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Background: Cardiopulmonary exercise tests (CPETs) are widely used non-invasive and reliable functional evaluation methods. This
study investigated the correlation between cardiopulmonary endurance indices and plasma glucose levels and abdominal visceral fat in
males with new-onset type 2 diabetes.
Methods: A total of 136 male individuals, who had been treated in the First Hospital of Qinhuangdao City, were selected to form
a new-onset type 2 diabetes group (66 cases) and a control group (70 cases); individuals were divided into three groups (Q1, Q2, and
Q3) from low to high according to their anaerobic threshold (AT) oxygen uptake (VO2), AT VO2/kg (VO2 per kg of body weight),
peak VO2, peak VO2/kg, AT heart rate (HR), peak HR, and HR recovery after 1 minute. A cardiopulmonary exercise test was used to
determine the VO2 of each group of subjects for VO2 max and AT VO2/kg, HR, and HR recovery after 1 minute. The differences in fat
areas and plasma glucose levels were compared under different cardiorespiratory endurance indicators.
Results: Compared with the control group, the abdominal visceral fat (AVF) area, fasting plasma glucose (FPG), and postprandial
plasma glucose (PPG) levels increased in the new-onset type 2 diabetes group. Concurrently, AT VO2, AT VO2/kg, peak VO2, peak
VO2/kg, AT HR, peak HR, and 1-minute HR recovery all decreased, and the difference between the groups was statistically significant
(P<0.05). The higher the AT VO2 and peak VO2 values, the lower the PPG level (P<0.05) and the smaller the area of abdominal
visceral fat (P<0.05). The AT VO2/kg and peak VO2/kg values were negatively correlated with the abdominal visceral fat area, while
other indicators had no obvious relationship with either plasma glucose levels or the area of fat.
Conclusion: The levels of blood glucose and visceral fat are correlated with cardiopulmonary function. With the increase in blood
glucose levels and visceral fat, the indices of cardiopulmonary function gradually decrease. The correlation between different
cardiopulmonary function indices and blood glucose levels and visceral fat was different.
Keywords: cardiopulmonary function, type 2 diabetes, abdominal visceral fat, plasma glucose

Introduction
In recent years, there has been an increase in the incidence and prevalence of type 2 diabetes, which can cause chronic
diseases of multiple tissues and organs. Studies have found that visceral obesity is related to the occurrence and
development of type 2 diabetes.1 Previous research data has revealed that increased hepatic gluconeogenesis in patients
with obesity can cause excessive triglyceride (TG) production and can lead to the deposition of fat in internal organs (eg,
the liver or pancreas), which can trigger an inflammatory cascade and eventually damage the endocrine function.2

According to related studies, there is a correlation between the plasma glucose fluctuation index (as measured by
continuous plasma glucose monitoring) and vascular endothelial function.3 Diabetes can also directly damage the
structure and affect the function of the myocardium and lungs. Long-term hyperglycemia may lead to myocardial
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hypertrophy and fibrosis, ventricular stiffness, and myocardial dysfunction. Diabetes is also an independent risk factor for
lung volume and lung dispersion.4,5

The occurrence and development of type 2 diabetes are closely related to factors such as plasma glucose levels and
obesity, and the accurate monitoring of plasma glucose levels can effectively prevent, diagnose, and treat type 2 diabetes.
Excessive fat deposition may increase the risk of type 2 diabetes, atherosclerosis, and cardiovascular disease, and the risk
of visceral obesity is much higher than that of subcutaneous obesity. Visceral adipose tissue accurately measured by
computed tomography or magnetic resonance imaging is an independent risk marker for the morbidity and mortality of
cardiovascular and metabolic diseases.6,7 Cardiopulmonary exercise tests (CPETs) are widely used non-invasive and
reliable functional evaluation methods. CPETs can comprehensively evaluate the cardiovascular, respiratory, muscular,
and metabolic systems during exercise and are considered the gold standard for evaluating cardiopulmonary function.8

Clinically, CPETs can be used in the diagnosis, evaluation, treatment, and prognosis of diseases, along with other aspects.
The purpose of this study is to use CPETs to determine related indicators and to explore the correlation between
cardiopulmonary endurance and plasma glucose levels and abdominal visceral fat in males with new-onset type 2
diabetes, providing an understanding of the enhanced detection of indicators and reference content for the purpose of
early type 2 diabetes prevention and diabetic complication reduction. This study confirms that encouraging reasonable
exercise, increasing cardiorespiratory endurance, developing a healthy lifestyle, and maintaining a healthy weight have
a positive effect on preventing the occurrence of diabetes and improving the quality-of-life of patients with the disease.

Subjects and Methods
Subjects
A total of 66 male subjects diagnosed with new-onset type 2 diabetes in the First Hospital of Qinhuangdao City and 70
subjects with normal plasma glucose levels were selected to undergo voluntary CPETs. This study was approved by the
ethics committee of the First Hospital of Qinhuangdao City, and all subjects signed an informed consent form.

Selection Criteria
The selection criteria were as follows: 1) no uncontrolled diabetes or hypertension, 2) no typical unstable angina within
the previous month, 3) no serious arrhythmia, 4) no chronic heart failure, 5) no acute myocardial infarction within the
previous 3 months, 6) no physical disorder, 7) no serious liver, kidney, lung, or chest disease, 8) no lower extremity
arteriosclerosis obliterans, and 9) no participation in any professional medical rehabilitation or sports training during the
previous 6 months.

Method
General Information
Height, weight, systolic and diastolic plasma pressure, and waist circumference were measured using conventional
methods. The formula used for calculating body mass index (BMI) was BMI=weight (kg)/height (m2). All subjects
underwent abdominal scanning with a Ge (Signa Excite 1.5T HD echo speed) MRI under fasting conditions to determine
visceral fat. After fasting for 8 hours, the subjects were given 75 g of anhydrous glucose dissolved in 250–300 mL of
water to drink within 5–10 minutes on an empty stomach. Venous blood was collected on an empty stomach and 2 hours
after taking the sugar mixture. Fasting plasma glucose (FPG) and 2-hour postprandial plasma glucose (PPG) levels were
measured. Fasting venous blood samples were reserved for testing TG, cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, etc.

Grouping Method
According to the presence or absence of new-onset type 2 diabetes, individuals were assigned to the control group (70) or
the new-onset type 2 diabetes group (66). General data and cardiopulmonary function indices were compared; individuals
were divided into three groups according to the third quantile from low to high (Q1, Q2, and Q3) depending on the
anaerobic threshold (AT) oxygen uptake (VO2), AT VO2/kg, peak VO2, peak VO2/kg, AT heart rate (HR), peak HR, and

https://doi.org/10.2147/DMSO.S352798

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:151366

Liu et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


1-minute HR recovery. The differences in fat areas and plasma glucose levels under different cardiopulmonary endurance
indicators were compared.

Cardiopulmonary Function Index Measurement
The CPETs were conducted by professionals, and the system was calibrated before testing using a cardiopulmonary
exercise tester. According to the maximum power expected by the tester, the scheme corresponding to the tester was
selected, and the gas metabolism indices, such as oxygen uptake during continuous exercise, were observed.
Concurrently, the changes in heart rate were monitored. The VO2 max was determined when the incremental exercise
load increased and exercise continued with no increase in oxygen intake for more than 30 seconds, ie, the VO2 plateau
appeared. The AT was defined as the VO2 when aerobic metabolism during exercise did not require anaerobic
metabolism to supplement energy, ie, the highest VO2 before the occurrence of lactic acidosis. The V-slope method
was used to determine the AT, ie, the inflection point of the slope of the carbon dioxide emission curve compared with the
VO2 curve was the reference point for the position of the AT value. For the subjects in each group, the VO2, VO2/kg
(VO2 per kg of body weight), HR, and HR after 1 minute of recovery were obtained at VO2 max and AT, respectively.
The test was stopped when the exercise took more than 6 minutes to reach the VO2 platform and was maintained for
more than 30 seconds while meeting other target requirements, such as the AT.

Statistical Analysis
A statistical analysis was performed using the SPSS 13.0 software. The measurement data were expressed as �X±s, an
independent sample t-test was used for the comparisons between the groups and an analysis of variance test was used for
comparisons between the three groups. A single-factor analysis and a correlation analysis were used to evaluate the
correlation between two indicators. A P-value of <0.05 was considered statistically significant.

Results
Table 1 shows the general demographic characteristics of each group, along with the comparison results for abdominal
visceral fat, plasma glucose levels, and CPET indicators. The results reveal that, compared with the normal plasma
glucose group, the abdominal area, FPG, and PPG levels increased in males with new-onset type 2 diabetes.
Concurrently, the AT VO2, AT VO2/kg, peak VO2, peak VO2/kg, AT HR, peak HR, and HR within 1 minute of recovery
decreased in the indicators for cardiopulmonary function. The difference was statistically significant (P<0.05).

Fat Area and Plasma Glucose Levels Under Different Cardiorespiratory Endurance
Indicators
A comparison of the plasma glucose and abdominal visceral fat levels in the AT VO2 tertile grouping was conducted. As
shown in Figure 1, the comparison between different AT VO2 levels reveals that the higher the AT VO2 value, the lower
the PPG level (P<0.05), while the comparison between the groups shows no statistical difference between abdominal
visceral fat and FPG levels (P>0.05).

A comparison of the plasma glucose and abdominal visceral fat levels of each group in the AT VO2/kg tertile group
was conducted. As shown in Figure 1, the comparison between different AT VO2/kg levels shows that the higher the AT
VO2/kg value, the smaller the area of abdominal visceral fat (P<0.05). There was no significant difference in FPG and
PPG levels between the groups (P>0.05).

A comparison of the plasma glucose and abdominal visceral fat levels of each group in the peak VO2 tertile group
was conducted. As shown in Figure 1, the comparison of different peak VO2 levels shows that the higher the peak VO2

value, the lower the PPG level (P<0.05). There was no significant difference in abdominal visceral fat or FPG levels
between the groups (P>0.05).

A comparison of the plasma glucose and abdominal visceral fat levels of each group in the peak VO2/kg tertile
grouping was conducted. As shown in Figure 1, the comparison of different peak VO2/kg levels reveals that the higher
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the peak VO2/kg value, the smaller the abdominal visceral fat area (P<0.05). There was no significant difference in FPG
or PPG levels (P>0.05).

A comparison of plasma glucose and abdominal visceral fat levels among the three quantile groups of AT HR was
conducted. As shown in Figure 1, with an increase in AT HR, the abdominal visceral fat, FPG, and PPG levels revealed
a downward trend, although the differences were not statistically significant (P>0.05).

A comparison of the plasma glucose and abdominal visceral fat levels of the peak HR tertile groups was conducted.
As shown in Figure 1, with an increase in peak HR, the abdominal visceral fat, FPG, and PPG levels revealed
a downward trend, although the differences were not statistically significant (P>0.05). Figure 1 shows that, with an
increase in the 1-minute HR recovery, the abdominal visceral fat, FPG, and PPG levels followed a downward trend, but
the differences were not statistically significant (P>0.05).

Finally, a single-factor correlation analysis of plasma glucose levels, abdominal visceral fat, and cardiopulmonary
function indices was conducted. As shown in Table 2, among the main indicators of cardiopulmonary function in males
with new-onset type 2 diabetes, the AT VO2/kg and peak VO2/kg values are negatively correlated with the area of
abdominal visceral fat, while the remaining indicators are related to the area of fat and FPG levels. There was no obvious
relationship between the PPG level.

Discussion
Type 2 diabetes is the most common chronic metabolic disease worldwide. When the pancreatic β-cell function is
defective, insulin secretion is insufficient or insulin resistance occurs, and the body cannot maintain glucose homeostasis,
which results in hyperglycemia.9 The main characteristics of patients with type 2 diabetes are obesity or a higher
percentage of body fat, higher insulin resistance in patients with obesity,10 and a correlation between epicardial fat
deposition and insulin resistance.7 Studies have shown that the amount of abdominal visceral fat is related to the
occurrence and development of type 2 diabetes and cardiovascular disease. Furthermore, visceral obesity has a long-term
effect on the structure of the heart, leading to high plasma pressure, diabetic cardiomyopathy, etc.11 Han et al12 compared

Table 1 Comparison of General Information, Abdominal Visceral Fat, Plasma Glucose, CPET, and Other Indicators

variable Control Group New-Onset Diabetes Group t/Z P

N 70 66 – –
Age (years) 48.14±8.69 49.45±7.44 −0.897 0.281

BMI (kg/m2) 27.44±4.54 26.84±3.05 0.557 0.580

Systolic plasma pressure (mmHg) 127.78±18.30 129.12±13.65 −0.288 0.774
Diastolic plasma pressure (mmHg) 87.28±14.01 83.92±9.21 0.853 0.397

waistline (cm) 96.96±12.53 93.32±9.21 1.155 0.253

Abdominal visceral fat (cm2) 93.61±46.03 127.20±42.49 2.979 0.026
TG (mmol/l) 2.12±1.41 1.57±0.75 1.790 0.080

TC (mmol/l) 5.47±0.91 5.10±1.12 1.095 0.278
HDL-c (mmol/l) 1.39±0.24 1.39±0.41 −0.022 0.982

LDL-c (mmol/l) 2.62±0.67 2.96±0.71 −1.558 0.125

FPG (mmol/l) 5.15±0.42 7.13±0.75 −3.247 0.019
PPG (mmol/l) 6.27±0.83 12.89±2.71 −7.225 0.000

Anaerobic threshold VO2 (mL/min) 1,600.35±310.01 1,369.17±223.22 3.004 0.004

Anaerobic threshold VO2/kg (mL/min/kg) 19.88±5.86 17.70±3.26 1.716 0.092
Anaerobic threshold heart rate (bpm) 134.35±15.22 124.27±14.88 2.169 0.035

Peak VO2 (mL/min) 2,056.92±332.73 1,787.77±281.35 2.938 0.005

Peak VO2/kg (mL/min/kg) 26.32±5.95 23.10±3.80 2.337 0.023
Peak heart rate (bpm) 153.57±15.43 142.47±16.94 2.224 0.030

recover 1 minute heart rate (bpm) 136.57±14.75 126.52±15.16 2.148 0.036

Abbreviations: TG, triglycerides; TC, cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; anaerobic threshold VO2,
anaerobic threshold oxygen uptake; anaerobic threshold VO2/kg, Anaerobic threshold oxygen consumption in kilograms; peak VO2, peak oxygen uptake; peak VO2/kg, peak
oxygen consumption in kilograms.
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the Chinese visceral adiposity index (CVAI) with the waist-to-height ratio, waist circumference, and body mass index to
explore the relationship between CVAI and type 2 diabetes. The results confirmed that the CVAI was more accurate in
predicting type 2 diabetes, so this index may be a reliable and applicable indicator for identifying people at high risk of
the disease. Tanaka et al13 conducted a study on 80 male patients with type 2 diabetes and found that abdominal visceral
fat and plasma sphingosine 1-phosphate levels were significantly positively correlated. The current study revealed that,
compared with the normal plasma glucose group, the abdominal visceral fat area, FPG, and PPG levels increased in
males with new-onset type 2 diabetes, and the difference between the groups was statistically significant (P<0.05).

Wang Yining et al’s14 study reported that the difference in peak VO2 between the diabetes group and the control
group was both statistically significant and correlated. Reasonable exercise improved the plasma glucose levels of
patients with diabetes and enhanced their cardiopulmonary function. The current study found that the indicators of
cardiorespiratory endurance for patients with type 2 diabetes were related to both abdominal visceral fat and plasma
glucose levels. Moreover, compared with the normal plasma glucose group, the patients with type 2 diabetes had reduced
cardiorespiratory function and endurance.15 Type 2 diabetes can cause a loss of cardiopulmonary function adaptability
and exercise endurance and can aggravate plasma pressure responses during exercise.16 Peak VO2 is the most scientific
and accurate indicator of cardiopulmonary function,17 which reflects the heart’s reserve function. VO2/kg is an objective
evaluation indicator that excludes the influence of weight differences. Gürdal et al18 divided 43 subjects into a group with
diabetes and a normal control group. The results showed that the exercise capacity of the patients with diabetes was

Figure 1 Comparison of AVF, FPG, and PPG levels among three quantile groups of cardiopulmonary function indexes.
Abbreviations: AT, anaerobic threshold; VO2, oxygen uptake; VO2/kg, VO2 per kg of body weight; HR, AT heart rate; AVF, abdominal visceral fat; FPG, fasting plasma
glucose; PPG, postprandial plasma glucose.
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reduced significantly; their peak VO2, AT VO2, and peak HR all decreased, while their resting HR increased. HbA1c was
negatively correlated with maximal VO2. However, a study found that, compared with the normal control group, there
was no difference in the peak VO2 of relatively young patients with well-controlled type 2 diabetes with a course of
fewer than 5 years and with no clinical complications or comorbidities.19 The AT VO2 levels in patients with type 2
diabetes were lowered in patients with microalbuminuria, but no abnormality was observed in patients without
albuminuria.20 At the start of exercise, the adjustment of the supply of oxygen to the whole body was partly dependent
on changes in HR. O’Connor et al21 found that elderly males with type 2 diabetes had slower HR dynamics, and diabetes
and peak HR were negatively correlated. As diabetes worsened, peak HR decreased with an average reduction of 2.5–
3.1%.22 The current study found that, compared with the normal plasma glucose group, the AT VO2, AT VO2/kg, peak
VO2, peak VO2/kg, AT HR, peak HR, and 1-minute HR recovery levels all decreased, and the difference between the
groups was statistically significant (P<0.05).

Previous studies have found that scientific and reasonable exercise therapy is an effective means for patients with type
2 diabetes to control their condition and reduce complications. The importance of exercise therapy in the treatment of
type 2 diabetes has been recognized clinically, and the application of exercise therapy in the treatment of the disease has
been the focus of increasing attention.23 Exercise improved insulin sensitivity in patients with type 2 diabetes and
regulated glucose metabolism to lower plasma glucose levels; the principle of lowering plasma glucose is that the
receptor affinity is enhanced (fat/muscle and insulin receptors) to increase intracellular glucose transporter activity and
expression. This enhances insulin and tissue sensitivity and increases peak VO2. Under these combined effects, plasma
glucose levels are reduced further.24 Concurrently, the researchers demonstrated that controlling the intensity of exercise
was very important. For example, moderate-intensity exercise in patients with type 2 diabetes can improve insulin
sensitivity, but strenuous exercise can cause hypoglycemia. Therefore, patients with diabetes must regulate their exercise
intensity and control their own plasma glucose levels and diabetes by using professional and scientific exercise treatment
programs.25

Lynch et al26 implemented walking exercise interventions on 40 postmenopausal women with obesity; their body
weight, total fat mass, visceral adipose tissue areas, and subcutaneous adipose tissue areas decreased significantly, while
their peak VO2 increased. Among them, the reduction in abdominal visceral fat was related closely to the improvement in
VO2 max levels. Among 74 non-obese, non-diabetic males, subjects with a large area of abdominal visceral fat had
significantly lower anaerobic thresholds and VO2 max levels. There were no significant differences in HR, peak HR, or
plasma pressure after exercise.27 The area of abdominal visceral fat was significantly negatively correlated with exercise
tolerance. Karstoft et al28 undertook interval walking training with subjects with type 2 diabetes and found that their VO2

max increased by 16.1%±3.7%, while their glucose levels decreased. Glycosylated hemoglobin, cholesterol, and insulin
resistance were reduced in patients with type 2 diabetes mellitus undergoing aerobic and resistance training, and peak
oxygen uptake increased significantly.29 Moreover, when remotely monitored by application and heart rate band, the

Table 2 Single-Factor Correlation Analysis of Plasma Glucose and Abdominal Visceral Fat with
Anaerobic Threshold VO2, Anaerobic Threshold VO2/Kg, Peak VO2, Peak VO2/Kg, Anaerobic
Threshold Heart Rate, Peak Heart Rate, and 1-Minute Heart Rate Recovery

variable AVF FPG PPG

r P r P r P

Anaerobic threshold VO2 −0.109 0.910 −0.193 0.232 −0.271 0.091

Anaerobic threshold VO2/kg −0.480 0.002 −0.155 0.346 0.140 0.395

Anaerobic threshold heart rate −0.268 0.099 −0.193 0.233 −0.183 0.258
Peak VO2 0.053 0.751 −0.182 0.261 −0.278 0.082

Peak VO2/kg −0.481 0.002 −0.164 0.311 −0.167 0.303

Peak heart rate −0.228 0.163 −0.201 0.214 −0.087 0.594
Recover 1 minute heart rate −0.143 0.386 −0.270 0.092 −0.073 0.656

Abbreviations: Anaerobic threshold VO2, anaerobic threshold oxygen uptake; Anaerobic threshold VO2/kg, anaerobic
threshold oxygen consumption in kilograms; Peak VO2, peak oxygen uptake; Peak VO2/kg, peak oxygen consumption in
kilograms.

https://doi.org/10.2147/DMSO.S352798

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:151370

Liu et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


cardiopulmonary endurance of the intervention group increased more than that of the control group.30 Cardiopulmonary
health was found to be negatively correlated with insulin resistance. The better the cardiopulmonary function, the lower
the degree of insulin resistance, and the plasma glucose level tended to be normal.31 After using drugs to improve insulin
resistance in patients with type 2 diabetes, plasma glucose levels decreased, and peak VO2 increased significantly by
7%.32,33 Essentially, the current study is consistent with the above research. The higher the AT VO2 and peak VO2

values, the lower the PPG level (P<0.05), while the higher the AT VO2/kg and peak VO2/kg values, the smaller the
abdominal visceral fat area (P<0.05). The AT VO2/kg and peak VO2/kg values were negatively correlated with the area
of abdominal visceral fat, while other indicators demonstrated no obvious relationship with plasma glucose levels or the
area of fat.

The purpose of this study was to explore and identify the correlation between cardiorespiratory endurance indices and
blood glucose levels and visceral fat in newly diagnosed type 2 diabetic male patients to provide more indicators for early
prevention of diabetes and its complications and has a certain novelty. This study had the following limitations: all
subjects were from the same area, the sample size was small, and the results of the study had certain limitations under
external verification. Regarding the area and sample size of the research objects, it is anticipated that future research will
involve multiregional and large-scale studies. Through the literature review, it was found that the results and conclusions
of this study were of reference value because, in other existing similar studies, the results were consistent with the current
study based on similar sample sizes. For example, in the article ‘Excess Visceral Adipose Tissue Worsens the Vascular
Endothelial Function in Patients with Type 2 Diabetes Mellitus’, Akira Kurozumi et al,34 selected 71 patients with type 2
diabetes. The results of their study showed that excessive abdominal visceral fat in patients with type 2 diabetes led to the
deterioration of vascular endothelial function, which further affected cardiopulmonary function in those patients.
Furthermore, their study also proved a correlation between abdominal visceral fat and cardiopulmonary function in
patients with type 2 diabetes which is consistent with the conclusions of the present study. In the article “Related
Research on Cardiopulmonary Endurance of Men with Pre-diabetic Obesity in Men with Abdominal Obesity”, Liu
Defeng et al35 assessed 73 subjects using CPETs; the results showed a correlation between the cardiopulmonary function
indices of patients with diabetes and intra-abdominal fat, which is consistent with the results of the present study. In the
article ‘Study on the Effect of Obesity on Cardiopulmonary Endurance of Patients with Type 2 Diabetes’, Bi Lina et al36

selected 87 patients with type 2 diabetes for CPETs. The results showed that cardiopulmonary endurance was correlated
with the degree of obesity in patients, which is consistent with the conclusions of the current research. However, as the
present study was conducted on male patients with type 2 diabetes, further research is needed to determine whether the
results for female patients would differ.

Conclusions and Outlook
In summary, this study demonstrated that visceral fat and blood glucose levels increased in men with newly diagnosed
type 2 diabetes, while cardiorespiratory endurance decreased. Moreover, blood glucose and visceral fat levels were
correlated with cardiopulmonary function. With the increase in blood glucose levels and visceral fat, the indices of
cardiopulmonary function decreased gradually. Therefore, the detection and control of visceral fat and blood glucose
levels are not only beneficial to the health of diabetic patients but also helpful in identifying heart and lung function
abnormalities relatively early, which is of great significance in preventing the occurrence of cardiopulmonary diseases.
Patients with type 2 diabetes need to implement scientific and reasonable physical exercise to lower plasma glucose
levels and abdominal visceral fat, increase VO2 levels, and strengthen cardiorespiratory endurance to prevent diabetes,
cardiovascular disease, and other metabolic diseases. Additionally, medical/health institutions and the public should be
aware of the relationship between cardiopulmonary endurance, BMI, abdominal visceral fat, and other chronic diseases,
including diabetes. Indicators such as cardiopulmonary endurance, BMI, and abdominal visceral fat are effective
reference indicators for the early detection and prevention of chronic diseases, including diabetes and cardiovascular
disease. Therefore, it is important for medical and health professionals to acquire skills in evaluating (during daily
physical examinations) an individual’s risk of diabetes by referencing the relationship between the above indicators, to
promptly guide patients in improving their diets and lifestyles for diabetes prevention.
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Comprehensive thinking should be applied when treating patients with type 2 diabetes. In addition to taking drugs to
control plasma glucose levels, auxiliary methods, such as exercise therapy and dietary adjustment, should also be widely
implemented to protect patients from other complications as much as possible and improve their quality-of-life. In
addition to patients with diabetes, healthy people should also focus on their own comprehensive health status, develop
a healthy lifestyle, actively exercise, and improve their diet to prevent the occurrence of diabetes.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author upon reasonable request.

Ethics Approval
This study was conducted in accordance with the declaration of Helsinki. And it was conducted with approval from the
Ethics Committee of our Hospital.
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Written informed consent was obtained from all participants.
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