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Editorial on the Research Topic
The link between obesity, type 2 diabetes, and mitochondria

The present Research Topic, entitled “The Link between Obesity, Type 2 Diabetes, and
Mitochondria” aims at highlighting the functional role of the relationship linking
mitochondria, obesity, and diabetes mellitus, including key mechanisms involved and
the potential implications for therapeutic interventions. The relationship between obesity,
type 2 diabetes (T2D), and mitochondria is multifaceted and complex; understanding this
relationship can provide valuable insights into the prevention and management of T2D
and obesity.

Obesity and T2D are major global health challenges with significant consequences for
individuals and healthcare systems. The prevalence of both conditions has been steadily
increasing over the past few decades (1). The underlying mechanisms connecting these two
conditions, particularly the role of mitochondria, have gained considerable attention (2-4).

Mitochondria are vital organelles responsible for cellular energy production through
oxidative phosphorylation. Obesity has been associated with mitochondrial dysfunction,
including impaired mitochondrial biogenesis, reduced oxidative capacity, and increased
oxidative stress. These alterations can lead to inefficient energy utilization, contributing to
metabolic abnormalities observed in obesity. Mitochondrial dysfunction can negatively
affect insulin signaling pathways. Impaired mitochondrial oxidative capacity can result in
increased levels of reactive oxygen species (ROS), and activation of stress-related pathways,
all of which interfere with insulin action. Consequently, a condition of reduced biological
response to insulin in peripheral tissues (i.e. insulin resistance) develops (5-7). Rautenberg
et al. elegantly describe the normal function and structure of mitochondria and highlight
some of the key studies that demonstrate mitochondrial abnormalities in skeletal muscle of
volunteers with T2D and obesity. Additionally, they explain epigenetic modifications in the
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context of insulin resistance and mitochondrial abnormalities,
emphasizing mitochondrial DNA methylation.

Mitochondrial dynamics, including fusion, fission, and
mitophagy, can play crucial roles in maintaining mitochondrial
quality and function (8-10). Dysregulation of these processes in
obesity can further exacerbate mitochondrial dysfunction and
impair cellular metabolism. Emerging evidence suggests that
modulating mitochondrial dynamics may have therapeutic
potential in preventing or reversing metabolic disorders
associated with T2D and obesity (11, 12). Mitochondrial
metabolism controls glucose-stimulated insulin secretion (GSIS)
by ATP production, redox signaling, and Ca*' handling in
pancreatic B cells (13-15). Pacifici et al. demonstrate that
peroxiredoxin 6 (Prdx6), an antioxidant enzyme with both
peroxidase and phospholipase A2 activity, finely controls
mitochondrial homeostasis and plays a pivotal role in the
regulation of glucose-stimulated insulin release.

Oxidative stress is also a fundamental component of the
pathogenesis of diabetic cardiomyopathy: ROS generation in
cardiomyocytes starts a vicious circle, resulting in mitochondrial
DNA damage, post-translational modification of proteins, lipid
peroxidation, further production of ROS, eventually culminating
in inflammation, cardiac hypertrophy, interstitial fibrosis, and
cardiac dysfunction. The main signaling pathways related to
oxidative stress in diabetic cardiomyopathy are examined in a
comprehensive review (Peng et al.).

10.3389/fendo.2023.1229935

Thermogenic adipocytes possess a promising approach to
combat obesity with its capability promoting energy metabolism.
In this sense, Luo et al. demonstrate that deleting G protein-coupled
receptor 30 (GPR30), a membrane-associated estrogen receptor,
drives the activation of mitochondrial uncoupling respiration to
induce adipose thermogenesis in female mice; indeed, GPR30
deficiency enhances beige adipocyte differentiation in white
adipose tissue. This novel mechanism could potentially lead to
novel therapeutic strategies to prevent the development of obesity
and obesity related metabolic diseases.

Hence, targeting mitochondrial dysfunction and dynamics
represents a promising avenue for the development of therapeutic
interventions for T2D and obesity (Figure 1). Strategies such as
exercise, calorie restriction, pharmacological agents, and
nutraceuticals have shown potential in improving mitochondrial
function and insulin sensitivity (16). Further research is needed to
elucidate the precise molecular mechanisms and identify effective
interventions that can improve mitochondrial function and
mitigate the metabolic consequences of T2D and obesity.
Additionally, novel approaches, including mitochondrial-targeted
antioxidants, are being explored for their potential to restore
mitochondrial function and mitigate metabolic abnormalities.

In conclusion, exploring the link between obesity, T2D, and
mitochondria enhances our understanding of the pathophysiology
of these conditions. This knowledge can inform the development of
novel therapeutic approaches to prevent and manage T2D and

FIGURE 1
Artistic representation linking mitochondria, obesity, and diabetes.
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obesity, potentially reducing the burden of these diseases on
individuals and healthcare systems.
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