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Abstract

Introduction and purpose

Diabetes mellitus (DM) is a chronic disease with rising global prevalence, affecting 8.3% of
adults, many of whom remain undiagnosed. It impacts multiple organ systems, with skin
manifestations often serving as early, visible signs of metabolic dysregulation. Conditions like
acanthosis nigricans, xerosis, diabetic dermopathy, and necrobiosis lipoidica reveal
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underlying metabolic issues and offer non-invasive tools for monitoring glycemic control.
This article examines common dermatological signs of DM, their diagnostic value, and their
role in disease management, highlighting prevention, treatment, and the importance of
glycemic control for better patient outcomes.

Material and methods

This study is based on a comprehensive review of recent literature focusing on the skin
manifestations and clinical implications of diabetes mellitus -related skin changes.
Description of the State of Knowledge

Hyperglycemia disrupts normal cellular processes in the skin, leading to impaired wound
healing, increased oxidative stress, and inflammation. These pathological changes contribute
to various dermatological symptoms, including xerosis, pruritus, erythema, and fibrosis. Skin
changes, such as diabetic dermopathy, necrobiosis lipoidica, and recurrent fungal infections,
are not only indicators of DM but also reflect glycemic control and disease severity. These
manifestations can signal undiagnosed diabetes or poorly controlled blood glucose levels,
offering a non-invasive method for disease monitoring.

Conclusions

Skin manifestations are vital diagnostic tools in diabetes care, providing early indications of
metabolic imbalances and poor glycemic control. Their presence underscores the need for
timely interventions, including lifestyle modifications, pharmacological treatments, and
patient education. Dermatological assessments, particularly in resource-limited settings, offer
an accessible approach to monitoring therapy effectiveness and predicting complications.

Keywords: Diabetes mellitus, skin manifestations, diabetic dermopathy, glycemic control,

dermatological complications

1.Introductiona

Diabetes mellitus (DM) is a chronic and increasingly prevalent disease, affecting 8.3% of
adults globally, with an alarming 46% of cases remaining undiagnosed [1]. As a multifaceted
condition, DM impacts nearly every organ in the body and poses a wide range of serious
health complications. Among these, skin conditions are some of the earliest and most visible

signs of the disease, often signaling underlying metabolic imbalances.

Skin problems associated with diabetes, such as xerosis, pruritus, erythema, fibrosis, and
swelling, are common, affecting up to 80% of individuals with the condition [2]. These
dermatological issues not only disrupt daily life but can also significantly diminish patients'
quality of life by causing discomfort, visible changes, and secondary infections if left

untreated.



Importantly, the presence of certain skin symptoms can provide valuable diagnostic insights.
They may help identify undiagnosed cases of diabetes or indicate poor blood sugar control,
offering clinicians a non-invasive way to monitor the disease's progression or effectiveness of
treatment [3]. Understanding these manifestations is crucial for improving both patient

outcomes and quality of care.

In this article, we aim to highlight the skin manifestations of diabetes, emphasizing their
importance in understanding the disease, improving diagnosis, and supporting better

management strategies.

2.Pathophysiological Impact of Diabetes Mellitus on the Skin

Elevated glucose levels in diabetes negatively affect various cellular processes in the skin,
such as proliferation, migration, and protein synthesis in keratinocytes and fibroblasts [4].
These disruptions are accompanied by increased endothelial cell apoptosis and inhibition of
nitric oxide (NO) production due to the suppression of nitric oxide synthase (NOS) activity.
Consequently, vascular function is impaired, leading to reduced vasodilation. Additionally,
hyperglycemia compromises immune response mechanisms by weakening chemotaxis and
phagocytosis in innate immune cells. Advanced glycation end products (AGEs) are formed
through non-enzymatic glycation of proteins, lipids, and nucleic acids [5]. These molecules
interact with intra- and extracellular proteins, such as type I collagen and epidermal growth
factor receptor, impairing their biological functions. AGEs also bind to the RAGE receptor,
triggering the NF-«xB signaling pathway and promoting the production of proinflammatory
cytokines. [6][7][8]. This cascade exacerbates oxidative stress and inflammation, further

contributing to tissue damage in diabetes [9] .

3.The Most Common Skin Manifestations of Diabetes Mellitus

3.1 Acanthosis Nigricans — An Indicator of Insulin Resistance

Acanthosis nigricans (AN) is one of the most common dermatological manifestations of
diabetes, often serving as an indicator of insulin resistance. This condition is more
pronounced in individuals with darker skin tones, making it more prevalent among African

Americans, Hispanics, and Native Americans [10].



The characteristic features of AN include symmetrical thickening of the skin in natural folds,
especially in the armpits but also on the neck, areolas, elbows or umbilicus.The affected areas
of skin become darker due to hyperkeratosis and increased proliferation of keratinocytes and

fibroblasts under the influence of hyperinsulinemia [1].

The mechanism behind AN development is closely linked to excessive insulin activity.
Hyperinsulinemia, a hallmark of insulin resistance, stimulates insulin receptors and insulin-
like growth factor 1 (IGF-1) receptors on keratinocytes and fibroblasts, leading to abnormal

growth and skin thickening [11].

The presence of acanthosis nigricans can serve as an important clinical diagnostic marker,
indicating the need to evaluate insulin resistance and assess the risk of developing type 2
diabetes. This is particularly significant in children and young adults, where the presence of

such skin changes should prompt further metabolic investigations [12].

Management of AN primarily involves addressing insulin resistance through weight loss,
physical activity, and appropriate pharmacotherapy. The use of topical treatments, such as
retinoids or keratolytic agents, can improve the appearance of the lesions, though their

efficacy is limited without proper control of the underlying cause [13].

3.2 .Diabetic Dermopathy — The Most Common Manifestation on the Lower Legs

Diabetic dermopathy (DD) is the most common cutaneous manifestation of diabetes, observed
in approximately 40% of patients with the disease [14]. It occurs more frequently in men and
individuals over the age of 50 [15].The lesions present as small, round, brownish spots
measuring 0.5—1.5 cm in diameter, typically located on the anterior surface of the lower legs.
These spots result from vascular changes in the microcirculation and minor skin injuries that

fail to heal properly due to metabolic disturbances and impaired repair mechanisms [16].

Diabetic microangiopathy, characterized by damage to small blood vessels, is the primary
cause of diabetic dermopathy. Elevated glucose levels lead to non-enzymatic glycation of
collagen, weakening the structure of blood vessel walls and causing tissue hypoxia.
Additionally, reduced local immunity increases the risk of chronic inflammation in the

affected areas [17] [18].



Although diabetic dermopathy is usually asymptomatic and does not require treatment, its
presence may indicate advanced microangiopathic changes and suggest the need for more
rigorous glycemic control. Patients should also be aware that these lesions can be the first
visible sign of microcirculatory abnormalities, underscoring the importance of proper

education and regular monitoring [19].

Patients should also be aware that these lesions can be the first visible sign of
microcirculatory abnormalities, underscoring the importance of proper education and regular

monitoring.

3.3 Bullosis Diabeticorum — Rare but Characteristic

Bullosis diabeticorum also known as Diabetic blisters, are rare yet distinctive skin lesions
occurring predominantly in patients with advanced diabetes. These lesions manifest as
painless, well-demarcated blisters filled with clear fluid, appearing suddenly, most commonly

on the feet, hands, or lower legs [20].

The exact etiology of these lesions remains unclear; however, it is believed that blisters result
from a combination of diabetic neuropathy, microangiopathy, and local skin trauma. Vascular
damage leads to local hypoxia and increased vessel wall permeability, which may promote
blister formation. Diabetic blisters typically heal spontaneously within a few weeks without

scarring [21].

Bullosis diabeticorum can recur over the years, with repeated episodes sometimes leading to
ulceration and scarring. Secondary infections, marked by cloudy blister fluid, may arise and
require treatment to prevent complications like cellulitis, abscess, or osteomyelitis. In severe
cases, infections have resulted in amputations [22].Preventing secondary infections through
proper hygiene and avoiding manipulation of blisters is crucial in treatment. Optimizing

glycemic control is also important to reduce the risk of recurrence.

Recognizing bullosis diabeticorum is essential, as the presence of these lesions may indicate

advanced diabetes with microangiopathic complications. This should prompt a thorough



assessment of the patient's metabolic status and the implementation of appropriate therapeutic

measures .

3.4 Xerosis and puritus

The skin is among the organs most frequently affected by diabetes complications. High blood
glucose levels lead to dehydration and dysfunction of sweat glands, resulting in decreased
epidermal hydration [23]. Xerosis can affect any area of the skin and is characterized by

flaking and scaling, often associated with advanced disease [24].

Itching often accompanies skin dryness and results from both metabolic changes and diabetic
neuropathy. Damage to nerve fibers, reduced blood flow in microcirculation, and increased
levels of pro-inflammatory cytokines contribute to this symptom [25]. Itching may affect
large skin areas or be limited to specific sites, such as the lower limbs. The discomfort of

these symptoms often negatively impacts patients' quality of life.

It is important in clinical practice to pay attention to symptoms like skin dryness and itching,
as they may indicate inadequate glycemic control or developing complications. Early
recognition and treatment of these symptoms, such as with emollients containing polidocanol
or menthol, can provide relief to patients and improve their comfort. In more severe cases,
interventions like topical corticosteroids, intralesional corticosteroids or oral therapies,
including antihistamines or antidepressants may be required. Ultraviolet phototherapy is also

an option for refractory cases [14].

4. Skin changes associated with diabetes mellitus cimplications

4.1 Necrobiosis lipoidica

Necrobiosis lipoidica (NL) is a chronic dermatological condition more frequently observed in
patients with type 1 diabetes, although it can also occur in individuals without the disease. It
is estimated that NL develops in 0.3—1.6% of diabetic patients, making it a rare but significant
complication [1]. Among patients diagnosed with NL, diabetics account for 65% of cases [26].

It primarily affects women between the fourth and sixth decades of life [27].
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The characteristic lesions are well-demarcated yellow-brown patches or plaques, often with
central atrophy and telangiectasias. These lesions are commonly located on the anterior
surface of the lower legs, typically affecting both limbs, though they can also appear in other
locations [15][28].

The pathogenesis of NL is multifactorial and is is characterized by collagen degradation,
granuloma formation, lipid deposition, and thickening of blood vessel walls.. Telangiectasias
and painful ulcerations develop in advanced stages, affecting about 30% of cases. The
condition is believed to stem from an immunologically mediated vascular disorder, especially
in diabetic patients. Key vascular changes include thickened vessel walls, fibrosis, and
endothelial proliferation, causing dermal ischemia and hypoxia. Reduced collagen production,
disrupted fibril structure, and immune deposits at blood vessels further contribute to lesion

development [29].

Treatment of NL involves both topical and systemic therapeutic strategies. Glucocorticoids,
calcineurin inhibitors, and occlusive dressings for ulcers are commonly used. Additionally,

glycemic control is essential to limit the progression of the lesions.

4.2 Insulin Lipodystrophy — A Problem at Injection Sites

Insulin-induced lipodystrophy is a common complication of insulin therapy, affecting
approximately 25-55% of patients undergoing insulin treatment [30] It manifests as
lipoatrophy (LA) or, more frequently, lipohypertrophy (LH) which affects approximately 27%

of people with diabetes [14] at sites of repeated insulin injections.

LA results from inflammatory processes and immune reactions to insulin, leading to the
degradation of local adipose tissue. The prevalence of LA has significantly decreased with the
advent of purified and recombinant insulin forms, now affecting an estimated 3.6% of patients

using insulin injections [31].

In contrast LH is characterized by tumor-like lumps of adipose tissue that are both visible
and palpable at insulin injection sites. This condition arises due to the lipogenic effects of

repeated insulin exposure, promoting proliferation and hypertrophy of adipocytes [32]. These



localized fatty deposits not only alter the aesthetic appearance of the injection site but also

impair the physiological function of insulin.

When insulin is administered into tissue affected by LH, its absorption becomes unpredictable,
leading to poor glycemic control. This can result in excessive glucose variability and an
increased risk of hypoglycemia. Despite its clinical significance, the underlying
pathophysiology of LH remains poorly understood [33]. This complication has clinical
significance as it affects insulin absorption, leading to glucose level fluctuations and
challenges in maintaining stable metabolic control. Preventive measures include rotating

injection sites, avoiding the reuse of needles, and employing proper injection techniques.

4.3. Fungal and Bacterial Infections

Patients with diabetes are particularly susceptible to skin infections, both bacterial and fungal.
This increased vulnerability is primarily due to hyperglycemia, which impairs the function of
immune cells, such as neutrophils and macrophages, thereby reducing the body's ability to

combat infections effectively [34].

Fungal Infections

Fungal infections, particularly candidiasis caused by Candida albicans, frequently affect skin
folds, including the axillae and groin. In diabetic individuals, these infections are often
recurrent and difficult to manage. Dermatophyte infections, such as tinea pedis, are also
common and can result in chronic skin lesions. If untreated, such conditions may escalate into

more severe complications, including diabetic foot syndrome [35].

Bacterial Infections

Bacterial infections, including boils and abscesses, are most commonly caused
by Staphylococcus aureus. These infections can progress to cellulitis or systemic
complications, particularly if glycemic control is poor. Moreover, diabetic patients are at a

higher risk of developing severe infections such as necrotizing fasciitis or septicemia [36].



Management of fungal and bacterial infections in diabetic patients involves antifungal or
antibiotic therapy, tailored to the type and severity of the infection.Effective glycemic control
plays a crucial role in reducing the recurrence of infections and enhancing the overall immune
response. Preventive measures, such as maintaining good skin hygiene and promptly

addressing minor skin injuries, are also essential in minimizing infection risks [37].

4.4. Diabetic Foot Syndrome — A Serious Complication

Diabetic Foot Syndrome (DFS) represents one of the most severe complications of diabetes,
resulting from a combination of neuropathic and vasculopathic changes in the lower
extremities. This condition significantly impacts patients' quality of life and is a major cause
of morbidity and hospitalization among individuals with diabetes [38]. The prevalence of DFS

ranges from 4% to 10% with most cases involving men and patients over the age of 60.

DFS commonly begins with calluses and dry skin caused by diabetic neuropathy. In advanced
stages, chronic ulcers and foot deformities develop. Between 15% and 25% of patients with
diabetes will experience ulcers during their lifetime [39].Neuropathic ulcers, which are
typically painless due to sensory nerve damage, are the most frequent type. Ischemic ulcers,
associated with peripheral vascular disease, are less common but often painful [40]. Ulcers
are most often located on areas exposed to trauma, such as the toes, forefoot, and heels. If
untreated, these ulcers may lead to secondary infections, gangrene, or osteomyelitis,
potentially necessitating limb amputation [41]. Fungal infections, particularly between the

toes, may also exacerbate ulcer progression.

The development of diabetic foot syndrome (DFS) involves a complex interplay of
mechanisms, including peripheral neuropathy, ischemia caused by atherosclerosis, and
delayed wound healing. Hyperglycemia, a hallmark of diabetes, plays a pivotal role in these
processes. Elevated blood glucose levels drive the formation of advanced glycation end-
products (AGEs), which result from non-enzymatic reactions between glucose and proteins or
lipids. AGEs accumulate in tissues, exacerbating oxidative stress, chronic inflammation, and

cellular dysfunction [42].

Neuropathy diminishes sensory and motor functions, reducing patients' ability to perceive

injuries and contributing to abnormal gait patterns, which increase the risk of ulcer formation.



Autonomic nerve damage also decreases sweating, resulting in dry, fissured skin prone to
infection. Concurrently, arterial atherosclerosis impairs blood flow, exacerbating tissue

hypoxia and ulceration.

Management of DFS requires a multidisciplinary approach emphasizing prevention and
treatment of active ulcers. Preventive strategies include daily foot inspections, proper hygiene,
and the use of specialized footwear to reduce pressure on vulnerable areas [43].

Antibiotic therapy is necessary for infected ulcers, while severe ischemia may require
revascularization procedures [44]. Early identification and intervention are crucial to reducing

the risk of severe complications, including amputations.

5. Skin Manifestations and Glycemic Control

Skin changes can be among the first visible signs suggesting the development of diabetes [45],
even before classic symptoms such as polyuria, excessive thirst, or weight loss appear. These
changes not only serve as early indicators of diabetes but also act as a tool for monitoring its
control. Regular observation of a patient's skin condition allows physicians to assess the

effectiveness of the current diabetes therapy.

On the other hand, recurrent skin infections, such as candidiasis , may suggest insufficient
metabolic control [46]. Persistent changes like diabetic dermopathy or necrobiosis lipoidica

lesions could signal poorly controlled diabetes, necessitating medical intervention.

Another indicator is the presence of ulcers in diabetic foot syndrome. The emergence of new
ulcers or difficulties in their healing may point to prolonged uncontrolled blood glucose levels
Early identification of these symptoms can be crucial, enabling the timely implementation of
preventive measures such as lifestyle modifications, pharmacological treatment, or intensive

patient education.

Skin manifestations are particularly useful for patients with limited access to advanced
laboratory tests. In such cases, assessing skin changes can serve as a simple and accessible

tool for evaluating therapy effectiveness and predicting the risk of further complications
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6.Summary

Diabetes mellitus is a chronic condition that affects multiple organs, with the skin often
exhibiting some of the earliest signs of metabolic imbalance. Common skin issues associated
with diabetes, such as dryness, itching, redness, and swelling, can significantly impact
patients' daily lives and overall quality of life, especially if left untreated and complicated by

secondary infections.

These dermatological symptoms are not only clinical concerns but also valuable diagnostic
tools, offering non-invasive insights into undiagnosed diabetes or poor blood sugar control.
Early recognition of these manifestations plays a crucial role in improving disease

management, monitoring treatment effectiveness, and supporting better health outcomes.

The article highlights the need for an interdisciplinary approach to diabetic care, emphasizing
the integration of dermatological assessments into routine management to address skin

complications and enhance patients’ well-being.
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