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Abstract: This study aimed to investigate the effects of aerobic exercise (AE) on triglyceride
(TG), total cholesterol (TC), high-density lipoprotein (HDL), and low-density lipoprotein
(LDL) levels in people with overweight or obesity. Searches were performed in PubMed,
Scopus, Cochrane, and Web of Science, covering data up to 27 October 2023. A meta-
analysis was conducted to determine the standardized mean difference (SMD) and 95%
confidence interval. Nineteen studies met the inclusion criteria. AE significantly improved
blood lipids in people with overweight or obesity (TG: SMD = −0.54; p < 0.00001; TC:
SMD = −0.24; p = 0.003; HDL: SMD = 0.33; p = 0.003; LDL: SMD = −0.42; p = 0.0005).
Both moderate-intensity and vigorous-intensity AE demonstrated significant impacts in
reducing TC, TG, and LDL, whereas only moderate-intensity exercise significantly elevated
HDL. Additionally, AE significantly optimized blood lipids in those with overweight, with
TG being the only parameter showing improvement in individuals with obesity. Moreover,
continuous AE notably improved HDL and TG, while interval AE significantly reduced
TG, TC, and LDL. Lastly, a clear positive correlation emerged between the duration of the
intervention and the decrease in LDL, and a distinct negative correlation was observed
between session duration and the reduction of LDL.

Keywords: aerobic exercise; overweight; obesity; blood lipid; triglyceride; total cholesterol;
high-density lipoprotein; low-density lipoprotein

1. Introduction
The total number of children, adolescents, and adults people with overweight or

obesity worldwide has exceeded 2.5 billion [1], posing a significant public health challenge
on a global scale [2,3]. Obesity is a chronic, relapsing, progressive disease characterized
by chronic systemic inflammation and metabolic inflexibility [4,5]. Elevated systolic blood
pressure, low-density lipoprotein cholesterol (LDL), fasting glucose, and percentage body
fat in individuals with obesity are major risk factors for type 2 diabetes mellitus, metabolic
syndrome, and chronic cardiovascular diseases (CVDs), among others [6,7]. Overweight or
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obesity status increases the risk of CVDs [8–11], while dyslipidemia is an important link
between obesity and the development of CVDs [12]. Obesity can lead to dyslipidemia [13],
including elevated total cholesterol (TC), LDL, triglycerides (TG), and reduced high-density
lipoprotein (HDL) [14], which in turn accelerates atherosclerosis and sclerotic plaque
formation [15], and then elevates the risk of CVDs. Therefore, obesity is one of the major
modifiable risk factors for non-communicable diseases. Recent studies emphasize the
significance of management and prevention to mitigate disease risk among patients with
obesity [1]. When dyslipidemia is present, it becomes a primary target for intervention
therapy in populations with overweight or obesity. There is an imperative to discover
strategies that enhance lipid metabolism in individuals with overweight or obesity. Thus,
timely improvement and prevention measures are particularly crucial for individuals with
overweight or obesity.

Currently, the main treatment modalities for obesity include bariatric surgery, phar-
macological interventions, and lifestyle interventions [16]. Exercise is an effective non-
pharmacological method for treating and preventing overweight or obesity, as it increases
energy expenditure and regulates body weight, thereby improving related metabolic
disorders [17]. Aerobic exercise (AE), as a crucial form of physical activity, is widely ac-
knowledged for its significant impact on enhancing metabolic health and mitigating the
risk of CVDs [18,19]. AE is the best exercise for weight loss, as it improves blood lipids
and effectively reduces CVD risk factors in individuals with overweight or obesity [20,21].
Regular AE can reduce the waist circumference and associated visceral adipose tissue in
individuals with overweight or obesity, thereby improving lipid metabolism [22–24]. A
four-week aerobic cycling exercise intervention effectively reduced visceral fat, TG, and
plasma-free fatty acids (FFA) in men and women with obesity [25]. Another study showed
that a twenty-week AE intervention effectively lowered TG and LDL and raised HDL
in adolescents with obesity [26]. However, the effects and mechanisms of AE on lipids
improvement are unclear [27].

Previous meta-analyses have reported that AE significantly improved TG but not
other lipid profiles in people with obesity [28]. In addition, a meta-analysis showed that
6–12 months of moderate-intensity AE improved body weight and waist circumference in
people with overweight or obesity, with a modest but no more benefit on blood lipids [29].
Furthermore, the research suggests that high-intensity AE may have a better intervention
effect on improving visceral adipose tissue in individuals with overweight and obesity [30].
However, it has also been shown that high-intensity interval exercise does not affect insulin,
lipid profile, C-reactive protein, and interleukin-6 in people with overweight or obesity [31].
To further validate the impact of AE on lipid metabolism among individuals with over-
weight or obesity, several randomized controlled trials (RCTs) have been conducted to
evaluate the effects of AE on blood lipids [32–35]. The results of these studies demonstrate
that different AE interventions have varying effects on the lipid profile. Moreover, a recent
study suggested that AE primarily increases HDL levels, while reductions in TC, TG, and
LDL are attributed to weight loss [36].

Numerous studies have indicated a positive impact of AE on blood lipid profiles.
However, due to a lack of systematic comprehensive evaluation, there are still inconsistent
conclusions regarding the effects of AE on blood lipids in individuals with overweight
or obesity. Moreover, the optimal form of exercise intervention, such as moderate- or
high-intensity continuous AE, or high-intensity interval training (HIIT), has yet to be
definitively determined. Therefore, we conducted a comprehensive systematic review and
meta-analysis to delve deeper into the modalities, intervention types, target populations,
and other characteristics of AE in order to validate its impact on blood lipid profiles in
individuals with overweight or obesity.
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2. Materials and Methods
2.1. Design

This systematic review was conducted following the Preferred Reporting Items for
Systematic Evaluation and Meta-Analyses guidelines (PRISMA, 2020) [37]. The protocol is
registered with PROSPERO (CRD42024500119).

2.2. Search Strategy

All studies were searched in five databases: PubMed, Web of Science, Cochrane,
Embase, and Scopus. We searched for studies investigating the effects of AE on blood lipid
indices in individuals with overweight or obesity until 27 October 2023, using the following
keywords and MESH terms: exercise, overweight, obesity, and lipids.

2.3. Eligibility Criteria

The eligible studies were selected independently by two authors (ZC and RZ). Dis-
agreements were resolved by a third author (YL). The inclusion criteria for eligible studies
were as follows: (1) RCTs; (2) including an AE group and a control group (no exercise
intervention); (3) focusing on individuals with overweight or obesity free of other medical
conditions; (4) containing measurements of at least one lipid index. Literature in languages
other than English or using animal models was excluded, and reviews and conference
articles were also excluded from the analysis.

2.4. Data Extraction

Two authors (ZC and RZ) extracted the data using a specific sheet, and any disagree-
ments were resolved through discussion with a third author (YL). When information was
unclear or disputed, the authors resolved it through consultation or by contacting the au-
thors of the article. The following information was extracted: (1) study design, quality, and
sample size; (2) subject characteristics [age, gender, health status, body mass index (BMI),
and baseline lipids]; (3) intervention characteristics (frequency, intensity, and duration);
(4) outcome indicators (TG, TC, HDL, and LDL).

2.5. Methodological Quality Assessment

The assessment of the risk of bias was carried out independently by two authors
(ZC and RZ), and any discrepancies were resolved through discussion. The Cochrane
Collaboration bias tool was used to assess the quality of eligible studies, covering domains
such as selection bias, implementation bias, detection bias, attrition bias, and reporting
bias [38]. Each domain was classified as having a “low risk”, “high risk”, or “unclear” risk
of bias [39].

2.6. Statistical Analysis

This study employed a random-effects model to combine data, taking into account
population characteristics, study design, and the heterogeneity between the studies. Effect
sizes were estimated using standardized mean difference (SMD) with 95% confidence
interval (CI). The outcome of the meta-analysis was the net difference in lipids between the
intervention and control groups. The I2 statistic was also used to assess the heterogeneity,
where < 25% indicated a low risk of heterogeneity, 25–75% represented a moderate risk
of heterogeneity, and > 75% signified a high risk of heterogeneity [40,41]. In the case of
heterogeneity (I2 > 50%), subgroup analysis was used to interpret the results [42].

In subgroup analyses, we attempted to categorize the included studies based on inten-
sity (moderate-intensity, vigorous-intensity), intervention type (interval AE, continuous
AE), participants’ age (adolescents, age < 18; young adults, 18 ≤ age < 45; middle-aged,
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45 ≤ age < 60), and participants’ basal BMI (overweight, 25 ≤ BMI < 30; obesity, BMI ≥ 30).
If the studies reported a range of intensities over time, the maximum exercise intensity at
the end of the intervention was selected. Relative [maximal oxygen uptake (VO2max) or
maximal heart rate (HRmax)] and absolute [metabolic equivalents (METs)] exercise inten-
sities were calculated using the methods and equations described by Howley et al. [43].
In addition, the study also calculated the average weekly energy expended per week for
the weekly AE intervention. Meta-regression analysis was used to test for possible a dose-
response relationship between exercise characteristics (intensity, frequency, and duration)
and the effect on lipid improvement. Publication bias was assessed by visual inspection of
funnel plots and Egger’s test [44]. Statistical analysis was performed using RevMan 5.4
and Stata 17 (Stata Corp. 2021. College Station, TX, USA) software, with significance set at
p < 0.05.

3. Results
3.1. Studies Selection

The process of screening the eligible studies is summarized in Figure 1. The initial
search yielded 5009 search records, of which 521 were from PubMed, 954 from Web of
Science, 2248 from Cochrane, 440 from Embase, and 846 from Scopus. After excluding
duplicates, 3250 studies remained. Among these, 3204 studies were deemed ineligible for
inclusion based on title and abstract screening. Twenty-seven studies were excluded after
reading the full text of 46 studies due to the following reasons: (1) the presence of other
metabolic disorders (n = 8); (2) multiple exercise combined interventions (n = 16); and
(3) inability to extracted data (n = 3). Finally, 19 RCTs [21,22,32–35,45–57] examining the
effects of AE on blood lipids in individuals with overweight or obesity were considered
eligible for the final analysis.
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3.2. Characteristics of the Included Studies

The characteristics of the included studies are summarized in Table S1. The total sample
size was 646, with 380 participants in the intervention groups and 266 in the control groups.
The average age ranged from 11 to 75 years. Of these, six studies [21,32,33,47–49] involved
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adolescents, eight studies [22,45,50–55] involved young adults, three studies [34,35,46] in-
volved middle-aged people, one study [56] involved old-aged, and one study [53] between
young adults and middle-age. Twelve studies [21,32,34,35,46–48,50,52,54,56,57] involved par-
ticipants with overweight and seven studies [22,32,45,47,49,51,53] involved participants with
obesity. Eleven studies [21,32,33,47,48,50,52–55,57] included only males, while seven studies
[34,35,45,46,49,51,56] included only females. Thirteen studies [21,22,33–35,46–48,50,52,53,56,57]
examined continuous AE, while nine studies [21,32,34,45,47,49,51,54,55] examined intermittent
AE. Three studies [21,34,47] included both continuous and intermittent exercises. Eleven stud-
ies [21,32,34,46,47,49,50,53,54,56,57] intervened for 12 weeks, two studies [35,45] intervened for
10 weeks, five studies [22,33,51,52,55] intervened for 8 weeks, and one study [48] intervened
for 6weeks. Ten studies [21,22,33,34,45,49,52,55–57] controlled for diet, two studies [35,51] did
not control for diet, and seven studies [32,46–48,50,53,54] did not mention whether diet was
controlled or not.

Following the position statement on physical activity and training intensity [58],
we refined the classification of AE intensity based on the specific research context. Low
intensity was defined as 1.6 < METs < 3, 20% < VO2max < 40%, 40% < HRmax < 55%,
or 8 < rating of perceived exertion (RPE) < 10. Moderate intensity was characterized by
3 < METs < 6, 40% < VO2max < 60%, 55% < HRmax < 70%, or 11 < RPE < 13. Vigorous
intensity was delineated by 6 < METs < 9, 60% < VO2max < 85%, 70% < HRmax < 90%,
or 14 < RPE < 16. Ten studies [21,22,33,35,46,47,49–51,56] conducted moderate-intensity
AE and 11 studies [21,22,32,34,45,47,49,51,54,55,57] conducted vigorous-intensity AE. Five
studies [21,22,47,49,51] both involved moderate and vigorous exercise. In addition, the
intensity of exercise in three studies [48,52,53] ranged between moderate and vigorous.

3.3. Meta-Analysis
3.3.1. Effects of AE on TG in People with Overweight or Obesity

Due to the diverse units of measurement used in the studies included in the analysis,
SMD was employed for comparison. All studies investigated the effect of AE on TG
levels and our results showed that AE significantly reduced the TG levels in people with
overweight or obesity (SMD = −0.54; 95% CI: −0.75 to −0.33, p < 0.00001, I2 = 49%,
Figure 2).
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Subgroup analysis showed that interval AE (SMD = −0.56; 95% CI: −0.88 to −0.24,
p = 0.0007, I2 = 40%) and continuous AE (SMD = −0.53; 95% CI: −0.81 to −0.24, p = 0.0003,
I2 = 56%, Figure 3 and Table S2) significantly reduced the TG levels in people with over-
weight or obesity, with interval AE having a greater effect.
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In addition, when analyzing the subgroup by intensity, moderate-intensity AE
(SMD = −0.48; 95% CI: −0.69 to −0.27, p < 0.0001, I2 = 4%) and vigorous-intensity AE
(SMD = −0.66; 95% CI: −1.06 to −0.25, p = 0.001, I2 = 67%, Figure 4 and Table S2) signifi-
cantly reduced the TG levels in people with overweight or obesity, with vigorous-intensity
AE having a greater effect.
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Furthermore, when analyzing the subgroup by participants’ age, AE significantly
reduced the TG levels in adolescents (SMD = −0.41; 95% CI: −0.73 to −0.09, p = 0.01,
I2 = 33%) and young adults with overweight or obesity (SMD = −0.69; 95% CI: −1.06 to
−0.32, p = 0.0003, I2 = 65%), with a greater effect observed in young adults. However, AE
had no significant effect on improving TG levels in middle-aged people with overweight or
obesity (SMD = −0.39; 95% CI: −0.78 to −0.00, p = 0.05, I2 = 0%, Figure 5 and Table S2).
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Finally, when analyzing the subgroup by participants’ basal BMI, AE significantly re-
duced the TG levels in people with overweight (SMD = −0.49; 95% CI: −0.68 to −0.30,
p < 0.00001, I2 = 0%) and people with obesity (SMD = −0.65; 95% CI: −1.11 to −0.18, p = 0.007,
I2 = 73%, Figure 6 and Table S2), with a greater effect observed in people with obesity.

Life 2025, 15, x FOR PEER REVIEW 8 of 30 
 

 

 

Figure 5. Meta-analysis results of the effects of AE on TG in people with overweight or obesity of 
different ages [21,22,32–35,45–55,57]. 

 

Figure 6. Meta-analysis results of the effects of AE on TG in people with overweight or obesity of 
different basal BMI [21,22,32–35,45–57]. 

Figure 6. Meta-analysis results of the effects of AE on TG in people with overweight or obesity of
different basal BMI [21,22,32–35,45–57].



Life 2025, 15, 166 8 of 25

3.3.2. Effects of AE on TC in People with Overweight or Obesity

Our results showed that AE significantly reduced the TC levels in people with over-
weight or obesity (SMD = −0.24; 95% CI: −0.39 to −0.08, p = 0.003, I2 = 8%, Figure 7).
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Subgroup analysis showed that interval AE (SMD = −0.44; 95% CI: −0.71 to −0.17,
p = 0.002, I2 = 19%) significantly reduced the TC levels in people with overweight or obesity.
However, continuous AE (SMD = −0.12; 95% CI: −0.31 to 0.07, p = 0.21, I2 = 0%, Figure 8 and
Table S2) had no significant effect on improving TC in people with overweight or obesity.

Life 2025, 15, x FOR PEER REVIEW 10 of 30 
 

 

 

Figure 8. Meta-analysis results of the effects of interval and continuous AE on TC in people with 
overweight or obesity [21,22,32–35,45–52,54–57]. 

In addition, when analyzing the subgroup by intensity, moderate-intensity AE (SMD 
= −0.23; 95% CI: −0.43 to −0.02, p = 0.03, I2 = 0%) and vigorous-intensity AE (SMD = −0.35; 
95% CI: −0.64 to −0.07, p = 0.01, I2 = 30%, Figure 9 and Table S2) significantly reduced the 
TC levels in people with overweight or obesity, with vigorous-intensity AE having a 
greater effect. 

Figure 8. Meta-analysis results of the effects of interval and continuous AE on TC in people with
overweight or obesity [21,22,32–35,45–52,54–57].

In addition, when analyzing the subgroup by intensity, moderate-intensity AE
(SMD = −0.23; 95% CI: −0.43 to −0.02, p = 0.03, I2 = 0%) and vigorous-intensity AE
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(SMD = −0.35; 95% CI: −0.64 to −0.07, p = 0.01, I2 = 30%, Figure 9 and Table S2) signifi-
cantly reduced the TC levels in people with overweight or obesity, with vigorous-intensity
AE having a greater effect.
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Figure 9. Meta-analysis results of the effects of moderate- and vigorous-intensity AE on TC in people
with overweight or obesity [21,22,32–35,45–47,49–51,54–57].

Furthermore, when analyzing the subgroup by participants’ age, AE significantly
reduced the TC levels in young adults with overweight or obesity (SMD = −0.27; 95% CI:
−0.53 to −0.01, p = 0.04, I2 = 26%). However, AE had no significant effect on improving
TC levels in adolescents (SMD = −0.21; 95% CI: −0.50 to −0.09, p = 0.17, I2 = 23%) and
middle-aged people with overweight or obesity (SMD = −0.19; 95% CI: −0.57 to −0.20,
p = 0.34, I2 = 0%, Figure 10 and Table S2).
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Finally, when analyzing the subgroup by participants’ basal BMI, AE significantly re-
duced the TC levels in people with overweight (SMD = −0.22; 95% CI: −0.41 to −0.03, p = 0.02,
I2 = 0%). However, AE had no significant effect on improving TC levels in people with obesity
(SMD = −0.28; 95% CI: −0.60 to −0.04, p = 0.09, I2 = 40%, Figure 11 and Table S2).
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3.3.3. Effects of AE on HDL in People with Overweight or Obesity

Our results showed that AE significantly increased the HDL levels in people with
overweight or obesity (SMD = 0.33; 95% CI: 0.11 to 0.55, p = 0.003, I2 = 52%, Figure 12).
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Subgroup analysis showed that continuous AE had a significant effect on improving HDL
levels in people with overweight or obesity (SMD = 0.40; 95% CI: 0.15 to 0.65, p = 0.002, I2 = 39%,
Figure 13 and Table S2). However, interval AE (SMD = 0.23; 95% CI: −0.18 to 0.64, p = 0.27,
I2 = 63%) had no significant effect on HDL levels in people with overweight or obesity.
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Figure 13. Meta-analysis results of the effects of interval and continuous AE on HDL in people with
overweight or obesity [21,22,32–35,45–52,54–57].

In addition, when analyzing the subgroup by intensity, moderate-intensity AE
(SMD =0.36; 95% CI: 0.03 to 0.68, p = 0.03, I2 = 56%) significantly improved the HDL
levels in people with overweight or obesity. However, vigorous-intensity AE had no signif-
icant effect on improving HDL levels in people with overweight or obesity (SMD = 0.25;
95% CI: −0.10 to 0.59, p = 0.16, I2 = 51%, Figure 14 and Table S2).
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Furthermore, when analyzing the subgroup by participants’ age, AE significantly
elevated the HDL levels in young adults (SMD = 0.39; 95% CI: 0.06 to 0.71, p = 0.02,
I2 = 53%) and middle-aged people with overweight or obesity (SMD = 0.68; 95% CI: 0.23 to
1.13, p = 0.003, I2 = 20%), with a greater effect observed in middle-aged people. However,
AE had no significant effect on improving HDL levels in adolescents with overweight or
obesity (SMD = 0.04; 95% CI: −0.32 to 0.41, p = 0.81, I2 = 48%, Figure 15 and Table S2).
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Figure 15. Meta-analysis results of the effects of AE on HDL in people with overweight or obesity of
different ages [21,22,32–35,45–52,54,55,57].

Finally, when analyzing the subgroup by participants’ basal BMI, AE significantly increased
the HDL levels in people with overweight (SMD = 0.46; 95% CI: 0.20 to 0.71, p = 0.0004,
I2 = 41%). However, AE had no significant effect on improving HDL levels in people with
obesity (SMD = 0.14; 95% CI: −0.25 to 0.52, p = 0.49, I2 = 58%, Figure 16 and Table S2).
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3.3.4. Effects of AE on LDL in People with Overweight or Obesity

Our results showed that AE significantly reduced the LDL levels in people with
overweight or obesity (SMD = −0.42; 95% CI: −0.65 to −0.18, p =0.0005, I2 = 48%, Figure 17).
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Subgroup analysis showed that interval AE (SMD = −0.68; 95% CI: −0.99 to −0.37,
p < 0.0001, I2 = 25%) significantly reduced the LDL levels in people with overweight
or obesity. However, continuous AE had no significant effect on LDL in people with
overweight or obesity (SMD = −0.21; 95% CI: −0.53 to 0.10, p = 0.19, I2 = 53%, Figure 18
and Table S2).
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Figure 18. Meta-analysis results of the effects of interval and continuous AE on LDL in people with
overweight or obesity [21,22,32–34,45,48–52,54–57].

In addition, when analyzing the subgroup by intensity, moderate-intensity AE
(SMD = −0.49; 95% CI: −0.76 to −0.23, p = 0.0003, I2 = 15%) and vigorous-intensity AE
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(SMD = −0.54; 95% CI: −0.89 to −0.19, p = 0.003, I2 = 47%, Figure 19 and Table S2) signifi-
cantly reduced the LDL levels in people with overweight or obesity, with vigorous-intensity
AE having a greater effect.
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Figure 19. Meta-analysis results of the effects of moderate- and vigorous-intensity AE on LDL in
people with overweight or obesity [21,22,32–34,45,49–51,54–57].

Furthermore, when analyzing the subgroup by participants’ age, AE significantly
reduced the LDL levels in young adults with overweight or obesity (SMD = −0.38; 95% CI:
−0.68 to −0.09, p = 0.01 I2 = 44%). However, AE had no significant effect on improving
LDL levels in adolescents (SMD = −0.40; 95% CI: −0.94 to 0.14, p = 0.15, I2 = 66%) and
middle-aged people with overweight or obesity (SMD = −0.67; 95% CI: −1.54 to 0.20,
p = 0.13, I2 = 54%, Figure 20 and Table S2).
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Figure 20. Meta-analysis results of the effects of AE on LDL in people with overweight or obesity of
different ages [21,22,32–34,45,48–52,54,55,57].
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Finally, when analyzing the subgroup by participants’ basal BMI, AE significantly
reduced the LDL levels with a greater effect observed in people with overweight
(SMD = −0.47; 95% CI: −0.77 to −0.17, p = 0.002, I2 = 46%), while people with obesity
(SMD = −0.34; 95% CI: −0.72 to 0.05, p = 0.09, I2 = 52%, Figure 21 and Table S2) had no
significant effect on improving LDL levels.
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Figure 21. Meta-analysis results of the effects of AE on LDL in people with overweight or obesity of
different basal BMI [21,22,32–34,45,48–52,54–57].

3.4. Meta-Regression Analyses

Meta-regression analyses were performed on weekly deficits, intervention duration,
session duration, frequency, relative intensity (VO2max/HRmax), and absolute intensity
(METs). There were no significant associations between weekly deficits, intervention
duration, session duration, frequency, relative intensity, or absolute intensity, and TG, TC,
or HDL levels (Table S3). However, there were significant associations between session
duration (p = 0.034), intervention duration (p = 0.002), and LDL levels (Figure S1). The more
negative the effect size, the more effective the intervention was at lowering LDL levels.
Notably, with the prolonged session duration, there was a smaller reduction in LDL levels.
However, as the intervention duration increased, a more significant improvement in LDL
levels was observed.

3.5. Risk of Bias

The Cochrane risk assessment tool was utilized to evaluate the methodological quality
of the included studies across six domains: selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other biases. The quality assessment was categorized into
three levels: low risk, high risk, and unclear risk. The quality assessment results revealed
that five studies exhibited a low risk of bias, five studies exhibited a high risk of bias,
and the others exhibited an unclear risk of bias (Figure S2). Publication bias was visually
evaluated through funnel plot inspection to ensure a comprehensive assessment of the
included studies (Figure S3). The results of the Egger’s test indicated that the small sample
size studies were not enough to affect the final results (TG, p = 0.361; TC, p = 0.322; HDL,
p = 0.719; and LDL, p = 0.637, Table S4).
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3.6. Sensitivity Analyses

Sensitivity analyses revealed that the overall effect of AE on TG (Figure S4), TC
(Figure S5), HDL (Figure S6), and LDL (Figure S7) in people with overweight or obesity
remained consistent in terms of direction and compatibility levels when any of the included
studies were omitted.

4. Discussion
In this study, we found that AE significantly increased HDL levels and simultaneously

reduced TG, TC, and LDL levels in individuals with overweight or obesity, which is
consistent with a previous study, showing that a 12-week AE significantly improved TG,
TC, LDL, and HDL levels, as well as reduced cardiometabolic risk factors in women with
obesity [59]. Another study demonstrated that a 6-week AE in young men with obesity
significantly reduced TG, TC, and LDL levels [60]. In addition, the 12-week AE significantly
reduced TC, TG, and LDL levels in male college students with obesity, with higher intensity
intervals having better effects [61]. The 4-week HIIT significantly improved the lipid
metabolism of female students with obesity by reducing TC, TG, LDL, and TC/HDL ratios
and increasing HDL levels [62]. AE can reduce the interaction between lipid droplets
and mitochondria, thereby reducing fat accumulation in the liver and improving lipid
metabolism [63]. Furthermore, AE increases fatty acid oxidation (FAO), which promotes
fat metabolism and aids in lowering blood lipid levels [5,64,65]. Therefore, the mechanism
of how exercise improves blood lipids can be summarized in the following two aspects. On
the one hand, AE can increase whole-body fat oxidation, adipose tissue lipolysis, and fatty
acid utilization by skeletal muscle [66]. On the other hand, AE can also regulate intracellular
lipid delivery and mitochondrial β-oxidation, encouraging the muscle to absorb and utilize
more FFA and cholesterol [67,68]. This may increase the reverse transport capacity of TC,
resulting in a decrease in LDL and an increase in HDL in the blood. While some previous
studies have explored the potential physiological mechanism of exercise for improving
blood lipids, there is still no clear explanation [69,70].

Recent studies have demonstrated that obesity is a metabolic dysregulation caused
by reactive oxygen species (ROS), which contribute to ribotoxic stress response (RSR)
through the activation of Zinc finger protein kinase alpha (ZAKα) by participating in redox
reactions [71]. Therefore, AE may positively influence lipid metabolism in individuals
with obesity by enhancing cellular antioxidant capacity, reducing oxidative stress, and
balancing ROS levels. This differs from the results of a previous meta-analysis study. Cai
et al. [28] concluded that AE significantly reduced TG levels in adults with obesity, but
had no significant effect on TC, HDL, and LDL. Another meta-analysis showed that AE
lasting greater than 8 weeks only significantly reduced TG in adults with overweight or
obesity [72]. Usually, exercise affects the size of TG-rich lipoproteins, enhances lipoprotein
lipase activity, increases muscle uptake of TG, and decreases hepatic VLDL-TG output.
Together, these mechanisms lead to a decrease in TG levels [63]. In addition, decreased
TG may be associated with AE-induced fatty acid oxidation. The decrease in TG levels
may be attributed to the fatty acid oxidation induced by AE. The insignificance of other
indicators can be attributed to factors such as small sample size, heterogeneity, and in-
dividual influencing variables, including gender, age, and diet. Batrakoulis et al. [73]
supported the notion that AE reduced TG, while still exhibiting inconsistency in its effec-
tiveness with regard to other blood lipids. In addition, Taghian et al. [74] demonstrated
that 12 weeks of moderate-intensity AE could lower TG and increase HDL in women with
obesity. Furthermore, Chiu et al. [75] also supported a 12-week walking intervention that
reduced TG and increased HDL in female college students with obesity. The reason for
this is that AE increases the mitochondrial density of muscle, increases oxidase activity,
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improves the activity of fat oxidase and lipoprotein lipase, and promotes lipid metabolism,
thereby reducing TG and increasing HDL. Only 12 weeks of AE at the lowest respiratory
quotient (RQ) intensity could reduce TG in women with overweight, compared to ventilate
threshold (VT) intensity [76]. This may imply that low-intensity AE is more conducive to fat
oxidation, thus lowering TG. Previous studies have demonstrated that AE can effectively
reduce TG in children, adolescents, and adults with overweight or obesity [72,77]. The
discrepancies in the results may be attributed to variations in training programs, measure-
ment techniques, gender, age group (child, adolescent, young adult, or elderly), or the
level of obesity (overweight or obesity), among other factors. Therefore, different lipid
indexes have different influence mechanisms, so more studies are needed to elucidate
the mechanism.

The results of the subgroup analysis showed that both moderate-intensity and
vigorous-intensity AE significantly reduced TG, TC, and LDL levels. Vigorous-intensity
AE had a greater effect on lipids in people with overweight or obesity. In contrast, only
moderate-intensity AE significantly elevated HDL levels. This is possibly due to the induc-
tion of fatty acid oxidation leading to TG level reduction [78] and the associated increase in
lipoprotein affinity [79]. Consistent with the results of this study, the meta-analysis results
of Li et al. [80] showed that AE improved TG, TC, and LDL in adolescents with obesity,
but did not significantly improve HDL. A further meta-analysis of children with obesity
also showed that vigorous-intensity exercise did not considerably improve HDL [81]. A
recent meta-analysis comparing moderate-intensity and vigorous-intensity AE for lipid
improvement in adolescents with obesity has also demonstrated that vigorous-intensity
AE led to a significant reduction in LDL and TC levels, but did not result in a significant
increase in HDL levels [82]. A randomized controlled trial conducted in adolescents with
obesity revealed that a 12-week vigorous-intensity AE did not significantly improve HDL
levels [54]. In addition, a recent RCT showed that 6 weeks of different-intensity AE did
not have a significant effect on HDL levels in adult men with obesity, particularly when
vigorous-intensity exercise was used [60]. A previous review of vigorous-intensity AE in
people with obesity has shown that at least 8 weeks of intervention is required to achieve
a significant increase in HDL [83]. This may be because low HDL levels are associated
with overweight or obesity, and HDL levels only increase when the threshold for exercise
intensity and intervention duration is reached [84].

Inconsistent with our results, one study showed that both a 12-week moderate-
intensity and vigorous-intensity AE increased HDL in adult men with obesity. The results
showed that vigorous-intensity AE had a greater effect on lipolysis in adipose tissue than
the moderate-intensity regimen. The reason for this is that vigorous-intensity AE leads to
higher metabolic stress, which increases catecholamines and hormones (such as growth
hormone and glucagon) levels in an intensity-related manner [85]. Excessive exercise
intensity occurs when the intensity, frequency, or duration of vigorous exercise exceeds an
individual’s fitness level, leading to inadequate recovery and negatively impacting HDL
levels. Therefore, moderate- and vigorous-intensity exercise may be more beneficial for
increasing HDL levels, while excessive exercise may lead to a reversing effect. Previous
studies have demonstrated the effects of regular AE on metabolic adaptation and lipid
improvement, yet there is still no consensus on determining the optimal training intensity
for improving blood lipids [5,64]. Okura et al. [86] investigated a 14-week intervention of
walking (low-intensity) and AE (70−85% VO2max) in women with obesity and found that
vigorous-intensity AE significantly reduced LDL, whereas Racil et al. [49] suggested that
both moderate-intensity and vigorous-intensity interval training reduced total body fat
in young women with obesity, with only vigorous-intensity exercise reducing TG and TC.
Furthermore, a more pronounced hemostatic effect on Salusin-α, a protective biomarker of
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atherosclerosis, was observed during moderate-intensity interval training, whereas Salusin-
β, a precursor of lipids, was more affected during vigorous-intensity interval training. This
is the mechanism by which different intensities of exercise affect lipids [51]. Therefore, for
people with overweight or obesity, the effects of moderate- and vigorous-intensity AE on
TG and LDL may play a key role in reducing CVD risk.

The bigger debate revolves around the effect of different forms of AE on improving
blood lipids. Our subgroup analysis showed that interval AE could lower TG, TC, and
LDL levels, but did not significantly increase HDL levels, whereas continuous AE lowered
TG and increased HDL levels, yet failed to lower TC and LDL levels. However, only
continuous AE significantly increased HDL levels, aligning with findings suggesting that
continuous training has a greater effect on HDL [47,87]. A meta-study on children with
obesity showed that high-intensity interval exercise did not significantly improve HDL,
whereas continuous AE did [81]. Another meta-analysis comparing moderate-intensity
continuous training (MICT) and HIIT for lipid improvement in youth with obesity also
indicated that HIIT significantly reduced LDL and TC levels, but did not significantly
affect HDL [82]. Furthermore, continuous exercise has demonstrated limited efficacy in
decreasing TC and LDL. In line with our results, an RCT of 16 weeks of interval and
continuous moderate-intensity intervention in women with obesity showed no significant
improvement in TC and LDL [88]. It is well-known that visceral fat is one of the main
factors closely related to high TC levels, and reducing visceral fat is an effective way to
lower TC levels [25,63]. The mechanism behind the ability of high-intensity intermittent
AE to reduce TC levels is mainly achieved by reducing visceral fat. Studies have shown
that HIIT is more effective than MICT in stimulating the secretion of fat-soluble hormones
such as catecholamines [89]. Norepinephrine promotes fat oxidation, while epinephrine
promotes carbohydrate oxidation and fat solubility. Fat oxidation after HIIT training
may be indirectly related to increased sympathetic nervous system (SNS) activation (via
norepinephrine release), ultimately leading to increased levels of circulating FFA post-
exercise, regulating lipid metabolism.

Continuous AE can also improve TC, but it mainly depends on the intensity and
duration of the intervention. Some studies may have only conducted short-term exercise
interventions, leaving insufficient time to observe the effects of exercise on blood lipids.
Sustained moderate-intensity exercise may require a longer time to demonstrate significant
effects. Therefore, there may be some limitations and challenges to the effect of continuous
moderate-intensity exercise on reducing TC and LDL, and more studies are needed to
explore the mechanisms and influencing factors. Interval training has varying intervention
effects, which may stem from differences in age or obesity, training variety, short dura-
tion, and incomplete consistency of intervals [51,54]. Sawyer et al. [90] reported that 8
weeks of HIIT had no significant effect on TC, TG, LDL, or HDL in adults with obesity.
However, Kim et al. [48] demonstrated that 6 weeks of jump rope exercise improved TC,
insulin sensitivity, and lipocalin levels in men with obesity, where plasma lipocalin lev-
els associated with TC, HDL, and LDL were negatively correlated with body fat levels.
Lipocalin is a hormone secreted by adipocytes that improves insulin sensitivity, regulates
lipid metabolism, performs anti-inflammatory effects, and protects cardiovascular health.
Therefore, AE interventions may further promote metabolic health and lower cholesterol
levels by increasing lipocalin levels. In addition, Ouerghi et al. [91,92] demonstrated that
8 weeks of HIIT induced significant reductions in TC, LDL, and TG in young men with
overweight or obesity. Moreover, continuous AE leads to a modest reduction in waist
circumference and associated visceral adipose tissue [23,24]. Conversely, HIIT may have
greater benefits for cardiorespiratory capacity than moderate-intensity exercise [23,87].
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Therefore, the intensity and duration of AE are critical determinants that influence lipid
improvement in people with overweight or obesity.

Our results found that basal BMI and age were factors influencing the effects of AE
on lipids in people with overweight or obesity. Consistent with other studies, our results
demonstrated that AE was more effective in improving lipids in people with overweight,
with no significant improvement in HDL, TC, and LDL in people with obesity [54]. Different
basal BMI significantly reduced TG. This indicated that the beneficial effects of AE on
lipid markers may depend on the individual’s initial level of obesity. Additionally, there
is evidence to support that AE improves TC, TG, and LDL primarily through weight
loss [33,36,53]. Although the degree of weight loss is one of the key determinants of lipid
changes, overweight individuals may experience more significant lipid improvements
when they lose a relatively small amount of weight. This is due to their potentially healthier
metabolic state compared to obese individuals. In contrast, obese individuals typically
need to lose more weight to observe a similar magnitude of lipid improvement. Therefore,
weight loss goals and their implications for metabolic health must be specifically considered
when developing an exercise program.

As one of the main factors affecting lipids, age is an important influencing factor [93,94].
Firstly, AE has been shown to reduce TG in people with overweight or obesity of all ages.
Eizadi et al. [53] conducted an AE intervention in men with obesity three times a week for
three months and the results showed an increase in β-cell function after the intervention,
accompanied by a decrease in body fat, blood glucose, and TG. Secondly, a significant
effect on the improvement of HDL in young adults and middle-aged people, with a greater
effect observed in middle-aged people. This indicated that AE can reverse the decline
in β-cell function caused by aging or obesity, thus improving metabolic regulation and
dyslipidemia [95]. Thirdly, AE has a significant effect on the improvement of LDL, TC,
TG, and HDL in young adults. For young adults, the LDL-lowering effect is better than in
other age groups. This has been supported in other studies. Mohammadi et al. [52] found
significant differences in the effects of 8-week aerobic training on cardiometabolic health
parameters in young men with obesity, with LDL decreasing. This is probably because
young adulthood is a period of high metabolic activity [96]. Thus, AE has a positive effect
on lipid metabolism in different people.

In addition, our study found a potentially significant dose-response relationship
between AE, specifically in terms of the session duration and intervention duration, and
LDL. Initially, the session duration was positively correlated with the reduction in LDL. This
is consistent with the results of the subgroup analysis, where interval exercise significantly
reduced LDL, whereas continuous exercise did not. This finding is consistent with a
previous study [21], showing that in terms of session duration, short bursts of HIIT are
more effective for LDL improvement.

Subsequently, LDL decreased as the intervention duration increased, suggesting that
the longer the intervention duration, the better the effect on lipid improvement. In contrast
to our results, Batacan et al. [31] showed that both short-term HIIT (< 12 weeks) and long-
term HIIT (> 12 weeks) had no effect on insulin, lipids, C-reactive protein, and interleukin
6 in people with overweight or obesity, but they were effective in increasing VO2max and
improving CVD risk factors. However, the mechanisms underlying the beneficial effects of
regular exercise on lipid metabolism have not been fully elucidated. Prolonged AE may
reduce the production and clearance of LDL and while increasing the catabolism of TG-rich
lipoproteins, it may also increase TG production, ultimately reducing TG and LDL levels
and improving lipid metabolism [64]. Karami et al. [97] proved that regular AE has a better
intervention effect on people with obesity, and regular training can significantly affect the
TC and HDL/LDL ratio of adolescents with obesity. These findings support emerging
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evidence that long-term regular high-intensity interval AE may be better for improving
blood lipids and promoting cardiovascular health.

Some limitations should also be noted in this study. Firstly, subgroup analyses showed
that exercise intensity, type, participants’ age, and basal BMI were the sources of heterogene-
ity in this meta-analysis, yet heterogeneity still existed between studies in the subgroup
analyses. Secondly, the impact of diet on dyslipidemia remains significant. Although all
included studies used dietary reviews or questionnaires to assess the greening of dietary
intake. This helped to minimize potential confounding by dietary changes, but could not
eliminate confounding by dietary intake. Thirdly, the included studies encompassed a wide
range of AE forms (such as running and cycling) and diverse participant groups (varying
in age, gender, and obesity level), which may influence the assessment of lipids and affect
the applicability of the findings. Additionally, some studies had small sample sizes, and
the variability in training types may further restrict the generalizability of the results. Fur-
thermore, there is no consensus on the appropriate AE intensity for overweight and obese
individuals, as it varies across studies and may affect the interpretation of exercise effects.
In particular, the size of HDL and LDL particles was not discussed in this study, which
limits a comprehensive assessment of lipid profiles. In this study, we analyzed the age
factor, and future studies could consider the effect of factors such as gender, background,
and history of physical exercise on levels in overweight and obese populations. In addition
to AE, it is meaningful to explore the effects of daily physical activity on blood lipids in
overweight or obese individuals.

5. Conclusions
AE markedly enhanced blood lipids in individuals with overweight or obesity. Both

moderate-intensity and vigorous-intensity AE demonstrated significant impacts in reducing
TC, TG, and LDL, whereas only moderate-intensity exercise significantly elevated HDL.
Additionally, AE significantly optimized blood lipids in those with overweight, with TG
being the only parameter showing improvement in individuals with obesity. Moreover,
continuous AE notably improved HDL and TG, while interval AE significantly reduced
TG, TC, and LDL. Lastly, a clear positive correlation emerged between the duration of the
intervention and the decrease in LDL, and a distinct negative correlation was observed
between session duration and the reduction of LDL.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/life15020166/s1, Figure S1: Meta-regression analyses results; Figure S2:
Results of Cochrane risk of bias tool; Figure S3: Funnel plot; Figure S4: Sensitivity analyses results of TG;
Figure S5: Sensitivity analyses results of TC; Figure S6: Sensitivity analyses results of HDL; Figure S7:
Sensitivity analyses results of LDL; Table S1: Characteristics of studies included in this meta-analysis;
Table S2: Results of subgroup analysis; Table S3: Meta-regression coefficients of the effect of significant
moderators on selected outcomes; Table S4: Results of Egger’s test.

Author Contributions: Conceptualization, Z.C. and Y.L.; methodology, Z.C.; software, Z.C.; validation,
X.L., J.W., L.W. and L.Y.; formal analysis, Z.C. and R.Z.; investigation, Z.C. and R.Z.; resources, L.Y.; data
curation, X.L., J.W., L.W. and L.Y.; writing—original draft preparation, Z.C.; writing—review and editing,
Z.C., Y.L. and L.Y.; visualization, R.Z.; supervision, L.Y.; project administration, L.Y.; funding acquisition,
Y.L. and L.Y. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Humanities and Social Science Fund of the Ministry of
Education of China, grant number 24YJC890065, and Chinese Universities Scientific Fund, grant
numbers 2024JNPD004 and 2024YJSY005.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

https://www.mdpi.com/article/10.3390/life15020166/s1
https://www.mdpi.com/article/10.3390/life15020166/s1


Life 2025, 15, 166 21 of 25

Data Availability Statement: All data generated or analyzed during this study are included in the
article/Supplementary Materials Section.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Phelps, N.H.; Singleton, R.K.; Zhou, B.; Heap, R.A.; Mishra, A.; Bennett, J.E.; Paciorek, C.J.; Lhoste, V.P.F.; Carrillo-Larco, R.M.;

Stevens, G.A.; et al. Worldwide trends in underweight and obesity from 1990 to 2022: A pooled analysis of 3663 population-
representative studies with 222 million children, adolescents, and adults. Lancet 2024, 403, 1027–1050. [CrossRef] [PubMed]

2. Global burden of 87 risk factors in 204 countries and territories, 1990–2019: A systematic analysis for the Global Burden of Disease
Study 2019. Lancet 2020, 396, 1223–1249. [CrossRef] [PubMed]

3. Okunogbe, A.; Nugent, R.; Spencer, G.; Powis, J.; Ralston, J.; Wilding, J. Economic impacts of overweight and obesity: Current
and future estimates for 161 countries. BMJ Glob. Health 2022, 7, e009773. [CrossRef]

4. Goodpaster, B.H.; Sparks, L.M. Metabolic Flexibility in Health and Disease. Cell Metab. 2017, 25, 1027–1036. [CrossRef]
5. Smith, R.L.; Soeters, M.R.; Wüst, R.C.I.; Houtkooper, R.H. Metabolic Flexibility as an Adaptation to Energy Resources and

Requirements in Health and Disease. Endocr. Rev. 2018, 39, 489–517. [CrossRef]
6. Powell-Wiley, T.M.; Poirier, P.; Burke, L.E.; Després, J.P.; Gordon-Larsen, P.; Lavie, C.J.; Lear, S.A.; Ndumele, C.E.; Neeland, I.J.;

Sanders, P.; et al. Obesity and Cardiovascular Disease: A Scientific Statement From the American Heart Association. Circulation
2021, 143, e984–e1010. [CrossRef]

7. Kivimäki, M.; Kuosma, E.; Ferrie, J.E.; Luukkonen, R.; Nyberg, S.T.; Alfredsson, L.; Batty, D.G.; Brunner, E.J.; Fransson, E.;
Goldberg, M.; et al. Overweight, obesity, and risk of cardiometabolic multimorbidity: Pooled analysis of individual-level data for
120 813 adults from 16 cohort studies from the USA and Europe. Lancet Public Health 2017, 2, e277–e285. [CrossRef]

8. Van Gaal, L.F.; Mertens, I.L.; De Block, C.E. Mechanisms linking obesity with cardiovascular disease. Nature 2006, 444, 875–880.
[CrossRef]

9. Arsenault, B.J.; Boekholdt, S.M.; Kastelein, J.J.P. Lipid parameters for measuring risk of cardiovascular disease. Nat. Rev. Cardiol.
2011, 8, 197–206. [CrossRef]

10. McQueen, M.J.; Hawken, S.; Wang, X.; Ounpuu, S.; Sniderman, A.; Probstfield, J.; Steyn, K.; Sanderson, J.E.; Hasani, M.; Volkova,
E.; et al. Lipids, lipoproteins, and apolipoproteins as risk markers of myocardial infarction in 52 countries (the INTERHEART
study): A case-control study. Lancet 2008, 372, 224–233. [CrossRef] [PubMed]

11. Afshin, A.; Forouzanfar, M.H.; Reitsma, M.B.; Sur, P.; Estep, K.; Lee, A.; Marczak, L.; Mokdad, A.H.; Moradi-Lakeh, M.; Naghavi,
M.; et al. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. N. Engl. J. Med. 2017, 377, 13–27.

12. Zeljkovic, A.; Vekic, J.; Stefanovic, A. Obesity and dyslipidemia in early life: Impact on cardiometabolic risk. Metabolism: Clin.
Exp. 2024, 156, 155919. [CrossRef]

13. Nussbaumerova, B.; Rosolova, H. Obesity and Dyslipidemia. Curr. Atheroscler. Rep. 2023, 25, 947–955. [CrossRef]
14. Vekic, J.; Zeljkovic, A.; Stefanovic, A.; Jelic-Ivanovic, Z.; Spasojevic-Kalimanovska, V. Obesity and dyslipidemia. Metab. Clin. Exp.

2019, 92, 71–81. [CrossRef]
15. Goldstein, J.L.; Brown, M.S. A century of cholesterol and coronaries: From plaques to genes to statins. Cell 2015, 161, 161–172.

[CrossRef]
16. Perdomo, C.M.; Cohen, R.V.; Sumithran, P.; Clément, K.; Frühbeck, G. Contemporary medical, device, and surgical therapies for

obesity in adults. Lancet 2023, 401, 1116–1130. [CrossRef]
17. Pedersen, B.K.; Saltin, B. Exercise as medicine—Evidence for prescribing exercise as therapy in 26 different chronic diseases.

Scand. J. Med. Sci. Sports 2015, 25, 1–72. [CrossRef]
18. Chen, Q.Y.; Jiang, Y.N.; Guan, X.; Ren, F.F.; Wu, S.J.; Chu, M.P.; Wu, L.P.; Lai, T.F.; Li, L. Aerobic Exercise Attenuates Pressure

Overload-Induced Myocardial Remodeling and Myocardial Inflammation via Upregulating miR-574-3p in Mice. Circ. Hear. Fail.
2024, 17, e010569. [CrossRef]

19. Wood, G.; Taylor, E.; Ng, V.; Murrell, A.; Patil, A.; van der Touw, T.; Wolden, M.; Andronicos, N.; Smart, N.A. Estimating the Effect
of Aerobic Exercise Training on Novel Lipid Biomarkers: A Systematic Review and Multivariate Meta-Analysis of Randomized
Controlled Trials. Sports Med. 2023, 53, 871–886. [CrossRef]

20. Su, L.Q.; Fu, J.M.; Sun, S.L.; Zhao, G.G.; Cheng, W.; Dou, C.C.; Quan, M.H. Effects of HIIT and MICT on cardiovascular risk
factors in adults with overweight and/or obesity: A meta-analysis. PLoS ONE 2019, 14, e0210644. [CrossRef]

21. Cao, M.; Tang, Y.C.; Li, S.; Zou, Y. Effects of school-based high-intensity interval training on body composition, cardiorespiratory
fitness and cardiometabolic markers in adolescent boys with obesity: A randomized controlled trial. BMC Pediatr. 2022, 22, 112.

22. Keating, S.E.; Hackett, D.A.; Parker, H.M.; O’Connor, H.T.; Gerofi, J.A.; Sainsbury, A.; Baker, M.K.; Chuter, V.H.; Caterson, I.D.;
George, J.; et al. Effect of aerobic exercise training dose on liver fat and visceral adiposity. J. Hepatol. 2015, 63, 174–182. [CrossRef]

https://doi.org/10.1016/S0140-6736(23)02750-2
https://www.ncbi.nlm.nih.gov/pubmed/38432237
https://doi.org/10.1016/S0140-6736(20)30752-2
https://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1136/bmjgh-2022-009773
https://doi.org/10.1016/j.cmet.2017.04.015
https://doi.org/10.1210/er.2017-00211
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1016/S2468-2667(17)30074-9
https://doi.org/10.1038/nature05487
https://doi.org/10.1038/nrcardio.2010.223
https://doi.org/10.1016/S0140-6736(08)61076-4
https://www.ncbi.nlm.nih.gov/pubmed/18640459
https://doi.org/10.1016/j.metabol.2024.155919
https://doi.org/10.1007/s11883-023-01167-2
https://doi.org/10.1016/j.metabol.2018.11.005
https://doi.org/10.1016/j.cell.2015.01.036
https://doi.org/10.1016/S0140-6736(22)02403-5
https://doi.org/10.1111/sms.12581
https://doi.org/10.1161/CIRCHEARTFAILURE.123.010569
https://doi.org/10.1007/s40279-023-01817-0
https://doi.org/10.1371/journal.pone.0210644
https://doi.org/10.1016/j.jhep.2015.02.022


Life 2025, 15, 166 22 of 25

23. Armstrong, A.; Jungbluth Rodriguez, K.; Sabag, A.; Mavros, Y.; Parker, H.M.; Keating, S.E.; Johnson, N.A. Effect of aerobic
exercise on waist circumference in adults with overweight or obesity: A systematic review and meta-analysis. Obes. Rev. 2022,
23, e13446. [CrossRef] [PubMed]

24. Recchia, F.; Leung, C.K.; Yu, A.P.; Leung, W.; Yu, D.J.; Fong, D.Y.; Montero, D.; Lee, C.H.; Wong, S.H.S.; Siu, P.M. Dose-
response effects of exercise and caloric restriction on visceral adiposity in overweight and obese adults: A systematic review and
meta-analysis of randomised controlled trials. Br. J. Sports Med. 2023, 57, 1035–1041. [CrossRef]

25. Johnson, N.A.; Sachinwalla, T.; Walton, D.W.; Smith, K.; Armstrong, A.; Thompson, M.W.; George, J. Aerobic exercise training
reduces hepatic and visceral lipids in obese individuals without weight loss. Hepatology 2009, 50, 1105–1112. [CrossRef]

26. Monteiro, P.A.; Chen, K.Y.; Lira, F.S.; Saraiva, B.T.; Antunes, B.M.; Campos, E.Z.; Freitas, I.F., Jr. Concurrent and aerobic exercise
training promote similar benefits in body composition and metabolic profiles in obese adolescents. Lipids Health Dis. 2015, 14, 153.
[CrossRef]

27. Lee, D.C.; Brellenthin, A.G.; Lanningham-Foster, L.M.; Kohut, M.L.; Li, Y. Aerobic, resistance, or combined exercise training and
cardiovascular risk profile in overweight or obese adults: The CardioRACE trial. Eur. Hear. J. 2024, 45, 1127–1142. [CrossRef]

28. Cai, M.; Zou, Z. Effect of aerobic exercise on blood lipid and glucose in obese or overweight adults: A meta-analysis of randomised
controlled trials. Obes. Res. Clin. Pract. 2016, 10, 589–602. [CrossRef]

29. Thorogood, A.; Mottillo, S.; Shimony, A.; Filion, K.B.; Joseph, L.; Genest, J.; Pilote, L.; Poirier, P.; Schiffrin, E.L.; Eisenberg, M.J.
Isolated aerobic exercise and weight loss: A systematic review and meta-analysis of randomized controlled trials. Am. J. Med.
2011, 124, 747–755. [CrossRef]

30. Chen, X.; He, H.; Xie, K.; Zhang, L.; Cao, C. Effects of various exercise types on visceral adipose tissue in individuals with
overweight and obesity: A systematic review and network meta-analysis of 84 randomized controlled trials. Obes. Rev. 2023,
25, e13666. [CrossRef]

31. Batacan, R.B., Jr.; Duncan, M.J.; Dalbo, V.J.; Tucker, P.S.; Fenning, A.S. Effects of high-intensity interval training on cardiometabolic
health: A systematic review and meta-analysis of intervention studies. Br. J. Sports Med. 2017, 51, 494–503. [CrossRef] [PubMed]

32. Salus, M.; Tillmann, V.; Remmel, L.; Unt, E.; Mäestu, E.; Parm, Ü.; Mägi, A.; Tali, M.; Jürimäe, J. Effect of Sprint Interval Training
on Cardiometabolic Biomarkers and Adipokine Levels in Adolescent Boys with Obesity. Int. J. Environ. Res. Public Health 2022, 19,
12672. [CrossRef] [PubMed]

33. Seo, D.Y.; Lee, S.; Figueroa, A.; Kim, H.K.; Baek, Y.H.; Kwak, Y.S.; Kim, N.; Choi, T.H.; Rhee, B.D.; Ko, K.S.; et al. Yoga training
improves metabolic parameters in obese boys. Korean J. Physiol. Pharmacol. 2012, 16, 175–180. [CrossRef] [PubMed]

34. Chung, J.; Kim, K.; Hong, J.; Kong, H.J. Effects of prolonged exercise versus multiple short exercise sessions on risk for metabolic
syndrome and the atherogenic index in middle-aged obese women: A randomised controlled trial. BMC Women’s Health 2017,
17, 65. [CrossRef]

35. Tan, S.; Wang, J.; Cao, L.; Guo, Z.; Wang, Y. Positive effect of exercise training at maximal fat oxidation intensity on body
composition and lipid metabolism in overweight middle-aged women. Clin. Physiol. Funct. Imaging 2016, 36, 225–230. [CrossRef]

36. Khalafi, M.; Sakhaei, M.H.; Kazeminasab, F.; Rosenkranz, S.K.; Symonds, M.E. Exercise training, dietary intervention, or combined
interventions and their effects on lipid profiles in adults with overweight and obesity: A systematic review and meta-analysis of
randomized clinical trials. Nutr. Metab. Cardiovasc. Dis. 2023, 33, 1662–1683. [CrossRef]

37. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]

38. Wu, W.; Chen, Z.; Zhou, H.; Wang, L.; Li, X.; Lv, Y.; Sun, T.; Yu, L. Effects of Acute Ingestion of Caffeine Capsules on Muscle
Strength and Muscle Endurance: A Systematic Review and Meta-Analysis. Nutrients 2024, 16, 1146. [CrossRef]

39. Tao, X.; Chen, Y.; Zhen, K.; Ren, S.; Lv, Y.; Yu, L. Effect of continuous aerobic exercise on endothelial function: A systematic review
and meta-analysis of randomized controlled trials. Front. Physiol. 2023, 14, 1043108. [CrossRef]

40. Li, G.; Tao, X.; Lei, B.; Hou, X.; Yang, X.; Wang, L.; Zhang, S.; Lv, Y.; Wang, T.; Yu, L. Effects of exercise on post-stroke cognitive
function: A systematic review and meta-analysis of randomized controlled trials. Top. Stroke Rehabil. 2024, 31, 645–666. [CrossRef]

41. Chen, Y.; Su, Q.; Yang, J.; Li, G.; Zhang, S.; Lv, Y.; Yu, L. Effects of rest interval and training intensity on jumping performance: A
systematic review and meta-analysis investigating post-activation performance enhancement. Front. Physiol. 2023, 14, 1202789.
[CrossRef] [PubMed]

42. Zhou, Y.; Ren, H.; Hou, X.; Dong, X.; Zhang, S.; Lv, Y.; Li, C.; Yu, L. The effect of exercise on balance function in stroke patients: A
systematic review and meta-analysis of randomized controlled trials. J. Neurol. 2024, 271, 4751–4768. [CrossRef] [PubMed]

43. Howley, E.T. Type of activity: Resistance, aerobic and leisure versus occupational physical activity. Med. Sci. Sports Exerc. 2001, 33
(Suppl. S6), S364–S369; discussion S419–S420. [CrossRef]

44. Du, L.; Xi, H.; Zhang, S.; Zhou, Y.; Tao, X.; Lv, Y.; Hou, X.; Yu, L. Effects of exercise in people with multiple sclerosis: A systematic
review and meta-analysis. Front. Public Health 2024, 12, 1387658. [CrossRef]

45. Hovsepian, V.; Marandi, S.M.; Esfarjani, F.; Zavar, R.; Sadeghi, M. The Effect of All-Extremity High-Intensity Interval Training on
Plasma Pentraxin 3 in Young Overweight and Obese Women. Int. J. Prev. Med. 2021, 12, 141. [CrossRef]

https://doi.org/10.1111/obr.13446
https://www.ncbi.nlm.nih.gov/pubmed/35383401
https://doi.org/10.1136/bjsports-2022-106304
https://doi.org/10.1002/hep.23129
https://doi.org/10.1186/s12944-015-0152-9
https://doi.org/10.1093/eurheartj/ehad827
https://doi.org/10.1016/j.orcp.2015.10.010
https://doi.org/10.1016/j.amjmed.2011.02.037
https://doi.org/10.1111/obr.13666
https://doi.org/10.1136/bjsports-2015-095841
https://www.ncbi.nlm.nih.gov/pubmed/27797726
https://doi.org/10.3390/ijerph191912672
https://www.ncbi.nlm.nih.gov/pubmed/36231972
https://doi.org/10.4196/kjpp.2012.16.3.175
https://www.ncbi.nlm.nih.gov/pubmed/22802698
https://doi.org/10.1186/s12905-017-0421-z
https://doi.org/10.1111/cpf.12217
https://doi.org/10.1016/j.numecd.2023.05.024
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.3390/nu16081146
https://doi.org/10.3389/fphys.2023.1043108
https://doi.org/10.1080/10749357.2024.2356393
https://doi.org/10.3389/fphys.2023.1202789
https://www.ncbi.nlm.nih.gov/pubmed/37427408
https://doi.org/10.1007/s00415-024-12467-1
https://www.ncbi.nlm.nih.gov/pubmed/38834700
https://doi.org/10.1097/00005768-200106001-00005
https://doi.org/10.3389/fpubh.2024.1387658
https://doi.org/10.5812/asjsm.92849


Life 2025, 15, 166 23 of 25

46. Kim, D.Y.; Jung, S.Y. Effect of aerobic exercise on risk factors of cardiovascular disease and the apolipoprotein B / apolipoprotein
a-1 ratio in obese woman. J. Phys. Ther. Sci. 2014, 26, 1825–1829. [CrossRef]

47. Leite, N.; Pizzi, J.; Menezes Junior FJd Tadiotto, M.C.; Jesus ÍCd Corazza, P.R.P.; Schiavoni, D.; Mota, J.; Radominski, R.B. Effect
of MICT and HIIT on cardiometabolic risk and body composition in obese boys. Revista Brasileira de Medicina do Esporte 2022,
28, 274–280. [CrossRef]

48. Kim, E.S.; Im, J.A.; Kim, K.C.; Park, J.H.; Suh, S.H.; Kang, E.S.; Kim, S.H.; Jekal, Y.; Lee, C.W.; Yoon, Y.J.; et al. Improved insulin
sensitivity and adiponectin level after exercise training in obese Korean youth. Obesity 2007, 15, 3023–3030. [CrossRef]

49. Racil, G.; Ben Ounis, O.; Hammouda, O.; Kallel, A.; Zouhal, H.; Chamari, K.; Amri, M. Effects of high vs. moderate exercise intensity
during interval training on lipids and adiponectin levels in obese young females. Eur. J. Appl. Physiol. 2013, 113, 2531–2540. [CrossRef]

50. Niu, Y.; Buranarugsa, R.; Kuhirunyaratn, P. Comparing the Effects of Bafa Wubu Tai Chi and Traditional He-Style Tai Chi Exercises
on Physical Health Risk Factors in Overweight Male College Students: A Randomized Controlled Trial. Int. J. Environ. Res. Public
Heal. 2023, 20, 6323. [CrossRef]

51. Nazari, M.; Minasian, V.; Hovsepian, S. Effects of Two Types of Moderate- and High-Intensity Interval Training on Serum
Salusin-α and Salusin-β Levels and Lipid Profile in Women with Overweight/Obesity. Diabetes Metab. Syndr. Obes. 2020, 13,
1385–1390. [CrossRef] [PubMed]

52. Mohammadi, A.; Alikhajehlandi, A.; Reddy, P. Impact of Aerobic Exercise Training on Insulin Resistance and Plasma Lipocalin 2
levels in Obese Young Men. Biomed. Pharmacol. J. 2014, 7, 47–52. [CrossRef]

53. Eizadi, M.; Bagheri, G.; Kasparast, J.M.; Zahedmanesh, F.; Afsharmand, Z. Effects of training on body composition, blood lipids,
and glucose homeostasis assessed by the homeostasis model assessment. Sci. Sports 2013, 28, 75–80. [CrossRef]

54. Khammassi, M.; Ouerghi, N.; Hadj-Taieb, S.; Feki, M.; Thivel, D.; Bouassida, A. Impact of a 12-week high-intensity interval
training without caloric restriction on body composition and lipid profile in sedentary healthy overweight/obese youth. J. Exerc.
Rehabil. 2018, 14, 118–125. [CrossRef] [PubMed]

55. Timmons, J.F.; Beatty, A.; Stout, C.; Ivory, A.; Carroll, C.; Egan, B. Increased Lean Body Mass After Bodyweight-Based High
Intensity Interval Training in Overweight and Obese Men. Res. Q. Exerc. Sport 2023, 94, 418–426. [CrossRef]

56. Jung, W.S.; Kim, Y.Y.; Kim, J.W.; Park, H.Y. Effects of Circuit Training Program on Cardiovascular Risk Factors, Vascular
Inflammatory Markers, and Insulin-like Growth Factor-1 in Elderly Obese Women with Sarcopenia. Rev. Cardiovasc. Med. 2022,
23, 134. [CrossRef]

57. Saremi, A.; Asghari, M.; Ghorbani, A. Effects of aerobic training on serum omentin-1 and cardiometabolic risk factors in
overweight and obese men. J. Sports Sci. 2010, 28, 993–998. [CrossRef]

58. Norton, K.; Norton, L.; Sadgrove, D. Position statement on physical activity and exercise intensity terminology. J. Sci. Med. Sport
2010, 13, 496–502. [CrossRef]

59. Taha, M.M.; Aneis, Y.M.; Hasanin, M.E.; Felaya, E.E.; Aldhahi, M.I.; Abdeen, H.A.A. Effect of high intensity interval training on
arterial stiffness in obese hypertensive women: A randomized controlled trial. Eur. Rev. Med. Pharmacol. Sci. 2023, 27, 4069–4079.

60. Liu, X.; He, M.; Gan, X.; Yang, Y.; Hou, Q.; Hu, R. The Effects of Six Weeks of Fasted Aerobic Exercise on Body Shape and Blood
Biochemical Index in Overweight and Obese Young Adult Males. J. Exerc. Sci. Fit. 2023, 21, 95–103. [CrossRef]

61. Sun, J.; Cheng, W.; Fan, Z.; Zhang, X. Influence of high-intensity intermittent training on glycolipid metabolism in obese male
college students. Ann. Palliat. Med. 2020, 9, 2013–2019. [CrossRef] [PubMed]

62. Hu, J.; Liu, M.; Yang, R.; Wang, L.; Liang, L.; Yang, Y.; Jia, S.; Chen, R.; Liu, Q.; Ren, Y.; et al. Effects of high-intensity interval
training on improving arterial stiffness in Chinese female university students with normal weight obese: A pilot randomized
controlled trial. J. Transl. Med. 2022, 20, 60. [CrossRef]

63. Bórquez, J.C.; Díaz-Castro, F.; La Fuente, F.P.; Espinoza, K.; Figueroa, A.M.; Martínez-Ruíz, I.; Hernández, V.; López-Soldado, I.;
Ventura, R.; Domingo, J.C.; et al. Mitofusin-2 induced by exercise modifies lipid droplet-mitochondria communication, promoting
fatty acid oxidation in male mice with NAFLD. Metab. Clin. Exp. 2024, 152, 155765. [CrossRef]

64. Sarzynski, M.A.; Burton, J.; Rankinen, T.; Blair, S.N.; Church, T.S.; Després, J.P.; Hagberg, J.M.; Landers-Ramos, R.; Leon, A.S.;
Mikus, C.R.; et al. The effects of exercise on the lipoprotein subclass profile: A meta-analysis of 10 interventions. Atherosclerosis
2015, 243, 364–372. [CrossRef]

65. Aucouturier, J.; Duché, P.; Timmons, B.W. Metabolic flexibility and obesity in children and youth. Obes. Rev. 2011, 12, e44–e53.
[CrossRef]

66. Blaak, E.E.; Saris, W.H. Substrate oxidation, obesity and exercise training. Best Pract. Res. Clin. Endocrinol. Metab. 2002, 16, 667–678.
[CrossRef]

67. Yoshino, M.; Yoshino, J.; Smith, G.I.; Stein, R.I.; Bittel, A.J.; Bittel, D.C.; Reeds, D.N.; Sinacore, D.R.; Cade, W.T.; Patterson, B.W.;
et al. Worksite-based intensive lifestyle therapy has profound cardiometabolic benefits in people with obesity and type 2 diabetes.
Cell Metab. 2022, 34, 1431–1441.e5. [CrossRef]

68. Lundsgaard, A.M.; Fritzen, A.M.; Kiens, B. Molecular Regulation of Fatty Acid Oxidation in Skeletal Muscle during Aerobic
Exercise. Trends Endocrinol. Metab. TEM 2018, 29, 18–30. [CrossRef]

https://doi.org/10.1589/jpts.26.1825
https://doi.org/10.1590/1517-8692202228042020_0129
https://doi.org/10.1038/oby.2007.360
https://doi.org/10.1007/s00421-013-2689-5
https://doi.org/10.3390/ijerph20146323
https://doi.org/10.2147/DMSO.S248476
https://www.ncbi.nlm.nih.gov/pubmed/32425570
https://doi.org/10.13005/bpj/451
https://doi.org/10.1016/j.scispo.2012.01.001
https://doi.org/10.12965/jer.1835124.562
https://www.ncbi.nlm.nih.gov/pubmed/29511662
https://doi.org/10.1080/02701367.2021.2002247
https://doi.org/10.31083/j.rcm2304134
https://doi.org/10.1080/02640414.2010.484070
https://doi.org/10.1016/j.jsams.2009.09.008
https://doi.org/10.1016/j.jesf.2022.11.003
https://doi.org/10.21037/apm-20-1105
https://www.ncbi.nlm.nih.gov/pubmed/32762224
https://doi.org/10.1186/s12967-022-03250-9
https://doi.org/10.1016/j.metabol.2023.155765
https://doi.org/10.1016/j.atherosclerosis.2015.10.018
https://doi.org/10.1111/j.1467-789X.2010.00812.x
https://doi.org/10.1053/beem.2002.0226
https://doi.org/10.1016/j.cmet.2022.08.012
https://doi.org/10.1016/j.tem.2017.10.011


Life 2025, 15, 166 24 of 25

69. Muscella, A.; Stefàno, E.; Marsigliante, S. The effects of exercise training on lipid metabolism and coronary heart disease. Am. J.
Physiol. Heart Circ. Physiol. 2020, 319, H76–H88. [CrossRef]

70. Nomikos, T.; Methenitis, S.; Panagiotakos, D.B. The emerging role of skeletal muscle as a modulator of lipid profile the role of
exercise and nutrition. Lipids Health Dis. 2022, 21, 81. [CrossRef]

71. Snieckute, G.; Ryder, L.; Vind, A.C.; Wu, Z.; Arendrup, F.S.; Stoneley, M.; Chamois, S.; Martinez-Val, A.; Leleu, M.; Dreos, R.; et al.
ROS-induced ribosome impairment underlies ZAKα-mediated metabolic decline in obesity and aging. Science 2023, 382, eadf3208.
[CrossRef] [PubMed]

72. Kelley, G.A.; Kelley, K.S.; Vu Tran, Z. Aerobic exercise, lipids and lipoproteins in overweight and obese adults: A meta-analysis of
randomized controlled trials. Int. J. Obes. 2005, 29, 881–893. [CrossRef] [PubMed]

73. Batrakoulis, A.; Jamurtas, A.Z.; Metsios, G.S.; Perivoliotis, K.; Liguori, G.; Feito, Y.; Riebe, D.; Thompson, W.R.; Angelopoulos,
T.J.; Krustrup, G.; et al. Comparative Efficacy of 5 Exercise Types on Cardiometabolic Health in Overweight and Obese Adults:
A Systematic Review and Network Meta-Analysis of 81 Randomized Controlled Trials. Circ. Cardiovasc. Qual. Outcomes 2022,
15, e008243. [CrossRef] [PubMed]

74. Taghian, F.; Zolfaghari, M.; Hedayati, M. Effects of Aerobic Exercise on Serum Retinol Binding Protein4, Insulin Resistance and
Blood Lipids in Obese Women. Iran. J. Public Health 2014, 43, 658–665.

75. Chiu, Y.H.; Tsai, S.C.; Lin, C.S.; Wang, L.Y.; Huang, K.C. Effects of a 12-week walking intervention on circulating lipid profiles and
adipokines in normal weight and abdominal obese female college students. J. Exerc. Sci. Fit. 2023, 21, 253–259. [CrossRef]

76. Botero, J.P.; Prado, W.L.; Guerra, R.L.; Speretta, G.F.; Leite, R.D.; Prestes, J.; Sanz, A.V.; Lyons, S.; de Azevedo, P.H.S.M.; Baldissera,
V.; et al. Does aerobic exercise intensity affect health-related parameters in overweight women? Clin. Physiol. Funct. Imaging 2014,
34, 138–142. [CrossRef]

77. Kelley, G.A.; Kelley, K.S. Aerobic exercise and lipids and lipoproteins in children and adolescents: A meta-analysis of randomized
controlled trials. Atherosclerosis 2007, 191, 447–453. [CrossRef]

78. Vankoningsloo, S.; Piens, M.; Lecocq, C.; Gilson, A.; De Pauw, A.; Renard, P.; Demazy, C.; Houbion, A.; Raes, M.; Arnould, T.; et al.
Mitochondrial dysfunction induces triglyceride accumulation in 3T3-L1 cells: Role of fatty acid β-oxidation and glucose. J. Lipid
Res. 2005, 46, 1133–1149. [CrossRef]

79. Ghafouri, K.; Caslake, M.; Gill, J.M.R. The effect of moderate exercise on the affinity of triglyceride-rich lipoproteins for lipoprotein
lipase. Atherosclerosis 2014, 235, e245–e246. [CrossRef]

80. Li, D.; Chen, P. The Effects of Different Exercise Modalities in the Treatment of Cardiometabolic Risk Factors in Obese Adolescents
with Sedentary Behavior-A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Children 2021, 8, 1062.
[CrossRef]

81. Zhu, L.; Liu, J.; Yu, Y.; Tian, Z. Effect of high-intensity interval training on cardiometabolic risk factors in childhood obesity: A
meta-analysis. J. Sports Med. Phys. Fit. 2021, 61, 743–752. [CrossRef] [PubMed]

82. Mc, C.C.; Mamikunian, G.; Thorp, D.B. The Effects of HIIT vs. MICT and Sedentary Controls on Blood Lipid Concentrations in
Nondiabetic Overweight and Obese Young Adults: A Meta-analysis. Int. J. Exerc. Sci. 2023, 16, 791–813.

83. Kessler, H.S.; Sisson, S.B.; Short, K.R. The potential for high-intensity interval training to reduce cardiometabolic disease risk.
Sports Med. 2012, 42, 489–509. [CrossRef] [PubMed]

84. Chen, T.; Lin, J.; Lin, Y.; Xu, L.; Lu, D.; Li, F.; Hou, L.; Yu, C.C.W. Effects of aerobic exercise and resistance exercise on physical
indexes and cardiovascular risk factors in obese and overweight school-age children: A systematic review and meta-analysis.
PLoS ONE 2021, 16, e0257150. [CrossRef]

85. Saeidi, A.; Shishvan, S.R.; Soltani, M.; Tarazi, F.; Doyle-Baker, P.K.; Shahrbanian, S.; Mollabashi, S.S.; Khosravi, N.; Laher, I.;
Moriarty, T.A.; et al. Differential Effects of Exercise Programs on Neuregulin 4, Body Composition and Cardiometabolic Risk
Factors in Men with Obesity. Front. Physiol. 2021, 12, 797574. [CrossRef]

86. Okura, T.; Nakata, Y.; Tanaka, K. Effects of Exercise Intensity on Physical Fitness and Risk Factors for Coronary Heart Disease.
Obes. Res. 2003, 11, 1131–1139. [CrossRef]

87. Koubaa, A.; Trabelsi, H.; Masmoudi, L.; Elloumi, M.; Sahnoun, Z.; Zeghal, K.M.; Hakim, A. Effect Of Intermittent And Continuous
Training On Body Composition Cardiorespiratory Fitness And Lipid Profile In Obese Adolescents. IOSR J. Pharm. 2013, 3, 31–37.
[CrossRef]

88. Maillard, F.; Rousset, S.; Pereira, B.; Traore, A.; de Pradel Del Amaze, P.; Boirie, Y.; Duclos, M.; Boisseau, N. High-intensity
interval training reduces abdominal fat mass in postmenopausal women with type 2 diabetes. Diabetes Metab. 2016, 42, 433–441.
[CrossRef]

89. Zouhal, H.; Jacob, C.; Delamarche, P.; Gratas-Delamarche, A. Catecholamines and the effects of exercise, training and gender.
Sports Med. 2008, 38, 401–423. [CrossRef]

90. Sawyer, B.J.; Tucker, W.J.; Bhammar, D.M.; Ryder, J.R.; Sweazea, K.L.; Gaesser, G.A. Effects of high-intensity interval training and
moderate-intensity continuous training on endothelial function and cardiometabolic risk markers in obese adults. J. Appl. Physiol.
2016, 121, 279–288. [CrossRef]

https://doi.org/10.1152/ajpheart.00708.2019
https://doi.org/10.1186/s12944-022-01692-0
https://doi.org/10.1126/science.adf3208
https://www.ncbi.nlm.nih.gov/pubmed/38060659
https://doi.org/10.1038/sj.ijo.0802959
https://www.ncbi.nlm.nih.gov/pubmed/15824746
https://doi.org/10.1161/CIRCOUTCOMES.121.008243
https://www.ncbi.nlm.nih.gov/pubmed/35477256
https://doi.org/10.1016/j.jesf.2023.04.001
https://doi.org/10.1111/cpf.12076
https://doi.org/10.1016/j.atherosclerosis.2006.04.019
https://doi.org/10.1194/jlr.M400464-JLR200
https://doi.org/10.1016/j.atherosclerosis.2014.05.733
https://doi.org/10.3390/children8111062
https://doi.org/10.23736/S0022-4707.20.11329-X
https://www.ncbi.nlm.nih.gov/pubmed/33975429
https://doi.org/10.2165/11630910-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/22587821
https://doi.org/10.1371/journal.pone.0257150
https://doi.org/10.3389/fphys.2021.797574
https://doi.org/10.1038/oby.2003.154
https://doi.org/10.9790/3013-32103137
https://doi.org/10.1016/j.diabet.2016.07.031
https://doi.org/10.2165/00007256-200838050-00004
https://doi.org/10.1152/japplphysiol.00024.2016


Life 2025, 15, 166 25 of 25

91. Ouerghi, N.; Ben Fradj, M.K.; Bezrati, I.; Feki, M.; Kaabachi, N.; Bouassida, A. Effect of High-Intensity Interval Training on Plasma
Omentin-1 Concentration in Overweight/Obese and Normal-Weight Youth. Obes. Facts 2017, 10, 323–331. [CrossRef] [PubMed]

92. Ouerghi, N.; Fradj, M.K.B.; Khammassi, M.; Feki, M.; Kaabachi, N.; Bouassida, A. Plasma chemerin in young untrained men:
Association with cardio-metabolic traits and physical performance, and response to intensive interval training. Neuroendocrinol.
Lett. 2017, 38, 59–66. [PubMed]

93. Dai, S.; Fulton, J.E.; Harrist, R.B.; Grunbaum, J.A.; Steffen, L.M.; Labarthe, D.R. Blood Lipids in Children: Age-Related Patterns
and Association with Body-Fat Indices: Project HeartBeat! Am. J. Prev. Med. 2009, 37 (Suppl. S1), S56–S64. [CrossRef] [PubMed]

94. Kaisinger, L.R.; Kentistou, K.A.; Stankovic, S.; Gardner, E.J.; Day, F.R.; Zhao, Y.; Mörseburg, A.; Carnie, C.J.; Zagnoli-Vieira, G.;
Puddu, F.; et al. Large-scale exome sequence analysis identifies sex- and age-specific determinants of obesity. Cell Genom. 2023,
3, 100362. [CrossRef] [PubMed]

95. Dixon, J.B.; Dixon, A.F.; O’Brien, P.E. Improvements in insulin sensitivity and beta-cell function (HOMA) with weight loss in the
severely obese. Homeostatic model assessment. Diabet. Med. 2003, 20, 127–134. [CrossRef]

96. Pontzer, H.; Yamada, Y.; Sagayama, H.; Ainslie, P.N.; Andersen, L.F.; Anderson, L.J.; Arab, L.; Baddou, I.; Bedu-Addo, K.; Blaak,
E.E.; et al. Daily energy expenditure through the human life course. Science 2021, 373, 808–812. [CrossRef]

97. Karami, H.; Dehnou, V.V.; Nazari, A.; Gahreman, D. Regular training has a greater effect on aerobic capacity, fasting blood glucose
and blood lipids in obese adolescent males compared to irregular training. J. Exerc. Sci. Fit. 2021, 19, 98–103. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000471882
https://www.ncbi.nlm.nih.gov/pubmed/28787708
https://www.ncbi.nlm.nih.gov/pubmed/28456149
https://doi.org/10.1016/j.amepre.2009.04.012
https://www.ncbi.nlm.nih.gov/pubmed/19524157
https://doi.org/10.1016/j.xgen.2023.100362
https://www.ncbi.nlm.nih.gov/pubmed/37601970
https://doi.org/10.1046/j.1464-5491.2003.00889.x
https://doi.org/10.1126/science.abe5017
https://doi.org/10.1016/j.jesf.2020.11.003

	Introduction 
	Materials and Methods 
	Design 
	Search Strategy 
	Eligibility Criteria 
	Data Extraction 
	Methodological Quality Assessment 
	Statistical Analysis 

	Results 
	Studies Selection 
	Characteristics of the Included Studies 
	Meta-Analysis 
	Effects of AE on TG in People with Overweight or Obesity 
	Effects of AE on TC in People with Overweight or Obesity 
	Effects of AE on HDL in People with Overweight or Obesity 
	Effects of AE on LDL in People with Overweight or Obesity 

	Meta-Regression Analyses 
	Risk of Bias 
	Sensitivity Analyses 

	Discussion 
	Conclusions 
	References

