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ABSTRACT

EEE G BE IOl [ERNYE Autonomic nervous system dysfunction can lead to
cardiovascular complications in patients with type 1 diabetes (T1D). This study aimed to

investigate the effects of regular exercise training on heart rate variability (HRV) in the
frequency domain among patients with T1D.

This semi-experimental study involved 24 insulin-dependent
adolescent boys with T1D and 12 healthy age-matched boys (aged 12—-18 years) who were
selected and divided into three groups: healthy, diabetic control, and diabetic exercise.
The diabetic exercise group performed combined training three times per week continued
for 12 weeks. Blood and cardiac variables were measured 48 hours before and 72 hours
after the intervention. Statistical analysis was performed using paired t-tests and one-way
ANOVA.

After intervention, the diabetic exercise group experienced a significant increase
in VO,max and high-frequency (HF) components of HRV, along with a significant decrease
in resting heart rate (HRrest), low-frequency to high-frequency ratio (LF/HF), and glycemic
index (P<0.05). Furthermore, intergroup analysis of pre- and post-test differences showed
significant changes in VO,max, HRrest, HF, LF/HF, and blood glucose indices in the diabetic
exercise group compared to the healthy and diabetic control groups (P<0.05).

Our findings indicate that regular exercise training combined with insulin-
dependent therapy may help improve cardiovascular function (heart rate variability) in
adolescent boys with T1D.
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Introduction

T Type 1 diabetes (T1D) is one of the most
important metabolic disorders of childhood,
recognized as a medical and social challenge.

T1D can occur at any age, and its incidence
varies with age. In recent decades, most countries have
experienced an increase in the incidence of T1D among
children, although this increasing trend has not been
uniform in different countries or over different time
periods. Individuals with T1D experience significant
glycemic fluctuations, which over time lead to dysfunction
and failure in various organs, cardiovascular diseases, and
common complications such as autonomic neuropathy,
which, through involvement of the autonomic nervous
system, causes various physiological changes such as
myocardial electrical and contractile activity. The
autonomic nervous system (ANS) plays a vital role in
regulating cardiovascular  activity, maintaining
homeostasis, and adapting to the body's needs. The
sympathetic system is responsible for increasing heart rate,
strengthening myocardial contractility, and constricting
blood vessels, while the parasympathetic system promotes
relaxation and recovery by decreasing heart rate and
dilating blood vessels. In many T1D patients, ANS
dysfunction is evident through specific tests as the first and
most common complication, even before the onset of other
clinical symptom. In this regard, heart rate variability

(HRV) is used as a non-invasive indicator to assess cardiac

autonomic function. This research utilizes the frequency

domain method for HRV measurement. On the other hand,
regular exercise, as a key component in T1D management,
plays an important role in improving blood glucose control,
increasing insulin sensitivity, and reducing the risk of
chronic complications. Evidence suggests that physical

activity, especially aerobic and resistance training, can
create positive changes in autonomic nervous system
function and prevent the early onset of autonomic disorders
in children and adolescents with T1D.

Methods

In this clinical study, 24 boys aged 12 to 18 years with
T1D with at least 6 years of insulin injection history and
12 healthy boys of the same age were purposively selected
and divided into three groups: healthy control, diabetic
control, and diabetic exercise. The criteria for participation
in this study included having T1D, agreeing to participate
in the research project, providing dietary habits and
exercise program, not having cardiovascular problems and
complications (such as a history of palpitations, chest pain,
heart failure during exercise), not having a chronic
psychiatric disorder, and having normal general tests. After
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evaluation by a specialist physician (based on the size of
the penis, testicles, and scrotum), all participants were in
Tanner stages 3 to 5. The main stages of this study included
blood sampling, VO2peak measurement, heart rate
variability measurement, and exercise training program.

Results

The results of the between-group analysis of covariance
showed that regular exercise intervention with a work
intensity range of 50 to 75% of heart rate reserve improved
HRV Frequency-Domain Parameters (VLF, HF, LF/HF) and
glycemic indices in T1D patients, which probably led to
improved cardiovascular system efficiency at rest in the
intervention group.

Conclusion

The findings of the present study showed that a 12-week
course of submaximal aerobic interval training can
significantly improve frequency-dependent HRV indices as
well as metabolic parameters such as HbAlc, FBS, LDL,
HDL, and VO,peak in boys with T1D. The improvement of
HF index as a proxy for the function of the parasympathetic
branch of the autonomic nervous system indicates the
positive effect of aerobic training on improving the balance
between the sympathetic and parasympathetic branches and
improving cardio-neurological function in these patients.
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