Mean differences 
(MD) or standardized mean differences (SMD) and 95% 
confidence intervals (CI) were applied to calculate the 
effect size. A two-sided p < 0.05 was considered to indi-
cate statistical significance. The GRADEpro methodol-
ogy (https:// www. grade pro. org) was used to assess the 
reliability of the evidence for interpreting heterogeneity: 
“an  I2 value of 0–40% may not be important”; “30–60% 
could indicate moderate heterogeneity”; “50–90% might 
suggest substantial heterogeneity”; “and 75–100% would 
indicate considerable heterogeneity” [28, 29]. Further-
more, Egger’s regression test was used to investigate any 
asymmetry in the funnel plot for detecting bias or heter-
ogeneity for certain outcomes due to insufficient studies 
(< 10 studies of varying size) contributing to each out-
come [26, 30], utilising the Comprehensive Meta-Analy-
sis software version 4 (Biostat, Englewood, NJ, USA) [31].

Results
Literature search and selection
From the specified databases, PubMed/Medline, Web 
of Science, Scopus, Science Direct, Cochrane Library, 
and Google Scholar (Fig.  1), a total of 16,344 stud-
ies were obtained. After removing duplicate articles, 
the number of studies eligible for further evaluation 
was reduced to 14,161. Through a review of the titles 
and abstracts based on predetermined inclusion and 

https://revman.cochrane.org/info
https://revman.cochrane.org/info
https://www.gradepro.org
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exclusion criteria, 14,132 studies were excluded. Sub-
sequently, the full text of the remaining 29 articles was 
carefully examined, excluding 14 articles with reasons. 
Therefore, 15 records were included in this study; how-
ever, two records were subsequent studies of eligible 
trials included in this review. Hence, a total of 13 stud-
ies were finally included in this review, and data were 
extracted from 2,454 patients who met the eligibility 
criteria (Fig. 1 and Tables S3).

Literature characteristics
All 13 trials were from high-income countries [32–44]. 
Nine out of the 13 trials recruited respondents from 
hospital settings [33–35, 38–40, 42–44]. In two tri-
als, participants were recruited by direct advertising 
[41]. Meanwhile, in one trial, information regarding the 
recruitment of the participants was not provided [32, 37]. 
In the included trials, patients were randomly allocated 
to intervention and controls received ST. As for the dura-
tion of interventions, one trial lasted two years [39], six 
trials lasted one year [32, 33, 37, 40, 41, 44], three trials 
lasted 24 weeks [35, 38, 42], one trial lasted 12 weeks [43], 
and two trials lasted eight weeks [34, 36]. Characteristics 
of the included studies are shown in detail in Table S3.

Risk of bias assessment results
The summary of the risk of bias assessment is shown in 
Fig. 2. Details of the risk of bias judgment per domain 
for each study are provided in Fig.  3. Specifically, the 
large majority of eligible studies demonstrated con-
cerns about the randomization, allocation concealment, 
blinding of participants/personnel and outcome assess-
ment. On the other side, the majority of studies showed 
a low risk of bias in missing outcome data, selective 
reporting processes, and other biases.

Quality of evidence assessment
In summary, the present findings are based on low- to 
moderate-quality evidence according to the GRADEpro 
application. A summary of the evidence’s quality, the 
degree of the effect, and the source of information uti-
lised in the assumed risk is shown in Table S4.

Primary outcomes
Anthropometrics and body composition
BMI was reported in nine trials involving 1,202 par-
ticipants and showing low-quality evidence. AEDT 

Fig. 1 PRISMA flowchart for search strategy
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demonstrated a significant reduction in BMI compared 
to ST (Fig. 4 and Table S2).

Body weight was included in nine trials (n = 2,071) 
demonstrating low-quality evidence.

AEDT exhibited a reduction in body weight compared 
to ST (Fig. 5 and Table S2).

Fat mass was assessed in two trials recruiting 289 par-
ticipants and showing moderate-quality evidence. No 
difference was found in fat mass between AEDT and ST 
(Fig. 6 and Table S2).

Waist and hip circumferences were measured in six 
(n = 2,088) and two (n = 279) trials, respectively, demon-
strating low-quality evidence. AEDT showed a reduction 
in waist circumference and no difference was observed in 
hip circumference compared to ST (Figs. 7 and 8, Table 
S2). The subgroup analysis for waist circumference based 
on reported comorbidities (three trials, n = 747) showed 
that AEDT reduced waist circumference compared to ST. 
In trials without comorbidities, no difference was found 
between AEDT and ST.

WHR was evaluated in two trials involving 131 partici-
pants and showed low-quality evidence. No meaningful 
difference was detected in WHR between AEDT and ST 
(Fig. 9 and Table S2).

Secondary outcomes
Blood pressure
SBP and DBP were reported in seven trials involving 
1,137 participants and demonstrating moderate-quality 
evidence. AEDT induced more favourable reductions in 
SBP and DBP than ST (Figs. 10 and 11, Table S2).

Lipid metabolism
HDL-C and LDL-C were included in 10 (n = 1,040) and 
seven (n = 763) trials, respectively, showing low-quality 
evidence. No substantial differences were reported in 
HDL-C and LDL-C between AEDT and ST (Figs. 12 and 
13, Table S2).

TC and TG were assessed in 10 (n = 1,308) and 11 
(n = 1,385) trials demonstrating low-quality evidence. 
AEDT provoked more beneficial reductions in TC and 
TG compared to ST (Figs. 14 and 15, Table S2).

Glucose metabolism
HbA1c, FBG and FI were evaluated in seven (n = 652), 
nine (n = 652) and seven (n = 1,060) trials, respectively, 
showing low-quality evidence. AEDT displayed benefi-
cial alterations in HbA1c, FBG and FI compared to ST 
(Figs. 16, 17 and 18 and Table S2).

Adipose tissue dysfunction
ADPN and LEP were reported in one trial recruiting 80 
participants [43]. AEDT exhibited a favourable increase 
in ADPN (MD 1.39, 95% CI 0.90 to 1.89; p < 0.001) and 
a favourable reduction in LEP (MD -7.31, 95% CI -9.16 
to -5.46; p < 0.001) compared to ST, showing moderate-
quality evidence (Table S2).

Inflammation
TNF-α, IL-6 and CRP were reported in two (n = 157), 
one (n = 80) [43] and one (n = 80) trial [40], respectively, 
demonstrating low-quality evidence. No meaningful dif-
ference was found in TNF-α between AEDT and ST 
(Fig. 19 and Table S2), whereas AEDT exhibited signifi-
cant reductions in IL-6 (MD -0.55, 95% CI -0.92 to -0.18; 
p = 0.003) and CRP (MD -0.46, 95% CI -0.68 to -0.25; 
p < 0.001) compared to ST.

Publication bias
Although there were 15 included reports, we were not 
able to construct a funnel plot for detecting bias or 
heterogeneity for certain outcomes due to insufficient 
studies (< 10 studies of varying size) contributing to 
each outcome [26]. Hence, a funnel plot using random 
effects was generated to investigate potential publica-
tion bias in studies evaluating HDL-C, TG, and TC. The 

Fig. 2 Summary of the risk of bias assessment
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number of studies for each outcome varied (≥ 10 stud-
ies of varying sizes), as depicted in (Figures S1, S2, and 
S3) [26]. However, our analysis revealed no significant 
publication bias for HDL-C (p = 0.86), TG (p = 0.54), 
and TC (p = 0.40), as determined using Egger’s regres-
sion test [30].

Discussion
In this review, we present, for the first time to the best 
of our knowledge, evidence about the effectiveness of 
AEDT on several cardiometabolic health-related indi-
ces. The present results indicate that AEDT exerts 
beneficial changes in body composition, lipid and glu-
cose metabolism, blood pressure, adipose tissue dys-
function and inflammation in patients with T2DM and 
concurrent obesity. Given that aerobic training and/or 
diet alone have been reported as effective behaviour 
change strategies for inducing positive alterations in 
cardiovascular disease risk factors among people with 
T2DM and obesity [45–49], these findings demon-
strate that AEDT may be considered the optimal life-
style-related solution for persons with poor metabolic 
health due to the concurrent presence of T2DM and 
obesity.

Anthropometry and body composition
This meta-analysis indicates that AEDT improves 
BMI, body weight and WC (only in populations with 
comorbidities), but not other anthropometric and 
body composition parameters, such as fat mass, hip 
circumference and WHR in persons with T2DM and 
obesity, underlining conflicting results in these pri-
mary outcomes that should be investigated further in 
the future. However, considering the key role of weight 
control in metabolic health-related benefits for peo-
ple with T2DM and obesity, our findings seem to be 
important for populations characterized by metabolic 
health impairments. This can be explained by the fact 
that these cohorts are likely to show central obesity 
linked to visceral and ectopic fat resulting in chronic 
inflammation that promotes metabolic syndrome [50]. 
In general, the present results corroborate findings 
reported in other relevant reviews, indicating meaning-
ful improvements in various anthropometric measure-
ments [47, 51].

Interestingly, AEDT has been reported as one of the 
most effective non-pharmacological interventions for 
improving several anthropometric and body composi-
tion parameters among individuals with poor metabolic 
health [23, 49, 51, 52]. According to other relevant review 
studies, combined aerobic and resistance training (CT) 
evoked similar efficacy on anthropometry and body com-
position in individuals with T2DM and obesity [53, 54]. 
Importantly, aerobic exercise alone has been documented 
as a more effective strategy for reducing visceral adi-
pose tissue than a hypocaloric diet alone. But diet alone 
appears to be more favourable for reducing body weight 
compared to aerobic exercise alone [55]. However, addi-
tional RCTs are necessary to determine whether AEDT 

Fig. 3 Risk of bias assessment results
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can exhibit favourable alterations in visceral adiposity 
that are associated with an increased risk of cardiovascu-
lar disease morbidity and mortality [50].

Blood pressure
Individuals with T2DM and obesity tend to present with 
elevated blood pressure levels, resulting in an increased 
risk of developing cardiovascular disease morbidity and 
mortality [56]. Normal blood pressure has been reported 
as a critical health marker for these particular popula-
tions according to the current international guidelines, 
since the combination of impaired glycemic control 
and raised blood pressure enhances the development of 
metabolic syndrome [57]. In our study, AEDT induced 
a meaningful reduction in SBP and DBP compared to 

ST. These findings are important since blood pressure 
improvements among people with T2DM and obesity 
are not well studied. In terms of the impact of various 
exercise modes, including aerobic training, on blood 
pressure demonstrates questionable changes in popula-
tions with impaired glycemic management and concur-
rent overweight/obesity [53, 58–60]. Additionally, diet 
may also be an effective lifestyle intervention for low-
ering blood pressure in these populations [61]. Thus, 
AEDT appears to be the optimal non-pharmacological 
approach for patients with obesity-related comorbidi-
ties seeking to achieve overall health benefits. Interest-
ingly, aerobic training may not be the most beneficial 
type of physical exercise for reducing blood pressure in 
people with excessive weight [23]. Other more vigorous 

Fig. 4 Impact of AEDT on BMI

Fig. 5 Impact of AEDT on body weight

Fig. 6 Impact of AEDT on fat mass
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exercise modes have been documented as more favour-
able training options among people with metabolic 
health impairments [18–21, 60, 61].

Lipid metabolism
Persons with T2DM and obesity tend to have impaired 
lipidemic profiles, enhancing cardiometabolic health 

Fig. 7 Impact of AEDT on waist circumference

Fig. 8 Impact of AEDT on the hip circumference

Fig. 9 Impact of AEDT on WHR

Fig. 10 Impact of AEDT on SBP
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Fig. 11 Impact of AEDT on DBP

Fig. 12 Impact of AEDT on HDL‑C

Fig. 13 Impact of AEDT on LDL‑C

Fig. 14 Impact of AEDT on TC
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complications [56]. In accordance with the current inter-
national guidelines, it is vital for these populations to 
maintain normal blood lipid levels, aiming to lower the 
risk of developing obesity-related illness [57]. In the pre-
sent review, conflicting results were found in terms of 
the influence of AEDT on blood lipids, since substantial 

improvements were observed in TC and TG, but not 
HDL-C and LDL-C. In general, several types of exercise 
provide beneficial changes in lipid metabolism among 
persons with T2DM and/or obesity [23, 45, 62], which 
is an outcome aligned with the present results. This may 
be explained by the concurrent presence of obesity and 

Fig. 15 Impact of AEDT on TG

Fig. 16 Impact of AEDT on HbA1c

Fig. 17 Impact of AEDT on FBG
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T2DM, playing a key role in the simultaneous manage-
ment of glycemic and lipidemic profiles due to chronic 
low-grade inflammation. Moreover, aerobic exercise 
alone does not seem as the optimal exercise strategy for 
inducing favorable changes in lipid homeostasis in people 
with excessive weight [23]. This remark partially agrees 
with the results reported in a relevant review, indicat-
ing beneficial alterations in LDL-C, but not HDL-C, TC 
and TG among patients with T2DM following aerobic 
exercise [45]. Also, diet plays an impactful role in lower-
ing blood lipids in this population [63]. That being said, 
AEDT appears as a powerful lifestyle intervention for 
improving lipid metabolism indicators in patients with 
common metabolic health complications.

Glucose metabolism
According to the present findings, AEDT demonstrated 
a significant reduction in HbA1c, FBG and FI in per-
sons with T2DM and obesity. Noteworthy, substantial 
improvements in glycemic control result in a lower risk 
of developing diabetes-related illness. This finding is 
in line with results reported in previous meta-analyses 
examining the influence of exercise on glucose homeo-
stasis in individuals with T2DM and/or obesity [53, 64]. 
Previous meta-analyses investigating the effects of aero-
bic exercise and/or diet on FBG and HbA1c reported 
meaningful reductions in T2DM patients [47, 51]. It is 
worth mentioning that aerobic exercise alone has not 
been documented as one of the most beneficial types of 
exercise for improving various glucose metabolism indi-
cators in adults with obesity compared to other exercise 

modes [22, 23, 53]. However, AEDT appears to be the 
most effective strategy for increasing insulin sensitiv-
ity with or without weight loss compared to aerobic or 
diet alone among populations with overweight/obesity 
[65, 66]. Also, the metabolic benefits of regular aero-
bic exercise have been reported as more important than 
those observed for dieting regarding the impact on gly-
cemic control linked to a pro-inflammatory profile of 
adipokines in persons with T2DM and/or obesity. Nev-
ertheless, healthy dietary patterns can improve glycemic 
management and attenuate T2DM complications [67]. 
Taking these facts into account, the favourable role of 
AEDT in glycemia may be partly explained by the pres-
ence of visceral adiposity that is frequently observed in 
people with metabolic health complications [68]. Hence, 
such AEDT-induced adaptations may be associated with 
the potential activation of some key molecular mecha-
nisms responsible for regulating glucose metabolism 
linked to visceral and ectopic fat [69, 70]. In summary, 
non-pharmacological anti-obesity agents, such as regular 
physical exercise, patient-centred diet and proper sup-
plementation can be used in conjunction with prescribed 
medications to noticeably improve T2DM biomarkers 
[71, 72].

Adipose tissue dysfunction
Adipose tissue plays an important role in lipid and glu-
cose metabolism. Importantly, adipose tissue becomes 
dysfunctional in obesity, promoting a pro-inflammatory, 
dyslipidemic and insulin-resistant environment that 
enhances T2DM [73]. Also, increased circulating LEP 

Fig. 18 Impact of AEDT on FI

Fig. 19 Impact of AEDT on TNF‑α
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concentrations and decreased blood levels of ADPN are 
common among individuals characterized by metabolic 
health complications [74]. In our review, AEDT exhibited 
significant improvements in LEP and ADPN; however, 
this outcome is supported by limited data since only one 
eligible study was included in the present meta-analysis. 
In general, RCTs investigating adipose tissue dysfunction 
in patients with T2DM and obesity are scarce. However, 
emerging evidence has underlined that exercise-induced 
adaptations of adipose tissue indicate beneficial altera-
tions in lipolysis, glucose uptake, and mitochondrial and 
endocrine activity [75]. Noteworthy, AEDT can improve 
metabolic homeostasis and diminish the risk of devel-
oping cardiometabolic health-related complications, 
since adipose tissue demonstrates notable plasticity in 
response to lifestyle interventions integrating diet and 
exercise into external stimuli [76]. Nonetheless, further 
research in more depth is warranted, aiming to deter-
mine whether AEDT affects adipose tissue dysfunction. 
Such a future research strategy points to the investigation 
of the role of AEDT-like protocols not only in LEP and 
ADPN but also in other adipocytokines, such as resistin, 
chemerin, vaspin and omentin.

Inflammation
People with metabolic health impairments tend to dem-
onstrate elevated inflammatory markers since the fat 
cells’ hyperplasia and hypertrophy due to a progressive 
accumulation of triglycerides promote pro-inflammatory 
state which activates the production of reactive oxy-
gen species [68]. AEDT has been broadly reported as an 
effective lifestyle intervention for individuals with poor 
metabolic health linked to chronic inflammation [69, 77–
80]. In our study, we found meaningful AEDT-induced 
improvements in IL-6 and CRP, but not in TNF-α. Such 
adaptations are important since individuals with T2DM 
and obesity are likely to present with several cardiovascu-
lar and metabolic abnormalities linked to raised oxidative 
stress, impaired redox status, reduced insulin sensitivity 
and decreased cardiorespiratory fitness due to chronic 
inflammation of adipose tissue by affecting immunity 
[68]. Moreover, diet interventions alone can provide 
T2DM patients with anti-inflammatory benefits [81] but 
also aerobic exercise alone provokes favourable changes 
in inflammatory markers in individuals with T2DM and/
or obesity [22, 23, 60, 82–85]. Thus, AEDT-like protocols 
may be an effective behaviour change strategy for lower-
ing chronic inflammation among people with metabolic 
health complications. Taking these observations into 
consideration, our results show strong evidence consider-
ing the AEDT-induced beneficial alterations in diabetes-
related inflammation, playing a key role in attenuating 

numerous cardiovascular disease risk factors in persons 
with T2DM and obesity.

Implications for future research
Given that AEDT appears to be a beneficial lifestyle 
intervention for persons with T2DM and obesity with 
regard to advances in various cardiometabolic health-
related parameters, there is a lack of robust evidence on 
the implementation of AEDT in the real world. Despite 
the latest international recommendations for persons 
with T2DM [67, 77, 86, 87], further study is necessary to 
detect the optimal exercise training parameters, such as 
frequency, intensity and time, aiming to aware clinicians 
and practitioners of the beneficial role of prescribing 
AEDT to individuals with T2DM and obesity [88]. Also, 
future research attempts in this area should emphasize 
the investigation of the dose-response effects of AEDT 
on cardiometabolic health indicators under real-world 
conditions as previously reported [89]. Such a future 
research strategy would enhance the applicability of 
AEDT, showing whether the most comprehensive life-
style intervention can be used for patients with metabolic 
health complications in a free-living environment.

Limitations
Our systematic review and meta-analysis have some 
limitations and therefore the results should be taken into 
consideration with caution. Eligible studies demonstrated 
inconsistency concerning the aerobic training parameters 
used during the interventions, resulting in significant 
heterogeneity among the included trials. The present 
study demonstrates that beneficial AEDT-induced adap-
tations are existent primarily among adults. Thus, present 
findings cannot be generalized to other age groups, such 
as children, adolescents and the elderly with T2DB and 
obesity. Considering the included outcome measures, 
the role of AEDT in a wide spectrum of overall health-
related indicators of this particular population is not yet 
clear due to the lack of robust evidence regarding physi-
cal function and mental health.

Conclusions
This meta-analysis provides important insights into the 
implementation of an adjunct, non-pharmacological 
treatment option that warrants appropriate attention 
from clinicians and practitioners within the clinical care 
of patients characterized by metabolic health impair-
ments [88]. The findings show clear evidence that AEDT 
has a key role in improving various aspects of cardio-
metabolic health, such as body composition, blood pres-
sure, lipid homeostasis, glucose homeostasis, adipose 
tissue dysfunction and chronic inflammation in patients 
with T2DM and obesity. Additional trials with robust 
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methodological design are necessary to investigate the 
dose-response effects, exercise training parameters 
configuration and mechanisms behind these beneficial 
responses. The present review also indicates the need for 
additional RCTs to examine physical function and mental 
health-related outcome measures to intricate the AEDT-
induced effects for individuals with T2DM and obesity.
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