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Objective: This study aimed to compare and rank the effectiveness of aerobic exercise
(AE), resistance training (RT), combined aerobic and resistance training (CT), and high-
intensity interval training (HIIT) on body composition and inflammatory cytokine levels in
overweight and obese individuals by using network meta-analysis (NMA).

Methods: We searched the PubMed, Cochrane, Embase, Web of Science, and EBSCO
databases to identify randomized controlled trials investigating the effects of exercise
training on inflammatory cytokines in overweight and obese patients. The retrieval period
was from inception to November 2021. Two reviewers independently screened the
retrieved articles, extracted the pertinent data, and assessed the risk of bias of the
included studies; then, they used Stata 16.0 and Review Manager 5.3 to perform an NMA.

Results: A total of 38 studies involving 1317 patients were included in this study. The
results of the NMA indicated that AE had the greatest effect on weight loss (SUCRA=78.3;
SMD=−0.51, 95% CI: −0.70, −0.33); CT had the greatest effect on reducing body mass
index (SUCRA=70.7; SMD=−0.46, 95% CI: −0.81, −0.10), waist circumference
(SUCRA=93.4; SMD=−1.86, 95% CI: −2.80, −0.93), percentage body fat
(SUCRA=79.6; SMD=−1.38, 95% CI: −2.29, −0.48), interleukin-6 level (SUCRA=86.4;
SMD=−1.98, 95% CI: −3.87, −0.09), and tumor necrosis factor-a level (SUCRA=79.4;
SMD=−2.08, 95% CI: −3.75, −0.42); AE (SMD=0.51, 95% CI: −1.68, 2.69),
RT (SMD=0.15, 95% CI: −3.01, 3.32), CT (SMD=1.78, 95% CI: −1.35, 4.92), and HIIT
(SMD=2.29, 95% CI: −1.27, 5.86) did not significantly increase the adiponectin level.

Conclusion: The current results suggest that CT is the best exercise modality for
improving body composition and inflammatory status in overweight and obese
individuals. More rigorous randomized control trials are needed for further validation.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier
CRD42022303165.
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1 INTRODUCTION

Obesity prevalence worldwide has risen to the pandemic levels
over the past 50 years (1). Approximately more than 2.1 billion
adults are overweight or obese, of whom 1.5 billion are
overweight and 640 million are obese (2). Based on the current
trends, the global obesity rate will reach 18% in men and will
exceed 21% in women by 2025 (3). Obesity has become one of
the major health problems threatening the world today, and it is
closely related to a range of diseases, such as cardiometabolic,
digestive, respiratory, musculoskeletal, neurological, and
infectious diseases (4, 5). The global economic cost of obesity
and its complications is estimated to be US$2 trillion (2).

The adipose tissue is an organ specialized for long-term
energy storage, and it grows through the increase in the
number of adipocytes and in the size of each adipocyte when
there is a surplus of nutrients (6). The adipose tissue plays an
important role in systemic metabolic integration given its ability
to produce and release a variety of inflammatory cytokines, such
as leptin, adiponectin, tumor necrosis factor-a (TNF-a), and
interleukin-6 (IL-6) (7, 8). When there is excessive adipose tissue
mass, the unbalanced expression of pro- and anti-inflammatory
adipokines may result in a metabolic dysfunction (7). On the one
hand, the adipose tissue of obese individuals is infiltrated by a
large number of macrophages (7). On the other hand, free fatty
acid exposure promotes the change in macrophage phenotype
from the anti-inflammatory M2 type to the pro-inflammatory
M1 type; M1 macrophages in turn promote the production of
pro-inflammatory cytokines (9, 10). These cytokines could
amplify inflammation locally and distally by stimulating
the secretion of pro-inflammatory molecules from other
tissues, leading to systemic low-grade chronic inflammation
(11). Thus, obesity is often accompanied by chronic low-
grade inflammation. It is worth noting that obesity-
induced inflammation involves multiple organs, including
adipose, heart, skeletal muscle, pancreas, liver, and brain (12).
Moreover, it can lead to several diseases, such as cardiovascular
disease, diabetes mellitus, nephropathy, nonalcoholic fatty liver
disease, cancer, autoimmune, and neurodegenerative disorders,
which severely burden global health (13).

Obesity interventions mainly include lifestyle changes,
dietary restrictions, increased physical activity, use of drugs,
and surgery, when necessary (14). Among the lifestyle
interventions, increased physical activity is important for
obesity management (14). The beneficial effects of exercise
training on body composition have been studied in the existing
network meta-analysis. They found aerobic exercise as well as
combined aerobic and resistance training are better forms of
exercise for improving anthropometric outcomes (15, 16). More
importantly, regular exercise training plays an essential role in
reducing the risk of chronic metabolic and cardiorespiratory
diseases partly due to the anti-inflammatory effects of exercise
(17). Many meta-analyses and systematic reviews have studied
the effect of exercise training on inflammatory cytokines,
focusing on people with type 2 diabetes mellitus, metabolic
syndrome, middle-aged and older adults, cancer survivors, and
others (18–21). They found that exercise training can improve
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the level of related inflammatory markers in these groups.
Obesity is closely related to the above diseases. Therefore, it is
of great significance to study the effect of exercise on
inflammatory factors in overweight and obese individuals.
Previous reviews have discussed the effect of exercise training
on chronic inflammation and its underlying mechanisms,
arguing that exercise training can reduce chronic systemic
inflammation in obese individuals through a variety of
mechanisms (17, 22). However, the anti-inflammatory effect of
exercise training is inseparable from the exercise type and
intensity. Currently, the main exercise modalities for
overweight and obese people include aerobic exercise (AE),
resistance training (RT), combined aerobic and resistance
training (CT), and high-intensity interval training (HIIT). A
meta-analysis has shown that AE decreases the levels of C-
reactive protein (CRP), TNF-a, and IL-6 (20). Moreover,
studies have shown that RT and CT can improve the
inflammatory status of overweight and obese individuals (11,
23–25). Another study has shown that HIIT demonstrates anti-
inflammatory effects similar to those of CT, and it is an effective
treatment strategy for overweight and obese people who need to
improve their inflammatory status but have insufficient time
(26). Most of the current meta-analyses investigating the effect of
exercise training on inflammatory status in overweight and obese
people focuse on children (27, 28). And most of them are
pairwise meta-analyses. However, a pairwise meta-analysis
cannot rank the effects of different interventions. Therefore, as
to which type of exercise is the most effective in improving the
inflammatory status of overweight and obese patients
remains unknown.

Network meta-analysis (NMA) is a technique used to evaluate
multiple interventions in a single analysis by combining direct
and indirect evidence (29). NMA allows for the comparison of the
relative effectiveness between any pair of interventions, as well as
ranks the effectiveness of different interventions (29). Therefore,
this paper aimed to conduct an NMA of existing randomized
controlled trials (RCTs) in order to compare different exercises
and comprehensively evaluate and rank their intervention effects
on body composition [body weight (BW), body mass index
(BMI), waist circumference (WC), percentage body fat (%BF)]
and on inflammatory cytokines (CRP, TNF-a, IL-6, IL-10, and
adiponectin) in overweight and obese individuals.
2 METHODS

This systematic review and NMA are reported in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses for Network Meta-Analyses (PRISMA-NMA)
(30). The study protocol was registered in the PROSPERO
International Prospective Register of Systematic Reviews
(Registration number: CRD42022303165).

2.1 Search Strategy
We searched for articles in five electronic databases (PubMed,
Cochrane, Embase, Web of Science, and EBSCO), and the
June 2022 | Volume 13 | Article 921085
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retrieval period was from the date of their inception to
November 2021. The literature search was performed
according to the PICOS strategy, as follows: (P) Population:
overweight or obese individuals; (I) Intervention: exercise; (C)
Comparator: exercise intervention or no-exercise control; (O)
Outcomes: body composition and inflammatory cytokine levels;
and (S) Study type: RCTs. The main search terms were obesity,
overweight, exercise, training, inflammation, C-reactive protein,
interleukin, tumor necrosis factor, and randomized controlled
trial. The reference lists of the selected articles were also searched
to supplement the eligible studies. The detailed search strategy is
shown in the online supplementary Tables S1, 2.

2.2 Study Selection
Guided by the inclusion and exclusion criteria, two researchers
independently screened the studies using the EndNote software.
Any disagreements in the process were resolved through a
discussion or by consulting a third party, whenever necessary.

The inclusion criteria were as follows (1): The study must be
an RCT. (2) The study subjects must be overweight or obese
(BMI ≥ 25 kg/m2). (3) The intervention group must have
adopted an exercise intervention (e.g., AE, RT, CT, or HIIT)
for at least 4 weeks, whereas the controls had a non-exercise
routine and maintained their previous lifestyle. The classification
of exercise training is shown in Table S3. (4) Outcome measures
included at least one inflammatory cytokine (IL-6, IL-10, CRP,
TNF-a, and adiponectin). (5) The study must be published
in English.

The exclusion criteria were as follows: (1) The exercise
intervention was combined with diet control or other lifestyle
changes. (2) The subjects had other diseases, such as diabetes and
cardiovascular disease. (3) The full text or other pertinent data
cannot be obtained after contacting the author. (4) The material
is a conference abstract, a dissertation, or a case report. (5)
Duplicate publications.

2.3 Data Extraction
Two reviewers independently extracted the following
information: (i) lead author; (ii) year of publication; (iii)
country; (iv) sample size; (v) mean age; (vi) mean baseline;
(vii) follow-up BW, BMI, %BF, WC, and IL-6, IL-10, CRP,
TNF-a, and adiponectin levels; and (viii) details of the exercise
intervention (type, frequency, duration, and intensity).

2.4 Risk of Bias of the Individual Studies
Two authors independently assessed the risk of bias (ROB) of the
included studies using the Cochrane Risk of Bias Tool (31),
which covers seven domains: (i) randomized sequence
generation, (ii) treatment allocation concealment, (iii) blinding
of participants and personnel, (iv) blinding of outcome
assessment, (v) incomplete outcome data, (vi) selective
reporting, and (vii) other sources of bias. For each source of
bias, the studies were classified as having a low, high, or unclear
risk (if reporting was insufficient to allow for the assessment of a
particular domain). If there were any disagreements, a third
party will be consulted for discussion and decision.
Frontiers in Immunology | www.frontiersin.org 3
2.5 Statistical Analysis
We used Review Manager 5.3 for the pairwise meta-analysis. For
the NMA, we used the “mvmeta” and “network” packages in
Stata 16.0. In this study, the outcome indicators were the
continuous variables; standardized mean difference (SMD) and
95% confidence interval (CI) were used as effect indicators. If a
study involves more than one intervention groups adopting
activities that fall within the same type of exercise training
(e.g., stair exercise and downstairs exercise are classified as
AE), the data for those intervention groups were pooled. The
heterogeneity (I2) and P values for the direct comparison of the
exercise patterns for the intervention group with those of the
control group were obtained through pairwise meta-analysis, and
then NMA was carried out. The relationship between exercise
interventions is presented using a network diagram. In the
network geometry, the dot size represents the sample size, and
the line connecting the dots indicates that direct comparison
studies involving two exercise modes do exist (32). The greater
the number of direct comparison studies between two
interventions, the thicker the connecting line will be; otherwise,
the thinner it becomes (32). If there is no connecting line
between two motion modes, NMA was used for indirect
comparison. First, the inconsistency factors (IF) and their 95%
CI were calculated to evaluate the consistency of each closed
loop; consistency is indicated by the lower limit of 95% CI being
equal to 0 (33). Then, the inconsistency model is used to test for
inconsistency; if P>0.05, the inconsistency is not significant, and
thus the consistency model is used for analysis (32). At the same
time, the node-splitting method is used to check the local
inconsistency; if P > 0.05, the result is credible (34). The area
under the cumulative ranking probability diagram (SUCRA) was
used to rank and compare the effects of various exercise training
interventions (35). SUCRA values range from 0 to 100%. The
higher SUCRA values, and the closer to 100%, the higher the
likelihood that a therapy is in the top rank or one of the top ranks
(36). Thus, higher SUCRA values indicate better effects of an
exercise intervention. Finally, the risk of publication bias was
evaluated by using a correction comparison funnel. We also
performed subgroup analyses and sensitivity analyses to explore
the reasons for heterogeneity in pairwise meta-analyses.
3 RESULTS

3.1 Literature Selection
A total of 4903 studies were identified in the abovementioned
databases and in other sources, and 3760 articles were left after
the duplicates were removed. After the titles and abstracts were
screened, 3588 articles were excluded. Finally, after the full texts
were read, 38 RCTs were included in the NMA. The detailed
process for the study search and selection is presented
in Figure 1.

3.2 Characteristics of the Included Studies
The basic characteristics of the included studies (n=38) are
shown in Table S4 (11, 23–26, 37–61). A total of 1317 subjects
June 2022 | Volume 13 | Article 921085
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were included in this study, that is, 868 in the experimental group
and 449 in the control group. There were 31 control groups and
58 exercise intervention groups. In the exercise intervention
groups, the distribution of the adopted interventions was as
follows: AE (n=27), RT (n=12), CT (n=11), and HIIT (n=8).
Among the control groups, one group did not engage in exercises
outside the school physical education class; another group did
not engage in exercises but did engage in stretching, knitting, and
health lectures; the other groups had no exercise. The duration of
the interventions ranged from 4 weeks to 48 weeks; the majority
of the interventions lasted for 12 weeks (n=19). As regards
exercise frequency, three times a week was prescribed in most
studies (n=29). Figures 2A–G shows the available direct
comparisons studies for BW (30 studies), BMI (24 studies),
Frontiers in Immunology | www.frontiersin.org 4
WC (12 studies), %BF (30 studies), TNF-a (17 studies), IL-6
(23 studies), and adiponectin (14 studies).

3.3 ROB
Of the 38 RCTs, 7 reported the generation of random sequences,
and the rest only mentioned random assignment. Due to the
nature of the interventions, none of the included studies met the
criteria for double blinding of the subjects and implementers.
Nevertheless, all studies met the criteria for the blinding of
outcome indicators, and they showed good data integrity as
well as avoided selective reporting. In four studies, attrition was
high, which may affect the integrity of data. Three studies
possibly have other biases, and the rest did not have other
biases. Details about the ROB are shown in Figure S1.
FIGURE 1 | PRISMA flow diagram.
June 2022 | Volume 13 | Article 921085
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3.4 Pairwise Meta-Analysis and NMA
3.4.1 BW
The pairwise meta-analysis results demonstrated that exercise
effectively reduced the BW in the intervention groups relative to
that in the control group (SMD=−0.48; 95% CI: −0.69, −0.27;
P<0.0001; I2 = 53%; studies: n=25; Table S5). The results of the
consistency analysis based on the NMA indicated that, compared
with the control group, the intervention groups that adopted AE
(SMD=−0.51; 95% CI: −0.70, −0.33; P<0.05), CT (SMD=−0.46,
95% CI: −0.76, −0.17; P<0.05), and HIIT (SMD=−0.49; 95%
CI: −0.79, −0.20; P<0.05) showed a significantly reduced BW. No
significant difference in BW was observed between the control
group and the RT group (SMD=−0.26; 95% CI: −0.54, 0.03;
P>0.05) (Figure 3, Figure S2). The SUCRA probability sorting
result showed that AE (SUCRA=78.3) had the highest
probability of being the best exercise intervention for weight
loss, whereas RT (SUCRA=31.9) is most likely the least effective
exercise intervention (Table S6, Figure S3).

3.4.2 BMI
The pairwise meta-analysis results indicated that exercise
intervention effectively reduced the BMI in the intervention
group relative to that in the control group (SMD=−0.41; 95%
CI: −0.68, −0.14; P=0.003; I2 = 65%; studies: n=20; Table S5).
The results of the consistency analysis based on the NMA
showed that, compared with the control group, the
intervention groups that adopted AE (SMD=−0.42; 95% CI:
−0.68, −0.17; P<0.05) and CT (SMD=−0.46; 95% CI: −0.81,
−0.10; P<0.05) showed a significantly reduced BMI. No
Frontiers in Immunology | www.frontiersin.org 5
significant difference in BMI was observed among the HIIT
(SMD=−0.43; 95% CI: −0.95, 0.09; P>0.05), RT (SMD=−0.29;
95% CI: −0.70, 0.13; P>0.05), and control groups (Figure 3,
Figure S4). The SUCRA probability sorting result showed that
CT (SUCRA=70.7) is most likely the best exercise intervention
for lowering BMI (Table S6, Figure S5).

3.4.3 WC
Data from the pairwise meta-analysis showed that exercise
intervention effectively reduced the WC in the intervention
group relative to that in the control group (SMD=−1.22; 95%
CI: −1.74, −0.70; P<0.00001; I2 = 81%; studies: n=9; Table S5).
The results of the consistency analysis based on the NMA
demonstrated that, compared with the control group, the
groups that adopted AE (SMD=−1.22; 95% CI: −1.85, −0.59;
P<0.05) and CT (SMD=−1.86; 95% CI: −2.80, −0.93; P<0.05)
showed a significantly a reduced WC. No significant difference in
WC was observed among the RT (SMD=−1.01; 95% CI: −2.09,
0.07; P>0.05), HIIT (SMD=−0.71; 95% CI: −1.69, 0.27; P>0.05),
and control groups (Figure 3, Figure S6). The SUCRA
probability sorting result showed that CT (SUCRA=93.4) is
most likely the best exercise intervention for WC reduction
(Table S6, Figure S7).

3.4.4 %BF
The pairwise meta-analysis results revealed that the exercise
interventions effectively reduced the %BF in the intervention
group relative to that in the control group (SMD=−1.07; 95%
CI: −1.47, −0.68; P<0.00001; I2 = 85%; studies: n=25; Table S5).
A B C

E F G

D

FIGURE 2 | Net graphs for (A) body weight, (B) body mass index, (C) waist circumference, (D) percentage body fat, (E) tumor necrosis factor-alpha, (F) interleukin-
6, and (G) adiponectin. AE, aerobic exercise; RT, resistance training; CT, combined aerobic and resistance training; HIIT, high-intensity interval training; CON, control
group. The size of the nodes represents the number of participants in an intervention, and the thickness of lines between interventions represents the number of
studies that compare them.
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The results of the consistency analysis based on the NMA showed
that, compared with the control group, the groups that adopted
AE (SMD=−1.03; 95% CI: −1.55, −0.51; P<0.05), CT (SMD=−1.38;
95% CI: −2.29, −0.48; P<0.05), and HIIT (SMD=−1.30; 95%
CI: −2.14, −0.46; P<0.05) showed a significantly reduced %BF.
No significant difference in %BF was observed between the RT
(SMD=−0.70; 95% CI: −1.55, 0.14; P>0.05) and control groups
(Figure 3, Figure S8). The SUCRA probability sorting result
showed that CT (SUCRA=79.6) is most likely the best exercise
intervention for reducing %BF, whereas the least effective exercise
is most likely RT (SUCRA=36.7; Table S6, Figure S9).

3.4.5 CRP
The pairwise meta-analysis results demonstrated that exercise
intervention effectively reduced the CRP level in the intervention
group relative to that in the control group (SMD=−0.76; 95%
CI: −1.11, −0.41; P<0.0001; I2 = 78%; studies: n=20). In the 20
Frontiers in Immunology | www.frontiersin.org 6
included studies, there were 12 items for AE, 5 items of RT, 5
items of CT, and 1 item of HIIT. A subgroup analysis involving
three exercise modes was carried out, and the results indicated
that AE (SMD=−0.43; 95% CI: −0.78, −0.09; P=0.01; I2 = 63%),
RT (SMD=−0.77; 95% CI: −1.27, −0.27; P=0.003; I2 = 48%), and
CT (SMD=−1.89; 95% CI: −3.33, −0.48; P=0.009; I2 = 92%)
significantly reduced the CRP level in the intervention groups
(Table S5).

3.4.6 TNF-a
The pairwise meta-analysis showed that exercise intervention
effectively reduced the TNF-a level in the intervention
group relative to that in the control group (SMD=−1.36; 95%
CI: −1.90, −0.82; P<0.00001; I2 = 91%; studies: n=22; Table S5).
The results of the consistency analysis based on the NMA
revealed that, compared with the control group, the groups
that adopted CT (SMD=−2.08; 95% CI: −3.75, −0.42; P<0.05)
A

B

C

D

FIGURE 3 | Matrix of the network meta-analysis results of (A) body weight and body mass index, (B) waist circumference and percentage body fat, (C) interleukin-6
and tumor necrosis factor-alpha, and (D) adiponectin. AE, aerobic exercise; RT, resistance training; CT, combined aerobic and resistance training; HIIT, high-intensity
interval training; CON, control group. Each cell shows the SMD, along with the 95% CI.
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and AE (SMD=−1.30; 95% CI: −2.42, −0.17; P<0.05) showed
significantly reduced the TNF-a level. No significant difference
was observed among the RT (SMD=−1.33; 95% CI: −2.85, 0.19;
P>0.05), HIIT (SMD=−1.54; 95% CI: −4.60, 1.52; P>0.05), and
control groups (Figure 3, Figure S10). The SUCRA probability
sorting result showed that the different exercise methods reduced
the TNF-a level in the following order: CT (SUCRA=79.4), HIIT
(SUCRA=58.0), RT (SUCRA=53.9), AE (SUCRA=52.9), and
CON (SUCRA=5.8) (Table S6, Figure S11).

3.4.7 IL-6
The pairwise meta-analysis revealed that exercise intervention
effectively reduced the IL-6 level in the intervention groups
relative to that in the control group (SMD=−0.85; 95%
CI: −1.42, −0.27; P=0.004; I2 = 91%; studies: n=19; Table S5).
The results of the consistency analysis based on the NMA
showed that, compared with the control group, the groups that
adopted CT (SMD=−1.98; 95% CI: −3.87, −0.09; P<0.05) showed
significantly reduced IL-6 level. No significant difference in IL-6
level was observed among the AE (SMD=−1.18; 95% CI: −2.42,
0.06; P>0.05), RT (SMD=−1.04; 95% CI: −2.74, 0.67; P>0.05),
HIIT (SMD=−0.30; 95% CI: −2.66, 2.05; P>0.05), and control
groups (Figure 3, Figure S12). The SUCRA probability sorting
result showed that CT (SUCRA=86.4) is most likely the best
exercise intervention for reducing IL-6 (Table S6, Figure S13).

3.4.8 IL-10
The 8 included studies consisted of 8 control groups, 6 AE
groups, 2 RT groups, and 2 CT groups. The pairwise meta-
analysis presented evidence that exercise intervention effectively
improved the IL-10 level in the intervention groups relative to
that in the control (SMD=2.96; 95% CI: 1.39, 4.53; P=0.0002; I2 =
96%; Table S5).

3.4.9 Adiponectin
The pairwise meta-analysis indicated that the adiponectin level
in the exercise intervention group did not significantly differ
from that in the control group (SMD=0.52; 95% CI: −0.11, 1.15;
P=0.11; I2 = 88%; studies: n=12; Table S5). The results of the
consistency analysis based on the NMA showed that the
adiponectin level did not significant differ among the AE
(SMD=0.51; 95% CI: −1.68, 2.69; P>0.05), RT (SMD=0.15; 95%
CI: −3.01, 3.32; P>0.05), CT (SMD=1.78; 95% CI: −1.35, 4.92;
P>0.05), HIIT (SMD=2.29; 95% CI: −1.27, 5.86; P>0.05), and
control groups (Figure 3, Figure S14).

3.5 Inconsistency
The 95% CI for the inconsistency factor value for the closed loop
involved in each index contains 0, indicating a good consistency
for each closed loop; thus, the direct comparison evidence and
indirect comparison evidence are quite consistent, and there is
little difference in the impact of the results on the entire NMA
(Figures S15-21). All of the inconsistency models showed that
the P values were >0.05, indicating that there was no
inconsistency. Therefore, the consistency model was used for
Frontiers in Immunology | www.frontiersin.org 7
analysis. Finally, the node splitting method shows that there is no
inconsistency between the direct and indirect evidence.

3.6 Publication Bias or Small Sample
Effect Test
The indexes involved in the study were tested for publication
bias (Figures S22-28). The indexes for WC and TNF-a were
asymmetric in the funnel plots, suggesting that there was a
certain publication bias or small sample effect, which may have
had a certain impact on the results of the corresponding
indexes. The funnel plots for the other indicators were
basically symmetrical, suggesting that there is a low
possibility of publication bias or a small sample effect in the
current study.

3.7 Sensitivity Analyses of Pairwise
Meta-Analysis
In order to test whether the results of the paired meta-analysis
are stable and reliable, we performed sensitivity analyses for BW,
BMI, WC, %BF, CRP, TNF-a, IL-6, IL-10, and adiponectin.
Sensitivity analysis showed that the overall results were solid and
stable after the removal of each study (Figures S29-37).
4 DISCUSSION

This systematic review and NMA compared the effects of
different exercise interventions on body composition and
inflammatory cytokine levels in overweight and obese
individuals. This study included 38 RCTs that adopted four
exercise interventions and with a total sample size of 1353. The
results confirmed the beneficial effects of exercise interventions
on body composition and inflammatory status of overweight and
obese individuals. Furthermore, CT is most likely the best
exercise intervention for improving body composition (BMI,
WC, and %BF) and inflammatory cytokine levels (IL-6 and TNF-
a) for this population.
4.1 Effect of Exercise Training on
Anthropometric Outcomes in Overweight
and Obese Individuals
The results showed that exercise can effectively reduce the BW,
BMI, WC, and %BF of obese patients, consistent with the results
of a previous pairwise meta-analysis (62). Using NMA, we
observed that AE had a better effect on weight loss, whereas
CT demonstrated greater effectiveness in reducing BMI, WC,
and %BF.

The AHA/ACC/TOS Guidelines for the management of
overweight and obesity in adults argue that a sustained weight
loss of 3%–5% is likely to reduce obesity-related complications
and offers greater benefits resulting from greater weight losses
(63). Our finding showed that AE, CT, and HIIT could effectively
reduce the weight of overweight and obese patients, and AE is
possibly the most effective exercise intervention. A previous
NMA showed that long-term adherence to a regular moderate-
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to-vigorous AE can significantly reduce BW compared with
having a no-exercise lifestyle (15). Another meta-analysis
revealed that 12 weeks to 12 months of AE can moderately
reduce weight and can lower the risk of cardiovascular diseases
(64). Consistent with previous findings, we also found that
resistance training alone is not ideal for weight loss (16). The
possible main reason is that RT alone is more helpful in
maintaining or even increasing lean body mass. Therefore, RT
is not useless for overweight and obese people. A study has
shown that adding RT to caloric restriction can almost
completely prevent the loss of lean body mass caused by
caloric restriction, which is especially important in overweight
and obese older adults (65).

Apart from weight, we also explored BMI, BF%, and WC.
BMI is a powerful predictor of overall mortality, but it has
limitations in reflecting changes in adipose tissue and lean
muscle (5, 66). Meanwhile, %BF demonstrates higher
specificity when considering the contribution of other tissue
types to weight and body composition (67). Compared with BF
%, WC reflects the status of abdominal obesity, and it is closely
associated with the risk of cardiovascular diseases (5). In general,
BMI and BF% reflect the degree of overall adiposity, whereas WC
reflects the degree of central adiposity. Our study showed that
CT will most likely exert the best effect in reducing BMI, %BF,
and WC in overweight and obese individuals. An NMA
investigating the effect of exercise intervention in obese
patients has found that the combined exercise intervention
involving AE and RT is the most promising intervention to
reduce WC and %BF (16). A prospective cohort study also
suggests that CT is more effective in preventing obesity (68).
AE is beneficial for increasing energy and lipid utilization (69).
The possible reason as to why RT can induce positive changes in
body composition is that it increases skeletal muscle mass,
further improving the basal metabolic rate and energy
expenditure (70). Furthermore, lipolytic activation is delayed in
obese individuals, and RT may play a role by upregulating
adipose tissue lipolysis and by increasing energy expenditure
(71, 72).

Our results demonstrated the important role of exercise
intervention in obesity management and further confirmed the
superiority of AE and CT over other forms of exercise in
improving body composition. However, it is worth noting that
dietary control cannot be ignored in obesity management. The
current guidelines for medical care of obese patients point out
that a structured lifestyle intervention program designed for
weight loss should include healthy dietary plans, physical
activities, and behavioral interventions (73). An NMA on the
impact of long-term lifestyle programs on weight loss and
cardiovascular risk factors in overweight/obese participants
also suggests that diet combined with exercise intervention can
be highly recommended for long-term obesity management, and
dietary intervention has advantages over exercise intervention in
anthropometric results (74). In a word, we recommend that
overweight and obese people should adopt AE combined with
RT as their primary form of exercise, while paying attention to
caloric restriction.
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4.2 Effect of Exercise Training on Pro-
Inflammatory Cytokine Levels in
Overweight and Obese Individuals
IL-6, TNF-a, and CRP are important pro-inflammatory factors,
and their levels are elevated in people with obesity (7, 17). Studies
have shown that exercise training can reduce obesity-related
chronic inflammation by affecting the inflammatory mediators
from various sources, including adipose tissue, muscle tissue,
endothelial cells, and circulating immune cells (22). The pairwise
meta-analysis showed that exercise intervention could
significantly reduce the levels of IL-6, TNF-a, and CRP in
overweight and obese people. Since the relevant literature on
CRP indicators does not meet the requirements for an NMA, we
conducted an NMA on IL-6 and TNF-a, and the results showed
that CT had the highest probability of being the best exercise
intervention for reducing IL-6 and TNF-a levels.

The circulating levels of IL-6 and TNF-a are directly
associated with adiposity and insulin resistance (8). A previous
review discussing the effects of physical activity on inflammatory
mediators suggested that the combination of AE and RT is the
best form of exercise to improve one’s inflammatory state,
consistent with our findings (75). CT may reduce the level of
inflammatory cytokines in overweight and obese individuals
through the following mechanisms. Firstly, CT reduces the
release of inflammatory cytokines by reducing body fat,
especially visceral fat. Adipose tissue is a rich source of
inflammatory cytokines, and the current results and previous
findings have shown that CT is likely to be the best exercise
intervention to reduce %BF and abdominal fat (76, 77). Secondly,
CT is superior to AE and RT in improving muscle protein
synthesis and myocellular quality (78). Moreover, exercise
promotes the production of skeletal muscles and the release of
muscle-derived cytokines (such as IL-6), which play significant
anti-inflammatory and metabolic functions (79). Thirdly,
Inflammatory monocytes (CD14+CD16+) are highly
“proinflammatory”, and are potent producers of inflammatory
proteins (80). Previous research indicated that CT can reduce the
percentage of inflammatory monocytes in circulation (80). And
another study has shown that CT can reduce CD14 + cell surface
expression of toll-like receptor 4 (TLR4) and lower
lipopolysaccharide-(LPS) stimulated IL-6 production (81).
More high-quality studies are needed to further explore the
mechanism by which CT can more effectively improve the
degree of inflammation.

CRP is a chronic systemic inflammatory marker capable of
predicting cardiovascular events (82). A large-scale cross-
sectional study has shown that CRP is positively correlated
with BMI (83). Consistent with our results, the findings of a
meta-analysis indicated that exercise training reduces CRP levels
and that exercise results in a greater reduction in CRP when
accompanied by a reduction in BMI or %BF, further confirming
the importance of improving body composition to reduce the
levels of anti-inflammatory factors (84). A previous review also
suggested that the unfavorable inflammatory profile related to
increased adiposity can be improved during a period of weight
loss (85). The results of our subgroup analysis according to
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exercise mode showed that AE, RT, and CT could effectively
reduce CRP levels. Although the effect of exercise interventions
cannot be ranked, based on the effectiveness of CT in reducing
BMI and %BF, we can speculate that CT may be more effective in
reducing CRP levels. Interestingly, a meta-analysis also
compared the effects of exercise training and caloric restriction
on inflammatory markers (86). The above study found that
exercise training combined with caloric restriction could
effectively improve the circulating concentrations of
inflammatory factors, and caloric restriction was more effective
than exercise training in reducing CRP levels (86).

We also attempted to analyze other pro-inflammatory
cytokines such as IL-1b, Monocyte chemoattractant protein-1
(MCP-1), leptin, and IL-18. Their production is upregulated in
the obese state, leading to the development of a chronic
inflammatory state (7). However, there are few studies on these
inflammatory factors, and the number cannot meet the
minimum literature amount of meta-analysis.
4.3 Effect of Exercise Training on Anti-
Inflammatory Cytokine Levels in
Overweight and Obese People
IL-10 and adiponectin are significant anti-inflammatory factors.
It has been reported that the circulating levels of IL-10 and
adiponectin are lower in obese individuals than in normal-
weight people (7, 17). Some studies have shown that exercise
training can improve the levels of IL-10 and adiponectin,
whereas other studies have not observed significant changes in
both factors after exercise (11, 23, 59). We conducted only
pairwise meta-analyses of IL-10 due to the small number of
articles focusing on IL-10. The results showed that IL-10 levels
significantly increased in overweight and obese individuals who
adopted exercise regimens relative to that in the control group.
IL-10 can promote the switch of macrophage phenotype from
M1 to M2; M2 macrophages can upregulate IL-10 production,
significantly enhancing the ability of IL-10 to exert anti-
inflammatory effects and consequently improve insulin
resistance and obesity-related complications (87). A study
suggested that exercise training can increase circulating
numbers of regulatory T cells, which mainly release anti-
inflammatory cytokines such as IL-10 (22). Another study has
shown that exercise training increases the level of muscle-derived
IL-6 (88). IL-6 creates an anti-inflammatory environment by
inducing anti-inflammatory cytokines such as IL-10 and IL-1Ra
and inhibiting TNF-a production in adipose tissue and
infiltrated macrophages (89). Furthermore, a review has shown
that exercise reduces adipose tissue mass and adipocyte size,
reduces macrophage infiltration, and promotes the macrophage
phenotype changes from the pro-inflammatory M1 type to the
anti-inflammatory M2 type, which may help increase the release
of anti-inflammatory cytokines (e.g., IL-10 and adiponectin)
from the adipose tissue (17). In addition, exercise training may
reduce endothelial cell inflammation by increasing the number
of endothelial progenitor cells, blood flow, laminar shear stress,
and reducing the release of adhesion molecules, which can
promote macrophages to switch from pro-inflammatory M1-
Frontiers in Immunology | www.frontiersin.org 9
type to anti-inflammatory M2-type (22). However, the results of
both pairwise meta-analyses and NMA showed that adiponectin
level increased after the exercise intervention, but the difference
was not statistically significant.

Adiponectin is an adipose tissue-secreted factor that is
negatively correlated with obesity, and its circulating levels can
be used as a key marker of adipose tissue health (90). The
decrease in adiponectin expression may be related to obesity or
obesity-related metabolic disorders, such as insulin resistance,
hyperlipidemia, and atherosclerosis (27). A meta-analysis has
shown that exercise increases the level of adiponectin in
overweight and obese people compared with the no-exercise
regimen and the control, inconsistent with our results (91).
However, the aforementioned study argues that the results for
adiponectin are unreliable because they included small trials
reporting extreme effects, as well as studies with high
heterogeneity (91). Moreover, the authors were more inclined
to speculate that exercise may have little to do with significant
changes in adiponectin level (91). A review on the response and
adaptation of adiponectin to acute and chronic exercise suggests
that in some cases, adiponectin levels are not affected after
exercise despite the reduction in body fat or BMI on the one
hand; on the other hand, it seems that a training that aims to
improve health and reduce weight and body fat will increase
adiponectin levels at rest (92). The reasons for this discrepancy
may be manifold. The most likely reason is the difference in the
duration of intervention. A 24-week intervention study has
reported that a moderate-to-high-intensity combined exercise
increased the serum concentrations of adiponectin in middle-
aged obese men (11). Another study has shown that 1 year of
regular moderate-intensity RT significantly increased the level of
adiponectin in overweight women (48). However, most of the
studies included in the current study had a short intervention
time, mostly about 12 weeks. Furthermore, the possible reasons
include the initial degree of inflammation of the subjects, blood
collection time, menstrual cycle, and intensity of exercise
intervention, among others.

Besides IL-10 and adiponectin, we also focused on anti-
inflammatory factors such as IL-4, IL-13, IL-1ra, and
transforming growth factor b (TGF-b). Unfortunately, we
found so little literature on these anti-inflammatory factors
that a meta-analysis was impossible.

4.4 Strengths and Limitations
This study has several strengths. First, this paper is the first to use
NMA to analyze the impact of different training modalities on
inflammatory cytokines in overweight and obese individuals.
Furthermore, the indicators included in this paper are relatively
comprehensive and can effectively reflect the changes in body
composition and inflammatory status. However, our study has
some limitations. First, although the superiority of CT was
demonstrated here, we did not take into account the sequence
of performing AE and RT. And due to their limited number, the
studies were not classified according to exercise intensity.
Second, there is a high risk of heterogeneity in the pooled
results of paired meta-analyses due to the differences in
exercise intensity, exercise form, exercise time, exercise
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frequency, exercise equipment, settings, sample size, and article
quality among studies. Heterogeneity was not fully resolved by
sensitivity and subgroup analyses, and the results should be
interpreted with caution. Third, the number of studies on
different exercise interventions varied greatly; for example, 27
studies involved AE, while only 8 studies involved HIIT.
Furthermore, during the literature selection process, not all
existing literature could be included because the original text
for some studies could not be found, and some studies used
geometric means. Finally, since the included studies were all
human trials, it was difficult to observe double blinding.
5 CONCLUSION

Our study demonstrated that exercise intervention could
effect ively improve body composit ion and chronic
inflammatory status in overweight and obese individuals. More
importantly, the results of this NMA suggested that CT is most
likely the best exercise intervention for reducing BMI, WC, %BF,
IL-6, and TNF-a in overweight/obese individuals. It is
Frontiers in Immunology | www.frontiersin.org 10
recommended that exercise prescriptions for overweight and
obese people will involve a combination of AE and RT.
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