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Abstract: People with Type 2 diabetes mellitus (T2DM) are reported to have a high prevalence
of metabolic syndrome (MetS), which increases their risk of cardiovascular events. Our aim was
to determine the effect of physical activity (PA) on metabolic syndrome markers in people with
T2DM. The study design was a systematic review and meta-analysis of randomised controlled trials
evaluating the effect of PA on MetS in adults with T2DM. Relevant databases including SPORTdiscus,
Cochrane Central Register of Controlled Trials, CINAHL, MEDLINE, PsycINFO, EMBASE, SocINDEX
were searched up to August 2022. Primary endpoints were changes in MetS markers (blood pressure,
triglyceride, high-density lipoprotein, fasting blood sugar, and waist circumference) after an exercise
intervention. Using a random effect model with 95% confidence interval (CI), the mean difference
between intervention groups and control groups were calculated. Twenty-six articles were included in
the review. Overall, aerobic exercise had a significant effect on waist circumference (Mean Difference:
—0.34 cm, 95% CI: —0.84, —0.05; effect size: 2.29, I = 10.78%). The effect sizes on blood pressure,
triglyceride, high-density lipoprotein, fasting blood sugar were not statistically significant. No
significant differences were found between exercise and control group following resistance training.
Our findings suggest that aerobic exercise can improve waist circumference in people with T2DM
and MetS. However, both aerobic and resistance exercise produced no significant difference in the
remaining MetS markers. Larger and higher-quality studies are required to determine the full effects
of PA on MetS markers in this population.

Keywords: physical activity; exercise; type 2 diabetes; systematic review; meta-analysis; metabolic
syndrome; cardiovascular risk factors; adults

1. Introduction

Globally, about 425 million people are living with diabetes, and it is estimated that
this figure will increase to about 629 million by 2045 [1]. Diabetes-related death is also
estimated to double by the year 2030 [2]. Type 2 diabetes mellitus (T2DM) constitutes
more than 90% of diabetes cases and is associated with high morbidity and mortality [3,4].
Metabolic syndrome (MetS) is a complication of poorly managed T2DM [5], although the
syndrome can also act as a precursor to T2DM [6]. MetS is a collection of cardiovascular
risk factors that occur together and increase an individual’s risk for cardiovascular disease
(CVD), stroke, and kidney failure [7].

People with T2DM have an increased risk of developing MetS compared to individuals
without T2DM [8]. MetS is associated with high mortality in people with T2DM [9]. How-
ever, the diagnosis of MetS is difficult due to varying definitions and diagnostic threshold
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values. According to the National Cholesterol Education Program Adult Treatment Panel
(NCEP-ATP) [10] IIT definition, MetS can be confirmed if an individual has at least three of
the following five conditions: high blood pressure (BP), high triglycerides, reduced high-
density lipoprotein (HDL) levels, high fasting blood glucose (FBG) level, and increased
waist circumference (WC). Although each component independently increases the risk
of developing CVD, the combination of these factors significantly raises this risk even
more [8].

There is evidence of increasing rates of MetS among T2DM clients [11]. A cross-
sectional study in Syria among 424 diabetes patients aged between 40 and 79 revealed
a MetS prevalence rate of about 68%, with females recording a higher prevalence than
males [12]. A study among diabetes patients in Palestine showed a relatively higher
prevalence rate (88.2%) of MetS compared to the study in the Syrian population [13]. A
cross-sectional study among people with diabetes in China found that 66.7% of the study
population had MetS [5]. In Ghana, a cross-sectional study involving 405 people with
diabetes at the Komfo Anokye Teaching Hospital found that 90.6% had MetS [14].

Intervention programs aimed at controlling MetS in people with T2DM is an urgent
priority [15]. Physical activity (PA) has been identified as an integral component of T2DM
management [16]. Various exercise types (e.g., aerobics and resistance training) can be
useful in achieving positive health outcomes including reduced episodes of hyperglycaemia,
insulin sensitivity and improved BMI [17]. However, the effectiveness of PA interventions
on MetS markers has not been well documented in people with T2DM, with varied study
results [18]. There is the need to evaluate the effectiveness of PA interventions for reducing
MetS markers in individuals with T2DM. For this systematic review and meta-analysis, we
evaluated the effect of physical activity on metabolic syndrome markers (blood pressure,
triglyceride, high-density lipoprotein, fasting blood glucose, and waist circumference) in
people with type 2 diabetes.

2. Materials and Methods

The study protocol was registered with PROSPERO (CRD42020193566). The reported
guideline adopted was the Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) [19]. The review was guided by the Cochrane Handbook for Systematic
Reviews of Interventions [20].

2.1. Types of Studies Included

The review was restricted to RCTs that explored the use of PA to improve MetS for
individuals with T2DM. Studies included in the review were conducted in the community
or clinical/facility settings.

Studies were included if they met the following criteria: (a) participants had a diagno-
sis of T2DM and at least 18 years of age, (b) measurement for MetS with specific evaluation
of at least three of the following health outcomes: systolic blood pressure (SBP), diastolic
blood pressure (DBP), triglyceride, HDL, FBG, and WC, (c) participants were followed up
for at least 3 months, and (d) a comparison group was randomised to their usual diabetes
treatment.

Papers were excluded if they met the following criteria: (a) studies with a high
attrition rate (over 20%) if the intention to treat analysis was absent, (b) studies with diet or
pharmacological therapy as a co-intervention without independently assessing PA effect,
and (c) studies that utilised PA advice or counselling only interventions.

Intervention: For this study, PA was defined as any bodily movement produced
by skeletal muscles that require energy expenditure higher than resting (Persson, 2015).
Physical activity methods considered in the search were aerobic training (e.g., walking,
jogging, running, cycling), resistance training (e.g., weightlifting, push-ups), and alternate
exercise programs (e.g., pilates, yoga, tai chi), with varying degrees of intensity (moderate,
vigorous), frequency and duration. Physical activity could be domestic-related (e.g., being
active while performing household duties), work-related (e.g., being active during your
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job), transport-related (e.g., getting active whilst moving from one place to another) and
planned exercise (e.g., aerobics, resistance training, yoga, pilates) [21]. Exercise programs
may also have involved supervised or recommended home-based physical activities.
Comparator: A control group in which participants followed their usual diabetes care.
Outcomes: The primary outcome was an improvement in any of the following MetS
markers: SBP, DBD, triglyceride, HDL, FBS, and WC.

2.2. Data Sources and Search Strategy

Relevant databases were searched for RCTs that included a PA intervention aimed at
modifying MetS markers in adults with T2DM. A search strategy (Supplementary File S1)
was used to identify literature from three sources. Databases (SPORTdiscus, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), CINAHL, MEDLINE, PsycINFO, EMBASE,
SocINDEX) were searched up to August 2022. Reference lists of identified articles were
hand-searched to identify other potential and relevant studies. Third, relevant literature
was explored using trial registries such as the World Health Organisation International
Clinical Trials Registry Platform, Cardiosource Registry of Randomised Cardiovascular
Clinical Trials and The International Standard Randomised Controlled Trial Number Reg-
istry (ISRCTN). The search was limited to RCTs and published in English, and no date
restriction was applied.

2.3. Data Selection

One investigator (MA) conducted an initial search after which all duplicates were
removed using ENDNOTE X9 [22] and DeDuplicator (Systematic Review Accelerator, Insti-
tute for Evidence-based Healthcare, Bond Univeristy, available at www.sr-accelerator.com,
accessed on 20 March 2022). Then, two investigators (MA and RKMA) independently
screened titles and abstracts to exclude studies that did not meet eligibility criteria. Full
text of all papers was subsequently examined independently by two investigators (MA and
RKMA) for eligibility. Disagreement regarding eligibility were discussed with the third
investigator (DK) who adjudicated the matter.

2.4. Data Extraction

Two investigators (MA and DK) independently extracted data from eligible papers
using web-based software platform that facilitates systematic reviews (Covidence sys-
tematic review software, Veritas Health Innovation, Melbourne, Australia, available at
www.covidence.org, accessed on 28 March 2022). A third investigator (AD) adjudicated
any disagreement. Data were extracted using the Cochrane Handbook for Systematic
Reviews of Interventions as a guideline [20]. Data extracted included study details (aim,
design, setting, country, author (s), publication date), sample characteristics (population,
sample size), MetS makers (DBP, SBP, WC, triglycerides, HDL and FBS), and PA description
(type/duration/frequency). Data were extracted regarding the effect of PA on primary
outcomes at baseline and follow-up. Data were then transformed from multiple data
formats into a single data format to remove unwanted data including duplicates.

2.5. Risk of Bias Assessment

Selected studies were assessed for risk of bias using the Physiotherapy Evidence
Database (PEDro) scale. The scale is used in evaluating the quality of RCTs assessing PA
interventions, and the reliability of the total PEDro score is graded ‘fair” to ‘good” [23].
Study bias was assessed for eleven areas: specification of eligibility criteria, random alloca-
tion, allocation concealment, group similarity at baseline, blinding of subjects, therapist
blinding, assessor blinding, point estimate reporting, dropout rate less than 15%, intention
to treat analysis report, and reporting group difference. Each specified item on the scale
contributes 1 point to the total PEDro score, and total scores range between 0 and11. A
score less than 4 indicates a lower quality RCT [23].
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2.6. Data Synthesis Strategy

Data were analysed using STATA (version 17, STATA Corp LLC, College Station, TX, USA).
Descriptive statistics (mean, SD) were used to describe the study population, interventions,
and outcome measures. A random effect model was employed for the meta-analysis in
which mean difference of outcome measures were compared for intervention and control
groups. Forest plots (Supplementary Files 52 and S3) were used to graphically present
the results. The Hedge’s G was used to measure the effect size, with a p-value less <0.05
indicating a statistically significant difference between the control and intervention group.
An effect size of 0.2, 0.5, and 0.8 were interpreted as small, medium, and large, respec-
tively. Heterogeneity was measured using the I statistic. Heterogeneity is considered
low, medium, or high when I? percentages are around 25%, 50%, or 75%, respectively [24].
Funnel plots and Egger’s tests (where applicable) were used to test for publication bias.

3. Results

The PRISMA flow chart is shown in Figure 1. A total of 2652 studies were identified
from initial database and hand searches. Then, 838 duplicates were removed. The remaining
1814 studies were imported into COVIDENCE for screening. Another 222 duplicates
were removed. Out of the remaining 1592 studies, title and abstract screening identified
1388 irrelevant studies. A further 152 studies were excluded after full text screening. Papers
were excluded for not meeting the inclusion criteria based on intervention (63 studies),
outcome (76 studies), patient population (11 studies), comparator (8 studies), study design
(16 studies), and duplicates (4 studies). Finally, 26 studies were included in the review.

SR
Records identified from
databases (n = 2647):
569 Medline
393 CINHAL
= 1148 EMBASE
2 5 SocINDEX Duplicate records removed (n =
S 33 SPORTDISCUS 1060 )
= 39 PSYCHINFO > Records marked as ineligible
5 460 CENTRAL by automation tools (n = 1060)
1) Additional records from other Records removed for other
sources (n =5) reasons (n = 0)
Total records = 2652
M)
Records screened by title and
abstract > (Fie:o;;jg;xcluded
(n=1592)
o
i=
=
[}
2
o
(7))
Reports excluded (n = 178):
Full-text articles assessed for Duplicate (n = 4)
eligibility Study design (n = 16)
(n =204) population (n = 11)
— Outcomes (n = 76)
Comparator (n = 8)
Intervention (n = 63)

Included studies
(n =26)

Figure 1. PRISMA flow chart.
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3.1. Interventions

Details of included studies are shown in Supplementary File S6. Three main forms
of exercise interventions were trialled: aerobics, resistance, and combined (aerobics plus
resistance). A total of 3336 participants were recruited in the studies. Samples ranged from
20 [25] to 794 participants [26].

Most PA programs (n = 17) were delivered in clinical settings or exercise laboratories.
Seven programs were home/community based [26-32], and two were a combination of
facility-based and home settings [32,33]. Only one study each was conducted in Africa [34]
and Australia [30], and three studies were conducted in Europe [35-37]. Nine studies were
conducted in Asia [25,26,29,38-43], five studies in Central /South America [33,44-47], and
seven studies in North America [27,28,31,32,48-50].

Exercise duration ranged from 12 weeks [37,39,41] to 52 weeks [36,38]. The average
exercise duration was 23 weeks.

Most PA interventions (n = 22) included a warm-up, main exercise, and cool-down.
Moderate aerobic exercise included walking, jogging, stationary biking, stepping, running
and aerobic dance [26,28,29,33,37,39,45,46,48]. Other aerobic exercises involved the use
of equipment such as elliptical machines, treadmill, and cycle ergometer [31,44]. Low
intensity aerobic exercise was achieved using stretching and flexibility exercises [32,47,50].
Resistance exercises included exercises such as chest press, lateral pull down, leg press,
trunk flexion, biceps free weights, seated row, triceps, and flat bench press, legs extension,
calf, seated leg curl, chair stands [27,36,37,42,43,47,49,50]. Combined training consisted
aerobic plus resistance exercises [37,49,51].

3.2. Method Quality

Risk of bias for the included studies are summarised in Table 1. Based on the PEDro
scale, no study achieved an excellent quality rating, most likely due to the difficulty in
blinding participants for PA interventions. All studies met the following four criterion:
specifying eligibility criteria, random allocation, point estimate reporting, and group
difference reporting. No study had a total PEDro score less than four; one study had a score
of four [38] and 23 studies had a score between five and eight. Two studies had a score
of nine [42,49], indicating high methodological quality. Four studies included blinding to
the therapist [30,41,42,49] and only one study blinded participants to the intervention [49].
Twelve out of the 26 studies achieved assessor blinding [25,27,30,33,36,41-43,47,49,50,52].

Table 1. Risk of bias assessment of studies.

Specified . P . Point Intention-to- Group Total
N Random Allocation Groups Blinding of Therapist Assessor . <15% Dropout .

Study Author, Year El'g.‘bl].“y Allocation Concealed Similar All Subjects Blinding Blinding Estimate Rate Treat' Difference PEDro

Criteria Reported Analysis Reported Score
ﬁ]gurs-Collms etal., 1997 v v _ _ _ v v v 5
Alvarez et al., 2016 [2] v v v v - v v - - v 7
Balducci et al., 2010 [3] v v v v - v v v - v 8
Bassi et al., 2016 [4] v v v v - v v v - v 8
Belli et al., 2011 [5] v v v v - - v - - v 6
Castaneda et al., 2002 [6] v v - - - v v v v v 7
Choi et al., 2012 [7] v v - v - - v v - v 6
Church et al., 2010 [8] v v - v v v v v v v v 9
Conners et al., 2017 [9] v v v - - v v v v 7
ﬁ%w]crcnzmm etal., 2015 v v ~ v ~ v v _ v 6
Gordon et al., 2008 [11] v v - - - v ' v v v 7
Hangping et al., 2019 [12] v v v v - v v v - v 8
Hsieh et al., 2018 [13] v v v v v v v v v v 9
Huimin et al., 2014 [14] v v - v - - v v v v 7
Lam et al., 2008 [15] v v v - v v v - - v 7
Lambers et al., 2008 [16] v v v v - - v v v v 8
Plotnikoff et al., 2010 [17] v v v v - v v v v v 8
F]agl;asmghe etal, 2021 v / v i / v / v v s
[Sl}:gntakumari etal., 2013 v v _ v v v v 6
Shenoy et al., 2009 [20] v v v - v v v - v 7
Sigal et al., 2007 [21] v v v v v v v v 8
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Table 1. Cont.
Specified . P . Point Intention-to- Group Total
P Random Allocation Groups Blinding of Therapist Assessor . <15% Dropout .
Study Author, Year Eligibility Allocation Concealed Similar  All Subjects  Blinding  Blinding ~ Loumate Rate Treat Difference PEDro
Criteria Reported Analysis Reported Score
Sijie et al., 2018 [22] v v v v v v v 7
il‘z\;tlior—Locke etal., 2004 v v v v v 5
Vancea et al., 2009 [24] v v v v v v v 7
Wang et al., 2019 [25] v v - v v v v 6
Yavari et al., 2012 [26] v v v - - v 4

Note: (v') = Yes, (-) = no; Total PEDro scale ranges from 0 to 11, where scores closer to 11 indicates low risk of
study bias.

3.3. Meta-Analysis

Ten studies were included in the meta-analysis. Five studies utilised aerobic exercise,
four studies used resistance exercise, and one study used both aerobic and resistance
exercise. A total of 406 participants were recruited in those studies. Samples ranged from
23 [25] to 75 participants [26].

3.3.1. Effect of Aerobic Training on Metabolic Syndrome Markers

Figure 2a—d and Supplementary File 5S4 show the mean changes for MetS markers
(DBP, SBP, WC, HDL, triglycerides, and FBS), comparing the intervention group (IG) to
the control group (CG). The mean changes were —0.55 mmHg (95% CI —1.53, 0.43; effect
size: 1.09) for SBP and —0.61 mmHg (95% CI —1.75, 0.54; effect size: 1.04) for DBP: mean
differences were not statistically significant. High heterogeneity was found for both SBP
and DBP (DBP: I? = 87.39%; SBP I? = 90.41%). Regarding FBS, the IG recorded a change of
—0.23 mg/dL (95% CI —0.55, 0.09; effect size: 1.44) compared to the CG, but the difference
is non-significant. Low heterogeneity (I> = 27.13%) was found in these studies. For
triglycerides, the mean changes were —1.08 mmol/L (95% CI —2.85, 0.68, effect size: 1.20),
with high heterogeneity (I? = 96.5%) as shown in Supplementary File S4. The mean change
for HDL was 2.00 mmol/L (95% CI —1.40, 5.40; effect size: 1.15), with high heterogeneity
(I = 99.2%) in those studies. This shows that the mean changes in triglycerides and HDL
were statistically non-significant.

2a: High-Density Lipoprotein 2b: Waist Circumference
Treatment Control Hedges's g Weight Treatment Control Hedges's g Weight
Author Year N Mean SD N Mean SD vith 95% CI (%) Author Year N Mean SD N Mean SD with 95% CI (%)
Avarez et al, 2016 360 110 43 2 —e— 1084( 761, 1407) 1488  Awarezet al, 2016 1397 2110 993 15 —e—' 1.19(-2.05, 0.32) 10.79
Beli et al, 2011 9 4 2910 523 48 = 245(-361, 129) 1684 peyjet. al, 2011 9 1007 35 10 1031 41 —_— 0.60(-1.48, 0.28) 10.43
Sije et al, 2018 16 499 16 15 476 14 - 1490071, 22D) 1703 gjie ot a1, 2018 16! [Gi9! 904 5 94T — il 026(-004 043) 1645
Tudor-Locke et. al, 2004 24 464 14 23 425 13 - 2.84( 203, 364) 17.02 Choi et al, 2012 38 843 58 37 859 5 —l 029(-0.74, 0.16) 34.26
Chol et: 81, 2012 80468 8530 B8 18 t 008(-036, 053) 1713 ponasingheet al, 2021 28 90 10.05 30 90.4 10.95 ——a—  -004(-055 047) 2807
Ranasinghe et al, 2021 26 497 1326 28 457 1376 - 029(-024, 082) 17.11
Gverali - 200(-1.40, 5.40) Overall ) ) ) <> -0.34 ( -0.64, -0.05)
Heterogeneity: T° = 17.54, I" = 99.20%, H’ = 124.38 Heterogenelly: T =0.01, 1" =10.78%, H = 1.12
Test of 6, = 8,: Q(5) = 106.22, p = 0.00 Testof 8, =6:Q(4) =547, p=0.24
Testof€=0:2=1.15p=025 Testof 8=0:2=-229, p=0.02
—_——
5 0 5 1 15 2 -1 0
Random-effects REML model Random-effects REML model
2d: Diastolic Blood Pressure
2c: Systolic Blood Pressure Treatment Control Hedges's g Weight
Treatment Control Hedges's g Weight  Author Year N Mean SD N Mean SD with 95% CI (%)
Author Year N Mean SD N Mean SD with 95% CI (%)
o o 5 o 110 03250 000 a3as  varezetal 2016 13 77 110 79 1 —— -1.93(-2.90, -0.96) 22.76
BV"“Z e]‘ :0“ s er e . ‘1 40‘ e 43) e Belietal 2011 9 77 4710 81 39 — 0.89(-1.80, 0.02) 23.43
obie1. & (237, -043) Tudor-Locke et. al, 2004 24 811 7.3 23 781 84 ——=— 038(-0.19, 0.94) 26.66
Tudor-Locke et al, 2004 24 1357 176 23 1307 153 e DAOC0ZT, 080 1WA oL Lo i 5e 79 Td 30, 79 H0.44 1™ oot e 5738
Ranasinghe et al, 2021 28 127 1587 30 120 21.91 —=— 036(-0.15, 087) 2671 anasinghem.» (- )
Overall e -061(-175, 054) Overall — -0.55(-1.53, 0.43)
R T
Heterogeneity: T* = 1.20, I" = 90.41%, H' = 10.43 Heterogeneity: v* = 0.86, I' = 87.39%, H' =7.93
Test of 8 = 6 Q(3) = 25.46, p = 0.00 Test of 6, = 6,: Q(3) = 18.94, p = 0.00
Testof 8= 0:2=-1.04, p = 0.30 Testof 6=0:2=-1.09, p=027
> H ° 3 2 it ]

Random-effects REML model Random-effects REML model

Figure 2. Effect of aerobic exercise on MetS markers in T2DM. Data are reported as Hedge’s G (effect
size) and 95% confidence interval (CI). The diamond at the bottom presents the overall effect. The
plotted squares denote effect sizes, and the whiskers denote their 95% ClIs [2,5,7,18,22,23].

There was a statistically significant change in WC (MD —0.34 cm, 95% CI —0.84, —0.05;
effect size: 2.29), with low heterogeneity (I*> = 10.78%). Thus, among the MetS markers,
only WC was significantly improved through aerobic exercise.
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3.3.2. Effect of Resistance Training on Metabolic Syndrome Markers

Evidence of the effect of resistance training on various MetS markers (DBP, SBP, WC,
HDL, triglycerides, and FBS), comparing IG to CG is shown in Supplementary File S5.
The mean changes were —0.06 mmHg (95% CI —0.34, 0.21; effect size: 0.45) for DBP and
—0.43 mmHg (95% CI —0.87, 0.02; effect size: 1.87) for SBP. This indicates a trend towards
reduction in both DBP and SBP in the IG compared to the CG. However, these differences
were not statistically significant. Additionally, the analysis shows medium heterogeneity
for SBP (I? = 58.95%) and no heterogeneity for DBP (I?> = 0.0%). Regarding FBS, the IG
recorded a change of —0.16 mg/dL (95% CI —0.43, 0.12; effect size: 1.10) compared to the
CG, but the difference is non-significant. The analysis shows no (I? = 0.0%) heterogeneity
in those studies. Further, the mean changes were —1.03 mg/dL (95% CI —2.43, 0.38; effect
size: 1.43) for triglycerides, 0.25 mg/dL (95% CI —0.03, 0.53; effect size: 1.78) for HDL
and —0.24 cm (95% CI —0.52, —0,04; effect size: 1.71) for WC, with high heterogeneity
(I? = 92.78%) for triglycerides and no heterogeneity (I?> = 0.0%) for both HDL and WC.

4. Discussion

This review consisted of 26 RCTs involving a total of 3300 participants diagnosed with
T2DM. Our meta-analysis showed that aerobic exercise interventions affect WC. However,
no statistically significant change was observed for other MetS markers for aerobic or
resistance exercise interventions.

Our finding that aerobics exercise improves WC in adults with T2DM is comparable
to a study among healthy adults with MetS in which aerobic training led to significant
improvements in WC (—3.4 cm) [53]. Though our current study showed a relatively small
difference of means (2.29 cm), there was a significant improvement in WC. Further evidence
has suggested that a reduction in WC, can potentially improve HDL compared to dietary
interventions [54]. This is achieved via two mechanisms: (a) lipoprotein lipase facilitating
transfer of lipid to HDL, and (b) hepatic triglyceride lipase reducing HDL clearance [54].
This means that a reduction in WC can potentially improve MetS.

Improvement in body composition has been found to correlate with positive changes
for other MetS markers including FBG, Hb1Ac, SBP, and DBP [55,56]. For example, an
improvement in body composition by 1 kg results in overall reduction in blood pressure
by 1 mmHg [57] and 1.54 mg/dL in triglycerides [56]. Improvement in WC also has the
potential benefit of reducing T2DM related comorbidities and mortality as well as limiting
the use of glucose lowering medication [55].

An exercise program which improves any of the MetS markers may result in a re-
classification of patients who may no longer meet MetS criteria. The combined effect
in improvement of MetS markers following 20 weeks of supervised exercise in healthy
adults, led to reclassification of about 30.5% of participants as no longer having MetS [58].
Therefore, a marginal reduction in WC, as shown in this meta-analysis, has the potential to
improve patient health outcomes including reducing the risk of cardiovascular disease.

Our analysis found that following resistance training, MetS markers in adults with
T2DM remain unaltered. However, there was a trend towards improvement. A meta-
analysis on healthy adults diagnosed with MetS without diabetes showed that glucose-
insulin mechanism did not improve following supervised exercise [53]. The authors
postulated that one reason may be due to the study recruiting healthy participants without
diabetes. However, our findings in this meta-analysis involving diabetes patients did not
reflect the conclusion that glucose-insulin mechanism may improve in people with T2DM
after undergoing resistance training.

Similarly, our findings indicate a change in HDL following aerobic exercise (2.0 mg/dL
increase) and resistance exercise (0.25 mg/dL increase). However, those changes were
statistically non-significant. In a recent meta-analysis on the effect of aerobic exercise
on MetS markers in healthy older adults, there was significant improvement in HDL
and triglycerides [59]. This contrasts with our findings in which there was no statistical
difference in MetS markers following aerobics and resistance exercise in adults with T2DM.
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A plausible reason for this difference could be the participant characteristics (healthy versus
patients with diabetes), as cited in the study by Pattyn et al. [53].

There were several limitations to this meta-analysis. Firstly, allocation concealment
and blinding participants and therapist is difficult to achieve [60], particularly in exercise
intervention studies. Therefore, there is the likelihood of bias in such studies. A study that
examined the quality of evidence for RCTs involving PA interventions found that less than
half of RCTs reported the intention-to-treat principle, achieved allocation concealment, and
had blinded assessors, therapists and participants [60]. In our current study, only one study
achieved participant blinding and four achieved therapist blinding. Half of the studies
(n = 13) in the current study reported intention-to-treat analysis. Almost half of the studies
(n =12) also achieved assessor blinding. Strategies in achieving reduced research bias in
those areas should be explored in further studies.

Another limitation is that several definitions of MetS exist including definitions by
World Health Organisation, International Diabetes Federation, and NCEP-ATP III, with
different cardiovascular risk markers. Not all the definitions were considered in this study.
Only studies which met the ATP III criteria [10] for metabolic syndrome were included.
Again, sub-analysis on the impact of PA relative to intensity and duration, and combined
exercise, was not done due to limited studies. More research is needed to investigate the
impact of combined exercise on MetS markers in people with T2DM.

5. Conclusions

Overall, our results indicate that aerobic exercise can improve WC in people with
T2DM. However, both aerobic and resistance exercise produced no significant difference in
the remaining MetS markers, despite evidence of a trend towards improvement for some
markers. Studies regarding the effect of combined (aerobics plus resistance) exercise on
MetS markers is limited, therefore further larger, multicentre RCTs are warranted.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/sports11050101/s1, File S1: Search strategy; File S2: Forest plot
for studies involving aerobic exercises; File S3: Forest plot for studies involving resistance exercises;
File S4: Effect of aerobic exercise on additional MetS markers in T2DM; File Sb5: Effect of resistance
exercise on MetS markers in T2DM; File S6: Characteristics of studies included in the review.

Author Contributions: Conceptualization, M.A., D.K,, YA. and A.D.; methodology, M.A., D.K,, YA,
RK.A. and A.D,; software, M.A., D.K. and RK.A; searched and extracted data, M.A., D.K,, Y.A,,
R.K.A. and A.D,; validation, D.K,, Y.A. and A.D.; formal analysis, M.A., D.K. and A.D.; data cura-
tion, M.A., DK, YA, RK.A. and A.D.; writing—original draft preparation, M. A.; writing—review
and editing, M.A., DK, YA, RK.A. and A.D,; visualization, M.A., DK,, YA., RK.A. and A.D,;
supervision, D.K., Y.A. and A.D. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article or Supplementary Materials.

Acknowledgments: We thank Steven Bowe, Deakin University Biostatistics Unit for his assistance in
the meta-analysis. We also acknowledge Louisa Sher, Deakin University Library for her assistance in
the search strategy for this review.

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


https://www.mdpi.com/article/10.3390/sports11050101/s1
https://www.mdpi.com/article/10.3390/sports11050101/s1
https://diabetesatlas.org/resources/2017-atlas.html

Sports 2023, 11, 101 9of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

Ogurtsova, K.; da Rocha Fernandes, ].D.; Huang, Y.; Linnenkamp, U.; Guariguata, L.; Cho, N.H.; Cavan, D.; Shaw, ].E.; Makaroff,
L.E. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res. Clin. Pract. 2017, 128,
40-50. [CrossRef]

Hayfron-Benjamin, C.; van den Born, B.J.; Maitland-van der Zee, A.H.; Amoah, A.G.B.; Meeks, K.A.C.; Klipstein-Grobusch,
K.; Bahendeka, S.; Spranger, J.; Danquah, I.; Mockenhaupt, E; et al. Microvascular and macrovascular complications in type 2
diabetes Ghanaian residents in Ghana and Europe: The RODAM study. J. Diabetes Complicat. 2019, 33, 572-578. [CrossRef]

Lu, J.; Ma, X,; Zhou, J.; Zhang, L.; Mo, Y.; Ying, L.; Lu, W.; Zhu, W.; Bao, Y.; Vigersky, R.A.; et al. Association of Time in Range, as
Assessed by Continuous Glucose Monitoring, With Diabetic Retinopathy in Type 2 Diabetes. Diabetes Care 2018, 41, 2370-2376.
[CrossRef] [PubMed]

Ding, C.; Yang, Z.; Wang, S.; Sun, F.; Zhan, S. The associations of metabolic syndrome with incident hypertension, type 2 diabetes
mellitus and chronic kidney disease: A cohort study. Endocrine 2018, 60, 282-291. [CrossRef]

Aman, A.M.; Rasyid, H.; Bakri, S.; Patellongi, I.]. The Association Between Parents History of Type 2 Diabetes with Metabolic
Syndrome Component and Insulin Resistance in Non-Diabetic Young Adult Male. Acta Med. Indones. 2018, 50, 309-313.
Chuang, S.-M.; Shih, H.-M.; Chien, M.-N; Liu, S.-C.; Wang, C.-H.; Lee, C.-C. Risk factors in metabolic syndrome predict the
progression of diabetic nephropathy in patients with type 2 diabetes. Diabetes Res. Clin. Pract. 2019, 153, 6-13. [CrossRef]
Adnan, M. Metabolic Syndrome; Agreement between Metabolic Syndrome Diagnostic Criteria among Type 2 Diabetes Mellitus
Patients. Prof. Med. J. 2017, 24, 539-544.

Slagter, S.N.; van Vliet-Ostaptchouk, J.V.; van Beek, A.P,; Keers, ].C.; Lutgers, H.L.; van der Klauw, M.M.; Wolffenbuttel, B.H.R.
Health-Related quality of life in relation to obesity grade, type 2 diabetes, metabolic syndrome and inflammation. PLoS ONE
2015, 10, e0140599. [CrossRef]

National Cholesterol Education Program (US). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation
2002, 106, 3143-3421. [CrossRef]

Biadgo, B.; Melak, T.; Ambachew, S.; Baynes, H.W.; Limenih, M. A ; Jaleta, K.N.; Tachebele, B.; Melku, M.; Abebe, M. The Prevalence
of Metabolic Syndrome and Its Components among Type 2 Diabetes Mellitus Patients at a Tertiary Hospital, Northwest Ethiopia.
Ethiop. ]. Health Sci. 2018, 28, 645-654. [CrossRef]

Bakir, M.A.; Hammad, K.; Bagdadi, K. Prevalence of metabolic syndrome and its components among type 2 diabetic mellitus
Syrian patients according to NCEP-ATP III and IDF diagnostic criteria. Anthropol. Rev. 2019, 82, 1-14. [CrossRef]

El-Bilbeisi, A.H.; Hosseini, S.; Djafarian, K. The association between physical activity and the metabolic syndrome among type 2
diabetes patients in Gaza Strip, Palestine. Ethiop. ]. Health Sci. 2017, 27, 273-282. [CrossRef] [PubMed]

Agyemang-Yeboah, F.; Eghan, B.A.].; Annani-Akollor, M.E.; Togbe, E.; Donkor, S.; Oppong Afranie, B. Evaluation of Metabolic
Syndrome and Its Associated Risk Factors in Type 2 Diabetes: A Descriptive Cross-Sectional Study at the Komfo Anokye Teaching
Hospital, Kumasi, Ghana. BioMed Res. Int. 2019, 2019, 4562904. [CrossRef] [PubMed]

Missud, D.C.; Parot-Schinkel, E.; Connan, L.; Vielle, B.; Huez, ].E. Physical activity prescription for general practice patients with
cardiovascular risk factors-the PEPPER randomised controlled trial protocol. BMC Public Health 2019, 19, 688. [CrossRef]

Chen, M.-L. The Effectiveness of a Lifestyle-Based Intervention on Physical Activity, Blood Pressure, and Health-Related
Quality of Life in Older Adults with Hypertension. Ph.D. Thesis, The University of North Carolina at Greensboro,
Ann Arbor, MI, USA, 2016.

Balducci, S.; Conti, F,; Cardelli, P; Vitale, M.; Bollanti, L.; Pugliese, G.; Haxhi, J.; Rapisarda, G.; D’Errico, V.; Sacchetti, M.; et al.
Study to Weigh the Effect of Exercise Training on BONE quality and strength (SWEET BONE) in type 2 diabetes: Study protocol
for a randomised clinical trial. BMJ Open 2019, 9, e027429. [CrossRef]

Hayashino, Y.; Jackson, J.L.; Fukumori, N.; Nakamura, F.; Fukuhara, S. Effects of supervised exercise on lipid profiles and blood
pressure control in people with type 2 diabetes mellitus: A meta-analysis of randomized controlled trials. Diabetes Res. Clin. Pract.
2012, 98, 349-360. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. Ann. Intern. Med. 2009, 151, 264-269. [CrossRef]

Higgins, J.P.T. Cochrane Handbook for Systematic Reviews of Interventions, 2nd ed.; Wiley-Blackwell: Hoboken, NJ, USA, 2019.
Bauman, A.E.; Reis, R.S.; Sallis, ].E.; Wells, ].C.; Loos, R.J.F.; Martin, B.W. Correlates of physical activity: Why are some people
physically active and others not? Lancet 2012, 380, 258-271. [CrossRef]

The EndNote Team. EndNote X9; Clarivate Analytics: Philadelphia, PA, USA, 2013.

Mabher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro Scale for Rating Quality of
Randomized Controlled Trials. Phys. Ther. 2003, 83, 713-721. [CrossRef]

Huedo-Medina, T.B.; Sanchez-Meca, ].; Marin-Martinez, E,; Botella, ]. Assessing heterogeneity in meta-analysis: Q statistic or 12
index? Psychol. Methods 2006, 11, 193-206. [CrossRef]

Shenoy, S.; Arora, E.; Jaspal, S. Effects of progressive resistance training and aerobic exercise on type 2 diabetics in Indian
population. Int. . Diabetes Metab. 2009, 17, 27-30.

Wang, L.; Fang, H.; Xia, Q.; Liu, X.; Chen, Y.; Zhou, P; Yan, Y.; Yao, B.; Wei, Y.; Jiang, Y.; et al. Health literacy and exercise-focused
interventions on clinical measurements in Chinese diabetes patients: A cluster randomized controlled trial. EClinicalMedicine
2019, 17, 100211. [CrossRef] [PubMed]


https://doi.org/10.1016/j.diabres.2017.03.024
https://doi.org/10.1016/j.jdiacomp.2019.04.016
https://doi.org/10.2337/dc18-1131
https://www.ncbi.nlm.nih.gov/pubmed/30201847
https://doi.org/10.1007/s12020-018-1552-1
https://doi.org/10.1016/j.diabres.2019.04.022
https://doi.org/10.1371/journal.pone.0140599
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.4314/ejhs.v28i5.16
https://doi.org/10.2478/anre-2019-0001
https://doi.org/10.4314/ejhs.v27i3.9
https://www.ncbi.nlm.nih.gov/pubmed/29217926
https://doi.org/10.1155/2019/4562904
https://www.ncbi.nlm.nih.gov/pubmed/31187045
https://doi.org/10.1186/s12889-019-7048-y
https://doi.org/10.1136/bmjopen-2018-027429
https://doi.org/10.1016/j.diabres.2012.10.004
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1016/S0140-6736(12)60735-1
https://doi.org/10.1093/ptj/83.8.713
https://doi.org/10.1037/1082-989X.11.2.193
https://doi.org/10.1016/j.eclinm.2019.11.004
https://www.ncbi.nlm.nih.gov/pubmed/31891144

Sports 2023, 11, 101 10 of 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Plotnikoff, R.C.; Eves, N.; Jung, M; Sigal, R.J.; Padwal, R.; Karunamuni, N. Multicomponent, home-based resistance training for
obese adults with type 2 diabetes: A randomized controlled trial. Int. J. Obes. 2010, 34, 1733-1741. [CrossRef] [PubMed]
Tudor-Locke, C.; Bell, R.C.; Myers, A.M.; Harris, S.B.; Ecclestone, N.A.; Lauzon, N.; Rodger, N.W. Controlled outcome evaluation
of the First Step Program: A daily physical activity intervention for individuals with type II diabetes. Int. J. Obes. 2004, 28,
113-119. [CrossRef]

Choi, K.M.; Han, K.A.; Ahn, H].; Hwang, S.Y.; Hong, H.C.; Choi, H.Y; Yang, S.J.; Yoo, H.J.; Baik, S.H.; Choi, D.S,; et al. Effects of
exercise on sSRAGE levels and cardiometabolic risk factors in patients with type 2 diabetes: A randomized controlled trial. ]. Clin.
Endocrinol. Metab. 2012, 97, 3751-3758. [CrossRef]

Lam, P; Dennis, S.M.; Diamond, T.H.; Zwar, N. Improving glycaemic and BP control in type 2 diabetes. The effectiveness of tai
chi. Aust. Fam. Physician 2008, 37, 884-887.

Sigal, R.].; Kenny, G.P,; Boulé, N.G.; Wells, G.A.; Prud’homme, D.; Fortier, M.; Reid, R.D.; Tulloch, H.; Coyle, D.; Phillips, P; et al.
Effects of aerobic training, resistance training, or both on glycemic control in type 2 diabetes: A randomized trial. Ann. Intern.
Med. 2007, 147, 357-369. [CrossRef]

Agurs-Collins, T.D.; Kumanyika, S.K.; Ten Have, T.R.; Adams-Campbell, L.L. A randomized controlled trial of weight reduction
and exercise for diabetes management in older African-American subjects. Diabetes Care 1997, 20, 1503-1511. [CrossRef]
Alvarez, C.; Ramirez-Campillo, R.; Martinez-Salazar, C.; Mancilla, R.; Flores-Opazo, M.; Cano-Montoya, J.; Ciolac, E.G. Low-
Volume High-Intensity Interval Training as a Therapy for Type 2 Diabetes. Int. J. Sport. Med. 2016, 37, 723-729. [CrossRef]
Huimin, Y.; Prista, A.; Ranadive, S.M.; Damasceno, A.; Caupers, P.; Kanaley, J.A.; Fernhall, B. Effect of Aerobic Training on
Glucose Control and Blood Pressure in T2DDM East African Males. ISRN Endocrinol. 2014, 2014, 864897.

Emerenziani, G.P,; Gallotta, M.C.; Meucci, M.; Di Luigi, L.; Migliaccio, S.; Donini, L.M.; Strollo, E; Guidetti, L. Effects of aerobic
exercise based upon heart rate at aerobic threshold in obese elderly subjects with type 2 diabetes. Int. ]. Endocrinol. 2015,
2015, 695297. [CrossRef]

Balducci, S.; Zanuso, S.; Nicolucci, A.; de Feo, P; Cavallo, S.; Cardelli, P; Fallucca, S.; Alessi, E.; Fallucca, F; Pugliese, G. Effect of
an intensive exercise intervention strategy on modifiable cardiovascular risk factors in subjects with type 2 diabetes mellitus: A
randomized controlled trial: The Italian Diabetes and Exercise Study (IDES). Arch. Intern. Med. 2010, 170, 1794-1803. [CrossRef]
Lambers, S.; van Laethem, C.; van Acker, K.; Calders, P. Influence of combined exercise training on indices of obesity, diabetes
and cardiovascular risk in type 2 diabetes patients. Clin. Rehabil. 2008, 22, 483-492. [CrossRef]

Yavari, A.; Najafipoor, F.; Aliasgarzadeh, A.; Niafar, M.; Mobasseri, M. Effect of Aerobic Exercise, Resistance Training or Combined
Training on Glycaemic Control and Cardio-Vascular Risk Factors in Patients with Type 2 Diabetes. Biol. Sport 2012, 29, 135-143.
[CrossRef]

Tan, S.; Du, P.; Zhao, W.; Pang, J.; Wang, J. Exercise Training at Maximal Fat Oxidation Intensity for Older Women with Type 2
Diabetes. Int. ]. Sport. Med. 2018, 39, 374-381. [CrossRef]

Shantakumari, N.; Sequeira, S.; El Deeb, R. Effects of a yoga intervention on lipid profiles of diabetes patients with dyslipidemia.
Indian Heart |. 2013, 65, 127-131. [CrossRef]

Ranasinghe, C.; Devage, S.; Constantine, G.R.; Katulanda, P; Hills, A.P.; King, N.A. Glycemic and cardiometabolic effects of
exercise in South Asian Sri Lankans with type 2 diabetes mellitus: A randomized controlled trial Sri Lanka diabetes aerobic and
resistance training study (SL-DARTS). Diabetes Metab. Syndr. Clin. Res. Rev. 2021, 15, 77-85. [CrossRef]

Hsieh, P.L.; Tseng, C.H.; Tseng, Y.J.; Yang, W.S. Resistance Training Improves Muscle Function and Cardiometabolic Risks But
Not Quality of Life in Older People With Type 2 Diabetes Mellitus: A Randomized Controlled Trial. J. Geriatr. Phys. Ther. 2018, 41,
65-76. [CrossRef]

Hangping, Z.; Xiaona, Q.; Qi, Z.; Qingchun, L.; Na, Y.; Lijin, ].; Siying, L.; Shuo, Z.; Xiaoming, Z.; Xiaoxia, L.; et al. The impact on
glycemic control through progressive resistance training with bioDensityTM in Chinese elderly patients with type 2 diabetes: The
PReTTy2 (Progressive Resistance Training in Type 2 Diabetes) Trial. Diabetes Res. Clin. Pract. 2019, 150, 64-71. [CrossRef]
Vancea, D.M.M.; Vancea, ].N.; Pires, M.LF;; Reis, M.A.; Moura, R.B.; Dib, S.A. Effect of frequency of physical exercise on glycemic
control and body composition in type 2 diabetic patients. Arq. Bras. Cardiol. 2009, 92, 22-28.

Gordon, L.; Morrison, E.Y.; McGrowder, D.A.; Young, R.; Garwood, D.; Zamora, E.; Alexander-Lindo, R.L.; Irving, R.; Perez Sanz,
E.C. Changes in clinical and metabolic parameters after exercise therapy in patents with type 2 diabetes. Arch. Med. Sci. 2008, 4,
427-437.

Belli, T.; Ribeiro, L.F.; Ackermann, M.A.; Baldissera, V.; Gobatto, C.A.; Galdino da Silva, R. Effects of 12-week overground walking
training at ventilatory threshold velocity in type 2 diabetic women. Diabetes Res. Clin. Pract. 2011, 93, 337-343. [CrossRef]
[PubMed]

Bassi, D.; Mendes, R.G.; Arakelian, V.M.; Caruso, F.C.R.; Cabiddu, R;; Junior, ].C.B.; Arena, R.; Borghi-Silva, A. Potential Effects on
Cardiorespiratory and Metabolic Status After a Concurrent Strength and Endurance Training Program in Diabetes Patients - a
Randomized Controlled Trial. Sport. Med. Open 2016, 2, 31. [CrossRef] [PubMed]

Conners, R.T.; Coons, ].M.; Fuller, D.K.; Morgan, D.W.; Caputo, ]J.L. Effects of underwater treadmill walk training on glycemic
and metabolic control in adults with type 2 diabetes. Diabetes 2017, 66, A608.

Church, T.S.; Blair, S.N.; Cocreham, S.; Johannsen, N.; Johnson, W.; Kramer, K.; Mikus, C.R.; Myers, V.; Nauta, M.; Rodarte,
R.Q.; et al. Effects of aerobic and resistance training on hemoglobin Alc levels in patients with type 2 diabetes: A randomized
controlled trial. JAMA 2010, 304, 2253-2262. [CrossRef]


https://doi.org/10.1038/ijo.2010.109
https://www.ncbi.nlm.nih.gov/pubmed/20531348
https://doi.org/10.1038/sj.ijo.0802485
https://doi.org/10.1210/jc.2012-1951
https://doi.org/10.7326/0003-4819-147-6-200709180-00005
https://doi.org/10.2337/diacare.20.10.1503
https://doi.org/10.1055/s-0042-104935
https://doi.org/10.1155/2015/695297
https://doi.org/10.1001/archinternmed.2010.380
https://doi.org/10.1177/0269215508084582
https://doi.org/10.5604/20831862.990466
https://doi.org/10.1055/a-0573-1509
https://doi.org/10.1016/j.ihj.2013.02.010
https://doi.org/10.1016/j.dsx.2020.12.011
https://doi.org/10.1519/JPT.0000000000000107
https://doi.org/10.1016/j.diabres.2019.02.011
https://doi.org/10.1016/j.diabres.2011.05.007
https://www.ncbi.nlm.nih.gov/pubmed/21636159
https://doi.org/10.1186/s40798-016-0052-1
https://www.ncbi.nlm.nih.gov/pubmed/27563535
https://doi.org/10.1001/jama.2010.1710

Sports 2023, 11, 101 11 of 11

50.

51.

52.

53.
54.
55.
56.
57.
58.
59.

60.

Castaneda, C.; Layne, J.E.; Munoz-Orians, L.; Gordon, P.L.; Walsmith, J.; Foldvari, M.; Roubenoff, R.; Tucker, K.L.; Nelson, M.E.
A randomized controlled trial of resistance exercise training to improve glycemic control in older adults with type 2 diabetes.
Diabetes Care 2002, 25, 2335-2341. [CrossRef]

Ranasinghe, C.; Hills, A.P.,; Constantine, G.R.; Finlayson, G.; Katulanda, P,; King, N.A. Study protocol: A randomised controlled
trial of supervised resistance training versus aerobic training in Sri Lankan adults with type 2 diabetes mellitus: SL-DART study.
BMC Public Health 2018, 18, 176. [CrossRef]

Gordon, L.A.; Morrison, E.Y.; McGrowder, D.A.; Young, R.; Fraser, Y.T.P; Zamora, E.; Alexander-Lindo, R.L.; Irving, R.R. Effect of
exercise therapy on lipid profile and oxidative stress indicators in patients with type 2 diabetes. BMC Complement. Altern. Med.
2008, 8, 21. [CrossRef]

Pattyn, N.; Cornelissen, V.; Eshghi, S.; Vanhees, L. The Effect of Exercise on the Cardiovascular Risk Factors Constituting the
Metabolic Syndrome. Sport. Med. 2013, 43, 121-133. [CrossRef]

Rashid, S.; Genest, J. Effect of Obesity on High-density Lipoprotein Metabolism. Obesity 2007, 15, 2875-2888. [CrossRef]

Vidal, J. Updated review on the benefits of weight loss. Int. J. Obes. 2002, 26, S25-528. [CrossRef]

Dattilo, A.M.; Kris-Etherton, PM. Effects of weight reduction on blood lipids and lipoproteins: A meta-analysis. Am. J. Clin. Nutr.
1992, 56, 320-328. [CrossRef]

Macmohan, S.; Cutler, J.; Brittain, E.; Higgins, M. Obesity and hypertension: Epidemiological and clinical issues. Eur. Heart ].
1987, 8 (Suppl. B), 57-70. [CrossRef]

Katzmarzyk, PT.; Leon, A.S.; Wilmore, ].H.; Skinner, ].S.; Rao, D.C.; Rankinen, T.; Bouchard, C. Targeting the metabolic syndrome
with exercise: Evidence from the HERITAGE Family Study. Med. Sci. Sport. Exerc. 2003, 35, 1703-1709. [CrossRef]

Doewes, R.I; Gharibian, G.; Zaman, B.A.; Akhavan-Sigari, R. An updated systematic review on the effects of aerobic exercise on
human blood lipid profile. Curr. Probl. Cardiol. 2022, 48, 101108. [CrossRef]

Cashin, A.G,; Lee, H.; Bagg, M.K.; O’'Hagan, E.; Traeger, A.C.; Kamper, S.J.; Folly, T.; Jones, M.D.; Booth, J.; McAuley, ] H. A
systematic review highlights the need to improve the quality and applicability of trials of physical therapy interventions for low
back pain. J. Clin. Epidemiol. 2020, 126, 106-115. [CrossRef]

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


https://doi.org/10.2337/diacare.25.12.2335
https://doi.org/10.1186/s12889-018-5069-6
https://doi.org/10.1186/1472-6882-8-21
https://doi.org/10.1007/s40279-012-0003-z
https://doi.org/10.1038/oby.2007.342
https://doi.org/10.1038/sj.ijo.0802215
https://doi.org/10.1093/ajcn/56.2.320
https://doi.org/10.1093/eurheartj/8.suppl_B.57
https://doi.org/10.1249/01.MSS.0000089337.73244.9B
https://doi.org/10.1016/j.cpcardiol.2022.101108
https://doi.org/10.1016/j.jclinepi.2020.06.025

	Introduction 
	Materials and Methods 
	Types of Studies Included 
	Data Sources and Search Strategy 
	Data Selection 
	Data Extraction 
	Risk of Bias Assessment 
	Data Synthesis Strategy 

	Results 
	Interventions 
	Method Quality 
	Meta-Analysis 
	Effect of Aerobic Training on Metabolic Syndrome Markers 
	Effect of Resistance Training on Metabolic Syndrome Markers 


	Discussion 
	Conclusions 
	References

