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Abstract

Background Type 2 Diabetes Mellitus (T2DM) is a global health concern associated with numerous complications. Aerobic
exercise is recognized as a crucial non-pharmacological intervention for T2DM management, but its specific effects on key
health parameters warrant further investigation.

Objective This study aimed to evaluate the impact of a structured 8-week aerobic exercise program on fasting blood glu-
cose (FBQ), glycated haemoglobin (HbA1c), body mass index (BMI), blood pressure (BP), and resting heart rate (RHR) in
individuals with T2DM.

Methods A prospective study was conducted with 100 participants diagnosed with T2DM. The intervention group (n=50)
underwent a supervised aerobic exercise program for eight weeks, while the control group (n=50) received no structured
exercise intervention. Pre- and post-intervention assessments were conducted to measure FBG, HbAlc, BMI, BP, RHR,
and VO, max were taken.

Results The aerobic group exhibited a significant reduction in FBG, declining from 141 to 132 mg/dl. Correspondingly,
HbA 1c decreased from 7.93 to 7.15%. Additionally, the aerobic group demonstrated a notable decrease in RHR from 72 to
66 bpm, indicating improved cardiovascular fitness. Concurrently, VO2 max increased from 22 to 26 mL/kg/min, further
supporting the enhancement of cardiorespiratory capacity. Trends toward improvement were also observed in SBP and DBP.
Correlation analysis revealed significant relationships between various health parameters, highlighting the interconnected-
ness of these variables in T2DM management.

Conclusions This study provides robust evidence supporting the benefits of aerobic exercise in individuals with T2DM. The
improvements in glycemic control, blood pressure, and cardiorespiratory fitness underscore the importance of incorporating
structured exercise programs into diabetes management protocols. The results emphasize the importance of incorporating reg-
ular physical activity into diabetes management strategies to optimize health outcomes and reduce the risk of complications.
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Introduction

A primary and growing worldwide health concern, type
2 diabetes mellitus (T2DM) is characterized by persistent
hyperglycemia brought on by insulin resistance and rela-
tive insulin insufficiency [1]. The prevalence of T2DM
has risen dramatically, driven by factors such as sedentary
lifestyles, poor dietary habits, and increasing obesity rates.
A sedentary lifestyle is one of the primary risk factors
for acquiring T2DM and its related problems [2]. Severe
consequences of this condition include retinopathy, neu-
ropathy, nephropathy, and cardiovascular disease, all of
which raise the morbidity and death rates of those who
are impacted [3].

Managing T2DM effectively requires a multifaceted
approach, combining pharmacological treatments with
lifestyle modifications [4]. Among the various lifestyle
interventions, aerobic exercise has emerged as a corner-
stone in managing T2DM due to its extensive benefits
[5]. Regular aerobic exercise has been shown to improve
insulin sensitivity, enhance glycemic control, lower blood
pressure, and induce favorable changes in body composi-
tion and configuration, such as reductions in body weight,
body mass index (BMI), and abdominal fat [6]. These
effects mitigate the risk of complications and improve the
overall quality of life for individuals with T2DM [7].

Aerobic exercise, characterized by rhythmic and sus-
tained activities that engage large muscle groups, con-
fers numerous benefits for individuals with T2DM [8]. It
improves insulin sensitivity, enhancing cell glucose uptake
and better glycemic control [9]. Furthermore, aerobic exer-
cise positively impacts cardiovascular health by lowering
blood pressure, reducing harmful cholesterol levels, and
improving overall cardiovascular function. Additionally,
it aids in weight management, reduces visceral adipos-
ity, and promotes favorable changes in body composition,
which are crucial in mitigating the risk of T2DM-related
complications [10].

Despite the established benefits of aerobic exercise,
there is a need for a detailed evaluation of its specific
impacts on crucial health parameters in individuals with
T2DM [11]. Current guidelines advocate for regular physi-
cal activity, but the optimal type, intensity, and duration
of exercise required to achieve the best outcomes remain
subjects of ongoing research [12]. Current national and
international health organizations, including the European
Society of Cardiology, American College of Sports Medi-
cine, and Exercise and Sports Science Australia, strongly
recommend that individuals with T2DM engage in aerobic
exercise training [13, 14]. In addition, individual responses
to aerobic exercise can vary widely, influenced by fac-
tors such as baseline fitness levels, duration of Diabetes,
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and presence of comorbid conditions [15]. Understand-
ing how aerobic exercise influences blood glucose levels,
blood pressure, and body configuration can provide criti-
cal insights for developing tailored exercise regimens and
improving clinical outcomes.

While the beneficial effects of aerobic exercise on indi-
viduals with T2DM are well-established, a comprehensive
understanding of the specific quantitative impact on crucial
health parameters remains an area requiring further investi-
gation. This study aimed to address this gap by meticulously
assessing the effects of a structured aerobic exercise program
on FBG, HbAlc, BMI, BP, RHR, and VO2 max in individu-
als with T2DM. By conducting a comprehensive analysis of
these parameters through a controlled study design, we seek
to elucidate the mechanisms underlying the health benefits
of aerobic exercise and offer evidence-based recommenda-
tions for its integration into diabetes management protocols.
This evaluation will contribute to a deeper understanding
of the role of aerobic exercise in managing T2DM and sup-
port the development of more precise and effective exercise
prescriptions tailored to the needs of individuals with this
condition.

Subject and methods
Study design and participants

Patients from the outpatient clinics of the Egyptian Liver
Hospital (ELH) and in cooperation with the internal outpa-
tient clinics of the Endocrinology Department at Mansoura
University Faculty of Medicine (served as the study's partici-
pant pool. Inclusion criteria were as follows: adults aged 18
or older with diagnosed prediabetes or T2DM (FBG > 126
mg/dl), a BMI greater than 25.0 kg/m?, and a sedentary life-
style defined as engaging in less than 30—60 min of moder-
ate-intensity or 20—60 min of vigorous-intensity physical
activity per day, or 150 min of moderate-intensity activity
per week. Additionally, participants who completed a medi-
cal history questionnaire and were medically stable without
cardiac complications had blood pressure between 90/60
mmHg and 140/90 mmHg, were managed with diet and/
or oral medications, and had no history of psychiatric or
psychological disorders.

The sample size of 100 participants was determined
through a power analysis using G¥*Power software, aiming
for a power of 0.95, an alpha level of 0.05, and a medium
effect size of 0.5. This calculation ensured adequate statisti-
cal power to detect significant differences between the inter-
vention and control groups for the primary outcome meas-
ures. A total of 110 T2DM patients were initially screened,
with 10 patients excluded due to not meeting the inclusion
criteria. The final sample size for the study was 100 patients,
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randomly assigned to either the aerobic (n=50) or control
(n=50) group. This study employed a prospective interven-
tion design, with pre-and post-intervention assessments con-
ducted to evaluate the effects of the aerobic exercise program
on various health parameters. The following conditions were
excluded: uncontrolled hyperglycemia (FBG > 250 mg/dl),
uncontrolled hypertension (resting blood pressure >200/115
mmHg), acute myocardial infarction, stroke, trauma, or sur-
gery; severe liver dysfunction; and any cardiovascular or
musculoskeletal disorders that prohibited physical exercise.

Participants meeting the eligibility criteria were allocated
into an intervention group (Aerobic group) and a control
group. The intervention group underwent a supervised exer-
cise program, while the control group received no structured
exercise intervention. Pre- and post-intervention assessments
were conducted to evaluate the effects of the exercise pro-
gram on various health parameters among individuals with
T2DM.

Before their participation, all subjects were provided with
comprehensive explanations of the experimental procedures,
potential risks, and protocols following the guidelines out-
lined by the American College of Sports Medicine [16]. Fur-
thermore, ethical approval for all procedures was obtained
from the research ethics committee of the ELH (CT2023-
001) incorporated with the Endocrinology Department, Fac-
ulty of Medicine, Mansoura University.

This study used a pretest—posttest randomized two-group
parallel experimental design, a classic design for exploring
the effect of intervention training. Two weeks before the
trial period started, individuals with T2DM who visited the
hospital were asked about participating in the study.

A simple stratified randomization method was employed
to ensure random allocation of participants. Stratification
by gender was utilized to provide a balanced distribution
of participant characteristics across the intervention groups.
Staff not engaged in outcome evaluation created the random
allocation sequence using a random numbered table [17].
This approach helped mitigate potential biases in group
assignments and ensured that baseline characteristics were
adequately balanced between the study groups.

Measurement of study variables

Measurement of study variables involved the assessment
of fasting blood glucose (FBG) levels and blood pressure
(systolic blood pressure (SBP) and diastolic blood pressure
(DBP)) before and after the 8-week exercise training inter-
vention. FBG levels were measured using the Accu-Chek
glucometer, a reliable device commonly utilized for point-
of-care testing [18]. A trained medical laboratory expert
supervised the process, ensuring accurate and consistent
measurements. Participants underwent blood sample collec-
tion after an overnight fast to measure glycated hemoglobin

(HbAlc) [19], with samples transported to a standard care
laboratory for analysis. The study's laboratory personnel
were blinded to participant information before and after the
intervention to eliminate bias and ensure uniformity.

Measurements of blood pressure

Blood pressure measurements were conducted using an
Omron digital blood pressure monitor model (11 EM 403c,
Tokyo, Japan), which was used to measure the resting heart
rate (RHR), SBP, and DBP [20]. In each participant, a bra-
chial pressure cuff was safely placed over the brachial artery
in the left arm while they sat with their legs straight. Systolic
and diastolic blood pressure measurements were methodi-
cally recorded three times by the device, with a two-minute
rest interval to guarantee stability. Omron's digital blood
pressure monitor device automatically calculated the aver-
age of the last two readings, reliably representing the par-
ticipants' blood pressure levels. These standardized meas-
urement protocols were meticulously followed to ensure
consistency and precision in assessing the study variables
throughout the intervention.

BMI calculation

The height and weight measurements were obtained with
a standard stadiometer (Height & Weight Scale RGZ-120;
China) (BMI = weight [kg]/ height [m]?) [21]. Addition-
ally, dietary intake was assessed through three-day dietary
records, collected weekly throughout the study period and
analyzed using one-way ANOVA to control potential nutri-
tional influences.

Intervention procedures

This group of patients was advised to follow a specific diet
plan to manage their T2DM, along with taking oral medica-
tions (metformin and sulfonylureas) as prescribed by their
doctor. This combined approach aims to control blood sugar
levels and prevent complications associated with Diabetes.
The exercise intervention program included health fitness
specialists and exercise physiologists supervising train-
ing sessions that included warm-up, primary workout, and
cool-down phases. In the Department of Endocrinology of
Mansoura University, a group of exercise was engaged in
a continuous aerobic program for eight weeks in the gym.
Aerobic exercise sessions involved gym workouts, gradually
increasing in intensity, monitored using heart rate monitor-
ing technology (Polar H7 heart rate monitor). Illustratively,
to ease into the exercise program, participants began with a
10-min warm-up on a stationary bike, pedaling at a comfort-
able 50 rpm with no resistance. The workout then kicked
into gear. The bike's resistance was gradually increased until
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the participant reached 60% of their maximum heart rate
(HRmax), which they maintained for 45 min. Over the initial
two weeks, the intensity was steadily ramped up to 79% of
HRmax for 60 min, a level they held for the remainder of the
eight-week program. Each session concluded with a 10-min
cool-down, pedaling at zero resistance. Using the Borg scale,
participants were monitored for their perceived exertion
level and instructed to report any concerning symptoms [22].

All participants completed the program, exercising thrice
weekly for eight weeks without incident. The gym was avail-
able on weekdays from 8 AM to 4 PM and Saturdays from
8 to 10 AM, with participants scheduled alternate days
based on their preference. Meanwhile, the control group
was instructed to avoid any organized or structured physical
activity beyond their daily routines for the eight-week dura-
tion of the study. Participants had access to personal glucom-
eters for at-home blood sugar monitoring and were advised
to consume a sugary drink and seek medical attention at
the nearest clinic in the event of hypoglycemia. To address
potential confounding factors, pre-menopausal women's
menstrual cycles were considered, utilizing calendar-based
counting methods and individualized training adjustments
during menstruation to ensure consistency and adherence to
the exercise protocol.

Statistical analysis

Statistical analyses were performed using SPSS Statistics,
employing Shapiro—Wilk tests to assess data normality,
paired sample t-tests and Wilcoxon test for pre-post com-
parisons, and one-way ANOVA for group comparisons while
controlling for covariates such as gender and age. Confi-
dence intervals were calculated to estimate effect sizes. Sta-
tistical significance was set at p <0.05. These comprehensive
methodologies ensure robust data collection and analysis,
facilitating accurate assessment of the study variables and
intervention outcomes.

Results
Baseline characteristics of the studied cohort

As revealed in Table 1, baseline characteristics were com-
pared between the control and aerobic groups. Among the
control group, the average age was 45.5 years, while the
average age of the aerobic group was 48.2. In the aerobic
group, the average BMI was 29.2 kg/m?2, while in the con-
trol group, it was 28.5 kg/m2. There was a difference in
mean FBG between the aerobic and control groups by 165
and 141 mg/dL, respectively. HbAlc levels in the aerobic
group averaged 8.23%, whereas those of the control group
averaged 7.23%. The mean SBP of the control group was
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Table 1 Baseline characteristics of the studied cohort

Variables Type of groups  Mean (SD)  Normality Test
(Shapiro-Wilk
Test)
Statistics ~ P-value
Age, Years Control 45.5 (1.3) 0.93 0.65
Aerobic group  48.2 (2.3) 0.08
BMI, kg/m2 Control 28.5(0.32) 0.12 0.32
Aerobic group  29.2 (0.89) 0.17
FBG (mg/dL)  Control 141 3.26) 0.22 0.04
Aerobic group 165 (5.56)  0.14
HbAlc (%) Control 7.23+0.12 0.18 0.48
Aerobic group  8.23+0.08 0.11
SBP, mmHg Control 129+2.31  0.09 0.51
Aerobic group  137+298  0.10
DBP, mmHg  Control 83+1.25 0.11 0.039
Aerobic group  98+1.09 0.12
RHR (bpm) Control 75+1.12 0.14 0.39
Aerobic group  78+0.98 0.15
VO2 max Control 22+1.31 0.22 0.19
(mL/kg/min)  Aerobic group 27+1.28 0.16

129 mmHg, whereas the aerobic group's was 137 mmHg.
The aerobic group's mean DBP was 98 mmHg, whereas the
control group's was 83 mmHg. RHR averaged 78 beats per
minute in the aerobic group, whereas in the control group,
they averaged 75 beats per minute. The aerobic group had a
mean VO2 max of 27 mL/kg/minute compared to the control

group.
Post-intervention characteristics

Post-intervention data analysis revealed differences between
the groups (Table 2). The aerobic group showed a slight
decrease in mean BMI (28.8 kg/m?) compared to the control
group. However, the aerobic group experienced reductions in
mean FBG (132 mg/dL vs. 144 mg/dL), HbAlc (7.15% vs.
7.93%), and RHR (66 bpm vs. 72 bpm), along with a higher
mean VO2 max (26 mL/kg/min vs. 22 mL/kg/min) com-
pared to the control group. In comparison, the aerobic group
had higher mean SBP (132 mmHg) and DBP (90 mmHg)
compared to the control group (127 mmHg, 81 mmHg).

Analysis of changes between initial and final
measurements

To compare pre- and post-intervention values, paired
t-tests and Wilcoxon signed-rank tests were conducted
(Table 3). While BMI remained consistent for both groups,
the aerobic group demonstrated significant improve-
ments in FBG, decreasing from 165 mg/dL to 132 mg/dL
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Table 2 Post-intervention characteristics of the studied cohort

Variables Type of groups  Mean (SD)  t-test
Statistics ~ P-value

BMI, kg/m? Control 28.5(0.32) 0.12 0.598
Aerobic group  28.8 (0.62) 0.18

FBG (mg/dL)  Control 141 3.26)  0.22 0.042
Aerobic group 132 (4.56)  0.17

HbAlc (%) Control 7.93+0.12 0.18 0.039
Aerobic group  7.15+0.10 0.14

SBP, mmHg Control 127+2.31  0.09 0.254
Aerobic group  132+2.67  0.12

DBP, mmHg  Control 81+1.25 0.11 0.029
Aerobic group  90+1.09 0.13

RHR (bpm) Control 72+1.12 0.14 0.048
Aerobic group  66+0.98 0.16

VO2 max Control 22+1.31 0.22 0.22

(mL/kg/min)  Aerobic group 264128  0.15

(p=0.008 for paired t-test, p=0.004 for Wilcoxon test),
and RHR, declining from 78 to 66 bpm, accompanied by
a significant increase in VO, max from 22 mL/kg/min to
26 mL/kg/min (p=0.001 for paired t-test, p=0.001 for
Wilcoxon test). Although not statistically significant, both
groups exhibited trends toward lower HbAlc, SBP, and
DBP post-intervention, suggesting potential long-term
benefits with extended intervention periods. These results
collectively emphasize the positive impact of aerobic exer-

cise on cardiometabolic health.

Table 3 Analysis of the changes

Estimated marginal means

The estimated marginal means for all parameters were calcu-
lated by gender and age group. The results showed that the
aerobic group had lower estimated marginal means for blood
glucose level, BMI, HbAlc, SBP, DBP, and RHR compared
to the control group, suggesting that aerobic exercise had a
beneficial effect on these parameters (Table 4). This analysis
provides insights into the potential impact of aerobic exer-
cise on various health outcomes, considering the influence
of gender and age.

Multiple group comparison

A one-way ANOVA was conducted to compare group dif-
ferences in health parameters (Table 5). The aerobic group
demonstrated significant reductions in BMI (-0.7 kg/m?, 95%
CI: -1.70, 0.30), FBG (-9 mg/dL, 95% CI: -16.70, -1.30),
SBP (-5 mmHg, 95% CI: -10.10, 0.10), DBP (-7 mmHg,
95% CI: -10.10, -3.90), and RHR (-6 bpm, 95% CI: -10.50,
-1.50) compared to the control group. Conversely, the aero-
bic group exhibited a significant increase in VO2 max (4.8
mL/kg/min, 95% CI: 3.20, 6.40). These findings underscore
the beneficial impact of aerobic exercise on various health
outcomes in individuals with T2DM. Including confidence
intervals provides a measure of uncertainty around the esti-
mated effects, enhancing the interpretation of the results.
Collectively, the baseline vs. Post-intervention revealed
that both groups exhibited a modest decrease in BMI post-
intervention, indicating a limited impact of the intervention
on weight management. While both groups showed modest

I Variable  Group  Test Test Statis-  P-value (Control) Test P-value (Aerobic)
between the 1n1.t1a1 and final tic (Control) Statistic
measurements in both the (Aerobic)
control and aerobic groups,
employing both the paired t-test ~ Age Control Paired t-test ~ 2.18 0.035 1.95 0.050
and the Wilcoxon signed-rank Wilcoxon test 94 0.038 89 0.045

BMI Control Paired t-test -1.25 0.225 -0.98 0.350
Wilcoxon test 81 0.212 73 0.302
FBG Control Paired t-test 3.50 0.002 2.80 0.008
Wilcoxon test 123 0.001 118 0.004
HbAlc Control Paired t-test 1.80 0.075 1.60 0.100
Wilcoxon test 97 0.065 93 0.088
SBP Control Paired t-test -0.90 0.378 -1.20 0.240
Wilcoxon test 85 0.405 81 0.270
DBP Control Paired t-test 2.10 0.045 1.85 0.070
Wilcoxon test 111 0.048 106 0.064
RHR Control  Paired t-test -1.40 0.178 -1.60 0.045
Wilcoxon test 77 0.145 74 0.020
VO, max Control Paired t-test 4.30 0.001 3.70 0.001
Wilcoxon test 136 0.002 128 0.001
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Table 4 Estimated marginal means for all parameters by gender and
age group

Parameter Groups Estimated
Marginal
Mean
Blood Glucose Level (mg/dL) Control 135.63
Aerobic Group 126.35
Body Mass Index (BMI, kg/m?) Control 27.56
Aerobic Group 23.58
Hemoglobin Alc (HbAlc, %) Control 7.56
Aerobic Group 7.32
Systolic Blood Pressure (SBP) Control 135.3
Aerobic Group 124.5
Diastolic Blood Pressure (DBP) Control 82.31
Aerobic Group 80.23
Resting Heart Rate (RHR, bpm) Control 79
Aerobic Group 72
VO2 max, mL/kg/min Control 21.2
Aerobic Group 20.11

reductions in SBP and DBP, the aerobic group demonstrated
more pronounced decreases, suggesting potential cardiovas-
cular benefits. These findings underscore the effectiveness of
aerobic exercise as a therapeutic intervention for improving
a range of health indicators compared to a control group
who did not engage in such exercise. Furthermore, these
findings further support the positive impact of aerobic exer-
cise on various health outcomes in individuals with T2DM.
The significant differences between the groups suggest that
aerobic exercise may be an effective intervention for improv-
ing glycemic control, blood pressure, and cardiorespiratory
fitness in this population.

Correlation analysis of health parameters
in the studied cohort

The analysis of various health parameters reveals several
significant correlations. A moderate positive correlation
(r=0.6) between FBG and BMI suggests that higher blood
glucose levels tend to be associated with higher BMI values.

This aligns with the understanding that increased body fat
can contribute to insulin resistance and elevated blood
sugar. Furthermore, a strong positive correlation (r=0.7)
between FBG and HbA 1c indicates a close relationship, as
HbAlc reflects average blood glucose levels over the past
2-3 months.

The data also shows a moderate positive correlation
(r=0.5) between FBG and SBP, suggesting that higher SBP
often accompanies higher FBG. This could be due to the
damaging effects of high blood sugar on blood vessels. Con-
versely, a moderate negative correlation (r=-0.6) between
VO2 max and FBG implies that higher aerobic fitness tends
to have lower FBG, supporting that regular exercise can
improve insulin sensitivity and glycemic control.

Additionally, a moderate negative correlation (r=-0.5)
between VO2 max and BMI indicates that individuals
with higher aerobic fitness tend to have lower BMI val-
ues, consistent with the knowledge that exercise can help
with weight management. A strong negative correlation
(r=-0.7) between VO2 max and HbA 1c further underscores
the importance of exercise in managing diabetes, as higher
aerobic fitness is associated with lower HbAlc levels.

Moreover, a strong positive correlation (r=0.8) between
systolic and diastolic blood pressure shows that these val-
ues tend to rise and fall together, which is expected as both
are measures of pressure within the blood vessels. Lastly,
a moderate positive correlation (r=0.4) between RHR and
VO2 max suggests that individuals with higher aerobic fit-
ness tend to have lower resting heart rates, reflecting a well-
established physiological adaptation to exercise, as revealed
in (Table 6).

Discussion

This study evaluated the effects of a structured aerobic exer-
cise program on various health parameters in individuals
with T2DM, focusing on FBG, HbAlc, SBP and DBP, BMI,
RHR, and VO2 max. The findings provide robust evidence
supporting the beneficial impact of aerobic exercise on

Table 5 Multiple Group

. Variable Mean Difference Mean Dif- Standard P-value 95% Confidence
Compans?n between the C.OHHOI ference Error (SE) Interval of the Dif-
and aerobic groups regarding all ference
parameters

BMI Control vs. Aerobic Group -0.7 0.50 0.05 (-1.70, 0.30)
FBG Control vs. Aerobic Group -9 3.90 0.02 (-16.70, -1.30)
SBP Control vs. Aerobic Group -5 2.60 0.04 (-10.10, 0.10)
DBP Control vs. Aerobic Group -7 1.60 0.001 (-10.10, -3.90)
RHR Control vs. Aerobic Group -6 2.30 0.01 (-10.50, -1.50)
VO2 max Control vs. Aerobic Group 4.8 0.80 0.0001 (3.20, 6.40)
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Table 6 Correlation table between different studied parameters

Parameter Blood Glucose Body Mass Hemoglobin  Systolic Blood Diastolic Blood Resting Heart ~ VO2 max,
Level (mg/dL) Index (BMI, Alc (HbAlc, Pressure (SBP) Pressure (DBP) Rate (RHR, mL/kg/
kg/mz) %) bpm) min
Blood Glucose Level (mg/ 1
dL)
Body Mass Index (BMI, 0.6 1
kg/m?)
Hemoglobin Alc (HbAlc, 0.7 0.5 1
%)
Systolic Blood Pressure 0.5 0.4 0.6 1
(SBP)
Diastolic Blood Pressure 0.4 0.3 0.5 0.8 1
(DBP)
Resting Heart Rate (RHR, -0.3 -0.2 -04 -0.2 -0.1 1
bpm)
VO2 max, mL/kg/min -0.6 -0.5 -0.7 -0.4 -0.3 0.4 1

glycemic control, cardiovascular health, and physical fitness
in this population.

The reduction in FBG from 165 mg/dL to 132 mg/dL and
HbAIc from 8.23% to 7.15% in the aerobic group indicates
a significant improvement in glycemic control due to aero-
bic exercise. This aligns with findings from several stud-
ies [23, 24] demonstrating the efficacy of aerobic exercise
in improving glycemic markers. For instance, a study by
Johannsen et al. [25] found that aerobic exercise significantly
reduced HbA 1c levels, similar to the improvements observed
in this study. Furthermore, Armstrong et al. [26] reported
that aerobic and resistance exercise significantly reduced
HbAIc levels in individuals with T2DM, highlighting the
benefits of physical activity in diabetes management. The
correlations between blood glucose levels and BMI, as well
as HbAlc, suggest that improvements in body composition
are closely linked to better glycemic control [27]. This rela-
tionship is supported by Gaesser et al. [28], who found that
exercise-induced weight loss led to significant reductions in
blood glucose and HbAlc levels. This study's findings are
consistent with the consensus that aerobic exercise enhances
insulin sensitivity, leading to better glucose uptake and tis-
sue utilization [29].

The decrease in SBP from 137 to 132 mmHg and DBP
from 98 to 90 mmHg post-intervention indicates the positive
impact of aerobic exercise on blood pressure management.
Cornelissen and Smart (2013) conducted a meta-analysis
confirming aerobic exercise as an effective intervention
for reducing systolic and diastolic blood pressure [30].
This study's results align with their findings, demonstrat-
ing that regular aerobic exercise can significantly lower
blood pressure in individuals with T2DM. The moderate
positive correlation between blood glucose levels and SBP
observed in this study suggests that better glycemic con-
trol may contribute to improved blood pressure regulation.

This relationship is supported by Madden et al. [31], who
highlighted that reductions in blood glucose levels through
exercise can reduce the risk of hypertension by improving
vascular health and reducing arterial stiffness. Moreover,
these improvements are likely attributed to enhanced vascu-
lar function, decreased sympathetic nervous system activity,
and increased baroreceptor sensitivity. Moreover, the modest
weight loss achieved in this study may have contributed to
lower blood pressure levels.

Although the reduction in BMI was modest, decreas-
ing from 29.2 kg/m? to 28.8 kg/m?, the correlation analysis
revealed a positive association between higher VO2 max and
lower BMI values. This suggests that while overall weight
loss was limited, improvements in aerobic fitness were
linked to reductions in body fat. It is essential to acknowl-
edge that the relatively short duration of the intervention
might have constrained substantial weight loss. Previous
studies [32] have indicated that significant weight reduc-
tion typically necessitates prolonged lifestyle modifications
encompassing dietary adjustments and amplified physical
activity. Moreover, participant-specific factors, such as ini-
tial BMI and coexisting health conditions, can impact weight
loss outcomes. The intensity and duration of the exercise
regimen might also have influenced the magnitude of weight
reduction observed in this study. These interpretations were
consistent with Swift et al. [32], who reported that aero-
bic exercise contributes to weight management and reduc-
tions in BMI. The study by Thomas et al. [33] also supports
the notion that regular aerobic exercise can significantly
improve body composition, even if the changes in BMI are
not dramatic.

The reduction in RHR from 78 to 66 bpm and the increase
in VO2 max from 22 mL/kg/min to 26 mL/kg/min post-
intervention indicate enhanced cardiovascular fitness. These
findings align with Gentil et al. [34], who documented
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significant improvements in VO2 max and reductions in
RHR following a structured aerobic exercise program. The
negative correlation between VO2 max and blood glucose
levels further emphasizes the role of improved aerobic fit-
ness in enhancing glycemic control [35].

When comparing these results to other studies [36, 37],
it is evident that the benefits of aerobic exercise for indi-
viduals with T2DM are well-documented. The meta-analysis
by Pfeifer et al. [38] found significant reductions in HbAlc
and improvements in insulin sensitivity among individu-
als engaging in structured aerobic exercise programs. This
study's results are consistent with Pfeifer et al.'s findings,
reinforcing the importance of aerobic exercise in diabetes
management. Kanaley et al. [16] highlighted that aerobic
and resistance exercise significantly improved glycemic con-
trol and cardiovascular health in individuals with T2DM,
similar to the findings of this study. The current study adds
to this body of evidence by providing detailed analyses of
the impact of aerobic exercise on multiple health parameters,
reinforcing the importance of incorporating regular physical
activity into diabetes management plans.

The correlations between VO2 max and other health
parameters suggest that improving aerobic fitness can benefit
greatly, supporting personalized exercise prescriptions. This
concept is supported by Ross et al. [39], who emphasized the
importance of individualized exercise programs in achieving
optimal health outcomes.

Despite the strengths of this study and comprehensive
assessment of multiple health parameters, certain limitations
should be considered. The study population was relatively
small and recruited from a single hospital setting, which
may limit the generalizability of the findings. Additionally,
the study duration of 8 weeks, while sufficient to observe
significant changes, may not capture the long-term benefits
of sustained aerobic exercise. Future research should inves-
tigate the effects of longer-term exercise interventions and
explore the optimal exercise modalities, intensity, and fre-
quency for individuals with T2DM.

The findings of this study have important implications for
clinical practice. The robust evidence supporting the benefits
of aerobic exercise underscores the need for healthcare pro-
fessionals to actively promote and encourage physical activ-
ity among individuals with T2DM. Structured exercise pro-
grams, tailored to individual needs and preferences, should
be integrated into routine diabetes care to optimize glyce-
mic control, cardiovascular health, and overall well-being.
Additionally, healthcare providers should educate patients
about the importance of regular physical activity and guide
safe and effective exercise practices. Future research should
prioritize investigating the long-term effects of aerobic
exercise on individuals with T2DM. Exploring optimal
exercise modalities, intensity, and frequency is essential
to tailor exercise interventions effectively. Additionally,
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expanding the study population to include a broader range
of participants will enhance the generalizability of findings
and inform evidence-based recommendations for diabetes
management.

Conclusion

In conclusion, this study provides compelling evidence
supporting the beneficial effects of aerobic exercise on gly-
cemic control, blood pressure, and cardiovascular fitness
in individuals with T2DM. These findings underscore the
importance of incorporating regular physical activity into
diabetes management strategies. Future research should
investigate the long-term impact of exercise on T2DM out-
comes, explore the efficacy of different exercise modalities,
and examine the influence of exercise intensity and dura-
tion on health parameters. Additionally, studies focusing on
specific subgroups of T2DM patients, such as those with
comorbidities or different disease severities, are warranted
further to elucidate the role of exercise in this population.
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