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Abstract
Background: To investigate the effect of concurrent strength combined with endurance training on the lipid and glucose p®
of type 2 diabetes mellitus (T2DM) using Meta-analysis.

Methods: The literature was searched from PubMed, Web of Science, EBSCO, and China National Knowledge Infrastructure(CNKI)
databases for relevant randomized controlled trials with dates from the date of establishment to June 2023, and the included
studies were individually assessed according to the Cochrane Risk of Bias tool in the Cochrane Systematic Assessor’s Handbook,
and the data were analyzed using RevMan 5.4 analysis software to analyze and process the data.

Results: A total of 9 articles were included, including 589 subjects, including 308 in the experimental group and 281 in the
control group. The results of Meta analysis showed that concurrent strength combined with endurance training improved TC
(SMD = -1.12, 95% Cl = [-1.81, -0.44], P < 0.01), TG (SMD = -0.46, 95% CI = [-0.85, —0.07], P < 0.05), LDL-C (SMD = -1.3,
95% Cl = [-2.09, —0.50], P < 0.01), HDL-C (SMD = 0.61, 95% Cl = [0.05, 1.17], P < 0.05), FBG (SMD = -0.65, 95% Cl = [-1.27,
—0.04], P < 0.05), HOMA-IR (SMD = -1.283, 95% CI = [-2.40, —0.06], P < 0.05).

Conclusion: Concurrent strength combined with endurance training has a positive effect on the improvement of lipid and
glucose profile in patients with type 2 diabetes.

Abbreviations: Cl| = confidence intervals, FBG = fasting blood glucose, HbA1c = glycosylated hemoglobin, HDL-C = high-
density lipoprotein cholesterol, HOMA-IR = homeostatic model assessment for insulin resistance, LDL-C = low-density lipoprotein
cholesterol, SMD = standardized mean difference, T2DM = type 2 diabetes mellitus, TC = total cholesterol, TG = triglycerides.
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1. Introduction

With the improvement of people living standards, the prev-
alence of metabolic diseases such as diabetes and obesity is
increasing. It not only affects people health, but also makes med-
ical expenses increase greatly. According to the International
Diabetes Federation, by 20435, about 700 million people will
have diabetes, with an estimated annual investment of $850
billion.!"! Studies have shown that disorders of lipid and glucose
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metabolism are important risk factors and major causes of dia-
betes and obesity.”! Among them, T2DM is a common chronic
metabolic disorder characterized by insulin resistance and
impaired glucose metabolism. Patients with T2DM are often
associated with dyslipidemia, which further increases their
risk of cardiovascular disease. Physical activity is widely rec-
ognized as a crucial component in the management of T2DM,
and numerous studies have shown that exercise can effectively
regulate glucose and lipid metabolism disorders in T2DM
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patients, with aerobic endurance training often recommended
for T2DM patients to improve insulin sensitivity and reduce
cardiovascular risk factors. Meanwhile, aerobic training tends
to be more common than resistance training in T2DM man-
agement in clinical practice.*! Concurrent aerobic combined
with resistance training, which combines resistance exercise
with aerobic training, may provide more benefits than aero-
bic training alone. In addition, concurrent strength combined
with endurance training has a significant effect on improving
cardiorespiratory endurance and enhancing muscle strength,!”!
which may have a beneficial effect on lipid and glucose profile
in patients with T2DM.

Although several studies have investigated the effects of
concurrent strength combined with endurance training on
lipid and glucose profile in patients with T2DM, inconsistent
results exist. Zaki et al study indicates that concurrent aerobic
and resistance training can improve metabolic markers, body
composition, lipid profile, inflammation, and cardiorespira-
tory fitness in patients with T2DM, suggesting its potential
inclusion in the management of T2DM.B! Additionally, Zhao
et al’s research demonstrates that combined exercise has a
significant impact on improving blood glucose control, influ-
encing weight loss, and enhancing insulin sensitivity in T2D
patients with overweight/obesity.””) Despite the well-described
benefits of combined trainin, Bassi et al’s study suggests that
simultaneous aerobic and resistance training for 3 months
may not significantly improve HOMA-IR and cholesterol
indicators in type 2 diabetes patients.!'l Therefore, a compre-
hensive meta-analysis is necessary to synthesize the available
evidence and provide a clearer understanding of the overall
effects of this combined training modality. The aim of this
meta-analysis was to assess the effects of concurrent strength
combined with endurance training on lipid and glucose profile
in patients with T2DM. By pooling and analyzing the avail-
able data, we aimed to determine the magnitude and signifi-
cance of these effects and to identify potential modifiers that
may affect the results.

2. Materials and methods

This study aimed to conduct a systematic review and meta-
analysis to investigate the effects of concurrent strength com-
bined with endurance training on lipid and glucose profile in
individuals with T2DM. The study followed the PRISMA 2020
statement for conducting systematic reviews and utilized the
PICOS framework for formulating the research question and
study design.""! The PICOS framework included population
(Type 2 Diabetes), Intervention (concurrent strength combined
with endurance training), Control (healthy subjects without
training), Outcomes (TC,TG,LDL-C,HDL-C,FBG, HOMA-IR
and HbAlc), and study design (published randomized con-
trolled trials).

2.1. Search strategy

This study was conducted in strict accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. The literature search databases included PubMed,
Web of Science, EBSCO, and CNKI. When searching, keywords
such as “concurrent training,” “concurrent strength combined
with endurance training,” “concurrent resistance combined
with endurance training,” “type 2 diabetes mellitus,” “type 2
diabetes,” and “type II diabetes,” the relevant literature was
reviewed by combining the search strategy of subject terms and
free words. The search date was from the database creation to
June 2023. All English and Chinese literature on the effects of
contemporaneous strength combined with endurance training
on lipid and glucose profile in a type 2 diabetic population was
collected.
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2.2. Selection and exclusion criteria of literature

Inclusion criteria: The subjects were the literature of T2DM.
Literature in which the intervention was a combination of
concurrent strength and endurance training. The type of study
is (randomized controlled trials, RCT). The outcome indi-
cators were those that included at least 2 or more of (fast-
ing blood glucose, FBG), (glycosylated hemoglobin, HbAlc),
(homeostatic model assessment for insulin resistance, HOMA-
IR),(triglyceride, TG),(total cholesterol, TC), (low-density
lipoprotein cholesterol, LDL-C) and (high-density lipoprotein
cholesterol, HDL-C).

Exclusion criteria: Full text is not available and data is incom-
plete. Conference papers, dissertations, reviews. Study subjects
were unable to exercise normally due to various diseases. Non-
English and Chinese literature. Basic animal research.

2.3. Studies selection and data extraction

Relevant literature retrieved from each database was imported
into EndnoteX9 literature management software for de-
duplication. Duplicates were first removed, and then the titles
and abstracts of the literature were initially screened according
to the inclusion and exclusion criteria, respectively, to exclude
literature that did not meet the requirements, and further deter-
mined for inclusion in the study after reading the full text. This
process was performed independently by 2 researchers, and for
literature that could not be determined for inclusion or exclu-
sion, the 2 evaluators were required to negotiate a solution,
and when disagreement occurred, the articles were reevaluated.
If disagreement persisted, a third for investigator ruling was
passed.

The extracts mainly included the first author and year of
publication of the literature; sample size, number of men and
women, and age; form of exercise training, intervention modal-
ity (intervention content, intervention cycle, weekly intervention
frequency, and duration of each intervention); outcome evalua-
tion index, etc. The literature was not included if the full text
was not available and the data were incomplete.

2.4. Quality assessment

The risk of bias in the included study literature was evaluated
separately according to the Cochrane Systematic Assessor
Handbook 5.1.0 Risk of Bias Assessment Tool, which
included 7 entries: Random sequence generation (selection
bias), Allocation concealment (selection bias), Blinding of
participants and personnel (performance bias), Blinding of
outcome assessment (detection bias), Incomplete outcome
data (attrition bias), Selective reporting (reporting bias) and
Other bias. The investigators classified the articles as low risk
bias, high risk bias, and uncertain bias according to the sys-
tematic evaluation manual. Risk bias assessment was done
independently by 2 reviewers, and conflicts were resolved by
a third reviewer.

2.5. Statistical analysis

The data were analyzed using RevMan 5.4 with weighted
mean difference (WMD) and 95% confidence interval (Cl)
as effect sizes. Heterogeneity was analyzed using the consis-
tency coefficient I2. If I? > 50%, P < .10, it indicates a large
heterogeneity between the 2, and a random-effects model was
used for analysis; on the contrary, a fixed-effects model was
used. When statistical heterogeneity existed but there was no
clinical heterogeneity between study groups, a random-effects
model was used for analysis. If the heterogeneity was too pro-
nounced to identify its source, only descriptive analyses were
used.
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3. Results

3.1. General results of the selected research literature

A total of 569 papers were retrieved through the database,
and of the 569 papers retrieved, 221 duplicates were excluded
after importing into EndnoteX9 software, and 291 papers were
excluded after reading the titles and abstracts. The remaining
57 papers were thoroughly reviewed according to the inclusion
and exclusion criteria. Nine studies were eventually screened
for inclusion in the final meta-analysis, containing 8 in English
and 1 in Chinese, and the specific literature screening process is
shown in Figure 1.

3.2. General characteristics of the selected research
literature

A total of 9 studies were included in this study, all of which were
RCT trials, and the sample sizes of the experimental and con-
trol groups were reported in the included literature. 589 subjects
were included in the 9 studies, 308 in the experimental group
and 281 in the control group. The basic characteristics of the
included literature are shown in Table 1.

3.3. Quality evaluation of the selected literature

The risk of bias in the included study literature was individ-
ually assessed according to the Cochrane Systematic Assessor
Handbook 5.1.0 risk of bias assessment tool. The results of
the assessment are shown in Figures 2 and 3. The evalua-
tion included 7 entries: Random sequence generation (selec-
tion bias), Allocation concealment (selection bias), Blinding
of participants and personnel (performance bias), Blinding
of outcome assessment (detection bias), Incomplete outcome
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data (attrition bias), Selective reporting (reporting bias) and
Other bias. Since the interventions in this study were all exer-
cise interventions, a complete double-blind design could not
be achieved during the experiment, and 9 papers were finally
included, all of which were low risk among random sequence
generation; 3 were high risk and 6 were uncertain among
Allocation concealment; 6 of the 9 papers were high risk and
3 were uncertain Blinding of participants and personnel; 1 was
high risk and 2 were uncertain among Blinding of outcome
assessment, the rest were low risk; 1 of the incomplete out-
come data were uncertain and the rest were low risk; 2 of the
selective reporting were uncertain and the rest were low risk;
all other biases were low risk.

3.4. Meta-analysis of the effect of concurrent strength
combined with endurance training on TC level in the T2DM

A total of 9 papers reported the effect of concurrent training on
TC, and the results of the meta-analysis are shown in Figure 4,
with heterogeneity among the 9 studies (I* = 91%, P <.00001)
and a random-effects model with a combined effect size of stan-
dardized mean difference (SMD)=-1.12, 95% CI=[-1.81,
-0.44] (P = .001), indicating that concurrent training on T2DM
patients with significant improvement in TC.

3.5. Meta-analysis of the effect of concurrent strength
combined with endurance training on TG level in the T2DM

The results of the meta-analysis are shown in Figure 5. There
was heterogeneity among the 7 studies (I = 69%, P = .004), and
the combined effect size was SMD = -0.46, 95% CI =[-0.85,
-0.07] (P = .02) using a random-effects model, indicating a sig-
nificant improvement in TG with concurrent training.

[ Identification of studies via databases and registers ]
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Figure 1. Flow chart of literature screening.
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Figure 2. Risk of bias graph.
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Figure 4. Meta-analysis of the effect of concurrent strength combined with endurance training on TC level in the T2DM. T2DM = type 2 diabetes mellitus, TC

= total cholesterol.
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3.6. Meta-analysis of the effect of concurrent strength
combined with endurance training on HDL-C level in the
T2DM

A total of 8 studies were included in the analysis, and the results
of the meta-analysis are shown in Figure 6, with a high hetero-
geneity among the 8 studies (I* = 84%, P <.00001) and a sta-
tistically significant combined effect size of SMD = 0.61, 95%
CI[0.05,1.17],Z = 2.15, P = .03, using a random-effects model,
suggesting that the effect of concurrent training on HDL-C
effect reached significance level.

3.7. Meta-analysis of the effect of concurrent strength
combined with endurance training on LDL-C level in the
T2DM

A total of 7 papers reported the effect of concurrent training on
LDL-C. The results of the meta-analysis are shown in Figure 7,
with high heterogeneity among the 7 studies (I*=91%,
P <.00001) and a random-effects model with a combined effect
size of SMD = -1.30, 95% CI = [-2.09, -0.50] (P = .001), indi-
cating that concurrent training had a significant effect on signif-
icant improvement in LDL-C.

3.8. Meta-analysis of the effect of concurrent strength
combined with endurance training on FBG level in the
T2DM

A total of 7 studies were included in the analysis, and the results
of the meta-analysis are shown in Figure 8, with a high hetero-
geneity among the 7 studies (I> = 85%, P <.00001) and a sta-
tistically significant combined effect size of SMD = -0.65, 95%
CI=[-1.27,-0.04] using a random-effects model, Z =2.10,
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(P =.04), suggesting that concurrent training had a significant
level of effect on FBG.

3.9. Meta-analysis of the effect of concurrent strength
combined with endurance training on HbA1c level in the
T2DM

A total of 7 papers reported the effect of concurrent training
on HbAlc, and the results of the meta-analysis are shown
in Figure 9, with high heterogeneity between the 7 studies,
(I?=75%, P=.0002), using a random-effects model with a
combined effect size of SMD =-0.36, 95% CI [-0.77, 0.06],
(P =.09) not statistically significant, indicating that there was
no significant difference in the effect of concurrent training on
HbAlc.

3.10. Meta-analysis of the effect of concurrent strength
combined with endurance training on HOMA-IR level in the
T2DM

A total of 5 studies were included in this study for analysis,
and meta-analysis results showed a high level of heterogene-
ity between studies (I = 69%, P =.01) as shown in Figure 10,
using a random-effects model with a combined effect size of
SMD = -1.23, 95% CI = [-2.40,-0.06], which was statistically
significant, Z = 2.06, P = .04, suggesting that concurrent train-
ing on HOMA-IR effect reached significance level.

4. Discussion

4.1. Effect of concurrent training on lipid profile

Diabetic patients are often accompanied by abnormalities in
lipid metabolism, usually manifested by abnormal elevations in
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Figure 9. Meta-analysis of the effect of concurrent strength combined with endurance training on HbA1c level in the T2DM. HbA1c¢ = glycosylated hemoglobin,

T2DM = type 2 diabetes mellitus.

TC, TG with LDL-C and abnormal decreases in HDL-C.120:21l
This study showed that concurrent strength combined with
endurance training had a significant effect on improving HDL-
C, lowering LDL-C, TG, and TC. HDL-C has a certain pro-
tective effect on cardiovascular, and excess lipids in the blood
are metabolized by HDL-C.?? In the present study, concurrent
strength combined with endurance training had a significant
effect on improving HDL-C. Tiainen®’! found that HDL-C
increased by 3.5% and TG decreased by 6% after 6 months of
adherence to exercise. Meanwhile, Theodorou found a signifi-
cant improvement in HDL-C by 8.6% after an exercise inter-
vention in an elderly population.?* Their findings were similar
to the present study.

Lowering LDL-C helps prevent the occurrence of cardio-
vascular disease risk,?! and this study similarly confirmed the
positive effect of concurrent strength combined with endur-
ance training on LDL-C. In Yang et al studied®® the effect
of concurrent strength combined with endurance training on

serum cholesterol in middle-aged obese women. Subjects per-
formed 45 minutes of aerobic exercise and 20 minutes of resis-
tance training and showed significant improvements in both
TG and LDL-C after 3 months. Meanwhile, recent studies
have found that high TG levels are closely associated with the
development of atherosclerotic cardiovascular disease.”?” The
present study can show that concurrent strength combined
with endurance training has a significant effect on improv-
ing TG. Regarding the role of concurrent strength combined
with endurance training in improving lipids, some studies
have shown that endurance training in simultaneous training
achieves lipid improvement by regulating the levels and activ-
ities of related enzymes in the process of lipid metabolism.?*!
However, plasma lipoprotein lipase promotes the hydrolysis
of TG so that it is broken down to produce glycerol and fatty
acids, and prolonged exercise accelerates the mobilization of
fat in muscle so that fat is oxidized and used as an energy
substance and TG is consumed.?’! Strength training during the
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Figure 10. Meta-analysis of the effect of concurrent strength combined with endurance training on HOMA-IR level in the T2DM. HOMA-IR = homeostatic model

assessment for insulin resistance, T2DM = type 2 diabetes mellitus.

same period of training also promotes lipolysis and increases
blood circulation, while enhancing lipocalin activity to regu-
late lipid metabolism. 3031

4.2. Effect of concurrent training on glucose profile

In the meta-analysis conducted, concurrent strength combined
with endurance training showed some improvement in FBG.
One study showed3?! that both aerobic and resistance training
improved glycemic control in type 2 diabetes, but aerobic com-
bined with resistance training showed the greatest improve-
ment. HbAlc is an important indicator of recent glycemic
control, and good or bad glycemic control directly affects the
appearance of some complications. Kelly®* also found through
their study that exercise has a significant effect on reducing
HbA1c%. Concurrent strength combined with endurance
training has been shown to improve muscle strength, maxi-
mal oxygen uptake, insulin sensitivity, and HbA1c.BY Other
studies have indicated that the improvement in HbA1c% after
exercise did not significantly decrease. This may be influenced
by the duration of intervention and the type of exercise modal-
ity. Furthermore, individuals with higher baseline HbA1c%
values were found to have greater improvements compared
to those with lower baseline values.?*3 In this study, concur-
rent strength combined with endurance training did not show
statistically significant improvement in HbAlc. This may be
influenced by the duration of intervention and the type of exer-
cise modality. HOMA-IR is not a disease but rather a state
or condition in which the body tissue response to insulin is
reduced. HOMA-IR serves as a basis for certain diseases, and
type 2 diabetes is characterized by B-cell failure and a decrease
in B-cell mass, which also contribute to HOMA-IR and insulin
deficiency.’”-! In this study, concurrent training had a signifi-
cant effect on improving HOMA-IR. It has been shown that a
single exercise session played a role in improving insulin resis-
tance.l*” Improvement in HOMA-IR also occurred with a long
period of exercise intervention. Researchers have found that
insulin in skeletal muscle can regulate increased concentra-
tions of glucose transporter protein*!l and increased glycogen
synthase!*! in humans during prolonged regular exercise. Also,
long-term aerobic exercise increases capillary density,*3! which
can also improve the efficiency of glucose delivery to muscle,
thus changing HOMA-IR. 44

5. Conclusions

Concurrent strength combined with endurance training has a
positive effect on the improvement of lipid and glucose profile
in patients with type 2 diabetes.

6. Limitations of the study

There are limitations in this study: The included literature had
variations in the exercise intervention protocols, with intervention

durations ranging from 12 to 48 weeks and frequencies of 2 to 3
times per week, which may increase the heterogeneity of the study;
The 9 studies included in this research had small sample sizes,
which may introduce certain biases in the effects of the indicators
and affect the intervention results. In future studies, it is recom-
mended to select high-quality literature with rigorous experimental
design, large sample sizes, and methodological standards, and per-
form meta-analysis based on addressing specific research questions.
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