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estrogen levels. Given the role of exercise in improving metabolic balance,
examining the effect of high-intensity interval training (HIIT) on estrogen levels is
of particular importance. Therefore, the present study, designed as an applied
experimental research, aimed to investigate the effect of eight weeks of HIIT on
serum estrogen levels in obese female rats with type 2 diabetes.

Methods: In this study, 40 female Wistar rats aged 8 weeks with an average weight
of 200 g were obtained from the animal facility of Kerman University of Medical
Sciences. After adaptation to laboratory conditions, the animals were randomly
divided into four groups of 10 rats each: healthy control, diabetic control, healthy
exercise, and diabetic exercise. To induce diabetes, a dose of 35 mg/kg of
streptozotocin was injected intraperitoneally. The HIIT protocol was carried out for
eight weeks, three sessions per week. Data were analyzed using two-way ANOVA,
and Tukey’s post hoc test was applied for between-group comparisons.

Results: The findings indicated that type 2 diabetes significantly reduced serum
estrogen levels. However, eight weeks of HIIT significantly increased estrogen
levels, regardless of whether the rats were diabetic or healthy. Furthermore, the
interaction effect between diabetes and training revealed that HIIT could partially
counteract the negative impact of diabetes on serum estrogen levels.

Conclusion: Overall, the results suggest that exercise training, particularly HIIT, can
serve as an effective complementary and non-pharmacological intervention in
managing diabetes and improving hormonal balance. Incorporating such
interventions into therapeutic and preventive programs may play a vital role in
enhancing the health of women affected by type 2 diabetes and obesity.
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Extended Abstract

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most prevalent metabolic disorders worldwide and is strongly associated
with obesity, insulin resistance, and multiple endocrine disruptions. Beyond its well-established role in impairing glucose
and lipid metabolism, T2DM is also closely linked with alterations in sex hormones, particularly estrogen. Estrogen plays
a central role not only in reproductive function but also in maintaining metabolic homeostasis, influencing insulin
sensitivity, regulating fat distribution, and modulating inflammatory pathways. A decline in estrogen levels is frequently
observed in metabolic diseases, and such hormonal imbalance may contribute to further progression of diabetes and
obesity-related complications. The interplay between obesity, diabetes, and estrogen deficiency creates a vicious cycle.
Excess adiposity, especially visceral fat, promotes chronic low-grade inflammation and increases insulin resistance. These
changes disrupt the hypothalamic-pituitary-gonadal axis, leading to reduced estrogen production. In turn, diminished
estrogen worsens metabolic dysfunction by reducing glucose uptake in skeletal muscle and adipose tissue while promoting
lipid accumulation. This cycle highlights the importance of investigating non-pharmacological strategies that can
positively affect both metabolic and hormonal regulation. Physical activity has been recognized as a cornerstone in the
management of T2DM and obesity. Exercise improves insulin sensitivity, enhances glucose transport, reduces body fat,
and improves cardiovascular health. Among the various exercise modalities, high-intensity interval training (HIIT) has
gained increasing attention in recent years due to its efficiency and physiological benefits. HIIT involves short bursts of
intense activity followed by periods of rest or low-intensity recovery. Studies have shown that HIIT can lead to
improvements in mitochondrial function, cardiovascular fitness, and metabolic flexibility in both healthy and diseased
populations. Despite this evidence, limited research has directly examined the effects of HIIT on serum estrogen levels,
especially in obese female models with T2DM. Investigating this relationship is important because improvements in
estrogen levels may not only enhance reproductive health but also support better metabolic outcomes and reduce the
severity of diabetic complications. By exploring the interaction between HIIT, diabetes, and estrogen, this study addresses
an important gap in knowledge and may provide insights into practical strategies for improving hormonal balance in
metabolic disorders. Accordingly, the present research was designed to determine the effect of eight weeks of HIIT on
serum estrogen levels in obese female Wistar rats with T2DM. By employing an experimental model, this study aimed to
clarify whether HIIT could serve as an effective, non-pharmacological intervention to counteract the adverse hormonal
effects of diabetes and obesity.

Methods

In this study, 40 female Wistar rats aged 8 weeks with an average weight of 200 g were obtained from the animal facility
of Kerman University of Medical Sciences. After adaptation to laboratory conditions, the animals were randomly divided
into four groups of 10 rats each: healthy control, diabetic control, healthy exercise, and diabetic exercise. To induce
diabetes, a dose of 35 mg/kg of streptozotocin was injected intraperitoneally. The HIIT protocol was carried out for eight
weeks, three sessions per week. Data were analyzed using two-way ANOVA, and Tukey’s post hoc test was applied for
between-group comparisons.

Results

The findings indicated that type 2 diabetes significantly reduced serum estrogen levels. However, eight weeks of HIIT
significantly increased estrogen levels, regardless of whether the rats were diabetic or healthy. Furthermore, the interaction
effect between diabetes and training revealed that HIIT could partially counteract the negative impact of diabetes on
serum estrogen levels.

Conclusion

The present study demonstrated that T2DM significantly reduced serum estrogen levels in obese female Wistar rats, while
eight weeks of HIIT markedly increased estrogen concentrations regardless of diabetic status. Importantly, the interaction
between diabetes and exercise revealed that HIIT was capable of mitigating, at least partially, the negative effects of
diabetes on estrogen regulation. These findings have several important implications for both basic research and potential
clinical practice. First, the reduction in estrogen levels observed in the diabetic groups aligns with existing evidence that
metabolic disorders impair endocrine function. Estrogen deficiency is not merely a reproductive concern but also a
metabolic challenge that can exacerbate insulin resistance, fat accumulation, and inflammatory processes. The observed
improvements in estrogen levels following HIIT suggest that exercise may serve as a protective mechanism to preserve
hormonal balance, thereby alleviating some of the pathophysiological consequences of diabetes and obesity. Second, the
results highlight the therapeutic potential of HIIT as a complementary strategy alongside conventional medical treatments.
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Unlike pharmacological interventions, exercise has the added benefits of improving cardiovascular function, reducing
adiposity, and enhancing quality of life. The fact that HIIT elicited positive hormonal changes in both healthy and diabetic
groups suggests that this training modality can be broadly applicable, not only for disease management but also for
prevention and health promotion. Third, the interactive effects of diabetes and exercise on estrogen levels underscore the
importance of tailoring exercise interventions to specific metabolic conditions. The significant increase in estrogen
observed in the diabetic exercise group compared to diabetic controls indicates that even in the presence of disease-related
impairments, physiological adaptations to HIIT remain achievable. This finding provides encouragement for
incorporating structured exercise programs into the care of individuals with T2DM and obesity. Finally, while the current
research was conducted in an animal model, the implications extend to human health. Given the rising prevalence of
T2DM and obesity among women worldwide, identifying interventions that address both metabolic dysfunction and
hormonal imbalance is critical. HIIT, due to its time efficiency and robust physiological effects, may represent a viable
option for women at risk of or living with diabetes. In conclusion, this study emphasizes that HIIT is not only effective
for improving metabolic markers but also has the potential to restore hormonal balance disrupted by diabetes and obesity.
Integrating such exercise programs into therapeutic and preventive frameworks could significantly contribute to
enhancing women’s health, promoting metabolic resilience, and reducing the burden of chronic disease.
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