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Abstract 
Diabetes mellitus, an alarming global health concern, is a group of metabolic diseases that are 
associated with the presence of a hyperglycemic state with impairment in insulin signalling, which 
can occur due to either a deficiency or resistance to insulin. Furthermore, a variety of additional 
elements contribute to the complex progression of complications linked to diabetes. 
 

 

Introduction 
 
Myopathies encompasses a diverse group of 
diseases that predominantly the skeletal muscle 
structure, metabolism, or channel function [1]. 
Myopathies are often characterized by 
disruptions in muscle tissue integrity and 
metabolic stability, which can be triggered by 
a variety of etiological agents ranging from 
genetic disorders, certain drugs and toxins, 
infections, to endocrinopathy like diabetes 
mellitus [1].  Diabetic myopathy, like other 
long-term consequences, is thought to be 
caused by a microvascular pathology that 
causes inflammation, ischemia, and infarction 
in the afflicted muscles. In 1965, Anger-vall 
and Stener identified diabetic muscle infarction 
as tumoriform localized muscular degeneration 
[2]. Diabetic myopathy most frequently affects 
the thigh and calf, although there is apparent 
relative sparing of some of the smaller muscles 
of the thigh [3–6].  

Diabetic cardiomyopathy (DbCM) is a form of 
Stage B Heart Failure defined by the 
occurrence of myocardial dysfunction in 
patients with diabetes mellitus, occurring 
independently of other cardiac conditions, 

including coronary artery disease, valvular 
heart disease, or advanced arterial 
hypertension [7]. DbCM, first identified in 
postmortem examinations conducted by 
Rubler et al. in 1972 [8], is a complication of 
long-standing diabetes that is gaining 
recognition yet remains inadequately 
researched, potentially progressing to heart 
failure [7,9]. 
Pathophysiology of Diabetic Myopathy & 
Diabetic Cardiomyopathy 
Skeletal muscle in individuals diagnosed with 
Diabetes Mellitus exhibits distinct 
characteristics, including an increased count of 
glycolytic fibers, pronounced muscle atrophy, 
and a diminished capillary density [6, 10–13]. 
These individuals frequently experience 
disruptions in muscle metabolism, which 
contribute to a decline in intermyofibrillar 
mitochondrial content and the abnormal 
accumulation of lipids [14]. These adverse 
changes culminate in a condition referred to as 
"metabolic inflexibility," hindering the 
muscle's capability to effectively alternate 
between the oxidation of fats and 
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carbohydrates in response to insulin [10,15]. 
Furthermore, functional deficits are evident, as 
indicated by a notable decrease in muscle 
strength, which correlates significantly with 
the buildup of intramuscular fat [16]. Chronic 
low-grade inflammation, oxidative stress, and 
disrupted extracellular matrix remodeling are 
proposed as fundamental factors contributing 
to the deterioration of muscle health in diabetes 
mellitus [15]. 
The pathophysiology of diabetic 
cardiomyopathy encompasses a variety of 
interconnected mechanisms, such as metabolic 
disturbances, oxidative stress, inflammation, 
and the development of fibrosis [17]. 
Modifications in cardiac metabolic processes, 
including increased fatty acid usage and 
diminished glucose oxidation, play a 
significant role in the onset of myocardial 
lipotoxicity. The over-accumulation of lipids 
within cardiomyocytes results in mitochondrial 
dysfunction, an elevation in the production of 
reactive oxygen species and a reduction in 
contractile performance [17,18]. Lipotoxicity 
has the potential to negatively influence the 
function of cardiomyocytes. This effect is 
likely attributable not merely to elevated levels 
of triglycerides and fatty acids in the 
bloodstream, but also to the increased presence 
of intermediate lipid species such as oxidized 
phospholipids and ceramides. The generation 
of these intermediates, specifically 
diacylglycerol, is associated with a nitric oxide 
synthase-mediated mechanism that diminishes 
the hypertrophic response of muscle cells, 
simultaneously impacting the microcirculatory 
system [19, 20].  
Diabetes leads to a persistent inflammatory 
condition within the body, characterized by 
elevated levels of the nucleotide-binding 
oligomerization domain-like receptor family, 
pyrin domain-containing-3 (NLRP3) 
inflammasome. It is believed that NLRP3 plays 
a crucial role in the progression of DbCM [21].  

Chronic hyperglycemia plays a significant role 
in the development of diabetic 
cardiomyopathy. Increased glucose 
concentrations lead to the synthesis of 
advanced glycation end-products, which foster 
oxidative stress and inflammatory responses. 
These glycation end-products engage with 
their receptors located on cardiomyocytes and 
cardiac fibroblasts, initiating intracellular 
signaling cascades that enhance fibrosis, 
hypertrophy, and eventually, apoptosis [17, 
22].  

Evaluation and Workup 
Elaborative history alongside physical 
examination and nutritional assessment is 
mandatory to identify and diagnose diabetic 
myopathy. They usually present with 
abrupt onset of pain and progressive swelling 
of the affected muscles, interfering in daily life 
activities. Bilateral involvement and multiple 
discontinuous sites of muscle involvement are 
often characteristics of diabetic myopathy [6]. 
While laboratory testing can be beneficial, it is 
often not tailored to the situation. Creatine 
kinase levels and ESR are high in nearly half 
of the reported cases [3, 4]. Creatine kinase 
levels indicate active muscle breakdown and 
are typically higher during the acute stages of 
disease, followed by early normalisation [6, 
23]. Electrodiagnostic testing is useful to 
confirm the myopathic nature of the process if 
there is an identifiable pattern and to stratify 
the severity of the disease. Needle 
Electromyography is the most sensitive 
examination for myopathy [1]. Anti-nuclear 
antigen (ANA) and myositis associated 
antibody panels should be checked. Diffuse 
subcutaneous edema with poor delineation of 
fascial planes and focal-to-diffuse low-signal 
subcutaneous fluid may be seen in Axial T1-
weighted MRI [6]. Biopsies should be avoided 
if the clinical presentation and imaging 
findings are consistent, since conservative 
treatment is usually sufficient to resolve 
symptoms. Biopsy is recommended for 
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atypical clinical scenarios or when treatment 
does not yield a clinical response [6].  
A conclusive diagnosis of DbCM necessitates 
advanced invasive hemodynamic evaluation, 
myocardial biopsy, and non-invasive imaging 
modalities, including echocardiography and 
cardiovascular magnetic resonance [17].  
These methods constitute the most suitable, 
practical, and risk-benefit-optimized strategy 
for identifying both functional and structural 
changes in diabetics [17]. Histopathologically, 
DbCM is distinguished by a non-specific 
pattern of hypertrophy in cardiomyocytes, 
alongside interstitial inflammation and fibrosis 
[7, 8]. Additionally, DbCM may be associated 
with cardiovascular autonomic neuropathy [7, 
24].  
Management 
The mainstay of treatment for diabetic 
myopathy consists of exercises with a 
combination of analgesics—anti inflammatory 
and antiplatelet medication along with strict 
glycemic control, optimized nutrition, and 
physical therapies. Combining aerobic exercise 
with strength training seems to be effective in 
enhancing submaximal endurance capacity 
[25]. The primary care physician may initially 
suspect the patient's diagnosis; however, the 
involvement of various specialities, including 
endocrinologists, is essential for crafting 
effective treatment plans. Maintaining 
interprofessional communication among all 
members of the treatment team is crucial for 
mitigating the progression of diabetic 
myopathy and delaying the emergence of 
associated complications. 
The management of DbCM necessitates a 
multifaceted strategy that encompasses 
lifestyle changes, regulation of blood glucose 
levels, and specific cardiovascular treatments. 
Metformin, a widely prescribed oral 
hypoglycemic medication, has demonstrated 
positive effects on DbCM through the 
activation of the PK2/PKR signaling pathway 
[17, 26]. This pathway is integral to the cellular 

response to stress and inflammation, 
contributing to a decrease in oxidative stress, 
inflammation, and fibrosis within the diabetic 
heart [17].  
Empagliflozin, an inhibitor of the sodium 
glucose co-transporter-2, exhibited significant 
cardioprotective properties, as evidenced by a 
reduction in cardiovascular event rates among 
high-risk patients with diabetes mellitus, 
thereby enhancing clinical outcomes. 
Empagliflozin has been linked to a decrease in 
left ventricular mass and enhancements in 
diastolic function, as evidenced by 
echocardiographic evaluations [27]. 
Additionally, it is associated with a reduction 
in myocardial fibrosis, an improvement in left 
ventricular ejection fraction and a decrease in 
left ventricular end-diastolic volume. 
Moreover, Empagliflozin optimizes cardiac 
glucose metabolism by promoting myocardial 
glucose utilization. 
Conclusion 
Diabetic myopathy and Diabetic 
Cardiomyopathy represents a burgeoning field 
of research that, while still in its infant stages, 
offers a compelling opportunity for additional 
therapeutic exploration aimed at preserving 
muscle integrity and, in turn, mitigating 
various complications associated with 
diabetes. 
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