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Abstract
Diabetes mellitus is known to be a long-term metabolic disorder identified by high blood glucose levels, 
affects millions of individuals worldwide, and considerably amplifies the risk of infections, including 
those caused by fungi. Fungal infection is considered a silent killer and the number of cases is increasing 
globally. This review explores the complex relationship between diabetes and fungal infections, 
emphasizing the elevated risk and severity of these infections in diabetic patients. Elevated blood 
glucose levels and impaired immune function in diabetic individuals create an environment favorable 
to fungal growth, leading to fosters conditions favorable to infections, from minor to severe systemic 
cases. Commonly occurring fungal pathogens such as Candida, Aspergillus, and dermatophytes are 
discussed, along with their clinical implications and treatment challenges. The article also includes 
case studies from diverse geographic regions that underscore the prevalence and severity of fungal 
infections in diabetic populations. It has been observed that the pharmacokinetics of antifungal agents 
are greatly impacted by diabetes and cause alteration in drug absorption, distribution, and metabolism. 
Prevention and management strategies, including strict glycemic control, regular screening, hygiene 
practices, and patient education, are emphasized to mitigate the risk of fungal infections. This review 
calls for ongoing research and the development of new antifungal treatments tailored to diabetic 
patients to improve outcomes and enhance patient care. 
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INTRODUCTION 

 Diabetes mellitus is known to be a long-
term metabolic disorder identified by high blood 
glucose levels and affects millions of individuals 
worldwide.1 According to WHO data in 2024, 
around 422 million people globally have diabetes 
disorder, with approximately 1.5 million fatalities 
reported annually.2 According to the assumption 
given by the International Diabetes Federation, 
diabetes cases will increase to 700 million by 
2045.3

 The major cause of diabetes is due to 
the arises in insulin secretion, insulin action, 
or a combination of both, leading to various 
complications that significantly impact the 
quality of life.4 Due to these complications the 
susceptibility to the infection is increased, which 
leads to severe health outcomes. Diabetes 
patients face a greater risk of mortality from 
infections compared to non-diabetic adults. In 
various studies, it has been observed that diabetes 
mellitus acts as a silent killer by affecting various 
organs and acting as a primary cause of bacterial 
or fungal infection.5 
 While much attention has been given 
to the relationship between diabetes and fungal 
infections, the impact of fungal infections on 
diabetic patients is a growing area of interest. 
Fungal disease can cause serious illnesses and 
death.6 According to the Centers for Disease 
Control and Prevention, there are a total of 75,000 
hospitalizations and nearly 9 million outpatients 
visit each year for fungal disease.7 
 A c c o r d i n g  t o  v a r i o u s  s t u d i e s , 
compromised immune systems and elevated 
blood sugar levels play a major role in fungal 
infection as well as in increasing the colonization 
of fungus. Diabetic patients are notably more 
severe and can cause superficial infections, such 
as skin and mucosal infections, to systemic and 
life-threatening conditions. The most frequent 
fungal pathogens affecting diabetic individuals 
include Candida species, Aspergillus species, 
and Dermatophytes. These pathogens can cause 
various forms of infections, each presenting unique 
clinical challenges and necessitating specific 
treatment approaches.8,9 
 According to the data of Medical News 
Today, a 2018 report stated that around 300,000 

people show a higher risk of infection which 
includes yeast infection in type 1 and 2 diabetic 
patients.10 Managing fungal infections in diabetic 
patients requires a multifaceted approach, 
including strict glycemic control, prompt diagnosis, 
and appropriate therapy. The early identification 
of fungal pathogens and the initiation of targeted 
treatments are crucial to prevent complications 
and improve patient outcomes. Additionally, 
understanding the underlying pathophysiological 
mechanisms that predispose diabetic patients to 
fungal infections can aid in developing preventive 
strategies and therapeutic interventions.11

 In this article, we delve into the complex 
interplay between fungal microorganisms and 
diabetes, exploring the implications of fungal 
infections for patient care and management. 

Hyperglycemia and immune dysfunction: key 
factors in fungal infection risk for diabetic patients
Hyperglycemia 
 Various types of bacteria and fungi grow 
on the surface of the skin and beneath it. In healthy 
individuals, there is a balance between fungi or 
microorganisms and the immune system, which 
can fight against infections. However, certain 
conditions can cause bacteria and fungi to grow 
uncontrollably, leading to infections. Diabetes is 
one such condition that leads to weakening of the 
immune system and causes thrush.12

 Thrush, widely known as Candidiasis or 
a yeast infection, occurs due to the presence of 
Candida fungus. It is more likely to develop in 
diabetic patients because high blood sugar levels 
promote the growth of Candida. High blood sugar 
means there is more sugar in sweat, saliva, and 
urine, providing an ideal environment for yeast 
to thrive, particularly in the mouth and genital 
areas.13 
 Mandal et al. conducted a study showing 
that glucose not only promotes the growth 
of Candida spp. but also causes resistance to 
antifungal drugs, they concluded that increasing 
the glucose concentration by 2% decreases the 
activity of the antifungal drug voriconazole by 4%. 
They mentioned in the article that simple sugars 
like glucose, sucrose, maltose, and lactose are 
likely to cause rapid growth and increase fungal 
colonization.14 
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Impaired immune function
 Another major factor contributing 
to fungal infections is impaired immune 
function. Various studies have reported that 
patients with diabetes have impaired immune 
responses compared to healthy individuals. 
This leads to the increased concentration of  
interleukin-6 and interleukin-8 in diabetic 
individuals, as observed in in vivo studies, 
indicative of a chronic inflammation state. This 
has been observed in several ex vivo studies 
where pathogenic stimulation of whole blood, 
mononuclear cells, or monocytes was analyzed 
from both diabetic and nondiabetic individuals. 
However, these studies were conducted on small 
sample sizes or focused on specific infections, 
such as fungal infections by C. albicans or bacterial 
infection by S. aureus.15-17

 It is therefore considered that a diabetic 
individual has an impaired immune system, leading 
to a higher risk of fungal infections. The factors 
triggered by diabetes and hypoglycemia that 
impair various immune responses and promote 
the growth of fungal infections are detailed in 
Figure 1. Due to the increased risk of infections 
in diabetes, especially the innate and adaptive 
immune responses in type 1 diabetes, it is crucial 
to address the health issue. 18,19

Insights into fungal infections in diabetic patients: 
Case studies and clinical findings across different 
settings
 Fungal infections represent a growing 
challenge in the management of diabetes, giving 
the susceptibility of diabetic patients to these 
infections due to their impaired immune system 
and increased blood glucose levels.20 The given 
collection of case studies and research highlights 
various aspects of fungal infections in diabetic 
patients, ranging from local studies in Nepal to 
individual case reports and broader retrospective 
analysis in Southern China. Each study provides a 
valuable understanding of the prevalence, clinical 
presentation, and treatment outcomes of fungal 
infections among diabetic individuals, underscoring 
the critical need for heightened awareness, early 
diagnosis, and effective management strategies to 
address these infections. 
 In Bhaktapur, Nepal, a case study 
was conducted to examine the occurrences of 

fungal infections in diabetic and non-diabetic 
individuals. The study was conducted from July 
2019 to January 2020. In total, 670 samples 
were gathered from 134 participants, with a 
larger percentage of females than males in both 
diabetic and non-diabetic participants. A random 
total of five samples was collected. The samples 
include oral wash, toe swabs, mid-stream urine, 
hair fiber, and nail scraping. The result showed 
that out of the 670 samples, 130 exhibited fungal 
growth, with 114 from diabetic participants and 
16 from non-diabetic participants. In both groups, 
the most frequently isolated fungus was Candida 
species, then the list included Aspergillus species, 
Trichophyton species, Mucor species, and Rhizopus 
species. Among diabetic individuals, the highest 
number of fungal growths was observed from oral 
wash samples, then by the toe swabs, mid-stream 
urine, and hair fiber, and the least fungal growth 
was observed in nail samples. The study confirms 
that diabetic patients are more prone to fungal 
growth as compared to non-diabetic individuals.21

 Another case study was reported 
which highlights the increasing cases of fungal 
infections, particularly Aspergillosis, in patients 
with uncontrolled diabetes. It shows the rare case 
of aspergillosis in the oral cavity of a 50-year-old 
woman with a history of uncontrolled diabetes 
and also includes symptoms like severe pain 
and swelling in the upper left back tooth region. 
Investigations included RT-PCR for COVID-19, 
blood sugar levels, Orthopantomogram (OPG), 
and Enhanced Computed Tomography (CECT) 
of the facial part. Surgical debridement and 
curettage of necrotic bone were performed, 
followed by a 10% potassium hydroxide (KOH) test 
and histopathological examination. The KOH test 
and histopathological examination confirmed the 
presence of Aspergillosis. The patient was treated 
with injectable amphotericin-B oral voriconazole, 
and also antidiabetic drugs. Follow-up revealed 
uneventful healing and the patient remained 
asymptomatic.22 
 Another case study was reported in 
Southern China. The case includes invasive fungal 
disease (IFD) in patients with type 2 diabetes 
were investigated. The study found a 0.4% 
prevalence of IFD among individuals suffering 
from type 2 diabetes, with candidiasis and 
cryptococcosis being the most common types of 
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yeast infections. Treatment was administered to 
90% of the patients, with the majority showing 
improvement. However, the study noted that poor 
prognosis was associated with conditions such as 
diabetic nephropathy, mixed fungal infections, 
disseminated IFD, and co-infections.23

Pharmacokinetic alternation of antifungal agents 
in diabetic patients 
 Diabetes can significantly impact the 
pharmacokinetics and pharmacodynamics of 
antifungal drugs. Several factors contribute to 
these alterations in diabetic individuals, including 
delayed gastric emptying, changes in drug 
distribution, and liver disease. These factors play 

a major role in modifying the effectiveness and 
metabolism of antifungal agents.
 Delayed gastric emptying, or gastroparesis, 
is a common issue in diabetic patients, affecting 
drug absorption. Studies indicate that between 
28% and 65% of diabetic individuals experience this 
condition, which can lead to delayed absorption of 
antifungal medications like tolazamide.24,25

 Drug distribution is another factor 
influencing the pharmacokinetics of antifungal 
drugs. In diabetes, non-enzymatic glycation of 
albumin alters the protein structure, reducing 
drug-protein interactions. This results in higher 
free drug concentration and lower albumin 
levels in the blood. Antifungal drugs with 

Figure 1. Effect of Hyperglycemia on the Immune System15  
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significant protein binding, such as amphotericin 
B, itraconazole, ketoconazole, miconazole, 
caspofungin, anidulafungin, and micafungin, are 
particularly affected by these changes.26,27 
 Impaired drug distribution into tissue has 
also been observed in diabetic individuals, due 
to changes in the microvasculature or reduced 
vascular permeability. This is especially observed 
in patients with diabetic foot infections, where 
effective tissue penetration of antimicrobial agents 
is crucial. Although the data on antifungal drugs for 
the treatment of diabetic foot is limited, it has been 
observed that drugs like vancomycin, Fosfomycin, 
and macrolides (excluding telithromycin) exhibit 
reduced tissue distribution in diabetic patients.28,29 
 Additionally, diabetes is also associated 
with liver diseases such as non-alcoholic fatty liver 
disease (NAFLD) and diabetic hepatosclerosis, 
which can impair hepatic function and affect 
drug metabolism. In animal models, the impact 
of diabetes on drug biotransformation has been 
observed. Antifungals such as itraconazole, 
voriconazole, and micafungin, which undergo 
hepatic metabolism, are particularly affected 
by liver impairment. For instance, micafungin 
has shown reduced exposure in patients with 
modern hepatic impairment compared to healthy 
individuals.30-32

Common Fungal Infections in Diabetic Patients 
and Their Impact 
 Diabetes patients are more prone to 
various fungal infections due to several factors, 

including elevated blood sugar levels, which 
create an environment conducive to fungal 
infections. High glucose levels can lead to 
increased glycation. Additionally, reduced blood 
circulation, especially in the extremities, can 
contribute to the development and persistence of 
infections.33 Here are some of the most common 
fungal infections observed in diabetic patients:

Candidiasis
 Candida species, particularly Candida 
albicans, are known for causing opportunistic 
infections in diabetic individuals. These infections 
can have various onsite effects on the body and 
lead to significant morbidity if not managed 
properly.34 
 Normally, candida is present in the gut 
microflora, with a colony-forming unit count 
of 10. However, in diabetic individuals, this 
can rise to up to 40%, disrupting the ecological 
balance of intestinal flora. Studies have shown 
that interleukin-12 serum levels can help inhibit 
yeast colonization in the gastrointestinal tract.34,35 
Various factors increase the pathogenicity of 
candida species, including:
• Enzymatic activity: increased hydrolytic 

enzyme activity36 
• Biofilm formation: formation of a film of 

microorganisms in the extracellular matrix of 
the cell which resists antifungal therapy.37,38

• Hydrophobicity: adhesion mediated by 
agglutinin-like proteins, which enhances 
virulence.39,40 

Figure 2. Candidiasis occurs in Diabetic Mellitus34  
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 Candidiasis can occur in different body 
parts in diabetic patients, including the oral cavity, 
vulvovaginal area, urinary tract, and systemically. 
The physiology and treatment strategies vary 
depending on the location of the infection, as 
illustrated in Figure 2.
• Oral candidiasis: linked to uncontrolled 

hyperglycemia, high glucose levels in saliva, 
 lower the salivary pH, the demised 
response of the tissue to injury, poor oral hygiene, 
and the presence of prostheses or medications like 
xerostomia.41 
• Vulvovaginitis: caused by uncontrolled 

hyperglycemia, high glucose levels, pregnancy, 
diabetes type, and aging.42,43

• Urinary tract infections:  result from 
uncontrolled hyperglycemia, high sugar 
levels in urinary tract mucosa or systemic 
circulation, influenced by factors like gender 
and medications such as SGLT2 inhibitors.44,45

• Nail infections: Associated with high glucose 
levels in vaginal mucosa, duration of diabetes, 
and factors such as gender and age.46

Aspergillosis
 Aspergillus is a filamentous, saprophytic 
fungus found in soil, hospital dust and  construction 
sites. Out of around 900 species, 12 are known to 
cause disease in humans.47 Aspergillus infections 
cover a broad clinical spectrum including: 
• Allergic Bronchopulmonary Aspergillosis 

(ABPA): occurs in individuals with cystic 
fibrosis or asthma, triggered by sensitization 
to A. fumigatus. 

• Chronic Pulmonary Aspergillosis (CPA): 
affects immunocompetent individuals with 
preexisting lung conditions, presenting as 
simple aspergilloma, Aspergillosis nodules, 
chronic cavitary pulmonary aspergillosis 
(CCPA), and fibrosing pulmonary aspergillosis.

• Invasive Pulmonary Aspergillosis (IPA): this 
form, including invasive aspergillosis (IA), 
poses significant challenges due to high 
morbidity and mortality rates. While primarily 
affecting immunocompromised individuals, 
an increasing number of immunocompetent 
patients are also susceptible.48,49  

 Diagnostic approaches include high-
resolution chest CT scans, CT pulmonary 

angiograms, and biomarkers, with varying 
sensitivity and specificity based on the patient’s 
immune system and sample type. The primary 
treatment involves antifungal medications, with 
voriconazole being the drug of choice. Alternatives 
like isavuconazole and echinocandins are used for 
intolerant cases. For severe cases, itraconazole 
and posaconazole serve as second-line treatment. 
Surgical intervention may be considered for 
patients with low surgical risk or those with 
aspergillomas. Recent advances in early detection 
and treatment have reduced mortality rates from 
around 90% to 40-50%. Ongoing follow-up is 
crucial for assessing treatment efficacy and patient 
recovery.50

Mucormycosis
 M u c o r my c o s i s ,  a l s o  k n o w n  a s 
phycomycosis or zygomycosis. Mucormycosis is 
caused by fungi from the Mucorales order and 
the Mucoraceae family. It represents the third 
most common angio-invasive fungal infection after 
candidiasis and aspergillosis. The infection typically 
begins in the nose and paranasal sinuses following 
the inhalation of fungal spores. Genera involved 
include Absidia, Mucor, Rhizomucor, and Rhizopus. 
Despite the rich blood supply of maxillofacial 
areas, mucormycosis can affect the maxilla, 
particularly in immunocompromised individuals 
such as those with diabetes. Early diagnosis and 
prompt treatment are crucial to reduce mortality 
rates.51,52

Dermatophyte infections 
 Dermatophyte infections are widespread 
cutaneous infections involving the skin, hair, 
and nails. Dermatophytes are fungi that utilize 
keratin to cause infections. A study conducted by 
Dinesh et al. examined 80 individuals diagnosed 
with dermatophytosis. The male-to-female 
ratio was 51% to 48%. Skin infections were the 
most common, followed by nail infections, with 
hair infections being the least frequent. The 
predominant isolates were Trichophyton spp., 
followed by Microsporum spp. and Epidermophyton 
spp. Among these, Trichophyton rubrum was the 
most commonly found and isolated from skin 
scrapings, and T. mentagrophyte was second 
on the list. M. gypseum was isolated from both 
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diabetic and non-diabetic patients, while E. 
floccosum was the least frequently isolated 
dermatophyte.53

Cryptococcosis
 Cryptococcosis, particularly cryptococcal 
meningitis, is considered a significant cause 
of morbidity and mortality globally, with an 
estimated 181,100 deaths each year. Its role in 
diabetes remains unclear. A study by Archuleta 
et al. investigated patients with cryptococcal 
infections. Out of 96 cases, cryptococcal meningitis 
(49.0%) and pneumonia (36.5%) were the most 
commonly found fungal infection. The study found 
that pulmonary cryptococcosis with uncontrolled 
diabetes had a significantly higher mortality rate 
at 10 weeks compared to cases with controlled or 
no diabetes. Uncontrolled diabetes was associated 
with an increased rate of death. Multivariable 
analysis revealed increased odds of mortality for 
uncontrolled diabetes, with an 11% increase in 
mortality risk per 1% increase in HbA1c levels. The 
study concludes that uncontrolled diabetes can 
increase mortality from pulmonary cryptococcosis 
by up to 4 to 6 times at 10 weeks and 1 year, 
respectively.54

Common fungal infections in diabetic patients
 The fungal infection occurs in diabetic 
individuals and affects various parts of the body. 
This led to significant mobility if not treated 
properly. The Table provides an overview of 
the most common fungal infections in diabetic 

individuals, including the specific body parts 
affected, recommended treatments, and 
references for further reading. By understanding 
the relationship between diabetes and these 
infections, healthcare professionals can better 
diagnose, treat, and prevent these conditions, 
thereby improving patient outcomes and quality 
of life.55 
 
Prevention and management strategies for fungal 
infections in diabetic patients
 Effective prevention and management 
of fungal infections in diabetic patients involves 
a multifaceted approach that includes glycemic 
control, regular screening, hygiene practices, 
prompt treatment, and patient education. Below 
are detailed descriptions of these strategies:

Glycemic control 
 Maintaining optimal blood sugar levels 
is critical for reducing the risk of fungal infections 
in diabetic patients. High blood glucose levels 
can impair the immune system and create an 
environment that promotes fungal growth. 
Glycemic control helps to improve immune 
function and reduce the incidence of infections. 
A study was performed by Ooi et al., in which 
they took 9 studies involving 1459 patients and 
observed that insulin therapy helps to reduce the 
infection and also better neurological outcomes. It 
has also been observed that severe hypoglycemia 
shows no correlation with infection control.33,63 

Table. List of fungal infections that usually occur in diabetic patients

No.  Fungal infection  Body part  Treatment  Ref.

1 Onychomycosis Usually occurs in nails, which Itraconazole, ketoconazole, and clotrimazole.   56
  over time results in dystrophy Shows high resistance to fluconazole
  and disfigurement.
2 Candida parapsilosis Urinary tract infection  fluconazole and amphotericin 57
3 Aspergillus flavus Spinal infection Terbinafine hydrochloride 58
4 Trichophyton rubrum Foot infection  - 59
5 Candida albicans, Foot infection  Antifungal drugs 60
 Candida tropicalis,
 Candida parapsilosis  
6 Mucormycosis  Nose and paranasal sinuses amphotericin B for 3 months 51
7 Rhizopus oryzae Oral  antifungal therapy with antitumor activity 61
8 Cryptococcus CNS - 62
 neoformans
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Regular Screening 
 Regular screening for fungal infections 
is essential for early detection and treatment, 
especially in high-risk areas such as the feet, nails, 
and mucous membranes. Diabetic patients should 
undergo periodic examinations by healthcare 
professionals to identify any signs of infection. 
Early detection allows for prompt intervention, 
which can prevent the progression of the infection 
and reduce complications.64

Hygiene Practices
 Proper hygiene practices are vital for 
preventing fungal infections in diabetic patients. 
These practices include keeping the skin clean 
and dry, regularly washing and drying feet, 
and avoiding walking barefoot in public places. 
Additionally, wearing breathable footwear and 
changing socks daily can help prevent moisture 
buildup, which is a common breeding ground for 
fungi.65

Prompt treatment
 Prompt treatment of fungal infections 
is crucial to prevent their spread and minimize 
complications. At the first sign of infection, diabetic 
patients should seek medical advice and begin 
appropriate antifungal therapy. Delayed treatment 
can lead to more severe infections that are harder 
to manage and can result in significant morbidity.66 

Depending upon the type of fungal and on the 
site of fungal infection the type of drug used also 
differs for vaginal yeast infection caused due to 
non-albicans species being treated by fluconazole 
more efficiently.67

Patient education
 Educating patients about the risks of 
fungal infections and the importance of preventive 
measures is essential. Patients should also be 
informed about proper fungal infections most 
likely to occur in diabetic patients. The importance 
of maintaining good hygiene, and the need for 
regular check-ups. They should also be taught 
how to recognize early signs of infection and the 
importance of adhering to prescribed treatments 
to ensure effective management.68

CONCLUSION
 
 D iabetes  mel l i tus  increases  the 
susceptibility to fungal infections, posing serious 
health challenges for affected individuals. The 
interplay between elevated blood glucose levels 
and compromised immune function creates an 
ideal environment for fungal pathogens to thrive. 
The review highlights the risk and the types and sites 
where fungal infections in diabetic patients were 
most likely to occur, emphasizing the importance of 
understanding the pathophysiological mechanisms 
involved. Common fungal pathogens like Candida, 
Aspergillus, and dermatophytes are often observed 
in diabetic individuals. They require specific 
treatment approaches and close monitoring. The 
case studies have also been discussed from the 
different geographical regions and the prevalence 
and severity of the infection among diabetic 
individuals gives the critical need for awareness 
and early diagnosis. By addressing the challenges 
caused by fungal infections in diabetic patients, 
it helps to improve the diagnostic and treatment 
approach. 
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