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Objective: Exercise interventions are a recommended method of diabetes

management through which patients can achieve blood glucose control,

increase muscle volume, and improve insulin sensitivity, while also improving

blood lipids, blood pressure, and cardiovascular health. A few studies on the

effects of physical exercise on diabetic patients have been published in recent

years. This article focuses on exploring evidence on which exercise interventions

generate which effects in diabetic patients, namely, high-intensity interval

training (HIIT), method training (MT), aerobic exercise training (AET), resistance

training (RT), and combined training (CBT).

Methods: Randomized controlled trials (RCTs) that focused on the effects of

exercise interventions on blood glucose and blood lipids of patients with type 2

diabetes mellitus were reviewed. A network meta-analysis was performed to

compare the effects of the five exercise interventions in diabetic patients, namely

the impacts on glycosylated hemoglobin (HbA1c), fasting blood glucose (FBG),

total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-

density lipoprotein (LDL). The study was strictly conducted following the PRISMA

Protocol, and the Cochrane Risk of Bias Assessment Tool 2.0 was used to

objectively evaluate the risk of bias in the implementation of the study.

Results: This review included 25 RCTs in total, with 1,711 subjects. Meta-analysis

suggests that, compared with conventional therapeutic treatment, exercise

interventions can reduce blood glucose indexes, namely HbA1c, FBG, TC, TG,

HDL, and LDL. RT and AET have been shown to reduce TC; HIIT, MT, AET, and

CBT have been shown to improve HDL; and HIIT, MT, AET, and CBT have been

shown to improve HDL. The MT and RT exercise types can reduce LDL. Evidence

also suggests that MT can lower HbA1c, TG, and LDL levels, and RT lowers

cholesterol levels. HIIT exercise appears to improve FBG and HDL levels.
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Conclusion: The five types of exercise generate different effects on the key

clinical dimensions of diabetes. MT seems to be the optimal choice to improve

HbA1c, TG levels, and LDL, while HIIT improves FBG and HDL levels, whereas RT

exercise appears to be the optimal exercise to lower cholesterol levels.
KEYWORDS

exercise interventions, type 2 diabetes mellitus, diabetes management, healthcare
management, meta-analysis
1 Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease

characterized by chronic hyperglycemia. The pathogenesis of

T2DM is insulin resistance and lack of insulin secretion, but

genetic and environmental factors can also increase the risk of

developing it (1). It is a complex disease involving almost all organs

and systems of the body and is closely related to obesity and

metabolic syndrome, which is one of the most serious chronic

diseases threatening human health (2). According to the data of the

7th National Census of China National Bureau of Statistics (3),

approximately 30% of elderly people suffer from diabetes, with

T2DM accounting for over 95%, and more than half of patients with

diabetes have low levels of blood glucose control and are commonly

diagnosed with diabetes at the same time as diabetic complications

or ischemic cardiovascular disease. Furthermore, 30%–40% of

elderly patients have a combination of glucose metabolism

disorders, hypertension, abdominal obesity, and hypertriglyceridemia

due to mutations in the lipoprotein lipase gene (4), which refers to a

condition in which there is an abnormally high level of triglycerides

(TG) in the blood. The WHO predicts that by 2030 diabetes will be

ranked as the seventh leading cause of death (5, 6).

There are two main kinds of treatment approaches for diabetes:

therapeutic options and non-therapeutic options. The therapeutic

approach lowers glucose levels with the disadvantage of side effects

and adverse reactions. Non-pharmaceutical interventions, with their

simplicity, potential efficacy, and good levels of patient safety, are

gradually garnering attention in the healthcare community. In

integrated diabetes management (7), blood glucose control is

recognized as a primary strategy for diabetes management, and

blood lipid control is an additional important measure to prevent

and treat cardiovascular disease in patients with T2DM. A number of

studies on the effect of physical exercise on diabetic patients have been

published internationally in recent years. Among the consistent

conclusions of published research is that a lack of exercise is one of

the risk factors for diabetes. Additionally, exercise interventions are a

recommended rudimentary method for diabetes management (8), by

which diabetic patients can achieve blood glucose control by directly

consuming some energy through exercise. Physical exercise can also

increase muscle volume, regulate the function of the cerebral cortex,

influence the thalamic-pituitary-target gland system, and improve the
02
function of the patient’s islet beta cells, promoting increased insulin

secretion (9). Furthermore, exercising promotes skeletal muscle glucose

uptake, improves insulin sensitivity and insulin resistance, and elevates

glucose transport. This series of reactions can effectively achieve the

objective of stabilizing blood glucose levels (10) while also improving

blood lipids, blood pressure, cardiovascular health, and well-being in

patients with T2DM (11).

There is a consensus among many scholars that regular aerobic

exercise training (AET) can improve blood glucose, blood lipids, blood

pressure, and physical health in adults with T2DM (12, 13). With the

advancement of exercise metabolism research, resistance training (RT)

has become an important intervention to reduce glucose in

conjunction with AET and some studies have demonstrated that

combined training (CBT) exercise can improve lipid and blood

glucose levels in patients with T2DM more than aerobic or

resistance exercise (14), which is also effective in middle-aged and

elderly patients with T2DM (15). As research continues, some scholars

believe that moderate-intensity continuous training (MICT) requires a

greater time commitment and has poor patient compliance, while

high-intensity interval training (HIIT) requires less time and has a high

compliance rate. Some studies have demonstrated that HIIT is equally

effective in patients with T2DM (16), and can improve blood glucose

and lipid levels in patients, but the findings are still controversial (17).

Method training (MT) is a type of physical andmental guiding exercise

based on traditional Chinese medicine (TCM) for health and

rehabilitation and the basic theory of Chinese medicine, which is the

treasure of Chinese culture and has a unique health effect. As a low-to-

moderate intensity form of exercise, many studies in recent years have

demonstrated that traditional Chinese medicine MT improves blood

lipids and blood glucose in patients with T2DM (18). As a traditional

Chinese fitness exercise, Taichi is a low-to-medium intensity exercise

with the waist as the axis, and AET has the bones as the axis. The

movements are soft and slow, are simple and easy to learn, and the level

of exercise is low. The meta-analysis showed that Taichi helps improve

blood glucose control, reduce body weight, regulate blood lipids, and

improve the quality of life in patients with T2DM (19), which is

consistent with previous analytical discussions but is still controversial.

The results of previous studies suggest that MT can reduce blood

glucose levels in patients, but the effect of the intervention on blood

lipid levels may be influenced by age and the duration of

intervention (20).
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Among the five exercise interventions studied, the available

evidence suggests that AET is the most applied treatment modality

with good results in treating complications and improving physical

fitness (21). The efficacy of RT is correlated to the intensity of the

exercise (22). CBT is suggested to be the best way to control blood

glucose compared to AET or RT (23). HIIT for T2DM is poorly

documented, so its safety needs to be further verified (24). MT, a

traditional exercise modality, has also shown some effectiveness in

patients with T2DM. In various studies, the means of exercise

intervention varied, and the results were controversial, and the

majority of studies did not investigate the effects of different exercise

modalities on middle-aged and elderly patients with T2DM. Given

the different research results, this study applied a systematic

evaluation and meta-analysis approach to further clarify the

evidence on the effects of multiple exercise interventions on blood

lipid and blood glucose levels and explore more effective

interventions in middle-aged and elderly patients with T2DM.
2 Materials and methods

2.1 Inclusion and exclusion criteria

2.1.1 Study type
Randomized controlled trial (RCT).

2.1.2 Study subjects
Patients with T2DM; age >45 years; met the 1999 WHO

diagnostic criteria for T2DM.

2.1.3 Interventions
The experimental group had HIIT, AET, RT, CBT, and MT

as treatments; the control group had conventional treatment or
Frontiers in Endocrinology 03
a blank control. All the interventions are clearly defined

in Table 1.
2.1.4 Outcome indicators
Blood glucose indexes: glycosylated hemoglobin (HbA1c),

fasting blood glucose (FBG). Blood lipid indexes: total cholesterol

(TC), triglycerides (TG), high-density lipoprotein (HDL), and low-

density lipoprotein (LDL).
2.1.5 Exclusion criteria
① Studies from which data could not be extracted; ② republished

literature; ③ people with other specific diseases, such as muscle or

joint disability, heart disease, and coronary artery disease and who are

intolerant to exercise.
2.2 Search strategies

We searched databases, such as CNKI, VIP, WanFang Data,

PubMed, Web of Science, The Cochrane Library, and Embase, to

retrieve RCTs on the effects of exercise interventions on blood

glucose and blood lipid levels in patients with T2DM. The search

time frame was from the creation of the database to October 2022.

Chinese literature was searched using subject terms such as”HIIT,

aerobic exercise training, resistance training, combined training,

Baduanjin, Taichi, exercise intervention, T2DM” and English

literature was searched by subject terms such as “high-intensity

interval training OR interval training OR aerobic exercise OR

aerobic training OR oxygen sports OR resistance exercise OR

combined training OR Exercise Therapy OR exercise OR training

OR Baduanjin OR Taichi” AND “type 2 diabetes mellitus OR T2D

OR T2DM”. Subject terms were freely combined.
TABLE 1 Definitions of exercise interventions and control group.

Interventions Abbreviation Definition

Exercise therapy HIIT

HIIT is a training method in which people perform multiple exercises of a few seconds or minutes at a load intensity ≥

anaerobic threshold or maximal lactate homeostasis, and the arrangement between each exercise makes it insufficient for the
practitioner to recover, i.e., rest or low-intensity exercise (25). The majority of trials used 20 to 40 sessions of power cycling or
running with a duration of 60 seconds at 90% VO2max and a 60-second interval between groups.

AET
AET is a continuous and repeated physical exercise. The main mode of energy supply is aerobic metabolism, such as jogging,
healthy walking, swimming, cycling, and ball games (11). The exercise mode is walking, running, and cycling with an exercise
intensity of 60% VO2max for 30 to 60 min.

RT
RT is also called muscle strength training and aims to increase muscle mass, which can increase basal metabolic rate, improve
skeletal muscle weight-bearing capacity, reduce cardiovascular risk factors, and decrease all-cause mortality (11). The training
method is multiple repetitions of 75% to 85%1RM on machines.

CBT
CBT exercise combines both aerobic and strength training. The exercise intensity is 30 min of 60%-70%1RM RT, and 30 min
of 60%-80%HRmax walking, running, and cycling.

MT
MT includes traditional sports, such as Taichi and Baduanjin (26). Exercise intensity of 60%-70%HRmax and duration of 40-
60min moderate intensity training.

Control group
Conventional
treatment

Using conventional treatment and care, such as medications, dietary interventions, and other non-exercise interventions,
without additional heavy physical activity during the trial period,
frontiersin.org

https://doi.org/10.3389/fendo.2025.1495131
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Xing et al. 10.3389/fendo.2025.1495131
2.3 Literature screening and data
extraction

Two independent researchers (Yifan Zhang and Shijie Feng)

conducted the literature screening and data extraction (which

included: author, year, sample size, age, intervention, intervention

period, outcome indicators, etc.), and other researchers intervened

to negotiate if there was a dispute.
2.4 Risk of bias assessment of included
studies

The risk of bias assessment of the included literature was

performed by two independent researchers according to the

Cochrane Systematic Reviews risk of bias assessment tool

(ROB2) (27), which includes election bias (random sequence

generation, allocation concealment), performance bias (blinding

of participants and personnel), detection bias (blinding of

outcome assessment), attrition bias (incomplete outcome data),

reporting bias (selective reporting), and other bias (other sources

of bias).
2.5 Statistical analysis

Review Manager 5.3 software was used to test the heterogeneity

of the original studies with a direct comparison of two identical

interventions. I2 ≤ 50% and P>0.1 indicated no significant

heterogeneity between studies. I2≥50% and P ≤ 0.1 indicated

greater heterogeneity between studies, and further analysis of the

sources of heterogeneity was required. Stata 16.0 software was used

for network meta-analysis and nodal analysis was used to test for

inconsistencies. If P > 0.05, the difference between direct and

indirect comparisons had no statistical significance, which

indicated that the two results were consistent and were analyzed

using the consistency model. Conversely, the inconsistency model

was used. Next, a two-by-two comparison between different

exercise interventions was performed. P < 0.05 indicated that the

difference was statistically significant, and the surface under the

cumulative ranking (SUCRA) method was used to rank multiple

interventions for comparison. There needed to be at least three

articles with the same exercise therapy before we ranked the effect of

the intervention. SUCRA = 1 indicated that the intervention was

absolutely effective, while SUCRA = 0 indicated that the

intervention was absolutely ineffective (28).
3 Results

3.1 Literature screening process and results

A total of 4,536 papers were obtained from the initial review,

and after stratum-by-stratum screening, 25 papers with 1,711
Frontiers in Endocrinology 04
patients with T2DM were finally selected. The literature screening

process and results are shown in Figure 1.
3.2 Basic characteristics of the included
studies and results of risk of bias
assessment

The basic characteristics of the included studies are shown in

Table 2, and the results of the risk of bias assessment are shown in

Figures 2 and 3. The risk of bias assessment rated 23/25 studies “low

risk” or “having some concerns” and two studies were rated “high

risk” due to a lack of information on the measurement of the

outcome and missing outcome data.
3.3 Network diagram and consistency
analysis

3.3.1 Network diagram
The network relationships between the interventions are shown

in Figure 4, involving five exercise interventions. The dots in the

figure represent the interventions.

The solid lines between the dots represent direct comparisons

between the interventions, and the thicker the solid line, the greater

the number of studies.

3.3.2 Consistency analysis
Inconsistency tests were performed on the 25 included RCTs

using nodal analysis. The nodal analysis model showed the

HbA1c (P=0.8231), FBG (P=0.9219), TG (P=0.9433), TC

(P=0.9272), HDL (P=0.9871), and LDL results (P=0.9359). All

were >0.05, indicating that the direct comparison of the six

indicators of blood glucose and the indirect comparison results

were consistent. Therefore, the consistency model can be used

for the analysis.

3.3.3 Sensitivity analysis
Heterogeneity tests were conducted separately on the original

studies with direct comparisons between two identical interventions

under each effect indicator. The results showed that when HbA1c

was used as an indicator, the heterogeneity between the studies of

Rongjuan et al. and Jorge et al. was high (I2 = 73%, p<0.001),

presumably because of gender differences. When FBG was used as

an indicator, the heterogeneity between the studies of Rongjuan

et al., de Oliveira, and Jorge et al. was high (I2 = 91%, p<0.001,

presumably because of the different intervention cycles and

intervention intensities. When TG was used as an indicator, the

heterogeneity between the studies of Alvarez et al. and Cheng et al.

was high (I2 = 89%, P<0.001), presumably because of the large

differences in the time of intervention. When TC was used as an

indicator, the heterogeneity between the studies of Rongjuan et al.

and Cheng et al. was high (I2 = 91%, P<0.001), presumably due to

differences in intervention modality and gender.
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3.4 Results of the network meta-analysis

3.4.1 Effect of different exercise interventions on
HbA1c

The results of the network meta-analysis showed that MT

[MD=-0.69, 95%CI (-0.98,-0.40), P<0.05], CBT [MD=0.63, 95%CI

(0.39,0.87), P<0.05], HIIT [MD=-0.57,95%CI (-1.06,-0.07), P<0.05],

AET [MD=0.51, 95%CI (0.26,0.75), P<0.05], and RT [MD=0.29,

95%CI (0.03,0.55), P<0.05] were superior to the control group.

Indirect comparisons showed that both MT and CBT were superior

to RT, and the differences between the other exercise methods were

not statistically significant (P > 0.05) (Table 3). The ranking of

SUCRA probabilities was as follows: MT (SUCRA=82.0), CBT

(SUCRA=76.0), HIIT (SUCRA=63.3), AET (SUCRA=53.5), and
Frontiers in Endocrinology 05
RT (SUCRA=24.6), suggesting that MT may have the best effect

on HbA1c (Table 4).

3.4.2 Effect of different exercise interventions on
FBG

The results of the network meta-analysis showed that HIIT

[MD=1.08, 95%CI (0.24,1.92), P<0.05], MT [MD=0.69, 95%CI

(0.24,1.13), P<0.05], and CBT [MD=-0.64, 95%CI (-1.04,-0.25),

P<0.05], AET [MD=-0.53, 95%CI (-0.91,-0.14), P<0.05], and RT

[MD=-0.46, 95%CI (-0.87,-0.05), P<0.05] were superior to the

control group. The results of the indirect comparison showed that

the differences between the exercise methods were not statistically

significant (P > 0.05) (Table 3). The ranking of SUCRA probabilities

was as follows: HIIT (SUCRA=87.4), MT (SUCRA=65.4), CBT
FIGURE 1

Flow chart and results of literature screening.
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TABLE 2 Basic characteristics of the included studies.

Included studies

Sample
size (cases) Age (T/C, years)

Intervention
mean

Intervention
period

Outcome
indicators

(T/C)

Cassidy S (29), 2016 12/11 61 ± 9/59 ± 9 HIIT 12 weeks ①②③④

Hwang CL (2), 2019 18/16 65 ± 2/61 ± 2 HIIT 8 weeks ①②③④⑤⑥

Winding KM (30), 2018 13/7 54 ± 6/57 ± 7 HIIT 11 weeks ①②③④⑤⑥

Alvarez C (31), 2016 13/10 45.6 ± 3.1/43.1 ± 1.5 HIIT 16 weeks ③④⑤⑥

Mangiamarchi P
(32), 2017

9/10 57.5 ± 5.93/54 ± 7.9 HIIT 12 weeks ③④⑤⑥

Li Rongjuan (33), 2017 18/18/18 55 years old and above AET and RT 18 weeks ①②③④⑤⑥

de Oliveira VN (34), 2012 11/10/10/12

52.09 ± 8.71/54.10 ±
8.94/

57.90 ± 9.82/53.42
± 9.82

AET, RT, and CBT 12 weeks ①②③④⑤⑥

Tan S (35), 2012 15/10 65.9 ± 4.2/64.8 ± 6.8 CBT 6 months ①②③④⑤⑥

Sigal RJ (36), 2007 60/64/64/63
53.9 ± 6.6/54.7 ± 7.5/
53.5 ± 7.3/54.8 ± 7.2

AET, RT, and CBT 6 months ①③⑤⑥

Jorge ML (37), 2011 12/12/12/12

52.09 ± 8.71/54.10 ±
8.94

/57.90 ± 9.82/53.42
± 9.82

AET, RT, and CBT 12 weeks ①②③④⑤

Wang Chengyuan
(38), 2015

20/30 61.3 ± 8.4/61.7 ± 6.9 MT 6 weeks ①②③④⑤⑥

Liu Honghua (39), 2014 20/20 57 ± 7/55 ± 9 MT 6 months ①

Duan JH (40), 2012 100/100 47 ± 7/45 ± 9 MT 8 weeks ①②④⑤

Huang Rongchun
(41), 2011

30/30 57.8± 7.5/56.5 ± 6.9 MT 6 months ①②③④⑤⑥

Li Xinghai (42), 2009 40/39 57.8 ± 7.5/56.5 ± 6.9 MT 6 months ①②③④⑤⑥

Liu T (43), 2018 20/20 57.2 ± 5.4 MT 24 weeks ①②③④⑤⑥

Yavari A (44), 2012 15/15/15/15
48.2 ± 9.2/51.5 ± 6.3/
50.9 ± 9.8/51.5 ± 8.5

AET, RT, and CBT 52 weeks ①②③④⑤⑥

Huang Juan (45), 2016 16/10 48 years old CBT 8 weeks ①②

Li T.X (46), 2014 20/20/20/20

56.3 ± 7.01/55.63 ±
6.78/

55.56 ± 6.59/56.28
± 6.38

AET, RT, and CBT 12 weeks ①②③④⑤⑥

Cheng Huilan (47), 2013 30/30 69.5 ± 5.7 RT 9 weeks ①②③④⑤⑥

Meng Q (48), 2018 40/40/40
61.1 ± 7.6/61.4 ± 11.6/

63.5 ± 9.2
AET and CBT 3 months ①②

Chen SC (49), 2010 56/48 59.1 ± 6.2/57.4 ± 5.8 MT 12 weeks ①②③④⑤

Lam P (50), 2008 28/25 63.2 ± 8.6/60.7 ± 12.2 MT 3 months ①③④

Meng E (51), 2014 100/100 68.4 ± 3.2 MT 3 months ①②③④⑤⑥

Li X. B (52), 2013 30/30 50.7 ± 7.3 MT 8 weeks ②
F
rontiers in Endocrinology
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① glycosylated hemoglobin; ② fasting blood glucose; ③ triglycerides; ④ total cholesterol; ⑤ high-density lipoprotein; ⑥ low-density lipoprotein; AET, aerobic exercise training; RT, resistance
training; CBT, combined training; MT, method training; HIIT, high-intensity interval training.
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(SUCRA=62.6), AET (SUCRA=46.4), and RT (SUCRA=37.7),

suggesting that HIIT interventions may have the best effect on

FBG (Table 4).

3.4.3 Effect of different exercise interventions on
TG

The results of the network meta-analysis showed that MT

[MD=-1.00, 95%CI (-1.41,-0.59), P<0.05], HIIT [MD=-0.90, 95%

CI (-1.51,-0.28), P<0.05], RT [MD=0.37, 95%CI (0.07,0.66), P<

0.05], AET [MD=0.45, 95% CI (0.16,0.75), P<0.05], and CBT

[MD=0.50, 95% CI (0.19,0.81), P<0.05] were all superior to the

control group. Indirect comparisons showed that MT was superior

to RT, AET, and CBT, and the differences between the other

exercise methods were not statistically significant (P > 0.05)

(Table 5). The ranking of SUCRA probabilities was as follows:

MT (SUCRA=91.3), HIIT (SUCRA=82.0), CBT (SUCRA=51.0),

AET (SUCRA=44.0), and RT (SUCRA=31.5), suggesting that MT

interventions may have the best effect on TG (Table 4).

3.4.4 Effect of different exercise interventions on
TC

Network meta-analysis showed that RT [MD=-1.00, 95%CI

(-1.57,-0.44), P<0.05], AET [MD=-0.75, 95%CI (-1.31,-0.19), P<0.05]

were superior to the control group, while there was no evidence that

HIIT [MD=0.14, 95%CI (-0.72,1.00), P>0.05], CBT [MD=-0.51, 95%CI

(-1.10,0.08), P>0.05] and MT [MD=0.62,95%CI (-0.00,1.24), P>0.05],

were more effective in treating TC than the control group. Indirect

comparisons showed no statistically significant differences (P > 0.05)

between the exercise modalities when compared with each other

(Table 5). The ranking of SUCRA probabilities was as follows: RT

(SUCRA=90.5), AET (SUCRA=69.2), MT (SUCRA=58.6), CBT

(SUCRA=47.7), and HIIT (SUCRA=25.2), suggesting that the RT

intervention may have the best effect on TC (Table 4).

3.4.5 Effect of different exercise interventions on
HDL

The results of the network meta-analysis showed that HIIT

[MD=1.02, 95%CI (0.28,1.76), P<0.05], MT [MD=0.82, 95%CI
Frontiers in Endocrinology 07
(0.41,1.23), P<0.05], aerobic training [MD=-0.30, 95%CI

(-0.60,1.76), P<0.05] and combined exercise training [MD=-0.32,

95%CI (-0.63,-0.01), P<0.05] were superior to the control group,

while there was no evidence supporting that RT [MD=-0.09, 95%CI

(-0.38,0.21), P>0.05] was superior to the control group in treating

HDL. Indirect comparisons showed that HIIT was superior to RT.

MT was superior to RT, AET, and CBT, and the differences between

the other exercise methods were not statistically significant (P >

0.05) (Table 6). The ranking of SUCRA probabilities was as follows:

HIIT (SUCRA = 91.8), MT (SUCRA = 85.5), CBT (SUCRA=50.2),

AET (SUCRA=47.9), and RT (SUCRA=17.7), suggesting that HIIT

interventions may have the best effect on HDL (Table 4).

3.4.6 Effect of different exercise interventions on
LDL

Network meta-analysis showed that MT [MD=0.35, 95%CI

(0.03,0.67), P<0.05] and RT [MD=-0.24, 95%CI (-0.46,-0.02),

P<0.05] were superior to the control group, and there was no

evidence that HIIT [MD=-0.17, 95%CI (-0.67, 0.33), P>0.05], CBT

[MD=-0.10, 95%CI (-0.33,0.12), P>0.05], and AET [MD=-0.14,

95%CI (-0.37,0.08), P>0.05] were better than the control group in

treating LDL. Indirect comparisons showed that the differences

between exercise methods were not statistically significant (P >

0.05) (Table 6). The ranking of SUCRA probabilities was as follows:

MT (SUCRA = 88.2), RT (SUCRA = 77.7), AET (SUCRA = 54.7),

CBT (SUCRA = 44.8), and HIIT (SUCRA=13.1), suggesting that

MT may be the most effective intervention for LDL (Table 4).
4 Discussion

4.1 Effects on glucose metabolism in
middle-aged and elderly patients with
T2DM

The pathophysiology of T2DM is characterized by a decreased

ability to regulate glucose metabolism, which is accompanied by a

functional defect in pancreatic beta cells, resulting in insufficient
FIGURE 2

Summary of risk-of-bias assessment according to the revised Cochrane risk-of-bias tool for randomized trials.
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insulin secretion. High glucose toxicity can cause islet beta cell

dysfunction or even inactivation, which leads to islet beta cell

dormancy and reduces insulin secretion by 70% or more. Exercise

interventions can significantly enhance pancreatic beta cell

function, increase insulin secretion, and decrease blood glucose

levels in patients (53). In recent years, healthcare professionals have

applied exercise interventions as an adjunct to the prevention,

treatment, and rehabilitation stages of diabetes, chronic

obstructive pulmonary disease, hypertension, and sub-health

states, and these have achieved certain results. There is clinical
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evidence suggesting that exercise interventions combined with

conventional therapeutic options can effectively reduce glucose

and lipid metabolism levels in patients with diabetes, with better

results than conventional therapeutic options alone (30–34, 54, 55).

HbA1c is recognized worldwide as a key indicator of blood

glucose control in patients with T2DM, and HbA1c monitoring is

important for disease control and prediction of complications in

diabetic patients. The results of this review suggest that all five

exercise interventions can reduce HbA1c and that MTmay have the

best effect on HbA1c. The results of the meta-analysis of the effects
FIGURE 3

Risk of bias assessment according to the revised Cochrane risk-of-bias tool for randomized trials.
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on HbA1c in this article are generally consistent with the results of

previous studies (56). Furthermore, a study using meta-analysis

conducted a comprehensive analysis of the effects of TCM MT on

patients with T2DM, and the results suggest that an intervention

period of 2–3 months with 30–60 min of activity each time was able

to reduce the glycosylated hemoglobin index of the subjects (57).

Another study revealed that method training 3–6 times a week will

provide the best recovery results in subjects after 6 months (58).

This evidence suggests that MT is better than other exercises in

increasing plasma volume, improving the skeletal muscle uptake

and utilization of blood glucose, accelerating glucose clearance, and

improving HbA1c levels in middle-aged and elderly patients with

T2DM (30, 59), but may be influenced by the cycle of intervention.

Evidence suggests that MT mainly affects pancreatic function

directly through breathing exercises, promoting beta cell secretion

(41) and increasing the activity of insulin receptors, thus lowering

patients’ blood glucose levels, and consequently improving their

physical and mental status and quality of life (60). Intervention

cycles and modalities were not standardized among the training
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methods included in this study, and the findings should be explored

further in the future with sub-group analysis.

Regarding the effect on fasting glucose in patients with T2DM,

the results of this review suggest that all five exercise modalities can

reduce FBG levels, and the HIIT intervention was the most effective

for FBG. Physical training can effectively improve insulin sensitivity

and glucose-carrying protein activity (GLUT4), and reduce

postprandial blood fat and systemic inflammatory response,

controlling blood glucose levels. In addition, when the exercise

stops, the decrease in the body’s muscle glycogen content will

increase the rate of glycogen synthesis, promoting the absorption

of glucose by the liver and muscles and replenishing the glycogen

consumed by the body during exercise (61), which is very important

to prevent a variety of complications caused by disorders of glucose

metabolism in diabetic patients. By tracking and analyzing the

original literature, HIIT training consisted of 1–4 min of training at

more than 90% of maximum heart rate and active recovery at

approximately 70% of maximum heart rate, with an exercise lasting

25–35 min. Treadmill training 3–5 times a week may significantly
FIGURE 4

Network diagram of the effects of five exercise interventions on patients with T2DM.
TABLE 3 Two-by-two comparison results of five exercise interventions on HbA1c and FBG in patients with T2DM [MD (95% CI)].

HIIT 0.39 (-0.56,1.34) 1.08 (0.24,1.92) 0.62 (-0.32,1.55) 0.55 (-0.37,1.47) 0.43 (-0.49,1.36)

0.12 (-0.45,0.70) MT 0.69 (0.24,1.13) 0.23 (-0.37,0.82) 0.16 (-0.40,0.72) 0.04 (-0.54,0.63)

-0.57 (-1.06,-0.07) -0.69 (-0.98,-0.40) Conventional treatment -0.46 (-0.87,-0.05) -0.53 (-0.91,-0.14) -0.64 (-1.04,-0.25)

-0.28 (-0.84,0.28) -0.40 (-0.79,-0.02) 0.29 (0.02,0.55) RT -0.07 (-0.50,0.36) -0.18 (-0.63,0.26)

-0.06 (-0.61,0.49) -0.19 (-0.55,0.18) 0.51 (0.26,0.75) 0.22 (-0.06,0.49) AET -0.12 (-0.53,0.30)

0.07 (-0.48,0.62) -0.06 (-0.43,0.31) 0.63 (0.39,0.87) 0.35 (0.07,0.63) 0.13 (-0.13,0.39) CBT
The bottom left is the result of the HbA1c two-by-two comparison, and the top right is the result of the FBG two-by-two comparison.
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improve fasting blood glucose levels in subjects within 8–12 weeks.

HIIT training requires dedicated guidance, real-time detection of

changes in heart rate and pulse rate, and control of

exercise intensity.
4.2 Effects on lipid metabolism in middle-
aged and elderly patients with T2DM

Regarding the effect on cholesterol in patients with T2DM, the

results of this study suggest that RT and AET can reduce TC levels, and

RT intervention may be the most effective for TC, while there was no

evidence that HIIT, CBT, andMT are superior to the control group for

TC. Elevated lipids, especially TC and LDL-C, can cause a significant

increase in fasting glucose levels in patients with T2DM, but with a

decrease in lipid control, their fasting glucose will also decrease (62).

Hyperlipidemia significantly increases the risk of complications such as

cardiovascular disease, diabetic nephropathy, and diabetic retinopathy

in patients with T2DM. These intermediate and long-term

complications of diabetes are often the main cause of death and
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disability in diabetic patients. Evidence suggests that after 18 weeks

of exercise intervention, RT was more advantageous than AET in

improving TC and LDL in subjects, which is consistent with the results

of this study. RT leads to an improvement in the morphological

structure and physiological function of the muscle, which promotes

the gene expression of the transporters of glucose and accelerates the

uptake of glucose by the cells, resulting in lower blood glucose and lipid

levels in the body (33). Resistance exercise is based on the main joint

and muscle circulation exercises of the whole body. Exercise intensity

was 50%–80% of the maximumweight, movement frequency was 8–12

times per movement, and exercise frequency was 3–5 times per week,

and included 10 mins of preparation activities and 5 min of stretching

activities. In addition, resistance exercise requires personal guidance

and real-time testing of the exercise process.

Regarding the effect on TG in patients with T2DM, the results of

this review found that all five exercise modalities can lower TG

levels and MT interventions may have the best effect on TG. As one

of the low-to-medium-intensity forms of exercise, MT is mainly

based on aerobic metabolism for energy supply. Long-term exercise

enhances the body’s utilization of fat, regulates the metabolism of
TABLE 4 Probability ranking results of the effects of the five exercise interventions on patients with T2DM (SUCRA values).

Intervention HbA1c score FBG score TG score TC score HDL score LDL score

HIIT 63.3 87.4 82.0 25.2 91.8 13.1

MT 82.0 65.4 91.3 58.6 85.5 88.2

RT 24.6 37.7 31.5 90.5 17.7 77.7

AET 53.5 46.4 44.0 69.2 47.9 54.7

CBT 76.0 62.6 51.0 47.7 50.2 44.8

Conventional treatment 0.6 0.5 0.2 8.9 6.9 21.5
TABLE 5 Two-by-two comparison results of five exercise interventions on TG and TC in patients with T2DM [MD (95% CI)].

HIIT -0.48 (-1.54,0.59) 0.14 (-0.72,1.00) -0.86 (-1.89,0.16) -0.60 (-1.63,0.42) -0.37 (-1.41,0.68)

0.10 (-0.64,0.84) MT 0.62 (-0.00,1.24) -0.39 (-1.20,0.43) -0.13 (-0.92,0.66) 0.11 (-0.73,0.94)

-0.90 (-1.51,-0.28) -1.00 (-1.41,-0.59) Conventional treatment -1.00 (-1.57,-0.44) -0.75 (-1.31,-0.19) -0.51 (-1.10,0.08)

-0.53 (-1.21,0.15) -0.63 (-1.13,-0.14) 0.37 (0.07,0.66) RT 0.26 (-0.33,0.84) 0.50 (-0.12,1.11)

-0.44 (-1.12,0.24) -0.55 (-1.03,-0.07) 0.45 (0.16,0.75) 0.09 (-0.22,0.39) AET 0.24 (-0.38,0.86)

-0.40 (-1.09,0.29) -0.50 (-1.01,-0.00) 0.50 (0.19,0.81) 0.13 (-0.19,0.45) 0.05 (-0.27,0.36) CBT
The lower left is the result of the two-two comparison of TG, and the upper right is the result of the two-two comparison of TC.
TABLE 6 Two-by-two comparison results of five exercise interventions on HDL versus LDL in patients with T2DM [MD (95% CI)].

HIIT -0.52 (-1.11,0.07) -0.17 (-0.67,0.33) -0.41 (-0.96,0.14) -0.31 (-0.86,0.24) -0.27 (-0.82,0.28)

0.20 (-0.64,1.04) MT 0.35 (0.03,0.67) 0.11 (-0.27,0.49) 0.21 (-0.18,0.60) 0.25 (-0.14,0.64)

1.02 (0.28,1.76) 0.82 (0.41,1.23) Conventional treatment -0.24 (-0.46,-0.02) -0.14 (-0.37,0.08) -0.10 (-0.33,0.12)

0.94 (0.14,1.74) 0.73 (0.24,1.23) -0.09 (-0.38,0.21) RT 0.10 (-0.13,0.32) 0.14 (-0.09,0.37)

0.72 (-0.07,1.51) 0.52 (0.04,0.99) -0.30 (-0.60,-0.01) -0.22 (-0.52,0.09) AET 0.04 (-0.19,0.28)

0.70 (-0.10,1.50) 0.50 (0.00,1.00) -0.32 (-0.63,-0.01) -0.24 (-0.56,0.09) -0.02 (-0.34,0.30) CBT
The HDL two-by-two comparison results are shown in the lower left, and the LDL two-by-two comparison results are shown in the upper right.
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lipoprotein in the body (63), reduces the body’s fat content,

increases energy expenditure, and reduces glycogen reserves in

the liver and muscles (64), thus achieving weight and lipid

control. The reduction of cholesterol and TG levels in the blood

can largely alleviate and effectively prevent the deposition of

cholesterol in the walls of arteries, thus achieving the effect of

reducing, preventing, and treating atherosclerosis and reducing the

incidence of cerebrovascular diseases (65). Some studies have

demonstrated that MT is more effective than other exercises in

improving blood glucose metrics, physical health, and the body’s

antioxidant and anti-inflammatory activation in patients with

T2DM. In addition, MT can reduce serum high-sensitivity C-

reactive protein (HsCRP) and malondialdehyde (MDA) levels to

reduce the risk of certain oxidative and atherosclerotic

complications (19, 49). However, it has also been shown that

Taichi does not significantly improve TG concentrations in

diabetic patients (20), which is a somewhat controversial issue

and still needs to be further explored in depth.

Regarding the effect on HDL in patients with T2DM, the results of

this review suggest that HIIT, MT, AET, and CBT can improve HDL

levels, and HIIT interventions may be the best for HDL levels. Exercise

interventions can increase LPL activity, promote muscle uptake and

utilization of more fatty acids and cholesterol, and accelerate the

transfer of cholesterol and phospholipids to HDL, resulting in higher

HDL levels (65). Some studies have shown that HIIT has also shown

some effectiveness in reducing body weight and skinfold thickness in

subjects (31, 32). For the effect on LDL, the results of this study

showed that MT and RT both significantly improved LDL levels, and

MT interventions may have the best effect on LDL, which is consistent

with the results of previous studies (38, 66).
5 Conclusion

According to the study findings, MT appears to be the optimal

choice to improve HbA1c, TG levels, and LDL while HIIT improves

FBG and HDL levels. RT exercise appears to be the optimal exercise

for lowering cholesterol levels. Careful consideration of the

intensity, frequency, and duration of exercise, based on an

individual’s physical and mental health, is important to optimize

treatment outcomes. The few studies included in this systematic

assessment conducted safe testing and adverse effect observation of

MT, and their results suggest that MT is safe and can be further

promoted under the guidance of professionals.
6 Limitations and shortcomings

① The majority of included studies did not report specific

allocation concealment, blinding, and attrition, which may have
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resulted in some selection and measurement bias. ② The

effectiveness of exercise therapy interventions in patients of

different ages and duration of disease still needs to be further

investigated. ③ There are few studies of blank control groups in

randomized intervention trials on HIIT in patients with diabetes, so

the overall number of included studies may be insufficient, and the

results may require further validation, ④ Intervention cycles were

not standardized among the different intervention modalities, and

the effects of different intervention cycles on patients with T2DM

need further validation.
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