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Abstract 

The fungal infection known as candidiasis has become a major cause of morbidity and mortality 

worldwide in recent times, especially in people who are critically ill. The metabolic disease Diabetes 

Mellitus (DM), which damages the immune system, increases the risk of candidiasis. The interaction 

between candidiasis and diabetes, including its biology, causes, symptoms, and management options, is 

the main topic of this review. Results show that those with poorly managed diabetes are more 

vulnerable to severe and frequent yeast infections, with uncontrolled hyperglycemia making this 

vulnerability worse. Furthermore, because some diabetes drugs contain added carbohydrates that 

encourage the yeast to colonize at harmful levels and there is a relationship between these prescriptions 

and an increased risk of urogenital candidiasis. Patients with diabetes who have severe candidiasis may 

experience severe urinary tract infections, during pregnancy, and recurrent infections. These infections 

frequently result in prolonged hospital stays and increased care expenses, especially when indwelling 

medical devices are used for longer periods of time. In order to address the rising prevalence of 

candidiasis among diabetes patients and lessen the growing worldwide burden of these infections, the 

review emphasizes the urgent need for improved prevention and treatment techniques. 

 
Keywords: Candidiasis, diabetes mellitus, hyperglycaemia, metabolic disorder, pregnancy, urogenital 
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Introduction 

Diabetes Mellitus (DM) is a long-term metabolic disease that is characterized by high blood 

glucose levels and is linked to retinopathy, neuropathy, and nephropathy. These issues 

frequently hasten alterations in the macro- and microvascular systems. Insulin resistance, 

which affects mitochondrial metabolism, mitochondrial density, ATP generation, and 

mitochondrial RNA (mtRNA) levels, is a distinctive feature of type 2 diabetes mellitus in the 

twenty-first century [1]. Elevated stress indicators indicate that this resistance also contributes 

to increased oxidative stress. Under these circumstances, extended exposure to circular 

mtRNA can cause substantial tissue changes in the pancreas and endothelial cells, which can 

lead to secondary vascular problems and complicate the cardiovascular, renal, ophthalmic, 

and neurological systems [2]. The World Health Organization and the International Diabetes 

Federation estimate that there were 425 million persons worldwide who had diabetes in 

2017. By 2045, that number is expected to rise to around 629 million. Older persons with 

candidemia have greater rates of diabetes, cardiovascular disease, and respiratory disorders 
[3]. A great deal of study has been done on the relationship between diabetes and candidiasis, 

especially because people with diabetes are more susceptible to fungal infections than people 

without the disease [4]. 

Patients with Diabetes Mellitus (DM) are more vulnerable to systemic or localized Candida 

sp. infections due to a number of reasons. The adherence of yeast to epithelial surfaces, 

increased salivary glucose levels, decreased salivary flow, microvascular damage, and 

decreased neutrophil candidacidal activity are important factors that facilitate candidal 

colonization and infection [5]. When there is a generalized condition of immunosuppression, 

the release of different degradative enzymes, or excessive glucose levels, these problems are 

much worse. These elements considerably upset the delicate equilibrium between the host's 

defenses and Candida sp., allowing the latter to change from a commensal to a pathogenic
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organism and causing infection [6]. These findings are 

highlighted in a recent study. Studies indicate that 

individuals with diabetes may be more likely to have 

intestine Candida albicans, and there may even be a 

connection between type 1 diabetes and elevated intestinal 

Candida albicans. Through a process known as the 

phenotypic switch system or white-opaque transition, 

Candida albicans is known to lie dormant, waiting for a 

change in the physiological milieu of the host that often 

restricts its growth and invasiveness. This process, which 

occurs at infection sites and recurs in certain diabetic 

individuals after recurrent episodes of infection, is a 

heritable and reversible flip between distinct cellular 

phenotypes [7]. 

Although the gut microbiota typically contains yeasts, their 

cell counts typically do not surpass 10 colony-forming units 

(CFU)/g of feces. Nonetheless, compared to healthy people, 

those with type 1 and type 2 diabetes who have poor 

glycemic control had larger quantities of Candida sp. in 

their stools [8]. This higher colonization is most likely the 

result of either the direct consequences of elevated blood 

glucose levels, which foster widespread fungal growth, or 

impaired immune system function in diabetic individuals 

with poor glycemic control [9]. In contrast to healthy 

persons, the rate of colonization in the stomach increased to 

40%, a considerable rise. The balance of the intestinal 

microbiota in type 1 diabetes may be upset by this increase's 

correlation with a decrease in commensal bacteria, possibly 

as a result of yeast and bacteria competing with one another 
[10]. In relation to gastrointestinal colonization, Kowalewska 

et al.'s results suggested that these patients' elevated IL-12 

levels would prevent yeast-like fungal infections. However, 

more investigation is required to confirm IL-12's antifungal 

activity [11]. Morbidity and death rates are greatly affected 

by the formation of drug-resistant Candida species, which 

are influenced by regional differences in Candida natural 

flora. By altering colonization patterns, the widespread use 

of drugs especially azoles have contributed to the selection 

of resistant species like Candida glabrata, Candida 

dubliniensis, and Candida krusei. There are currently 

several species of Candida in the world, but the most 

common ones are Candida albicans, Candida glabrata, 

Candida tropicalis, Candida parapsilosis, and Candida 

krusei. Ninety percent of fungemia cases are caused by 

species of Candida, which have mortality rates of 40% to 

80% in immunocompromised hosts, 60% in non-

immunocompromised patients, and 67% in people with 

diabetes [12]. The proliferation of Candida species in 

diabetes individuals has been studied, especially as it relates 

to the metabolism of glucose and fructose. Research has 

demonstrated that the concentration of glucose directly 

influences the growth of Candida albicans, which may be 

responsible for recurrent yeast infections in uncontrolled 

diabetes patients. Interestingly, it has been discovered that 

fructose inhibits the growth of Candida albicans, indicating 

that diets high in fructose may aid in the prevention of 

candidiasis. Additional carbon sources including lactose, 

sucrose, and maltose can reduce the efficacy of antifungal 

agents by increasing the density of fungal populations. The 

effect of hyperglycemia on Candida species susceptibility to 

antifungal drugs in diabetic mice has been studied in recent 

papers. Results show that by generating hydrogen bonds and 

lowering the sensitivity of voriconazole and amphotericin B 

to chemotherapy, hyperglycemia decreases their 

effectiveness [13]. According to in vivo findings, antifungal 

medications may become less effective in diabetic mice due 

to interactions with elevated glucose levels. For diabetic 

individuals to control infectious illnesses, appropriate 

medication selection is essential. 

 

Characteristics of Candida sp. and increase occurrence 

of Candidiasis in patients with DM 

Enzymatic action 

Several investigations have established a connection 

between increased pathogenic potential of Candida species 

and the activity of hydrolytic enzymes [14]. 

Studies have shown that elevated blood glucose levels cause 

enhanced hemolytic and esterase enzyme activity in 

Candida species isolated from diabetes individuals, which 

may increase the pathogenicity of these organisms. These 

enzymes, which include Phospholipase (PL) and Secreted 

Aspartyl Proteinases (SAP), are critical for Candida's ability 

to bind to and enter oral mucosa, break down host proteins, 

and obtain vital nutrients. Furthermore, SAP and PL can 

cause inflammation, raise vascular permeability, and 

interfere with the host's humoral defenses. Recently, it has 

been determined that C. albicans hyphae produce a cytolytic 

peptide toxin known as candidalysin, which plays a major 

role in both modulating innate immunity and causing harm 

to epithelial cells. In vitro and in vivo models of 

oropharyngeal candidiasis, the lack of candidalysin 

dramatically reduces the invasive capacity of Candida by 

inducing cell injury and membrane destabilization [15]. 

 

Mechanism of formation of biofilm  

Treatment problems arise because Candida species greatly 

increase their resistance to antifungal therapies and 

immunological responses by forming biofilms on both 

living and non-living surfaces. Candida species can colonize 

medical equipment like central venous catheters, leading to 

serious infections like candidemia, which has a fatality rate 

close to 40%. Candida biofilms develop over the course of 

four phases, the final stage being the mature biofilm, which 

is made up of a dense network of cells embedded in an 

extracellular matrix. High blood glucose levels, which are 

frequently observed in diabetes patients, encourage the 

production of biofilms and make Candida species more 

pathogenic. Biofilms therefore present a serious therapeutic 

issue, especially for patients utilizing medical devices or 

those with diabetes [16]. 

 

Hydrophobic property of Candida sp. 

Agglutinin-like sequence proteins, which are affixed to the 

fungal cell wall and boost cell surface hydrophobicity, 

enhance adhesion in Candida species and hence augment 

pathogenicity by adherence to host tissues. While some Als 

proteins, including Als5, Als6, and Als7, have different 

effects on adhesion, others, like Als3p, are essential for 

epithelial infection. Als protein homologues are also present 

in Candida species other than Candida albicans, such as 

Candida glabrata, where they exhibit structural homology 

with Als proteins. Hydrophobic interactions are crucial for 

Candida species to invade tissues, and hydrophobicity is a 

virulence factor that is controlled by genes and frequently 

associated with biofilm metabolic activity. Candida species 

are more hydrophobic when grown in anaerobic 

environments; isolates from diabetes individuals are more 

likely to be hydrophobic. Moreover, the virulence of 
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Candida species might be increased by germ tubes adhering 

to extracellular matrix components, which hinders 

phagocytosis and increases resistance to blood clearance [17]. 

 

Interplay between candidiasis and diabetes mellitus 

Oral candidiasis 

Oral candidiasis is a frequent fungal infection that is 

becoming more widespread. It is defined by specific 

alterations to the mucosa, including red patches, 

pseudomembranous lesions, and biofilm forms. Research 

shows that compared to people without diabetes (27%), 

persons with type 1 diabetes (84%) and type 2 diabetes 

(68%) have far greater rates of Candida colonization. Even 

though colonization doesn't always mean infection, it can be 

a sign of a higher risk, especially in people with impaired 

immune systems, of developing serious systemic infections. 

In healthcare settings, managing these infections effectively 

is a significant problem [18]. 

Evaluating oral Candida isolates' responsiveness to 

antifungal drugs is essential for successful diabetes 

management. Studies reveal that individuals with diabetes 

have increased levels of Candida species, particularly 

Candida albicans and Candida glabrata, which can result in 

fungal infections. Furthermore, research has shown a higher 

risk of Candida colonization and antifungal medication 

resistance with inadequate glycemic control. Although 

antifungal medications like itraconazole, fluconazole, and 

ketoconazole are generally effective against Candida 

species, there has been evidence of drug resistance to 

several of these medications. The medicine and patient 

population can have an impact on how susceptible Candida 

isolates are to antifungal drugs. Chlorhexidine gluconate has 

also been shown to be successful in lessening Candida 

colonization on dentures.  

In conclusion, treating fungal infections in diabetic patients 

requires an understanding of how isolates of Candida react 

to antifungal medications [19].  

In healthy people, fungus-related periodontal illnesses are 

rare; nevertheless, they are more common in those with 

compromised immune systems or altered oral flora. 

Diabetes increases the likelihood of developing 

periodontitis, which can be made worse by 

immunosuppressive medications, problems with collagen 

metabolism, and changed host reactions. Candida species, 

particularly Candida albicans, colonize periodontal pockets 

and adhere to epithelial cells, which contributes to 

periodontal inflammation [20].  

Research has indicated that diabetic patients with chronic 

periodontitis have elevated levels of Candida species, and 

maintaining good glycemic control can alleviate periodontal 

inflammation and reduce oral Candida carriage. Monitoring 

HbA1c levels is essential for managing diabetes-related 

periodontal diseases, as high Candida infection levels are 

linked to poor diabetic control [21]. 

Different microbial communities that occupy different 

niches live in the oral cavity. By competing for resources 

and space, commensal bacteria and yeast are crucial in 

limiting the establishment of harmful microbes. This 

equilibrium can be upset by broad-spectrum antibiotics, 

which can have negative consequences. According to recent 

studies, commensal bacteria interact with tissues to enhance 

healthy growth and function in addition to providing 

protection for the host. In biofilm form, dentures can act as 

reservoirs for bacteria, particularly yeast, increasing their 

resistance to treatment and capacity for infection. Oral yeast 

infections are more common in certain populations, such as 

the elderly and people with serious medical issues. 

Furthermore, diabetes raises this risk; oral candidiasis is 4.4 

times more common in senior diabetic people. Research has 

shown that Candida albicans is the most prevalent type of 

yeast in people with and without diabetes, while other 

species such as Candida tropicalis and Candida glabrata 

are also found. But occasionally, identification methods 

could have trouble telling apart species that are similar to 

one another, such C. dubliniensis and C. albicans [22, 23]. 

Diabetes usually coexists with several oral disorders. 

Studies have looked at the connection between glycemic 

control in type 2 diabetics with periodontitis and Candida 

species colonization on the tongue and in subgingival 

plaque. The results showed that both the tongue and 

subgingival plaque were frequently colonized by Candida 

species, with a higher frequency in individuals who had 

poorly controlled diabetes and female patients. 

Significantly, biofilms were formed by Candida species in 

dental plaque, and C. albicans isolated from subgingival 

plaque exhibited enhanced adherence to epithelial cells, 

suggesting that the oxygen content of periodontal pockets 

may affect the pathogenicity of C. albicans. 

Another study looked at the relationship between gingivitis 

severity and Candida species and disease-related variables 

in children and adolescents with diabetes and Nephrotic 

syndrome. The findings demonstrated that gingivitis was 

mostly caused by poor dental hygiene, with Candida species 

being more commonly detected in healthy people. On the 

other hand, oral candidiasis was exclusively seen in diabetic 

and Nephrotic syndrome individuals. The severity of 

gingivitis has been linked to lipid problems, age, and 

increased body mass, with Candida species playing a role in 

the condition. Patients with Nephrotic syndrome most likely 

had worsening plaque-related gingivitis as a result of 

immunosuppressive therapy and uncontrolled 

hyperglycemia [24].  

Patients with Diabetes Mellitus (DM) are moderately 

affected by oral problems such as Candida species 

esophagitis and oropharyngeal candidiasis. DM has been 

identified in recent studies as a risk factor for oropharyngeal 

colonization and Candida species esophagitis. Additionally, 

research suggests that people with diabetes are more likely 

to become colonized by Candida, with C. albicans being the 

most common species. If left untreated, candidiasis of the 

mouth and throat can cause mucosal hyperplasia and 

eventually progress to cancer. An investigation into 

alternative therapies looked at the antifungal properties of 

probiotics, particularly Lactobacillus, in an animal model of 

diabetes. The results indicated a possible advantage of 

probiotics for treating oral candidiasis in diabetes patients 

by suggesting that LG21 yogurt may reduce proliferative 

and inflammatory alterations caused by C. albicans 

infection in the forestomach [25]. 

 

Vulvovaginal candidiasis 

Vulvovaginal candidiasis and diabetes mellitus (DM) are 

related in a number of ways. Studies on VVC epidemiology 

have shown that the prevalence of Candida species has 

changed and that vaginal colonization is higher in diabetic 

women. The most common isolated species are Candida 

albicans and Candida glabrata. The type and severity of 

diabetes, as well as glucose control, are associated with an 
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increased risk of VVC. VVC risk has been linked to sodium 

glucose co-transporter 2 inhibitors, which are used to treat 

type 2 diabetes. Pregnancy and uncontrolled diabetes both 

increase the risk of infection. Vaginal mucosae biofilms are 

associated with VVC, and under high glucose 

circumstances, Candida adheres to epithelial cells through 

the production of ICAM-1. Although the exact connection 

between DM and VVC is not entirely understood, studies 

indicate that controlling metabolic disorders and diabetes 

effectively can help lower the risk of VVC [26]. 

 

Urinary tract candidiasis 

Urinary Tract Infections (UTIs) are becoming more 

frequently associated with Candida species, especially in 

hospitalized patients with Diabetes Mellitus (DM). DM 

causes changes in the genitourinary system that predispose 

people to severe and complex UTIs. Patients with diabetes 

are more likely to have candiduria, or the presence of 

Candida in their urine. Risk factors for candiduria include 

uncontrolled diabetes, bladder retention, and catheter use. 

The most common species causing candiduria, according to 

research, are Candida glabrata and Candida albicans, with 

C. glabrata being more commonly observed in many 

nations. Candida can be resolved by properly managing 

diabetes and getting rid of urinary catheters. Research 

indicates that appropriate management of blood sugar levels 

is crucial for shielding diabetics against urinary tract 

infections and genital tract infections. SGLT2 inhibitors 

have been associated with a higher risk of vaginal 

infections; however, this risk can be reduced with 

appropriate medical education. Fungal infections can cause 

emphysematous cystitis, an uncommon illness linked to gas 

formation that is more common in persons with diabetes. 

Furthermore, bloodstream infections are linked to biofilm-

forming Candida species in diabetic patients who use 

urinary catheters. In general, treating and preventing 

Candida-related UTIs requires good diabetes management 

as well as addressing contributory factors [27]. 

 

Invasive candidiasis 

Due to micro-vascular illness, weakened host defense, and 

diabetic vasculopathy, which causes hypoperfusion, 

hyperglycemia, and immunological dysfunction, Diabetes 

Mellitus (DM) raises the risk of systemic candidiasis. 

Biofilms are related with a prevalent problem in intensive 

care units called catheter-associated candiduria. Research 

has shown that Diabetes Mellitus (DM) is a strong risk 

factor for candidemia, candiduria, and invasive fungal 

diseases. The most often isolated species in these studies is 

Candida albicans. There are other species that are also 

common, like C. glabrata, C. parapsilosis, and C. 

tropicalis. Candida species that create biofilms raise 

mortality and medical expenses. Immunosuppressive 

conditions, diabetes mellitus, critical illness, and mechanical 

ventilation are risk factors for both bloodstream infections 

and candidemia. DM patients and older individuals had 

greater levels of antifungal resistance. In order to prevent 

and treat infections linked to Candida, it is imperative to 

manage diabetes mellitus and address risk factors [28]. 

 

Candidiasis in others form 

High blood glucose levels increase the risk of cutaneous 

fungal infections in diabetics, which can result in thick 

biofilm formation and the need for medical device drainage. 

Due to the possibility of developing diabetic foot syndrome, 

foot infections including tinea pedis and onychomycosis are 

especially dangerous for those with diabetes. Candida 

species are known to induce onychomycosis and to be 

predictive of diabetic foot syndrome, particularly Candida 

albicans. Due to their ability to build biofilms, non-C. 

albicans Candida species are becoming more widely 

acknowledged as major causes of diabetic foot ulcers, 

posing a significant diagnostic and treatment challenge [29]. 

 A high frequency of fungal infections in individuals 

with diabetes, with Aspergillus flavus and Candida 

albicans being prevalent isolates [30]. 

 Onychomycosis and diabetic foot ulcers are related 

 Varying susceptibility of antifungal drugs to Candida 

species  

 Diabetics have a higher incidence of onychomycosis 

than do healthy people.  

 Effects of protein glycation and hyperglycemia on 

immunological response and neutrophil activity in 

diabetics [31].  

 

Conclusion 
A fungal infection called candidiasis is a major source of 

morbidity and mortality, particularly in individuals with 

Diabetes Mellitus (DM) who are in severe condition. 

Diabetes that is not well managed raises the risk of severe 

and recurring yeast infections, which can have major 

consequences, need longer hospital stays, and result in 

higher medical expenses. In order to address the increased 

incidence of candidiasis in diabetes patients and lessen its 

worldwide burden, the review highlights the need for 

improved prevention and treatment techniques. 
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