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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 I? 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 (I> > 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 (VO,max) 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 (1 = 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.

Records identified through
database searching

(n=15009)
Records after duplicates removed
(n=3250)
Records after title and abstract screening Record excluded
(n=487) (n=441)

Full-text articles assessed
for eligibility
(n=46)

Trials excluded (n = 27)

* Metabolic diseases (n = 16)
* Study protocols (n =8)
* No outcome indicators (n = 3)

Studies included in
qualitative synthesis
n=19)

[ Included ] [Eligibility} [Screening] [Identiﬁcation]

Figure 1. PRISMA flowchart of study selection.

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% < VO;max < 40%, 40% < HRmax < 55%,
or 8 < rating of perceived exertion (RPE) < 10. Moderate intensity was characterized by
3 < METs < 6, 40% < VO;max < 60%, 55% < HRmax < 70%, or 11 < RPE < 13. Vigorous
intensity was delineated by 6 < METs <9, 60% < VO,max < 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, I? = 49%,
Figure 2).

AE CON Std. Mean Difference Std. Mean Difference

__Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random, 95% CI 1V, 95% Cl

Chung et al. (2017)-MSG -6.75 28.02 12 -0.12 29.06 12 3.6% -0.22 [-1.03, 0.58] — =

Chung et al. (2017)-SSG -5.08 52.09 12 -0.12 29.06 12 3.7% -0.11 [-0.91, 0.69] e

Eizadia et al. (2013) -46 15.87 17 -6 10.54 17 2.8% -2.90 [-3.89, -1.90] —

Hovsepian et al. (2019) 9.88 42.19 15 5.84 42.69 15 4.1% 0.09 [-0.62, 0.81] -1

Jung et al. (2022) -17.87 324 14 231 57.85 14 3.9% -0.42[-1.17,0.33] - 1

Keating et al. (2015)-HI:LO -0.1 0.92 12 02 0.92 12 3.6% -0.31[-1.12, 0.49] - =

Keating et al. (2015)-LO:HI 0 0.69 12 02 0.92 12 3.6% -0.24 [-1.04, 0.57] I

Keating et al. (2015)-LO:LO 0 1.04 12 02 0.92 12 3.6% -0.20 [-1.00, 0.61] -1

Khammassi et al. (2018) -38.6 31.68 6 3.9 4195 10 2.5% -1.04 [-2.14, 0.05] - 1

Kim et al. (2007) -338 14.82 14 -191 1658 12 3.6% -0.91 [-1.73,-0.09] E—

Kim et al. (2014) -27.4 81.66 16 55 55.73 16 4.2% -0.46 [-1.16, 0.24] - |

Leite et al. (2022)-HIIT 9.65 28.35 20 547 2852 16 4.4% 0.14 [-0.51, 0.80] -1

Leite et al. (2022)-MICT -38.6 52.18 20 547 2852 16 4.2% -0.99 [-1.69,-0.29] -

Meng et al. (2022)-HIIT -0.2 0.36 12 02 056 13 3.6% -0.81[-1.64, 0.01] -

Meng et al. (2022)-MICT -0.1 0.62 1" 02 0.56 13 3.6% -0.49[-1.31,0.32] -

Mohammadi et al. (2014) -0.23 449 15 -0.03 2.03 15 4.1% -0.06 [-0.77, 0.66] -

Nazari et al. (2020)-HIT -10.86 5.49 14 -123 924 13 3.5% -1.24 [-2.08,-0.41] -

Nazari et al. (2020)-MIIT -10.23 6.56 13 -1.23 924 13 3.5% -1.09 [-1.92, -0.25] -

Niu et al. (2023)-BWTCG -10.13  11.27 27 -063 121 27 5.0% -0.80 [-1.36,-0.24] -

Niu et al. (2023)-THTCG -10.63 11.29 27 -063 121 27 5.0% -0.84 [-1.40,-0.28] -

Racil et al. (2013)-HIT -0.1 0.06 11 -0.03 0.11 12 3.4% -0.75[-1.60, 0.10] = = |

Racil et al. (2013)-MIIT -0.03 0.08 11 -0.03 0.11 12 3.6% 0.00 [-0.82, 0.82] -1

Salus et al. (2022) 0.08 0.37 14 -0.02 0.75 14 3.9% 0.16 [-0.58, 0.91] -1

Saremi et al. (2010) -222 2743 9 233 27.37 9 3.1% -0.16 [-1.08, 0.77] I

Seo et al. (2012) -48.1 176.51 10 -11.7 1821 10 3.3% -0.19[-1.07, 0.68] - 1

Tan et al. (2016) -0.32 0.38 15 0.01 048 11 3.6% -0.75 [-1.56, 0.06] - = |

Timmons et al. (2023) -0.49 1.32 9 019 034 9 3.0% -0.67 [-1.63, 0.28] -

Total (95% Cl) 380 374 100.0%  -0.54 [-0.75,-0.33] *

Heterogeneity: Tau? = 0.15; Chi? = 50.80, df = 26 (P = 0.003); I> = 49% _’2 _’1 2
Test for overall effect: Z = 5.00 (P < 0.00001)

1
Favous [AE] Favous [CON]

o

Figure 2. Meta-analysis results of the effects of AE on TG in people with overweight or obesity [21,22,32—
35,45-57].
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Subgroup analysis showed that interval AE (SMD = —0.56; 95% CI: —0.88 to —0.24,
p = 0.0007, I? = 40%) and continuous AE (SMD = —0.53; 95% CI: —0.81 to —0.24, p = 0.0003,
I = 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.

AE CON Std. Mean Difference Std. Mean Difference
1.5.1 Interval training
Chung et al. (2017)-SSG -5.08 52.09 12 -0.12 29.06 12 37% -0.11[-0.91, 0.69] -1
Hovsepian et al. (2019) 9.88 4219 15 584 4269 15 4.1% 0.09 [-0.62, 0.81] I
Khammassi et al. (2018) -386 3168 6 3.9 41.95 10 2.5% -1.04 [-2.14, 0.05] R
Leite et al. (2022)-HIIT -386 52.18 20 547 2852 16 4.2% -0.99 [-1.69,-0.29]
Meng et al. (2022)-HIIT -02 036 12 02 056 13 3.6% -0.81[-1.64, 0.01]
Nazari et al. (2020)-HIIT -10.86  5.49 14 -123 924 13 35% ~1.24 [-2.08,-0.41] -
Nazari et al. (2020)-MIT -10.23 6.56 13 -123 924 13 3.5% -1.09 [-1.92,-0.25] - 5
Racil et al. (2013)-HIIT =0.1 0.06 11 =003 0.11 12 3.4% -0.75 [-1.60, 0.10] I
Racil et al. (2013)-MIIT -0.03  0.66 11 -0.03 0.11 12 3.6% 0.00 [-0.82, 0.82] -
Salus et al. (2022) 0.08 037 14 -0.02 075 14 3.9% 0.16 [-0.58, 0.91] -
Timmons et al. (2023) -0.49 1.32 9 019 034 9  3.0% -0.67 [-1.63, 0.28] -
Subtotal (95% Cl) 137 139 38.9%  =0.56 [0.88,-0.24] >

Heterogeneity: Tau? = 0.12; Chi = 16.73, df = 10 (P = 0.08); I* = 40%
Test for overall effect: Z = 3.40 (P = 0.0007)

1.5.2 Continuous training

Heterogeneity: Tau? = 0.19; Chi? = 34.04, df = 15 (P = 0.003); I = 56%
Test for overall effect: Z = 3.61 (P = 0.0003)

Chung et al. (2017)-MSG -675 2802 12 -0.12 29.06 12 36%  -0.22[-1.03,0.58] —r
Eizadia et al. (2013) -46 1587 17 -6 1054 17 28%  -290[3.89,-1.90]
Jung et al. (2022) -17.87 324 14 231 57.85 14 39%  -042[1.17,033] —=1
Keating et al. (2015)-HI:LO 041 092 12 02 092 12 36% I —
Keating et al. (2015)-LO:HI 0 069 12 02 092 12 36%  -0.24[-1.04,057] -
Keating et al. (2015)-LO:LO 0 104 12 02 092 12 36%  -0.20[-1.00,061] T
Kim et al. (2007) -338 1482 14 -19.1 1658 12  36%  -0.91[1.73,-0.09]
Kim et al. (2014) -274 8166 16 55 5573 16 4.2%  -0.46[-1.16,0.24] —1
Leite et al. (2022)}-MICT 965 2835 20 547 2852 16  4.4% 0.14 [0.51, 0.80]
Meng et al. (2022)-MICT -01 063 11 02 056 13 36%  -049[-1.31,033] —
Mohammadi et al. (2014) -023 449 15 -003 203 15 4.1% —
Niuetal. (2023}BWTCG ~ -10.13 1127 27 -063 121 27 50% —=
Niuetal. (2023-THTCG ~ -1063 1129 27 -063 121 27 50% -
Saremi et al. (2010) 222 2743 9 233 2737 9 31% —
Seo etal. (2012) -48.1 17651 10 -11.7 1821 10 3.3% )
Tan et al. (2016) -032 038 15 001 048 11 36%  -0.75[-1.56,0.06] I
Subtotal (95% CI) 243 235 61.1%  -0.53 [-0.81,-0.24] L 4

*

Total (95% CI) 380 374 100.0%  -0.54 [-0.75,-0.33]
Heterogeneity: Tau? = 0.15; Chi? = 50.80, df = 26 (P = 0.003); |2 = 49%

Test for overall effect: Z = 5.00 (P < 0.00001)

Test for subgroup differences: ChiZ = 0.02, df = 1 (P = 0.89), 12 = 0%

10 2
Favous [AE] Favous [CON]

Figure 3. Meta-analysis results of the effects of interval and continuous AE on TG in people with
overweight or obesity [21,22,32-35,45-57].

In addition, when analyzing the subgroup by intensity, moderate-intensity AE
(SMD = —0.48; 95% CI: —0.69 to —0.27, p < 0.0001, I?> = 4%) and vigorous-intensity AE
(SMD = —0.66; 95% CI: —1.06 to —0.25, p = 0.001, 12 = 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.

AE CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% C V. Random. 95% C!
1.2.1 Moderate-Intensity
Jung et al. (2022) -17.87 324 14 231 57.85 14 4.2% -0.42 [-1.17, 0.33] =T
Keating et al. (2015)-LO:HI 0 069 12 02 082 12 39%  -0.24[1.04,057] —T
Keating et al. (2015)-LO:LO 0 104 12 02 0982 12 40%  -0.20[1.00,061] ==
Kim et al. (2014) 274 8166 16 55 5573 16 45%  -0.46[-1.16,0.24] —=
Leite et al. (2022)-MICT 065 2835 20 547 2852 16 47% 0.14 £0.51, 0.80] 1
Meng et al. (2022)-MICT 01 063 11 02 056 13 39%  -049[1.31,033 — =
Nazari et al. (2020)-MIIT -10.23 6.56 13 -1.23 9.24 13 3.8% -1.09 [-1.92,-0.25]
Niuetal. (2023-BWTCG ~ -10.13 1127 27 -063 121 27 54%  -0.80[-1.36,-0.24] —_—
Niuetal. (2023}THTCG ~ -1063 1129 27 -063 121 27 54%  -0.84[-1.40,-0.28] ——
Racil et al. (2013)-MIIT 003 066 11 -003 011 12  39% 0.00 [-0.82, 0.82] —
Seo etal. (2012) 481 17651 10 -11.7 1821 10 36%  -0.19[1.07,0.68] —T
Tan etal. (2016) 032 038 15 001 048 11 39%  -0.75[156,0.06] r
Subtotal (95% CI) 188 183 51.2%  -0.48 [0.69,-0.27] *

Heterogeneity: Tau? = 0.01; Chi? = 11.41, df = 11 (P = 0.41); I = 4%
Test for overall effect: Z = 4.40 (P < 0.0001)

1.2.2 Vigorous-Intensity

Chung et al. (2017)-MSG -6.75 28.02 12 -0.12 29.06 12 3.9% -0.22 [1.03, 0.58] I
Chung et al. (2017)-SSG -5.08 52.09 12 -0.12 29.06 12 4.0% -0.11F0.91, 0.69] -1
Eizadia et al. (2013) -46  15.87 17 -6 10.54 17 31% -2.90[-3.89,-1.90] ¥

Hovsepian et al. (2019) 9.88 42.19 15 584 4269 15 44% 0.09 [-0.62, 0.81] —
Keating et al. (2015)-HI:LO -0.1 0.92 12 02 092 12 39% -0.31 .12, 0.49] - 1
Khammassi et al. (2018) -386 31.68 6 39 4195 10 27% -1.04 [-2.14, 0.05] e
Leite et al. (2022)-HIIT -38.6 52.18 20 547 2852 16 45% -0.99 [-1.69,-0.29] s

Meng et al. (2022)-HIIT -0.2 0.36 12 02 0.56 13 3.9% -0.81 [-1.64, 0.01]

Nazari et al. (2020)-HIT -10.86 549 14 -123 924 13 38% -1.24 [-2.08,-0.41]

Racil et al. (2013)-HIIT -0.1 0.06 11 -0.03 0.11 12 37% -0.75 [-1.60, 0.10] I
Salus et al. (2022) 0.08 0.37 14 -0.02 075 14 43% 0.16 [-0.58, 0.91] R
Saremi et al. (2010) =222 2743 9 233 27.37 9 3.4% -0.16 [-1.08, 0.77] - 1
Timmons et al. (2023) -0.49 1.32 9 019 034 9 32% -0.67 [1.63, 0.28] o= |
Subtotal (95% Cl) 163 164  48.8% ~0.66 [-1.06,-0.25] >

Heterogeneity: Tau? = 0.37; Chi* = 36.31, df = 12 (P = 0.0003); I* = 67%
Test for overall effect: Z = 3.18 (P = 0.001)

Total (95% CI) 351 347 100.0%  -0.54 [-0.77,-0.32] *
Heterogeneity: Tau? = 0.16; Chi? = 48.28, df = 24 (P = 0.002); I? = 50% _‘2 _‘1 o 1 2
Test for overall effect: Z = 4.80 (P < 0.00001)

F: AE] F CON|
Test for subgroup differences: Chi? = 0.58, df = 1 (P = 0.45), 12 = 0% avous AF]. Favous [CON]

Figure 4. Meta-analysis results of the effects of moderate- and vigorous-intensity AE on TG in people
with overweight or obesity [21,22,32-35,45-47,49-51,53-57].
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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,
I%2 = 33%) and young adults with overweight or obesity (SMD = —0.69; 95% CI: —1.06 to
—0.32, p =0.0003, 2= 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, 12 = 0%, Figure 5 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.3.1 Age < 18
Kim et al. (2007) -338 1482 14 -191 1658 12 37%  -0.91[-1.73,-0.09]
Leite et al. (2022)-HIT -386 5218 20 547 2852 16  43%  -0.99[-1.69,-0.29] —=
Leite et al. (2022)-MICT 965 2835 20 547 2852 16 4.6% 0.14 [0.51, 0.80] T
Meng et al. (2022)-HIIT -02 036 12 02 056 13 37%  -0.81[1.64,001]
Meng et al. (2022)-MICT 01 063 11 02 056 13 37%  -049[1.31,0.33] —
Racil et al. (2013)-HIT -01 006 11 -003 011 12 36%  -0.75[-1.60,0.10] i
Racil et al. (2013)-MIIT -003 066 11 -003 011 12 37% 0.00 [-0.82, 0.82] T
Salus etal. (2022) 008 037 14 -002 075 14 41% 0.16 [-0.58, 0.91] T
Seoetal. (2012) -48.1 17651 10 -117 1821 10 34%  -0.19[-1.07,0.68] QT
Subtotal (95% CI) 123 118 34.9%  -0.41[-0.73,~0.09] >

Heterogeneity: Tau? = 0.08; Chi? = 11.90, df = 8 (P = 0.16); I* = 33%
Test for overall effect: Z = 2.54 (P = 0.01)

1.3.218 < Age <45

Eizadia et al. (2013) -46 15.87 17 -6 10.54 17 3.0% -2.90(-3.89,-1.90] ¥

Hovsepian et al. (2019) 9.88 4219 15 584 4269 15 42% 0.09 [-0.62, 0.81] -
Keating et al. (2015)-HI:LO -0.1 0.92 12 02 092 12 3.8% -0.31[-1.12, 0.49] - 1
Keating et al. (2015)-LO:HI 0 069 12 02 092 12 3.8% -0.24 [-1.04, 0.57] I
Keating et al. (2015)-LO:LO 0 104 12 02 092 12 3.8% -0.20 [-1.00, 0.61] I
Khammassi et al. (2018) -386 31.68 6 39 4195 10  26% -1.04 [-2.14, 0.05]

Mohammadi et al. (2014) -023 449 15 -0.03 2.03 15 42% -0.06 [-0.77, 0.66] -1
Nazari et al. (2020)-HIIT -1086 549 14 -123 924 13  36%  -124[208,-0.41]

Nazari et al. (2020)-MIIT -1023 656 13 -123 924 13  37%  -1.09[1.92,-0.25]

Niu et al. (2023)-BWTCG -1013 1127 27 -063 121 27 52%  -0.80[1.36,-0.24] -

Niu et al. (2023)-THTCG -1063 1129 27 -063 121 27 52%  -0.84[-140,-0.28] -
Saremi et al. (2010) -222 2743 9 233 2737 9 32% -0.16 [-1.08, 0.77] T
Timmons et al. (2023) -049 132 9 019 034 9 31% -0.67 [-1.63, 0.28] ™
Subtotal (95% CI) 188 191 49.5%  -0.69 [-1.06,-0.32] >

Heterogeneity: Tau? = 0.29; Chi = 34.62, df = 12 (P = 0.0005); I* = 65%
Test for overall effect: Z = 3.66 (P = 0.0003)

1.3.345 < Age <60

Chung et al. (2017)-MSG -675 2802 12 -012 2006 12 38%  -0.22[-1.03,0.58] T
Chung et al. (2017)-SSG -508 5209 12 -012 2906 12 38%  -0.11[}091,0.69] —=
Kim et al. (2014) -274 8166 16 55 5573 16 43%  -046[-1.16,0.24] T
Tan etal. (2016) -032 038 15 001 048 11 38%  -0.75[-1.56,0.06] ]
Subtotal (95% CI) 55 51 157%  -0.39 [-0.78,-0.00]

Heterogeneity: Tau? = 0.00; Chi® = 1.43, df = 3 (P = 0.70); I = 0%
Test for overall effect: Z = 1.98 (P = 0.05)

Total (95% ClI) 366 360 100.0%  -0.54[-0.76,-0.32] *
Heterogeneity: Tau? = 0.16; Chi? = 50.71, df = 25 (P = 0.002); I* =51%
Test for overall effect: Z = 4.86 (P < 0.00001)

Test for subgroup differences: ChiZ = 1.61, df = 2 (P = 0.45), I2 = 0%

2 - 12
Favous [AE] Favous [CON]

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].

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, I> = 0%) and people with obesity (SMD = —0.65; 95% CI: —1.11 to —0.18, p = 0.007,
I = 73%, Figure 6 and Table S2), with a greater effect observed in people with obesity.

AE CON Std. Mean Difference Std. Mean Difference
i o \m. 95% C|

1.4.1 Overweight (25 < BMI <30)
Chung etal. (2017)-MSG -675 2802 12 -0.12 2906 12 36%  -0.22[-1.03,0.58] I
Chung etal. (2017)-SSG -508 5209 12 -0.12 2906 12 37%  -0.11}0.91,0.69] T
Jung etal. (2022) -17.87 324 14 231 5785 14 39%  -042[-1.17,0.33] T
Khammassi et al. (2018) -386 31.68 6 39 4195 10  25% -1.04 [-2.14, 0.05] [
Kim et al. (2007) -338 1482 14 -19.1 1658 12 36%  -0.91[-1.73,-0.09]
Kim et al. (2014) -274 8166 16 55 5573 16 42%  -046[-1.16,0.24] T
Leite et al. (2022)-MICT 965 2835 20 547 2852 16 44% 0.14 051, 0.80] T
Meng et al. (2022)-HIT -02 03 12 02 056 13 36%  -0.81[164,001]
Meng et al. (2022)-MICT -01 063 11 02 056 13 3.6%  -0.49[-1.31,033 —=
Mohammadi et al. (2014) -023 449 15 -003 203 15 41%  -0.06[0.77,0.66] =
Niuetal. (2023} BWTCG ~ -10.13 1127 27 -063 121 27 50%  -0.80(-1.36,-0.24] -
Niu et al. (2023)-THTCG -1063 1129 27 -063 121 27 50%  -0.84[-1.40,-0.28] —
Saremi et al. (2010) -222 2743 9 233 27.37 9 31%  -0.16[-1.08,0.77] — T
Seo etal. (2012) -48.1 17651 10 -11.7 1821 10 33%  -0.19[-1.07,0.68] ]
Tan etal. (2016) -032 038 15 001 048 11 36%  -0.75[-156,0.06] ]
Timmons et al. (2023) -049 132 9 019 034 9  3.0% -0.67 [-1.63, 0.28] -
Subtotal (95% CI) 229 226 60.1%  -0.49 [-0.68,-0.30] *

Heterogeneity: Tau? = 0.00; Chi* = 13.07, df = 15 (P = 0.60); I = 0%
Test for overall effect: Z = 5.09 (P < 0.00001)

1.4.2 Obesity (BMI = 30)

Eizadia et al. (2013) -46 15.87 17 -6 10.54 17 2.8% -2.90[-3.89,-1.90] ¥

Hovsepian et al. (2019) 9.88 4219 16 5.84 4269 15 41% 0.09 [-0.62, 0.81] -1
Keating et al. (2015)-HI:LO -0.1 0.92 12 02 092 12 36% -0.31[1.12, 0.49] —
Keating et al. (2015)-LO:HI 0 069 12 02 092 12 3.6% -0.24 [-1.04, 0.57] I
Keating et al. (2015)-LO:LO 0 1.039 12 02 092 12 3.6% -0.20 [-1.00, 0.61] I
Leite et al. (2022)-HIT -386 52.18 20 547 2852 16 4.2% -0.99 [-1.69,-0.29] =

Nazari et al. (2020)-HIT -10.86 549 14 -123 924 13 35% -1.24 [-2.08,-0.41]

Nazari et al. (2020)-MIIT -10.23  6.56 13 -1.23 924 13 3.5% -1.09 [-1.92,-0.25]

Racil et al. (2013)-HIT -0.1 0.06 11 -0.03 0.11 12 3.4% -0.75[-1.60, 0.10]

Racil et al. (2013)-MIIT -0.03 066 11 -0.03 0.1 12 3.6% 0.00 [-0.82, 0.82] I
Salus et al. (2022) 0.08 037 14 -0.02 0.75 14 3.9% 0.16 [-0.58, 0.91] v i
Subtotal (95% Cl) 151 148 39.9% ~0.65 [-1.11,-0.18] -
Heterogeneity: Tau? = 0.46; Chi? = 37.38, df = 10 (P < 0.0001); I = 73%

Test for overall effect: Z = 2.71 (P = 0.007)

Total (95% CI) 380 374 100.0% ~0.54 [-0.75,-0.33] *

Heterogeneity: Tau? = 0.15; Chi* = 50.80, df = 26 (P = 0.003); I = 49%
Test for overall effect: Z = 5.00 (P < 0.00001)

-2 -1 0 1 2
Favous [AE] Favous [CON:
Test for subgroup differences: Chi? = 0.36, df = 1 (P = 0.55), I = 0% [AE] Favous [GON]

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].
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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, I?> = 8%, Figure 7).

AE CON Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% Cl 1V, 95% Cl

Chung et al. (2017)-MSG 18.16 27.62 12 1217 3445 12 35% 0.19 [-0.62, 0.99] -1

Chung et al. (2017)-SSG 5 2469 12 1247 3445 12 34% -0.55 [-1.37, 0.27] —

Hovsepian et al. (2019) -7.85 20.53 15 1.05 25.59 15 4.3% -0.37 [1.10, 0.35] _

Jung et al. (2022) -10.86 28.11 14 142 30.74 14 4.0% -0.40 [-1.15, 0.34] _

Keating et al. (2015)-HI:LO 0.1 092 12 -01 125 12 35% 0.18 [-0.63, 0.98] ]

Keating et al. (2015)-LO:HI -0.1  1.04 12 -01 125 12 35% 0.00 [-0.80, 0.80] -1

Keating et al. (2015)-LO:LO 0 139 12 -01 125 12 35% 0.07 [-0.73, 0.87] =

Khammassi et al. (2018) -249 298 6 28 39.65 10 21% -0.72[-1.77,0.33] - 1

Kim et al. (2007) -4 6.95 14 -88 101 12 3.6% 0.54 [-0.24, 1.33] ]

Kim et al. (2014) -16.5 4281 16 -7.1 367 16 4.6% -0.23 [-0.93, 0.47] - 1

Leite et al. (2022)-HIIT -8.95 27.61 16 -2.77 25.93 16 4.6% -0.22 [-0.92, 0.47] - 1

Leite et al. (2022)-MICT -3.75 264 16 -2.77 25.93 16 4.6% -0.04 [-0.73, 0.66] - 1

Meng et al. (2022)-HIIT 0 05 12 02 056 13 36% -0.35 [-1.14, 0.45] -

Meng et al. (2022)-MICT -0.3 044 1 02 0.56 13 3.1% -0.95 [-1.80,-0.09]

Mohammadi et al. (2014) -0.11 3.85 15 -0.01 265 15 4.3% -0.03 [-0.75, 0.69] - T

Nazari et al. (2020)-HIT -1328 7.23 14 -123 722 13 2.9% -162[250,-0.73) ¥

Nazari et al. (2020)-MIIT -1.46 10.19 13 -123 7.22 13  3.8% -0.03 [-0.79, 0.74] -1

Niu et al. (2023)-BWTCG -8.58 15.22 27 027 16.09 27 7.0% -0.56 [-1.10,-0.01] -

Niu et al. (2023)-THTCG 0 13.83 27 027 16.09 27 7.3% -0.02 [-0.55, 0.52] I

Racil et al. (2013)-HIIT -0.27 0.32 11 -0.04 0.2 12 3.1% -0.84 [1.70, 0.02]

Racil et al. (2013)-MIIT -0.15 0.31 11 -0.04 0.2 12 3.3% -0.41[-1.24,0.42] [

Salus et al. (2022) 0.09 0.37 14 -003 075 14 41% 0.20 [-0.55, 0.94] - 1=

Saremi et al. (2010) -8.67 21.21 9 -6.33 23.18 9 27% -0.10 [-1.02, 0.82] —

Seo et al. (2012) -14.3 95.88 10 -11.9 76.84 10 3.0% -0.03 [-0.90, 0.85] - 1

Tan etal. (2016) -0.11 0.5 15 -0.02 0.62 11 3.7% -0.16 [-0.94, 0.62] - 1

Timmons et al. (2023) -0.32 1.05 9 01 079 9 2.6% -0.43 [1.37, 0.51] - 1

Total (95% Cl) 355 357 100.0% -0.24 [-0.39,-0.08] <&

Heterogeneity: Tau? = 0.01; Chi? = 27.29, df = 25 (P = 0.34); I? = 8% _'2 _'1 0 H >

Test for overall effect: Z = 2.97 (P = 0.003) Favous [AE] Favous [CON]

Figure 7. Meta-analysis results of the effects of AE on TC in people with overweight or obesity [21,22,
32-35,45-52,54-57].

Subgroup analysis showed that interval AE (SMD = —0.44; 95% CI: —0.71 to —0.17,
p =0.002, I? = 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, 12 = 0%, Figure 8 and
Table S2) had no significant effect on improving TC in people with overweight or obesity.

AE CON Std. Mean Difference Std. Mean Difference

_Study or Mean SD Total Mean SD Total Weight V. 95% Cl IV. 95% Cl

2.5.1 Interval training

Chung et al. (2017)-SSG -5 24.69 12 1217 34.45 12 3.4% -0.55[-1.37,0.27] —

Hovsepian et al. (2019) -7.85 20.53 15 1.05 25.59 15 4.3% —-0.37 [+1.10, 0.35] —

Khammassi et al. (2018) -249 298 6 2.8 39.65 10 2.1% -0.72 [-1.77, 0.33] —

Leite et al. (2022)-HIIT -8.95 27.61 16 -2.77 25.93 16 4.6% -0.22 [-0.92, 0.47] - =1

Meng et al. (2022)-HIT 0 056 12 02 0.56 13 3.6% —-0.35 [-1.14, 0.45] - 1

Nazari et al. (2020)-HIIT -13.28 7.23 14 -123 722 13 2.9% -1.62[-2.50,-0.73] =

Nazari et al. (2020)-MIIT -1.46 10.19 13 -1.23 7.22 13 3.8% —0.03 [-0.79, 0.74] - 1

Racil et al. (2013)-HIT -0.27 0.32 11 -0.04 0.2 12 31% —-0.84 [+1.70, 0.02]

Racil et al. (2013)-MIIT -0.15 0.31 11 -0.04 0.2 12 3.3% -0.41[-1.24,0.42] —

Salus et al. (2022) 0.09 037 14 -0.03 0.75 14 41% 0.20 [-0.55, 0.94] -1

Timmons et al. (2023) -0.32 1.05 9 0.1 0.79 9 26% —-0.43 [-1.37,0.51] _

Subtotal (95% CI) 133 139 37.8%  -0.44[-0.71,-0.17] >

Heterogeneity: Tau? = 0.04; Chi? = 12.33, df = 10 (P = 0.26); I = 19%
Test for overall effect: Z = 3.16 (P = 0.002)

2.5.2 Continuous training

Chung et al. (2017)-MSG 1816 27.62 12 1217 3445 12 3.5% 0.19 [-0.62, 0.99] —
Jung et al. (2022) -10.86 28.11 14 142 3074 14 40%  -0.40[-1.15,0.34] —

Keating et al. (2015)-HI:LO 01 092 12 -01 125 12 35% 0.18 [0.63, 0.98] —

Keating et al. (2015)-LO:HI -01 104 12 -01 125 12 35% 0.00 [-0.80, 0.80] —F

Keating et al. (2015)-LO:LO 0 139 12 -01 125 12 35% 0.07 [0.73, 0.87] [ —

Kim et al. (2007) -4 695 14 -88 101 12 36% 0.54 [-0.24, 1.33] =i

Kim et al. (2014) -16.5 4281 16 -7.1 367 16 46%  -0.23[-0.93,0.47] — T

Leite et al. (2022)-MICT -375 264 16 -277 2593 16 46%  -0.04 [0.73,0.66] —

Meng et al. (2022)-MICT -03 044 11 02 056 13 31%  -0.95[-1.80, -0.09]

Mohammadi et al. (2014) -011 385 15 -0.01 265 15 43%  -0.03[-0.75,0.69] —

Niu et al. (2023)-BWTCG -858 1522 27 027 1609 27 7.0%  -0.56[-1.10,-0.01]

Niu et al. (2023)-THTCG 0 1383 27 027 1609 27 73%  -0.02[055,0.52] .

Saremi et al. (2010) -8.67 21.21 9 -633 2318 9 27%  -0.10[1.02,0.82] I

Seo etal. (2012) -143 9588 10 -11.9 76.84 10 3.0%  -0.03[-0.90, 0.85] —d

Tan etal. (2016) 011 05 15 -002 062 11 37%  -0.16[-0.94,0.62] —

Subtotal (95% Cl) 222 218 622%  -0.12[-0.31,0.07] <

Heterogeneity: Tau? = 0.00; Chiz = 11.17, df = 14 (P = 0.67); I = 0%

Test for overall effect: Z = 1.27 (P = 0.21)

Total (95% CI) 355 357 100.0%  =0.24 [-0.39,-0.08] L 4

Heterogeneity: Tau? = 0.01; Chi? = 27.29, df = 25 (P = 0.34); I = 8% _'2 _‘1 o + 2

Test for overall effect: Z = 2.97 (P = 0.003)

1
. 3 Favous [AE] Favous [CON]
Test for subgroup differences: Chi2 = 3.52, df = 1 (P = 0.06), I> = 71.6%

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, I? = 0%) and vigorous-intensity AE
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(SMD = —0.35; 95% CI: —0.64 to —0.07, p = 0.01, 12 = 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.

AE CON Std. Mean Difference Std. Mean Difference
Study or Mean SD_Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
2.2.1 Moderate-Intensity
Jung et al. (2022) -10.86 28.11 14 1.42 30.74 14 4.3% -0.40 [1.15, 0.34] [
Keating et al. (2015)-LO:HI =01 1.04 12 -01 125 12 3.8% 0.00 [-0.80, 0.80] D
Keating et al. (2015)-LO:LO 0 139 12 -01 125 12 3.8% 0.07 [-0.73, 0.87] I
Kim et al. (2014) -16.5 42.81 16 -7.1 367 16 5.0% -0.23 [-0.93, 0.47] - =1
Leite et al. (2022)-MICT -3.75 264 16 -2.77 25.93 16  51% -0.04 [-0.73, 0.66] _
Meng et al. (2022)-MICT -03 044 " 02 056 13 3.3% -0.95 [-1.80, -0.09]
Nazari et al. (2020)-MIT -1.46 10.19 13 -1.23 7.22 13 4.1% -0.03 F0.79, 0.74] -1
Niu et al. (2023)-BWTCG -8.58 15.22 27 027 16.09 27 82% -0.56 [-1.10,-0.01]
Niu et al. (2023)-THTCG 0 13.83 27 027 16.09 27 85% -0.02 [-0.55, 0.52] -1
Racil et al. (2013)-MIT -0.15 0.31 11 -0.04 0.2 12 3.5% -0.41[-1.24,0.42] [
Seoetal. (2012) -14.3 95.88 10 -11.9 76.84 10 32% ~0.03 [-0.90, 0.85] s
Tan et al. (2016) -0.11 0.5 15 -0.02 0.62 " 4.0% -0.16 [-0.94, 0.62] =1 -
Subtotal (95% Cl) 184 183  56.8% =0.23 [-0.43,-0.02] L 2
Heterogeneity: Tau? = 0.00; Chi? = 6.78, df = 11 (P = 0.82); I = 0%
Test for overall effect: Z = 2.16 (P = 0.03)
2.2.2 Vigorous-Intensity
Chung et al. (2017)-SSG -5 2469 12 1217 34.45 12 36% -0.55[-1.37,0.27] T
Chung et al. (2017)-MSG 18.16 27.62 12 1217 34.45 12 3.8% 0.19 [-0.62, 0.99] ]
Hovsepian et al. (2019) -7.85 2053 15 1.05 2559 15 4.6%  -0.37[-1.10,0.35] —
Keating et al. (2015)-HI:LO 01 092 12 -01 125 12 3.8% 0.18 [-0.63, 0.98] .
Khammassi et al. (2018) -249 2938 6 2.8 39.65 10 2.2% -0.72[-1.77,0.33] [
Leite et al. (2022)-HIT -8.95 27.61 16 -2.77 25.93 16 5.0% -0.22 [-0.92, 0.47] — =
Meng et al. (2022)-HIIT 0 056 12 02 056 13 3.9% -0.35 [-1.14, 0.45] —
Nazari et al. (2020)-HIIT -1328 7.23 14 -123 7.22 13 31% -1.62[250,-0.73)
Racil et al. (2013)-HIT -0.27 0.32 11 -0.04 0.2 12 3.3% -0.84 [-1.70, 0.02]
Salus et al. (2022) 009 037 14 -003 075 14 4.4% 0.20 [-0.55, 0.94] —
Saremi et al. (2010) -8.67 21.21 9 -6.33 23.18 9 28% -0.10 [-1.02, 0.82] I
Timmons et al. (2023) -0.32 1.05 9 0.1 079 9 28% -0.43 [-1.37,0.51] [
Subtotal (95% CI) 142 147 432%  -0.35[-0.64,-0.07] >
Heterogeneity: Tau? = 0.07; Chi? = 15.66, df = 11 (P = 0.15); I = 30%
Test for overall effect: Z = 2.44 (P = 0.01)
Total (95% CI) 326 330 100.0%  -0.28 [-0.43,-0.12] L 2
Heterogeneity: Tau? = 0.00; Chi? = 22.94, df = 23 (P = 0.46); I* = 0% _‘2 '1 0 . é

Test for overall effect: Z = 3.48 (P = 0.0005)
Test for subgroup differences: Chi? = 0.50, df = 1 (P = 0.48), I = 0%

- 1
Favous [AE] Favous [CON]

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, I? = 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, I? = 23%) and
middle-aged people with overweight or obesity (SMD = —0.19; 95% CI: —0.57 to —0.20,
p = 0.34, I> = 0%, Figure 10 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random.95% Cl IV, Random. 95% Cl
2.3.1 Age < 18
Kim et al. (2007) -4 6.95 14 -88 10.1 12 3.8% 0.54 0.24, 1.33] ]
Leite et al. (2022)-HIT -8.95 27.61 16 -2.77 25.93 16 4.8% -0.22 }0.92, 0.47] 7
Leite et al. (2022)-MICT -3.75 264 16 -2.77 25.93 16 4.8% -0.04 [-0.73, 0.66] -1
Meng et al. (2022)-HIIT 0 056 12 02 056 13 38%  -0.35[-1.14,0.45] —=
Meng et al. (2022)-MICT -0.3 044 " 02 056 13 3.3% -0.95 [-1.80,-0.09] -
Racil et al. (2013)-HIT -0.27 032 11 -0.04 0.2 12 3.3% -0.84 [-1.70, 0.02] - ]
Racil et al. (2013)-MIIT -0.15  0.31 11 -0.04 0.2 12 35% -0.41}1.24,0.42] - |
Salus et al. (2022) 0.09 037 14 -0.03 0.75 14 42% 0.20 [-0.55, 0.94] ]
Seo et al. (2012) -14.3 95.88 10 -11.9 76.84 10  3.1% -0.03 [-0.90, 0.85] - 1
Subtotal (95% Cl) 115 118 34.6%  -0.21[-0.50, 0.09] -

Heterogeneity: Tau? = 0.05; Chi? = 10.34, df = 8 (P = 0.24); I = 23%
Test for overall effect: Z = 1.36 (P = 0.17)

2.3.218 < Age <45

Hovsepian et al. (2019) -7.85 2053 15 1.05 2559 15 4.4%  -0.37[1.10,0.35] 1
Keating et al. (2015)-HI:LO 04 092 12 -01 125 12 37% 0.18 [-0.63, 0.98] —

Keating et al. (2015)-LO:HI 01 104 12 01 125 12 37% 0.00 [-0.80, 0.80] 1
Keating et al. (2015)-LO:LO 0 139 12 -01 125 12 37% 0.07 F0.73,0.87] ]
Khammassi et al. (2018) -249 298 6 28 3965 10 22%  -0.72[1.77,0.33] —
Mohammadi et al. (2014) -011 385 15 -0.01 265 15 45%  -0.03[0.75,0.69] S
Nazari et al. (2020)-HIIT -1328 723 14 -123 722 13 34%  -162[-250,-0.73]

Nazari et al. (2020)-MIT -146 1019 13 -1.23 722 13  40%  -0.03[0.79,0.74] e
Niu et al. (2023)-BWTCG -8.58 1522 27 027 1609 27 7.4%  -0.56[-1.10,-0.01] —

Niu et al. (2023)-THTCG 0 1383 27 027 1609 27 74%  -0.02[-0.55,0.52] S
Saremi et al. (2010) -8.67 2121 9 -633 2318 9 29%  -0.10[}1.02,0.82] —
Timmons et al. (2023) 032 105 9 01 079 9 28%  -043[-1.37,0.51] — T
Subtotal (95% Cl) 171 174 49.5%  -0.27 [-0.53,-0.01] >

Heterogeneity: Tau? = 0.05; Chi? = 14.95, df = 11 (P = 0.18); I = 26%
Test for overall effect: Z = 2.06 (P = 0.04)

2.3.345 < Age <60

Chung et al. (2017)-SSG -5 2460 12 1217 3445 12 36%  -0.55[1.37,0.27] —
Chung et al. (2017)-MSG 1816 27.62 12 1217 3445 12 37% 0.19 £0.62, 0.99] —

Kim et al. (2014) 165 4281 16 71 367 16 47%  -0.23[0.93,047] — T
Tan etal. (2016) 011 05 15 -0.02 062 11 39%  -0.16[094,0.62] —
Subtotal (95% CI) 55 51 159%  -0.19 [0.57,0.20] -

Heterogeneity: Tau? = 0.00; Chi* = 1.62, df = 3 (P = 0.66); I* = 0%
Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI) 341 343 100.0%  -0.23[0.39,-0.07] <*
Heterogeneity: Tau® = 0.02; Chi = 27.09, df = 24 (P = 0.30); I = 11% Y g o . :
Test for overall effect: Z = 2.79 (P = 0.005) Favous [AE] Favous [CON]

Test for subgroup differences: ChiZ = 0.50, df = 1 (P = 0.48), I = 0%

Figure 10. Meta-analysis results of the effects of AE on TC in people with overweight or obesity of
different ages [21,22,32-35,45-52,54,55,57].
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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,
I? = 0%). However, AE had no significant effect on improving TC levels in people with obesity
(SMD = —0.28; 95% CL: —0.60 to —0.04, p = 0.09, I? = 40%, Figure 11 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference

__Study or I Mean SD Total Mean SD Total Weight V. 95% ClI 95% ClI

2.4.1 Overweight (25 < BMI <30)

Chung et al. (2017)-MSG 18.16 27.62 12 1217 34.45 12 3.5% 0.19 [F0.62, 0.99]

Chung et al. (2017)-SSG -5 24.69 12 1217 34.45 12 3.4% -0.55 [-1.37, 0.27] [

Jung et al. (2022) -10.86 28.11 14 1.42 30.74 14 4.0% -0.40[-1.15, 0.34] _

Khammassi et al. (2018) -249 298 6 2.8 39.65 10 2.1% -0.72 [-1.77, 0.33] [

Kim et al. (2007) -4 695 14 -88 101 12 36% 0.54 [-0.24, 1.33] =

Kim et al. (2014) -16.5 4281 16 -71 367 16 4.6% -0.23 [-0.93, 0.47] _

Leite et al. (2022)-MICT -3.75 264 16 -2.77 2593 16 4.6% -0.04 [-0.73, 0.66] T

Meng et al. (2022)-HIIT 0 056 12 0.2 0.56 13 3.6% -0.35[-1.14, 0.45] _

Meng et al. (2022)-MICT -0.3 044 1 02 0.56 13 3.1% -0.95 [-1.80,-0.09]

Mohammadi et al. (2014) -0.11  3.85 15 -0.01 265 15 4.3% -0.03 [-0.75, 0.69] _

Niu et al. (2023)-BWTCG -8.58 15.22 27 0.27 16.09 27 7.0% -0.56 [-1.10,-0.01]

Niu et al. (2023)-THTCG 0 13.83 27 0.27 16.09 27 7.3% -0.02 [-0.55, 0.52] _

Saremi et al. (2010) -8.67 21.21 9 -6.33 23.18 9 2.7% -0.10 [-1.02, 0.82] —

Seo et al. (2012) -14.3 95.88 10 -11.9 76.84 10 3.0% -0.03 [-0.90, 0.85] —

Tan et al. (2016) -0.11 0.5 15 -0.02 0.62 1 3.7% -0.16 [-0.94, 0.62] _

Timmons et al. (2023) -0.32 1.05 9 0.1 0.79 9 2.6% -0.43 [-1.37, 0.51] _

Subtotal (95% CI) 225 226 63.3% -0.22 [-0.41,-0.03]

Heterogeneity: Tau? = 0.00; Chi? = 12.25, df = 15 (P = 0.66); I = 0%
Test for overall effect: Z = 2.32 (P = 0.02)

2.4.2 Obesity (BMI = 30)

Hovsepian et al. (2019) 785 2053 15 105 2559 15 43%  -0.37[-1.10,0.35] =
Keating et al. (2015)-HI:LO 01 092 12 -01 125 12 35% 0.18 [-0.63, 0.98] ——
Keating et al. (2015)-LO:HI -01 104 12 -01 125 12 35% 0.00 [-0.80, 0.80] —
Keating et al. (2015)-LO:LO 0 139 12 -01 125 12 35% 0.07 [0.73, 0.87] —
Leite et al. (2022)-HIIT -895 2761 16 -277 2593 16 46%  -0.22[-0.92,047] —
Nazari et al. (2020)-HIIT -1328 723 14 -123 722 13 29%  -162[-2.50,-0.73]

Nazari et al. (2020)-MIIT -146 1019 13 -123 722 13 38%  -0.03[0.79,0.74] —
Racil et al. (2013)-HIT -027 032 11 -004 02 12 31%  -0.84[-1.70,0.02]

Racil et al. (2013)-MIIT -045 031 11 -004 02 12 33%  -0.41[-1.24,042] —
Salus et al. (2022) 009 037 14 -003 075 14 4.1% 0.20 [0.55, 0.94] N
Subtotal (95% CI) 130 131 367%  -0.28 [-0.60, 0.04]

Heterogeneity: Tau? = 0.11; Chi? = 14.97, df = 9 (P = 0.09); I* = 40%
Test for overall effect: Z = 1.69 (P = 0.09)

: NHH ' lH‘H i

Total (95% Cl) 355 357 100.0% ~0.24 [-0.39,-0.08]

Heterogeneity: Tau? = 0.01; Chi? = 27.29, df = 25 (P = 0.34); 12 = 8% _’2 _*1 1 2
Test for overall eﬁef:t: Zz=297 (E =0.003) Favous [AE] Favous [CON]

Test for subgroup differences: Chi? = 0.09, df = 1 (P = 0.77), I2 = 0%

S}

Figure 11. Meta-analysis results of the effects of AE on TC in people with overweight or obesity of
different basal BMI [21,22,32-35,45-52,54-57].

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, I?> = 52%, Figure 12).

Heterogeneity: Tau? = 0.17; Chi? = 51.61, df = 25 (P = 0.001); I = 52% _'2

AE CON Std. Mean Difference Std. Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV 95% ClI 1V, 95% ClI
Chung et al. (2017)-MSG 147 921 12 -10.75 119 12 3.5% 1.111[0.24, 1.98]
Chung et al. (2017)-SSG 4.08 15.15 12 -10.75 119 12 3.5% 1.05[0.19, 1.91]
Hovsepian et al. (2019) 131 1065 15 086 7.61 15 42% 0.05 [-0.67, 0.76] - F
Jung et al. (2022) 6.16 11.79 14 -1.85 8.37 14 3.9% 0.76 [-0.01, 1.53]
Keating et al. (2015)-HI:LO 01 035 12 0 035 12 38% 0.28 [-0.53, 1.08] I B —
Keating et al. (2015)-LO:HI -0.1 035 12 0 035 12 3.8% -0.28 [-1.08, 0.53] - 1
Keating et al. (2015)-LO:LO  -0.05 0.35 12 0 035 12 3.8% -0.14 [-0.94, 0.66] - 1
Khammassi et al. (2018) 0.1 3.46 6 -0.7 562 10 2.9% 0.15[-0.86, 1.17] ]
Kim et al. (2007) -03 151 14 -06 1.78 12 3.9% 0.18 [-0.60, 0.95] -1
Kim et al. (2014) 6.1 14.15 16 -2.3 1357 16 4.3% 0.59[-0.12, 1.30] T =
Leite et al. (2022)-HIIT -3.05 7.4 16 -3.54 7.34 16 4.3% 0.06 [-0.63, 0.76] -
Leite et al. (2022)-MICT 56 6.98 16 -3.54 7.34 16 4.0% 1.24[0.48, 2.01] - &
Meng et al. (2022)-HIIT 02 0.26 12 0.1 0.2 13 3.8% 0.42[-0.38, 1.21] -1
Meng et al. (2022)-MICT 0 0.26 1 0.1 0.2 13 3.7% -0.42 [-1.23, 0.39] - 1
Mohammadi et al. (2014) 6.7 6.67 15 022 513 15 3.9% 1.06 [0.29, 1.83] -
Nazari et al. (2020)-HIIT 265 281 14 -0.85 28 13 3.7% 1.21[0.38, 2.04] -
Nazari et al. (2020)-MIIT 3.15 276 13 -0.85 28 13 3.5% 1.39[0.52, 2.27] - =
Niu et al. (2023)-BWTCG 577 841 27 057 9.93 27 5.2% 0.56 [0.01, 1.10] —
Niu et al. (2023)-THTCG 6.36 7.95 27 057 993 27 5.2% 0.631[0.09, 1.18] - =
Racil et al. (2013)-HIT 0.06 0.07 " 0.1 0.04 12 3.6% -0.68 [-1.53, 0.16] - 1
Racil et al. (2013)-MIIT 0.08 0.08 " 0.1 0.04 12 3.7% -0.31[-1.13,0.51] - = 1
Salus et al. (2022) -0.09 0.21 14 -0.07 0.13 14 4.1% -0.11[-0.85, 0.63] - 1
Saremi et al. (2010) 0.67 9.6 9 -033 891 9 3.3% 0.10 [-0.82, 1.03] -1
Seo et al. (2012) -27.7 46.39 10 -21.9 53.01 10 3.5% -0.11[-0.99, 0.77] I
Tan et al. (2016) 0.04 0.29 15 0.01 021 1" 3.9% 0.11[-0.67, 0.89] D
Timmons et al. (2023) -0.26 0.34 9 -0.07 0.3 9 3.1% -0.70 [-1.66, 0.26] - = |
Total (95% ClI) 355 357 100.0% 0.33[0.11, 0.55] <>
1 0

N4

Test for overall effect: Z = 2.92 (P = 0.003) Fav;us [CON] Favous [;E]

Figure 12. Meta-analysis results of the effects of AE on HDL in people with overweight or obesity [21,
22,32-35,45-52,54-57].
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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, I = 39%,
Figure 13 and Table S2). However, interval AE (SMD = 0.23; 95% CI: —0.18 to 0.64, p = 0.27,

I? = 63%) had no significant effect on HDL levels in people with overweight or obesity.

Std. Mean Difference

D_Total Weigh

AE CON

t or Subgrou Mean D Total Mean
3.5.1 Interval training
Chung et al. (2017)-SSG 4.08 15.15 12 -10.75 119 12
Hovsepian et al. (2019) 1.31 10.65 15 086 7.61 15
Khammassi et al. (2018) 0.1 3.46 6 -07 562 10
Leite et al. (2022)-HIIT -3.05 74 16 -3.54 7.34 16
Meng et al. (2022)-HIT 02 026 12 0.1 0.2 13
Nazari et al. (2020)-HIT 265 281 14 -0.85 28 13
Nazari et al. (2020)-MIIT 315 276 13 -0.85 28 13
Racil et al. (2013)-HIT 0.06 0.07 " 0.1 0.04 12
Racil et al. (2013)-MIT 0.08 0.08 1" 0.1 0.04 12
Salus et al. (2022) -0.09 021 14 -0.07 0.13 14
Timmons et al. (2023) -0.26 0.34 9 -0.07 0.13 9
Subtotal (95% CI) 133 139
Heterogeneity: Tau? = 0.30; Chi? = 26.92, df = 10 (P = 0.003); I* = 63%
Test for overall effect: Z=1.10 (P = 0.27)
3.5.2 Continuous training
Chung et al. (2017)-MSG 147 921 12 -10.75 119 12
Jung et al. (2022) 6.16 11.79 14 -185 837 14
Keating et al. (2015)-HI:LO 0.1 035 12 0 035 12
Keating et al. (2015)-LO:HI -0.1 035 12 0 035 12
Keating et al. (2015)-LO:LO  -0.05 0.35 12 0 035 12
Kim et al. (2007) -03 151 14 -06 178 12
Kim et al. (2014) 6.1 14.15 16 -2.3 13.57 16
Leite et al. (2022)-MICT 56 6.98 16 -3.54 7.34 16
Meng et al. (2022)-MICT 0 026 11 0.1 0.2 13
Mohammadi et al. (2014) 6.7 6.67 15 022 513 15
Niu et al. (2023)-BWTCG 577 841 27 057 993 27
Niu et al. (2023)-THTCG 6.36 7.95 27 057 993 27
Saremi et al. (2010) 067 96 9 -033 891 9
Seo etal. (2012) —-27.7 46.39 10 -21.9 53.01 10
Tan et al. (2016) 0.04 0.29 15 0.01 021 "
Subtotal (95% CI) 222 218

Heterogeneity: Tau? = 0.09; Chi? = 23.11, df = 14 (P = 0.06); I> = 39%

Test for overall effect: Z = 3.15 (P = 0.002)

Total (95% CI)
Heterogeneity: Tau? = 0.17; Chi? =
Test for overall effect: Z = 2.92 (P = 0.003)

355

3.5%
4.2%
2.9%
4.3%
3.8%
3.7%
3.5%
3.6%
3.7%
41%
3.1%
40.4%

3.5%
3.9%
3.8%
3.8%
3.8%
3.9%
4.3%
4.0%
3.7%
3.9%
5.2%
5.2%
3.3%
3.5%
3.9%
59.6%

357 100.0%

51.61, df = 25 (P = 0.001); I = 52%

Test for subgroup differences: Chi? = 0.50, df = 1 (P = 0.48), I = 0%

1V, Random, 95% Cl

Std. Mean Difference

1.05[0.19, 1.91]
0.05 [-0.67, 0.76]
0.15 [0.86, 1.17]
0.06 [-0.63, 0.76]
042 [0.38, 1.21]

1.21[0.38, 2.04]
1.39(0.52, 2.27)

~0.68 [-1.53, 0.16]

-0.31[1.13,0.51]

-0.11[0.85, 0.63]

-0.70 [-1.66, 0.26]
0.23 [0.18, 0.64]

1.11[0.24, 1.98]
0.76 £0.01, 1.53]
0.28 [0.53, 1.08]

-0.28 [1.08, 0.53]

~0.14 [-0.94, 0.66]
0.18 [-0.60, 0.95]
059 £0.12, 1.30]

1.24[0.48, 2.01]
-0.42 [-1.23,0.39]
1.06[0.29, 1.83]
0.56 [0.01, 1.10]
0.63[0.09, 1.18]
0.10 £0.82, 1.03]

-0.11 £0.99,0.77)
0.11 [0.67,0.89]
0.40 [0.15, 0.65]

0.33[0.11, 0.55]

IV. Random, 95% CI
—_—
-
L 4
A
-2 -1 0 1 2

Favous [CON] Favous [AE]

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, 2 = 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, 12 =51%, Figure 14 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference
Study or Mean SD Total Mean SD Total Weight V. Random. 95% ClI 1V, Random. 95% ClI
3.2.1 Moderate-Intensity
Jung et al. (2022) 6.16 11.79 14 -185 837 14 4.3% 0.76 [-0.01, 1.53]
Keating et al. (2015)-LO:HI -0.1 035 12 0 035 12 4.1% -0.28 [-1.08, 0.53] [
Keating et al. (2015)-LO:LO  -0.05 0.35 12 0 035 12 4.1% -0.14 [-0.94, 0.66] —
Kim et al. (2014) 6.1 14.15 16  -2.3 1357 16 4.6% 0.59 [-0.12, 1.30] T
Leite et al. (2022)-MICT 56 6.98 16 -3.54 7.34 16 4.3% 1.24[0.48,2.01] -
Meng et al. (2022)-MICT 0 026 " 0.1 0.2 13 4.1% -0.42[-1.23, 0.39] I
Nazari et al. (2020)-MIIT 315 276 13 -0.85 28 13 3.8% 1.39[0.52, 2.27] - = @
Niu et al. (2023)-BWTCG 577 841 27 057 9.93 27 5.6% 0.56 [0.01, 1.10] —
Niu et al. (2023)-THTCG 6.36 7.95 27 057 993 27 56% 0.63[0.09, 1.18]
Racil et al. (2013)-MIIT 0.08 0.08 11 0.1 0.04 12 4.0% -0.31[-1.13, 0.51] [
Seo et al. (2012) -27.7 46.39 10 -21.9 53.01 10  3.8% -0.11F0.99, 0.77] —
Tan et al. (2016) 0.04 0.29 15 0.01 021 1" 4.2% 0.11[-0.67, 0.89] = P
Subtotal (95% CI) 184 183 52.5% 0.36 [0.03, 0.68] -
Heterogeneity: Tau? = 0.18; Chi? = 24.82, df = 11 (P = 0.010); I* = 56%
Test for overall effect: Z = 2.16 (P = 0.03)
3.2.2 Vigorous-Intensity
Chung et al. (2017)-MSG 147 921 12 -10.75 119 12 3.8% 1.11[0.24, 1.98]
Chung et al. (2017)-SSG 4.08 15.15 12 -10.75 119 12 3.8% 1.05[0.19, 1.91]
Hovsepian et al. (2019) 1.31 10.65 15 086 761 15 4.6% 0.05 [-0.67, 0.76] —
Keating et al. (2015)-HI:LO 0.1 035 12 0 035 12 4.1% 0.28 [-0.53, 1.08] -1
Khammassi et al. (2018) 0.1 3.46 6 -07 562 10 3.2% 0.15 [-0.86, 1.17] ]
Leite et al. (2022)-HIIT 305 74 16 -354 734 16 47% 0.06 [-0.63, 0.76] e —
Meng et al. (2022)-HIT 02 026 12 0.1 0.2 13 42% 0.42[-0.38, 1.21] ]
Nazari et al. (2020)-HIIT 265 281 14 -085 28 13 4.0% 1.21[0.38, 2.04]
Racil et al. (2013)-HIT 0.06 0.07 " 0.1 0.04 12 3.9% -0.68 [-1.53, 0.16] [
Salus et al. (2022) -0.09 021 14 -0.07 0.3 14 4.4% -0.11 [-0.85, 0.63] - 1
Saremi et al. (2010) 0.67 9.6 9 -033 891 9 3.5% 0.10 [-0.82, 1.03] - =
Timmons et al. (2023) -0.26 0.34 9 -0.07 0.13 9 3.4% -0.70 [-1.66, 0.26] [
Subtotal (95% CI) 142 147 47.5% 0.25 [-0.10, 0.59] -
Heterogeneity: Tau? = 0.18; Chi? = 22.43, df = 11 (P = 0.02); > = 51%
Test for overall effect: Z = 1.41 (P = 0.16)
Total (95% Cl) 326 330 100.0% 0.30 [0.07, 0.53] >
Heterogeneity: Tau? = 0.17; Chi? = 48.06, df = 23 (P = 0.002); I* = 52% ) 2 0 1

Test for overall effect: Z = 2.58 (P = 0.010)

Test for subgroup differences: Chi2 = 0.21, df = 1 (P = 0.65), I = 0%

Favous [CON] Favous [AE]

Figure 14. Meta-analysis results of the effects of moderate- and vigorous-intensity AE on HDL in
people with overweight or obesity [21,22,32-35,45-47,49-51,54-57].
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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,
I? = 53%) and middle-aged people with overweight or obesity (SMD = 0.68; 95% CI: 0.23 to
1.13, p = 0.003, I? = 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, I? = 48%, Figure 15 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference
33.1Age <18
Kim et al. (2007) -03 151 14 -06 178 12 41% 0.18 [0.60, 0.95] — T
Leite et al. (2022)-HIIT -305 74 16 -354 734 16 45% 0.06 [-0.63, 0.76] S
Leite et al. (2022)-MICT 56 698 16 -354 734 16 4.1% 1.240.48, 2.01)
Meng et al. (2022)-HIIT 02 026 12 01 02 13 4.0% 0.42 [0.38, 1.21] —
Meng et al. (2022)-MICT 0 026 11 01 02 13 39%  -0.42[1230.39 —
Racil et al. (2013)-HIT 006 007 11 01 004 12 37%  -0.68[1.53,0.16] B
Racil et al. (2013)-MIIT 008 008 11 01 004 12 38%  -0.31[1.13,051] —
Salus et al. (2022) -0.09 021 14 -007 013 14 43%  -0.11[0.85,0.63] 7
Seo et al. (2012) -27.7 4639 10 -219 5301 10 36%  -0.11}0.99,0.77] =
Subtotal (95% CI) 115 18 36.0% 0.04 [-0.32,0.41] -

Heterogeneity: Tau? = 0.15; Chi? = 15.50, df = 8 (P = 0.05); I* = 48%
Test for overall effect: Z = 0.24 (P = 0.81)

3.3.218 < Age <45

Hovsepian et al. (2019) 131 1065 15 086 7.61 15  44% 0.05 (067, 0.76] —
Keating et al. (2015)-HI-LO 01 035 12 0 035 12 39% 0.28 {053, 1.08] —

Keating etal. (2015)}-LO:HI ~ -0.1 035 12 0 035 12 39%  -028[1.08053 R

Keating etal. (2015)}-LO:LO  -0.05 035 12 0 035 12 40%  -0.14[0.94,066] — T

Khammassi et al. (2018) 01 346 6 -0.7 562 10 3.0% 0.15 [0.86, 1.17] —

Mohammadi et al. (2014) 67 667 15 022 513 15  4.1% 1.06 [0.29, 1.83]

Nazari et al. (2020)-HIIT 265 281 14 -085 28 13 38% 1.21[0.38, 2.04]

Nazari et al. (2020)-MIIT 315 276 13 -085 28 13 36% 1.390.52, 2.27] _—
Niu et al. (2023)-BWTCG 577 841 27 057 993 27 54% 056 [0.01, 1.10] —=—

Niu et al. (2023)-THTCG 636 795 27 057 993 27 54% 0.63[0.09, 1.18]

Saremi et al. (2010) 067 96 9 -033 891 9 34% 0.10 F0.82, 1.03] —

Timmons et al. (2023) -026 03¢ 9 -007 013 9 33%  -0.70[-1.66,0.26] T

Subtotal (95% CI) 171 174 48.2% 0.39 [0.06, 0.71] ->

Heterogeneity: Tau? = 0.17; Chi* = 23.60, df = 11 (P = 0.01); I = 53%
Test for overall effect: Z = 2.31 (P = 0.02)

3.3.345 < Age < 60

Chung et al. (2017)-55G 408 1515 12 -1075 119 12 37% 1.05[0.19, 1.91]
Chung et al. (2017)-MSG 147 921 12 <1075 119 12 3.6% 1.11[0.24, 1.98)

Kim et al. (2014) 6.1 1415 16 -23 1357 16  44% 0.59 [0.12, 1.30] b

Tan et al. (2016) 004 020 15 001 021 11 41% 0.11F0.67, 0.89] [ h—
Subtotal (95% CI) 55 51 15.8% 0.68(0.23,1.13] s

Heterogeneity: Tau? = 0.04; Chi? = 3.75, df = 3 (P = 0.29); I* = 20%
Test for overall effect: Z = 2.98 (P = 0.003)

Total (95% CI) 341 343 100.0% 0.31[0.08, 0.54] >
Heterogeneity: Tau? = 0.17; Chi* = 50.46, df = 24 (P = 0.001); I = 52%
Test for overall effect: Z = 2.68 (P = 0.007)

Test for subgroup differences: Chi = 4.81, df = 2 (P = 0.09), 12 = 58.4%

-1 0 1
Favous [CON] Favous [AE]

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,
2 = 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, 12 = 58%, Figure 16 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference

tudy or Subgrou; Mean  SD Total Mean SD Total Weight IV. Random. 95% Cl 1V. Random, 95% CI
3.4.1 Overweight (25 < BMI <30)
Chung et al. (2017)-SSG 408 1515 12 -1075 119 12 35% 1.05[0.19, 1.91]
Chung et al. (2017)-MSG 147 921 12 -1075 119 12 35% 1.11[0.24, 1.98]
Jung et al. (2022) 6.16 1179 14 -1.85 837 14  39% 0.76 [0.01, 1.53]
Khammassi et al. (2018) 01 346 6 -07 562 10 29% 0.15[-0.86, 1.17] T
Kim et al. (2007) -03 151 14 06 178 12 39% 0.18 [0.60, 0.95] o
Kim et al. (2014) 6.1 1415 16 -23 1357 16 4.3% 059 [0.12, 1.30] b
Leite et al. (2022)-MICT 56 698 16 -354 734 16 4.0% 1.24[0.48, 2.01]
Meng et al. (2022)-HIIT 02 026 12 01 02 13 38% 0.420.38, 1.21] 7
Meng et al. (2022)-MICT 0 026 11 01 02 13 37%  -042[1.23,039) -
Mohammadi et al. (2014) 67 667 15 022 513 15 39% 1.06 [0.29, 1.83]
Niu et al. (2023)-BWTCG 577 841 27 057 993 27 52% 0.56 [0.01, 1.10]
Niu et al. (2023)- THTCG 636 795 27 057 993 27 52% 0.63[0.09, 1.18)
Saremi et al. (2010) 067 96 9 -033 891 9 33% 0.10 [0.82, 1.03] ]
Seo etal. (2012) -27.7 4639 10 -21.9 5301 10 35%  -0.11[0.99,0.77] — —
Tan etal. (2016) 004 029 15 001 021 11  39% 0.11F0.67, 0.89] —
Timmons et al. (2023) 026 034 9 -007 013 9 3%  -0.70[-1.66,0.26] .
Subtotal (95% Cl) 225 226 61.6% 0.46 [0.20, 0.71] >

Heterogeneity: Tau? = 0.11; Chi* = 25.47, df = 15 (P = 0.04); I* = 41%
Test for overall effect: Z = 3.52 (P = 0.0004)

3.4.2 Obesity (BMI > 30)

Hovsepian et al. (2019) 1.31 10.65 15 086 7.61 15 4.2% 0.05 [-0.67, 0.76] -1
Keating et al. (2015)-HI:.LO 0.1 035 12 0 035 12 3.8% 0.28 [-0.53, 1.08] I

Keating et al. (2015)-LO:HI -0.1 035 12 0 035 12 3.8% -0.28 [1.08, 0.53] L
Keating et al. (2015)-LOLO  -0.05 035 12 0 035 12 38%  -0.14[0.94,066) — T
Leite et al. (2022)-HIIT 305 74 16 -354 734 16 43% 0.06 [0.63, 0.76] e
Nazari et al. (2020)-HIIT 265 281 14 -085 28 13 37% 1.21[0.38, 2.04]

Nazari et al. (2020)-MIT 315 276 13 -0.85 28 13 3.5% 1.39[0.52, 2.27] I —
Racil et al. (2013)-HIT 0.06 0.07 " 0.1 0.04 12 3.6% -0.68 [1.53, 0.16] - 1

Racil et al. (2013)-MIIT 0.08 0.08 " 0.1 0.04 12 3.7% -0.311.13,0.51] —
Salus et al. (2022) -0.09 021 14 -0.07 013 14 41% -0.11 [0.85, 0.63] .
Subtotal (95% Cl) 130 131 384%  0.14[0.25,0.52] -

Heterogeneity: Tau? = 0.22; Chi = 21.21, df =9 (P = 0.01); I = 58%
Test for overall effect: Z = 0.70 (P = 0.49)

Total (95% ClI) 355 357 100.0% 0.33[0.11, 0.55] >
Heterogeneity: Tau? = 0.17; Chi? = 51.61, df = 25 (P = 0.001); I = 52%
Test for overall effect: Z = 2.92 (P = 0.003)

Test for subgroup differences: Chi2 = 1.86, df = 1 (P = 0.17), 2 = 46.1%

-2 -1 0 1 2
Favous [CON] Favous [AE]

Figure 16. Meta-analysis results of the effects of AE on HDL in people with overweight or obesity of
different basal BMI [21,22,32-35,45-52,54-57].
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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, I> = 48%, Figure 17).

AE CON Std. Mean Difference Std. Mean Difference

__Study or Subgroup Mean SD_Total Mean SD _Total Weight IV. 95% ClI 1V, 95% Cl

Chung et al. (2017)-MSG 15.79 26.72 12 22.94 30.28 12 4.5% -0.24 [-1.05, 0.56] _

Chung et al. (2017)-SSG -10.63 26.97 12 22.94 30.28 12 4.1% -1.13 [-2.00,-0.26]

Hovsepian et al. (2019) -11.92 233 15 -2.67 2529 15 5.0% -0.37 [-1.09, 0.35] _

Jung et al. (2022) -13.45 29.48 14 3.69 33.73 14 4.8% -0.53[-1.28, 0.23] —

Keating et al. (2015)-HI:.LO 0.1 069 12 -03 092 12 4.5% 0.47 [-0.34, 1.29] ]

Keating et al. (2015)-LO:HI -0.1 341 12 -03 092 12 4.6% 0.08 [-0.72, 0.88] -1

Keating et al. (2015)-LO:LO -02 092 12 -03 092 12 4.5% 0.10 [-0.70, 0.91] -1

Khammassi et al. (2018) -17.3 28.86 6 26 3827 10 3.4% -0.53 [-1.57, 0.50] - 1

Kim et al. (2007) 3 715 14 -44 935 12 4.5% 0.87 [0.06, 1.68]

Meng et al. (2022)-HIT -04 0.26 12 0.1 0.5 13 4.2% -1.20 [-2.06, -0.33]

Meng et al. (2022)-MICT -0.3 0.35 11 0.1 0.5 13 4.3% -0.88 [-1.73,-0.03]

Mohammadi et al. (2014) -0.08 294 15 0 248 15 5.1% -0.03 [-0.74, 0.69] -1

Nazari et al. (2020)-HIIT -11.21  7.01 14 -0.24 6.63 13 4.1% -1.56 [-2.44,-0.68] t———

Nazari et al. (2020)-MIIT -2.84 10.47 13 -0.24 6.63 13 4.7% -0.29 [-1.086, 0.49] —

Niu et al. (2023)-BWTCG -8.82 9.82 27 -0.53 10.58 27 6.3% -0.80 [-1.36,-0.24]

Niu et al. (2023)-THTCG -9.27 9.84 27 -0.53 10.58 27 6.3% -0.84 [-1.40,-0.28]

Racil et al. (2013)-HIIT -031 037 11 -002 022 12 42%  -0.93[-1.80,-0.06]

Racil et al. (2013)-MIIT -0.22 0.31 11 -0.02 0.22 12 4.3% -0.72[-1.57, 0.13] [

Salus et al. (2022) 0.06 0.37 14 0.07 065 14 4.9% -0.02 [-0.76, 0.72] - 1

Saremi et al. (2010) -4.66 16.78 9 123 16.29 9 3.8% -0.34 [-1.27, 0.59] - = 1

Seo et al. (2012) 5.7 90.67 10 5.3 73.91 10  4.1% 0.00 [-0.87, 0.88] - 1

Timmons et al. (2023) 0.09 0.59 9 024 034 9 3.8% -0.30 [-1.23, 0.63] - |

Total (95% CI) 292 298 100.0%  -0.42[-0.65,-0.18] >

Heterogeneity: Tau? = 0.15; Chi? = 40.22, df = 21 (P = 0.007); I1> = 48% '

Test for overall effect: Z = 3.48 (P = 0.0005) = F_a1vous [AE]O Favous [C10N] 2

Figure 17. Meta-analysis results of the effects of AE on LDL in people with overweight or obesity [21,
22,32-34,45,48-52,54-57].

Subgroup analysis showed that interval AE (SMD = —0.68; 95% CI: —0.99 to —0.37,
p <0.0001, I? = 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, I* = 53%, Figure 18
and Table S2).

AE CON Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, 95% Cl

4.5.1 Interval training

Chung et al. (2017)-SSG -10.63 26.97 12 22.94 30.28 12 41% -1.13 [2.00,-0.26]

Hovsepian et al. (2019) -11.92 233 15 -2.67 2529 15 5.0% -0.37 [-1.09, 0.35] [

Khammassi et al. (2018) -17.3 28.86 6 26 3827 10  3.4% -0.53 [-1.57, 0.50] - 1

Meng et al. (2022)-HIIT -04 026 12 01 05 13 42% -1.20 [-2.06,-0.33]

Nazari et al. (2020)-HIIT -11.21  7.01 14 -0.24 6.63 13 4.1% -1.56 [-2.44,-0.68] —

Nazari et al. (2020)-MIIT -2.84 1047 13 -0.24 6.63 13 47% -0.29 [-1.06, 0.49] _

Racil et al. (2013)-HIT -0.31 037 11 -0.02 0.22 12 4.2% -0.93 [-1.80,-0.06]

Racil et al. (2013)-MIIT -0.22 0.31 11 -0.02 0.22 12 4.3% -0.72[-1.57,0.13] B

Salus et al. (2022) 0.06 0.37 14 0.07 065 14 4.9% -0.02 [-0.76, 0.72] -1

Timmons et al. (2023) 0.09 0.59 9 024 034 9 38% -0.30 [-1.23, 0.63] o= |

Subtotal (95% CI) 117 123 42.7% =0.68 [-0.99,~0.37] ‘

Heterogeneity: Tau? = 0.06; Chiz = 12.04, df =9 (P = 0.21); I? = 25%

Test for overall effect: Z = 4.29 (P < 0.0001)

4.5.2 Continuous training

Chung et al. (2017)-MSG 15.79 26.72 12 22.94 30.28 12 45% -0.24 [-1.05, 0.56] _

Jung et al. (2022) -13.45 29.48 14 3.69 33.73 14 4.8% -0.53 [-1.28, 0.23] - = [

Keating et al. (2015)-HI:LO 0.1 0.69 12 -03 092 12 45% 0.47 [-0.34, 1.29] ]

Keating et al. (2015)-LO:HI 01 341 12 -03 092 12 46% 0.08 [-0.72, 0.88] A E—

Keating et al. (2015)-LO:LO -02 092 12 -03 092 12 45% 0.10 [-0.70, 0.91] -1

Kim et al. (2007) 3 715 14 -44 935 12 45% 0.87 [0.06, 1.68]

Meng et al. (2022)-MICT -03 035 11 01 05 13 43% -0.88 [1.73,-0.03]

Mohammadi et al. (2014) -0.08 294 15 0 248 15 51% -0.03 [-0.74, 0.69] I

Niu et al. (2023)-BWTCG -8.82 9.82 27 -0.53 10.58 27 6.3% -0.80 [-1.36,-0.24] — =

Niu et al. (2023)-THTCG -9.27 9.84 27 -053 1058 27 6.3% -0.84 [-1.40,-0.28] -

Saremi et al. (2010) -4.66 16.78 9 123 16.29 9 38% -0.34 [-1.27, 0.59] _

Seo et al. (2012) 5.7 90.67 10 53 7391 10 4.1% 0.00 [-0.87, 0.88] — ]

Subtotal (95% CI) 175 175 57.3%  =0.21 [-0.53,0.10] -

Heterogeneity: Tau? = 0.16; Chi? = 23.17, df = 11 (P = 0.02); I* = 53%

Test for overall effect: Z = 1.31 (P = 0.19)

Total (95% CI) 292 208 100.0%  -0.42 [-0.65,0.18] L 4

Heterogeneity: Tau? = 0.15; Chi2 = 40.22, df = 21 (P = 0.007); I* = 48% B 2 0 1 5
Test for overall effect: Z = 3.48 (P = 0.0005) Favous [AE] Favous [CON]
Test for subgroup differences: Chi? = 4.23, df = 1 (P = 0.04), 1> = 76.4%

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, I?> = 15%) and vigorous-intensity AE
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(SMD = —0.54; 95% CI: —0.89 to —0.19, p = 0.003, I? = 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.

AE CON Std. Mean Difference Std. Mean Difference

r r Mean D_Total Mean D_Total Weigh IV, Random, 95% CI 1V, Random, 95% CI
4.2.1 Moderate-Intensity
Jung et al. (2022) -13.45 29.48 14 369 3373 14 5.4% -0.53 [1.28, 0.23] _
Keating et al. (2015)-LO:HI -0.1 341 12 -03 092 12 5.0% 0.08 [-0.72, 0.88] -
Keating et al. (2015)-LO:LO -0.2 092 12 -03 092 12 50% 0.10 [-0.70, 0.91] -1
Meng et al. (2022)-MICT -0.3 035 " 0.1 05 13 4.6% -0.88 [-1.73,-0.03] - =
Nazari et al. (2020)-MIIT -2.84 10.47 13 -0.24 6.63 13 52% -0.29 [-1.06, 0.49] ]
Niu et al. (2023)-BWTCG -8.82 9.82 27 -0.53 10.58 27 7.7% -0.80 [-1.36,-0.24] -
Niu et al. (2023)-THTCG -9.27 984 27 -0.53 10.58 27 7.7% -0.84 [-1.40,-0.28] -
Racil et al. (2013)-MIIT -0.22 031 11 -0.02 0.22 12 46% -0.72[-1.57,0.13] B
Seo et al. (2012) 5.7 90.67 10 53 73.91 10  4.4% 0.00 [-0.87, 0.88] 1
Subtotal (95% Cl) 137 140 49.6%  -0.49 [-0.76,-0.23] >
Heterogeneity: Tau? = 0.02; Chi* = 9.37, df = 8 (P = 0.31); I? = 15%
Test for overall effect: Z = 3.64 (P = 0.0003)
4.2.2 Vigorous-Intensity
Chung et al. (2017)-SSG -10.63 26.97 12 22.94 30.28 12 4.4% -1.13 [-2.00,-0.26] L
Chung et al. (2017)-MSG 15.79 26.72 12 22.94 30.28 12 5.0% -0.24 [-1.05, 0.56] - 1
Hovsepian et al. (2019) -11.92 233 15 -2.67 25.29 15 5.7% -0.37 [-1.09, 0.35] [
Keating et al. (2015)-HI:LO 0.1 0.69 12 -03 092 12 49% 0.47 [-0.34, 1.29] -
Khammassi et al. (2018) -17.3 28.86 6 26 3827 10 3.4% -0.53 [-1.57, 0.50] I
Meng et al. (2022)-HIT -04 026 12 01 0.5 13 45% -1.20 [-2.06,-0.33] e
Nazari et al. (2020)-HIIT -11.21  7.01 14 -024 6.63 13 4.4% -1.56[2.44,-068] ¥
Racil et al. (2013)-HIT -0.31 037 11 -0.02 0.22 12 4.5% -0.93 [-1.80,-0.06] - =
Salus et al. (2022) 0.06 0.37 14 0.07 0.65 14 5.5% -0.02[-0.76, 0.72] -1
Saremi et al. (2010) -4.66 16.78 9 1.23 16.29 9 4.0% -0.34 [-1.27, 0.59] - = |
Timmons et al. (2023) 0.09 0.59 9 024 034 9  4.0% -0.30 [-1.23, 0.63] - 1
Subtotal (95% Cl) 126 131 50.4% =0.54 [-0.89,-0.19] -
Heterogeneity: Tau? = 0.17; Chi? = 18.95, df = 10 (P = 0.04); I* = 47%
Test for overall effect: Z = 2.99 (P = 0.003)
Total (95% CI) 263 271 100.0% =0.50 [-0.72,-0.29] L 4
Heterogeneity: Tau? = 0.08; Chi? = 28.32, df = 19 (P = 0.08); I2 = 33% _‘2 5 o 1 2

Test for overall effect: Z = 4.53 (P < 0.00001)

Favous [AE] Favous [CON
Test for subgroup differences: Chiz = 0.05, df = 1 (P = 0.83), I = 0% avous [AE] [Fevous{CONI

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 2= 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, 2= 66%) and
middle-aged people with overweight or obesity (SMD = —0.67; 95% CI: —1.54 to 0.20,
p =0.13, I? = 54%, Figure 20 and Table S2).

AE CON Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD_Total Mean SD Total Weight IV. Random. 95% Cl IV, Random, 95% Cl

431 Age <18

Kim et al. (2007) 3 715 14 -44 935 12 4.7% 0.87[0.06, 1.68]

Meng et al. (2022)-HIT -04 0.26 12 0.1 0.5 13 4.4% -1.20 [-2.06,-0.33]

Meng et al. (2022)-MICT -0.3 035 11 0.1 0.5 13 4.5% -0.88 [-1.73,-0.03] -

Racil et al. (2013)-HIT -0.31 037 11 -0.02 0.22 12 4.4% -0.93 [-1.80,-0.06] =

Racil et al. (2013)-MIIT -022 0.31 11 -0.02 0.22 12 4.5% -0.72 [-1.57, 0.13] -

Salus et al. (2022) 0.06 0.37 14 0.07 0.65 14 52% -0.02 [0.76, 0.72] -1

Seo et al. (2012) 5.7 90.67 10 53 7391 10  4.3% 0.00 [-0.87, 0.88] ]

Subtotal (95% CI) 83 86 32.0% =0.40 [-0.94, 0.14] -

Heterogeneity: Tau? = 0.35; Chi? = 17.69, df = 6 (P = 0.007); I* = 66%

Test for overall effect: Z = 1.44 (P = 0.15)

4.3.218 < Age <45

Hovsepian et al. (2019) -11.92 233 15 -2.67 25.29 15 53% -0.37 [-1.09, 0.35] 7

Keating et al. (2015)-HI:LO 0.1 069 12 -03 0.92 12 47% 0.47 [0.34, 1.29] -1

Keating et al. (2015)-LO:HI -0.1 341 12 -03 092 12 4.8% 0.08 [-0.72, 0.88] -

Keating et al. (2015)-LO:LO -0.2 0.92 12 -03 0.92 12 4.8% 0.10 0.70, 0.91] I

Khammassi et al. (2018) -17.3 28.86 6 26 3827 10 3.6% -0.53 [-1.57, 0.50] —

Mohammadi et al. (2014) -0.08 294 15 0 248 15 53% -0.03 F0.74, 0.69] -1

Nazari et al. (2020)-HIT -11.21  7.01 14 -0.24 6.63 13 4.3% -1.56 [2.44,-068] ¥

Nazari et al. (2020)-MIIT -2.84 10.47 13 -0.24 6.63 13 5.0% -0.29 [-1.06, 0.49] 7

Niu et al. (2023)-BWTCG -8.82 9.82 27 -0.53 10.58 27 6.5% -0.80 [-1.36,-0.24] =

Niu et al. (2023)-THTCG -9.27 9.84 27 -0.53 10.58 27 6.5% -0.84 [-1.40,-0.28] -

Saremi et al. (2010) -4.66 16.78 9 1.23 16.29 9  41% -0.34 [-1.27, 0.59] 7

Timmons et al. (2023) 0.09 0.59 9 024 034 9  41% -0.30 [-1.23, 0.63] —

Subtotal (95% CI) 171 174 58.8%  -0.38 [-0.68,-0.09] -

Heterogeneity: Tau? = 0.12; Chi = 19.65, df = 11 (P = 0.05); I* = 44%

Test for overall effect: Z = 2.53 (P = 0.01)

4.3.3 45 < Age <60

Chung et al. (2017)-SSG -10.63 26.97 12 22,94 30.28 12 4.4% -1.13 [-2.00,-0.26] -

Chung et al. (2017)-MSG 15.79 26.72 12 2294 30.28 12 4.8% -0.24 [-1.05, 0.56] o E

Subtotal (95% CI) 24 24 91%  -0.67 [-1.54,0.20] ———

Heterogeneity: Tau? = 0.21; Chi* = 2.15, df = 1 (P = 0.14); I* = 54%

Test for overall effect: Z=1.51 (P =0.13)

Total (95% Cl) 278 284 100.0%  -0.41 [-0.66,-0.16] >

Heterogeneity: Tau? = 0.16; Chi? = 40.15, df = 20 (P = 0.005); I> = 50% _’2 _‘1 0 1 2
Test for overall eﬁe.ct: Z=326 (P.: 0.001) Favous [AE] Favous [CON]
Test for subgroup differences: Chiz = 0.37, df = 2 (P = 0.83), I2= 0%

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, 2 = 46%), while people with obesity
(SMD = —0.34; 95% CI: —0.72 to 0.05, p = 0.09, 12 = 52%, Figure 21 and Table S2) had no
significant effect on improving LDL levels.

AE CON Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight 1\ 95% Cl 1\ 95% Cl
4.4.1 Overweight (25 < BMI <30)
Chung et al. (2017)-SSG -10.63 26.97 12 22.94 30.28 12 41% -1.13 [-2.00, -0.26]
Chung et al. (2017)-MSG 15.79 26.72 12 22.94 30.28 12 45% -0.24 [-1.05, 0.56] - 1
Jung et al. (2022) -1345 2948 14 369 33.73 14 48% -0.53 [-1.28,0.23] - 1
Khammassi et al. (2018) -17.3 28.86 6 26 38.27 10 3.4% -0.53 [-1.57, 0.50] - = |
Kim et al. (2007) 3 715 14 -44 935 12 4.5% 0.87 [0.06, 1.68]
Meng et al. (2022)-HIT 04 026 12 01 05 13 42%  -1.20[-2.06,-0.33]
Meng et al. (2022)-MICT -03 035 " 0.1 0.5 13 43% -0.88 [-1.73,-0.03]
Mohammadi et al. (2014) -0.08 294 15 0 248 15 5.1% -0.03 [-0.74, 0.69] -1
Niu et al. (2023)-BWTCG -8.82 9.82 27 -0.53 10.58 27 6.3% -0.80 [-1.36,-0.24] -
Niu et al. (2023)-THTCG -9.27 984 27 -0.53 10.58 27 6.3% -0.84 [-1.40,-0.28]
Saremi et al. (2010) -4.66 16.78 9 123 16.29 9 3.8% -0.34 [-1.27, 0.59] _
Seo et al. (2012) 5.7 90.67 10 53 7391 10  41% 0.00 [-0.87, 0.88] -1
Timmons et al. (2023) 0.09 0.59 9 024 034 9 38% -0.30 [-1.23, 0.63] —
Subtotal (95% Cl) 178 183  59.2% -0.47 [-0.77,-0.17] ‘

Heterogeneity: Tau? = 0.14; Chi2 = 22.43, df = 12 (P = 0.03); I = 46%
Test for overall effect: Z = 3.08 (P = 0.002)

4.4.2 Obesity (BMI = 30)

Hovsepian et al. (2019) -1192 233 15 -267 2529 15 50%  -0.37[-1.09, 0.35]
Keating et al. (2015)-HI:LO 01 069 12 -03 092 12 45% 0.47 [-0.34, 1.29] —
Keating et al. (2015)-LO:HI -01 341 12 -03 092 12 46% 0.08 [-0.72, 0.88] —f
Keating etal. (2015}-LO:.LO  -0.2 092 12 -03 092 12 45% 0.10 070, 0.91] E h—
Nazari et al. (2020)-HIIT -1121 701 14 -024 663 13  41%  -156[-244,-068] ¢

Nazari et al. (2020)-MIIT 284 1047 13 -024 663 13 47%  -029[-1.06,0.49] —
Racil et al. (2013)-HIT -031 037 11 -002 022 12 42%  -0.93[-1.80,-0.06]

Racil et al. (2013)-MIIT 022 031 11 -002 022 12 43%  -0.72[-157,0.13] B
Salus et al. (2022) 006 037 14 007 065 14 49%  -0.02[-0.76,0.72] —
Subtotal (95% CI) 114 115  40.8%  -0.34[-0.72,0.05] -

Heterogeneity: Tau? = 0.18; Chiz = 16.72, df = 8 (P = 0.03); I = 52%
Test for overall effect: Z=1.71 (P = 0.09)

Total (95% Cl) 292 208 100.0%  -0.42[-0.65,-0.18] >
Heterogeneity: Tau? = 0.15; Chi? = 40.22, df = 21 (P = 0.007); I> = 48% t t
Test for overall effect: Z = 3.48 (P = 0.0005)

Test for subgroup differences: Chiz = 0.28, df = 1 (P = 0.59), 2= 0%

2 -1 0 1 2
Favous [AE] Favous [CON]

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 (VO,max/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 3-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 (ZAK«) 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% VO,max) 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-«, a protective biomarker of
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atherosclerosis, was observed during moderate-intensity interval training, whereas Salusin-
(3, 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 3-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 B-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 VO,max 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.
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