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Introduction 

Fournier’s gangrene (FG) is a rare but life-threatening bacterial 

infection, increasingly associated with sodium-glucose 

cotransporter 2 (SGLT2) inhibitor therapy. This severe 

condition affects the genital, perineal, and perianal regions, 

characterized by rapid tissue necrosis caused by polymicrobial 

infections. Immediate medical intervention, including the 

surgical removal of necrotized tissue and administration of 

antibiotics, is crucial for patient survival. FG predominantly 

occurs in individuals with pre-existing health conditions such as 

diabetes, immunosuppression, and chronic alcohol abuse. 

Notably, 25-50% of FG patients have an alcohol use disorder, 

and 20-70% are diabetic [1]. The rapid progression of FG 

requires early diagnosis and treatment to improve survival rates 

and minimize complications [2]. 
 

The incidence of FG is about 1.6 cases per 100,000 males, with 

the rate in females remaining unclear [3]. The condition’s rapid 

progression leads to a mortality rate of approximately 40%, but 

delays in diagnosis and treatment, compounded by multiple 

comorbidities, can increase this rate to 88%. However, prompt 

surgical intervention has been shown to reduce mortality by 

approximately 50% [4]. Factors such as age, lifestyle, and the 

duration of diabetes significantly influence FG risk. Older adults 

face higher risks due to reduced immune function and 

comorbidities like diabetes. Additionally, lifestyle factors such 

as smoking, alcohol use, and obesity exacerbate these risks. 

Smoking impairs vascular function and immune response, 

alcohol weakens the immune system and damages tissues, and 

obesity is linked to chronic inflammation and metabolic 

dysregulation. Long-standing diabetes further compounds these 

risks through cumulative vascular and nerve damage, impaired 

wound healing, and increased susceptibility to severe infections, 

underscoring the need for comprehensive management 

strategies [5]. 
 

Patients on SGLT2 inhibitors, used to manage type 2 diabetes 

mellitus (T2DM) by preventing glucose reabsorption in the 

kidneys, are at higher risk of developing FG. These inhibitors 

also offer benefits like reducing heart failure risk and slowing 

kidney disease progression in diabetic patients [6]. While the 

exact mechanism by which SGLT2 inhibitors contribute to FG 

is not fully understood, increased glucose levels in the urine may 

create a favorable environment for bacterial growth, thereby 

increasing infection risk [7]. Common SGLT2 inhibitors include 

canagliflozin and dapagliflozin. The rising use of these 

inhibitors, from 3.8% to 11.9% among T2DM patients between 

2015 and 2019, highlights the importance of understanding the 

associated risks, including potential increases in FG incidence 

[8]. 
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Abstract  
 

Fournier’s gangrene, a rare but severe complication associated with sodium-glucose cotransporter 2 (SGLT2) inhibitor therapy, 

has raised concerns regarding its differential risk across distinct SGLT2 inhibitors. This case study review aims to understand 

the specific molecular mechanisms and clinical characteristics underlying the varying propensity of two commonly prescribed 

SGLT2 inhibitors, canagliflozin and dapagliflozin, to precipitate Fournier's gangrene in patients with type 2 diabetes mellitus. 

Utilizing a comprehensive research strategy, this investigation will describe the distinct pharmacokinetic and pharmacodynamic 

properties of canagliflozin and dapagliflozin to analyze their differential effects on glucose metabolism, osmotic diuresis, and 

microbial ecology within the perineal region. In vitro experimentation will focus on how each SGLT2 inhibitor modulates 

immune cell function, tissue integrity, and bacterial proliferation, shedding light on the unique molecular pathways contributing 

to Fournier’s gangrene development. By conducting a comparison between canagliflozin and dapagliflozin, this paper aims to 

provide nuanced insights into the differential risk profiles of SGLT2 inhibitors regarding Fournier’s gangrene development. 

Ultimately, these findings may inform clinical decision-making, guide patient risk stratification, and facilitate the development 

of safer antidiabetic therapies for individuals with type 2 diabetes mellitus. 
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This review aims to understand the molecular mechanisms and 

clinical characteristics contributing to the different tendencies of 

canagliflozin and dapagliflozin to precipitate FG in patients with 

T2DM. It encompasses a detailed examination of 

pharmacokinetics, pharmacodynamics, immune modulation, 

microbial ecology, and clinical implications of these drugs. 

These findings aim to enhance the clinical decision-making, 

support patient risk stratification, and inform the development 

of safer antidiabetic therapies for T2DM patients. 
 

Discussion 

Pathophysiology of Fournier’s Gangrene 

FG, a rare life-threatening variant of necrotizing fasciitis, affects 

the deep and superficial tissues of the perineal, anal, scrotal, and 

genital regions [4]. This condition predominantly impacts adult 

males, though females can also be affected [9]. FG is 

characterized by rapid tissue destruction, sepsis, and a high 

mortality rate of up to 40% [4]. The disease rapidly spreads 

along fascial planes, causing severe inflammation and infection 

in adjacent soft tissues. This process results in blood vessel 

thrombosis, leading to ischemia and tissue necrosis of the 

surrounding tissue and fascia [4]. Due to its quick spread into 

the Dartos, Colles, and Scarpa’s fascias, the abdominal wall may 

become infected early in the disease course [4]. However, FG 

can be overlooked or misdiagnosed in its early stages due to 

minimal skin symptoms and clinical presentations overlapping 

with other conditions like cellulitis. 
 

Microbial Ecology in the Perineal Region 

FG’s rapid progression, high mortality rates, and polymicrobial 

infection necessitate prompt surgical intervention and 

aggressive medical management. The polymicrobial nature of 

FG involves a synergistic combination of aerobic and anaerobic 

bacteria. Aerobic bacteria initiate the infection, producing toxins 

that damage tissues and reduce oxygen tension, creating a 

favorable environment for anaerobes. Anaerobes then 

exacerbate tissue destruction and gas production, leading to 

more extensive necrosis and systemic complications. The 

symbiotic relationship between these bacterial groups amplifies 

the severity of the infection and complicates treatment efforts. 
 

Commonly isolated pathogens include gram-positive bacteria 

such as Group A Streptococci and Staphylococcus aureus, and 

gram-negative bacteria like E. coli and Pseudomonas 

aeruginosa [4]. Other notable pathogens include Bacteroides 

fragilis, Klebsiella, Corynebacteria, Enterobacteriaceae, 

Actinomyces, and Clostridium species [10]. These bacteria 

collaborate synergistically, leading to rapid tissue necrosis and 

systemic toxicity. Their entry points into the area may be 

urinary, bowel, or dermal sources. Understanding microbial 

ecology in the perineal region and the immune system’s role in 

FG is crucial for effective management and improving patient 

outcomes. 
 

The mechanisms of bacterial invasion and synergy in tissue 

destruction in FG involve complex interactions between 

bacterial species, facilitating tissue invasion and destruction. 

Bacterial introduction into the subcutaneous tissues can occur 

through surgical manipulation, traumatic insult, localized skin 

breakdown, or urinary and other infectious perineal processes 

[10]. Following an initial insult, bacterial synergy leads to the 

production of tissue-destructive enzymes, collagenases, and 

endotoxins, causing obliterative endarteritis with subcutaneous 

vessels developing micro-thromboses [4]. Aerobic bacteria, 

such as E. coli, produce toxins and enzymes that degrade tissues 

and create an environment conducive to anaerobic growth, like 

Bacteroides species. Anaerobes produce gas and further tissue 

destruction, contributing to FG’s characteristic crepitus. This 

bacterial infection accelerates infection progression, leading to 

extensive tissue necrosis and systemic involvement [4]. Early 

identification and prompt treatment are crucial to prevent severe 

conditions from developing. 
 

Bacterial toxins and enzymes play pivotal roles in FG 

progression. Metalloproteases, proteases, hemolysins, and 

leukocidins contribute to cell lysis and immune evasion [11]. 

Enzymes such as hyaluronidase and collagenase degrade 

extracellular matrices, facilitating infection spread. 

Lipopolysaccharides can trigger severe inflammatory responses. 

Systemic toxin release can lead to sepsis and multi-organ failure. 

Gallois et al. described a fatal necrotizing fasciitis case caused 

by a necrotic toxin-producing E. coli strain belonging to 

phylogenetic group C possessing multiple virulence factors 

[12]. These virulence genes may encode adhesins, invasins, 

siderophores, proteins, and other toxins, resulting in fatal 

clinical outcomes. Understanding these molecular mechanisms 

is essential for developing targeted therapies to improve patient 

outcomes. 
 

Role of the Immune System in FG 

Patients with diabetes mellitus (DM) are more susceptible to FG 

due to increased bacterial infection susceptibility, impaired 

immune response, delayed healing times, and microbiome 

alterations. Diabetic patients have higher numbers Escherichia, 

Prevotella, and Lactobacillus species in their gut microbiome 

[13]. Research shows bacteria commonly affect the urinary tract, 

respiratory tract, skin, and soft tissues in diabetic patients [14]. 

Increased glucose levels in diabetic patients provide a nutrient-

rich environment that promotes pathogen growth. Diabetic 

patients are also vulnerable to skin conditions such as intertrigo 

and ulcers. Complications at any of these sites of infection entry 

can lead to FG’s rapid development. DM is present in an 

estimated 20-70% of FG patients, with an increased FG 

incidence associated with SGLT2 inhibitor use [14]. Careful 

monitoring and management of diabetic patients are crucial to 

preventing FG onset and progression. 
 

Perineal hygiene and local skin conditions significantly impact 

microbial colonization and FG progression. Poor hygiene and 

conditions like moisture, warmth, and occlusion promote 

microbial colonization, increasing FG risk [4]. These factors 

create an environment favoring pathogenic bacterial growth and 

polymicrobial infections. Maintaining proper hygiene can 

prevent skin breakdown and pathogen introduction. Conditions 

like candidiasis, delayed wound healing, incontinence 

dermatitis, and irritation in intertriginous areas, especially with 

DM, increase infection risk [15]. Proper perineal hygiene and 

effective local skin condition management are vital in reducing 

FG risk. 
 

The immune response to FG is due to the rapid spread of 

inflammatory and infectious processes in soft tissue. Systemic 

complications in immunocompromised or diabetic patients 

include acute renal failure, acute respiratory distress syndrome, 

cardiac arrhythmias, heart failure, multiple organ failure, and 

bacteremia [4]. FG complications seen in DM patients occur at 

a rate of 36-56% due to small vessel disease, defective 

neuropathy, and immunosuppression [16]. Elbeddini et al. 

discussed a T2DM patient developing FG from dapagliflozin, an 

SGLT2 inhibitor associated with an increased urogenital  
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infection risk [17]. Uncontrolled DM at FG onset, with an 

average HbA1c of 9.5%, was observed in a retrospective study 

of 26 diabetic FG patients [18]. FG is particularly critical in 

diabetic patients, necessitating prompt diagnosis and urgent 

clinical management for favorable outcomes and reduced 

mortality.  
 

Comparative Analysis  

Understanding the pharmacokinetic and pharmacodynamic 

differences between dapagliflozin and canagliflozin is essential 

for evaluating their impacts on infection risk, including severe 

conditions such as FG. Key factors in this comparison include 

oral absorption and hepatic metabolism, which influence the 

drugs’ bioavailability and systemic effects. Notably, 

dapagliflozin and canagliflozin have distinct renal excretion 

profiles that significantly affect glucose homeostasis and the 

potential for glucose-rich environments conducive to bacterial 

growth [19]. Additionally, their pharmacodynamic properties, 

such as diuretic effects and fluid balance, play crucial roles in 

patient outcomes. 
 

Beyond infection risks, this analysis explores the broader 

benefits and risks of these medications in comparison to other 

SGLT2 inhibitors, with a focus on cardiovascular health and 

other organ systems. Tolerability and potential medication 

interactions are critical, as they impact the real-world 

effectiveness and safety of dapagliflozin and canagliflozin. 

These differences are vital for clinicians to make informed 

prescribing decisions, especially for patients at higher risk of 

infections. The pharmacokinetic profiles, including absorption, 

metabolism, and excretion, provide insights into the safety and 

efficacy of these drugs. Additionally, their effects on fluid and 

electrolyte balance can influence patient comfort and 

compliance, potentially leading to dehydration, reduced tissue 

perfusion, orthostatic hypotension, and fall risks [20,21]. 

Comparative studies on cardiovascular outcomes have yielded 

varied results, underscoring the importance of personalized 

treatment plans tailored to individual patient profiles. 
 

Canagliflozin 

Mechanism of Action, Pharmacokinetics, and Pharma 

codynamics 

Canagliflozin, a widely prescribed SGLT2 inhibitor for 

managing T2DM, lowers blood glucose levels by inhibiting the 

reabsorption of glucose in the proximal convoluted tubule, 

facilitating its excretion through urine. When taken orally, 

canagliflozin demonstrates a 65% bioavailability, allowing for 

rapid absorption into the bloodstream and peak effects within 

30-120 minutes [21,22]. After exerting its effects on the kidneys, 

canagliflozin is metabolized in the liver and excreted through 

urine and feces. Understanding these pharmacokinetics is 

critical, particularly regarding potential interactions with other 

medications metabolized by hepatic enzymes. Beyond its 

glucose-lowering effects, canagliflozin significantly impacts 

fluid and electrolyte balance, potentially leading to dehydration 

and reduced perfusion of peripheral tissues [23]. These changes 

can increase susceptibility to infections, including severe 

conditions like FG. 
 

The effects of canagliflozin on renal function and electrolyte 

balance are particularly noteworthy. By inhibiting SGLT2, 

canagliflozin increases glucose and sodium excretion, causing 

measurable changes in electrolyte homeostasis. The natriuretic 

effect is most pronounced early in treatment and may transiently 

resolve [19]. However, the long-term impact on sodium levels 

is not well established. Prolonged use of canagliflozin is linked 

to side effects such as urinary tract infections (UTIs) and genital 

mycotic infections, attributed to the glucose-rich environment 

promoting bacterial and fungal growth. This established 

association raises concerns about the potential for severe 

infections like FG, especially in high-risk patients. Experimental 

data suggests that canagliflozin may enhance growth rates of 

pathogenic bacteria in the perineal region, complicating its 

infection risk profile, with one study finding that SGLT2 

inhibitors were associated with nearly a three-fold increase in 

genital infections [24]. Another study involving T2DM patients 

controlled with metformin found no significant increase in 

asymptomatic bacteriuria or UTIs in the canagliflozin group 

compared to placebo, indicating a potential drug interaction that 

warrants further investigation [25].  
 

Immune Modulation and Infection Risk 

Canagliflozin’s impact on immune cell function introduces 

additional complexities to its therapeutic profile. As an SGLT2 

inhibitor, canagliflozin can alter neutrophil function and 

cytokine production, thereby affecting the immune response. It 

has been shown to significantly inhibit the production and 

release of tumor necrosis factor-alpha (TNF-α), interleukin (IL)-

6, and IL-1, although its effects on serum neutrophil levels are 

not well studied [26]. These immunomodulatory effects can 

impair the body’s ability to combat infections effectively, 

potentially leading to severe conditions such as FG.  
 

By suppressing key inflammatory mediators like TNF-α and IL-

6, canagliflozin may dampen the inflammatory response, 

delaying pathogen recognition and clearance. This suppression 

could compromise the activation and recruitment of immune 

cells to infection sites, creating an environment conducive to 

bacterial growth and dissemination, thus increasing the risk of 

severe infections. Moreover, canagliflozin’s impact on immune 

function could pose broader challenges for patients with existing 

immunocompromised conditions. Understanding these 

interactions is essential, particularly when considering 

concomitant medications that affect immune function. Careful 

patient selection and monitoring are crucial to mitigate the 

potential risks associated with canagliflozin therapy. 
 

Further research is needed to explore the mechanisms by which 

canagliflozin influences FG incidence. Although current 

research indicates that canagliflozin and metformin do not have 

clinically significant interactions, the potential consequences of 

other antidiabetic medications, such as insulin, warrant further 

investigation [27]. These combinations could exacerbate side 

effects or modify drug efficacy. Long-term safety data 

emphasize the need for regular monitoring of renal function and 

electrolyte levels in patients undergoing canagliflozin therapy, 

highlighting the importance of personalized treatment plans that 

address the specific needs and risks of each patient. 
 

Canagliflozin’s immunomodulatory effects extend beyond 

infection risk, posing potential challenges in managing 

inflammatory conditions. Canagliflozin administration has been 

observed to reduce levels of TNF receptor 1, IL-6, matrix 

metalloproteinase 7, and fibronectin 1, indicating a potential 

reversal of inflammatory processes [28]. For patients with 

chronic inflammatory diseases, this suppression of cytokine 

production could interfere with the efficacy of existing anti-

inflammatory therapies, necessitating adjustments in treatment  
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regimens to balance glycemic control with the risk of 

exacerbating underlying conditions. Additionally, these 

immunosuppressive effects may necessitate closer monitoring 

and more frequent evaluations to ensure that inflammatory 

conditions remain controlled while using canagliflozin. 
 

Moreover, alterations in immune cell function could affect 

wound healing, a critical consideration for diabetic patients 

prone to ulcers and other slow-healing wounds. Clinicians must 

be vigilant in monitoring signs of impaired healing and consider 

alternative diabetes treatments if complications arise. The 

immunosuppressive potential of canagliflozin also has 

implications for patients undergoing immunotherapy for 

conditions like cancer, where robust immune activity is essential 

for therapeutic efficacy. This underscores the need for a 

multidisciplinary approach in managing patients on 

canagliflozin, involving endocrinologists, immunologists, and 

other specialists to ensure comprehensive care. 
 

Dapagliflozin 

Mechanism of Action, Pharmacokinetics, and Pharmaco 

dynamics 

Dapagliflozin, another SGLT2 inhibitor, shares the mechanism 

of action with canagliflozin but displays distinct 

pharmacokinetic and pharmacodynamic properties that affect its 

safety and efficacy profile. Dapagliflozin is absorbed orally and 

undergoes extensive hepatic metabolism primarily by the 

CYP3A4 enzyme before being excreted predominantly through 

the kidneys [29]. Its higher bioavailability of 78% compared to 

canagliflozin’s 65% suggests differences in absorption rates and 

systemic exposure [21]. This metabolic pathway implies that 

hepatic or renal impairment in patients could significantly alter 

the drug’s pharmacokinetics, requiring careful dose adjustments 

and vigilant monitoring. 
 

Dapagliflozin is approved for a maximum dose of 10 mg, 

whereas canagliflozin’s maximum approved dose is 300 mg, 

reflecting their differing safety and efficacy profiles [22]. At the 

maximum recommended doses, canagliflozin has been shown to 

have stronger effects on increasing glucose excretion and 

lowering the renal glucose threshold while maintaining low rates 

of adverse events [30,31]. These differences in dosage and 

bioavailability suggest that canagliflozin might create a more 

glucose-rich urinary environment, potentially increasing the risk 

of FG. By promoting glucose excretion in the urine, 

dapagliflozin lowers plasma glucose levels and induces osmotic 

diuresis. This diuretic effect, similar to canagliflozin, can result 

in changes in fluid and electrolyte balance, potentially 

contributing to dehydration and reduced tissue perfusion. 

Additionally, the higher bioavailability of dapagliflozin 

indicates it is more readily absorbed into the bloodstream, 

influencing the overall risk profile and systemic exposure. 
 

Dapagliflozin has demonstrated protective effects on 

cardiovascular health, distinguishing it from some other SGLT2 

inhibitors. Clinical trials have highlighted its ability to reduce 

the risk of heart failure and cardiovascular death in patients with 

T2DM, making it a preferred choice for those with existing 

cardiovascular conditions [20]. However, these cardiovascular 

benefits must be carefully balanced against potential risks, such 

as severe infections. The immunomodulatory effects of 

dapagliflozin, while beneficial for cardiovascular health, could 

potentially compromise the body’s ability to fight infections 

effectively. Dapagliflozin’s role in reducing arterial stiffness 

and lowering blood pressure adds to its cardiovascular 

protective profile, but these same effects can lead to decreased 

perfusion in peripheral tissues. This decreased perfusion, 

especially in combination with dehydration, might exacerbate 

the risk of tissue necrosis.  
 

The impact of dapagliflozin on renal function requires regular 

monitoring, particularly in patients with pre-existing kidney 

conditions. Renal impairment not only affects drug clearance 

but also heightens the risk of adverse renal outcomes, 

necessitating a delicate balance in managing these patients. 

Impaired renal function can alter the drug’s excretion, leading 

to higher systemic levels and increased risk of side effects. 

Additionally, both dapagliflozin and canagliflozin’s effects on 

electrolyte balance and fluid status must be monitored to prevent 

complications such as hyponatremia or hyperkalemia, which can 

further compromise patient health and increase susceptibility to 

infections. The diuretic effect of dapagliflozin can lead to 

significant fluid shifts, potentially causing orthostatic 

hypotension and increasing fall risk in elderly patients. Close 

monitoring and individualized treatment plans are essential to 

mitigate these risks and ensure optimal therapeutic outcomes for 

patients on dapagliflozin. 
 

Immune Modulation and Infection Risk 

Comparative studies have shown that while dapagliflozin and 

canagliflozin have similar effects on glycemia, their impacts on 

tissue health differ significantly. Londzin et al. demonstrated 

that dapagliflozin exhibits distinct effects on tissue health in rat 

models compared to canagliflozin, suggesting that although 

these drugs share a primary action on glucose levels, their 

broader physiological impacts may vary greatly [32]. This 

variation can significantly influence their overall risk-benefit 

profile in clinical use. Maintaining healthy tissues is vital for 

mitigating infection risk; therefore, drugs that negatively impact 

tissue integrity could increase susceptibility to FG. Additionally, 

tissue health is crucial for wound healing and recovery from 

infections, underscoring the importance of selecting the 

appropriate drug for each patient. These differences in tissue 

health impacts may reflect underlying variations in the drugs’ 

pharmacokinetics and pharmacodynamics.  
 

The modulation of immune responses by dapagliflozin has also 

been an area of active research, particularly in the context of 

infection risk. Dapagliflozin has been shown to reduce the 

production of pro-inflammatory cytokines in human endothelial 

and immune cells, indicating an anti-inflammatory mechanism 

of action [33]. Further experimental evidence by Saenkham et 

al. demonstrated that dapagliflozin-induced hyperglycosuria 

promotes bacterial colonization in the urinary tract and 

facilitates systemic spread to organs such as the spleen and liver 

in murine models [34]. This hyperglycosuria, characterized by 

increased glucose excretion in urine, creates a nutrient-rich 

environment that supports bacterial growth, thereby increasing 

the risk of infections. The relationship between hyperglycosuria 

and infection risk highlights the importance of balancing 

glucose-lowering benefits with potential adverse effects.  
 

Dapagliflozin’s specific impact on microbial ecology and 

immune responses in the perineal region appears to differ from 

canagliflozin, suggesting a nuanced interplay between the drug 

and host microbial dynamics. Wu et al. demonstrated that 

dapagliflozin affects the gut microbiome differently compared 

to canagliflozin in rat models of diabetic kidney disease [35]. 

While the study focused on the broader implications of SGLT2 

inhibitors on the gut microbiome, it suggests that these drugs  
 
Ameri J Clin Med Re, 2024                                                          ISSN: 2835-9496                                                                              Vol. 4(8): 4-10 



Citation: Herrick G, Babkowski N, Li V, Frasier K, Kakarla S, et al. (2024) Comparative Analysis of Fournier’s Gangrene Risk 

between Canagliflozin and Dapagliflozin: A Molecular and Clinical Investigation. Ameri J Clin Med Re: AJCMR 148. 
 

have specific differential effects on microbial ecology. Patients 

on dapagliflozin may be at increased risk for infections due to 

the drug’s tendency to enhance bacterial growth in glucose-rich 

environments.  
 

Molecular Mechanisms of SGLT2 Inhibitor-Induced FG 

Effects on Glucose Metabolism and Microbial Ecology 

SGLT2 inhibitors function by targeting the proximal tubule of 

the nephron, resulting in increased urinary glucose excretion. 

This reduction in serum glucose levels is therapeutically 

beneficial for patients with T2DM. In such patients, the use of 

SGLT2 inhibitors can cause even greater levels of urinary 

glucose due to their elevated serum glucose load and the 

upregulation of SGLT2 transporters in diabetic kidneys [36]. 

Both dapagliflozin and canagliflozin reduce serum glucose 

levels through renal excretion, but their exact effects on glucose 

excretion, serum electrolyte changes, and other physiological 

parameters may differ. A single 100 mg dose of dapagliflozin 

results in a median 24-hour urinary glucose excretion of 80 

grams in diabetic patients, compared to 60 grams in non-diabetic 

patients [36]. This discrepancy underscores the potential for 

SGLT2 inhibitors to create an environment conducive to 

microbial growth, especially in diabetic patients. Although 

urinary glucose excretion is expected to slightly decrease over 

time with continuous SGLT2 inhibitor use, the extent and 

variability depend on the specific inhibitor used [36]. Further 

research is needed to assess how urinary glucose excretion 

changes over time, how it varies between different SGLT2 

inhibitors, and its impact on infection risk. 
 

An increase in urinary glucose can create a favorable 

environment for bacteria and other pathogens, potentially 

increasing infection risk in patients taking SGLT2 inhibitors. 

However, there is no strong consensus on whether SGLT2 

inhibitors are correlated with an increased risk of UTIs. A 

systematic review and meta-analysis found no increased risk of 

UTIs in patients taking SGLT2 inhibitors compared to a control 

group [37]. In contrast, another study reported a 3.7-fold higher 

risk of developing a UTI in patients taking an SGLT2 inhibitor 

[38]. These conflicting results may be due to patient-specific 

factors such as genitourinary anatomy, baseline infection risk, 

type of SGLT2 inhibitor used, and medication dosage. Despite 

the inconsistent association between SGLT2 inhibitor use and 

UTI occurrence, the potential for increased genital infection risk 

remains. Bacterial contamination due to anatomical proximity 

and changes in genital pH and flora can increase susceptibility 

to infection. 
 

A stronger consensus exists on the increased risk of genital 

infections with SGLT2 inhibitor use. Data from a United 

Kingdom primary care database showed that genital infections 

were more common in patients treated with SGLT2 inhibitors 

compared to DPP4 inhibitors (8.1% vs. 1.8%) [39]. DPP4 

inhibitors enhance incretin levels, leading to increased insulin 

and decreased glucagon, thereby improving serum glucose 

control without affecting urinary glucose excretion. This 

difference likely contributes to the lower incidence of genital 

infections in patients using DPP4 inhibitors. Two significant 

risk factors associated with genital infection were female sex 

and history of prior infection [39]. These findings highlight the 

role of patient-specific factors in infection risk and suggest 

potential synergistic effects with SGLT2 inhibitor use. The 

choice of SGLT2 inhibitor also influences the risk of genital 

infections. A double-blind study found that 546 patients using 

dapagliflozin reported genital infections, with no correlation 

between infection rates and dapagliflozin dosage [36]. 

Similarly, patients using canagliflozin also reported increased 

genital infection symptoms [38]. These results indicate that even 

a slight increase in urine glucose can significantly alter the 

genital microbial environment, warranting further investigation 

into how different SGLT2 inhibitors and their dosages affect 

infection risk. 
 

Impact on Tissue Integrity 

SGLT2 inhibitors increase urinary glucose excretion, creating 

an osmotic gradient that enhances water excretion into the urine. 

This osmotic diuretic effect results in increased urine volume 

and frequency, along with changes in electrolyte homeostasis. 

The skin, particularly the stratum corneum, natural moisturizing 

factors, and hyaluronic acid within the dermis, plays a crucial 

role in maintaining the body’s electrolyte balance and water 

reserves, thereby regulating hydration and sodium retention. 

Consequently, any alteration in these factors can have 

significant implications for overall skin health and function. 

Proper skin hydration is essential for cell proliferation, enzyme 

activity, and immune cell migration, all of which are critical for 

tissue infection response and healing. Studies have not observed 

significant reductions in tissue water content with SGLT2 

inhibitors. For instance, a study with dapagliflozin reported no 

difference in tissue water content after six weeks of treatment 

but found a significant reduction in skin sodium content [40]. 

Another study using electrical capacitance and conductance as 

indicators of skin water content found no significant differences 

in patients treated with ipragliflozin for 14 days [41]. Similarly, 

empagliflozin showed a statistically significant decrease in skin 

sodium content at one and three months without affecting 

muscle sodium content [42]. These changes in osmotic balance 

may impact the microbial flora of the skin and affect collagen 

synthesis and remodeling, which are crucial for tissue healing. 
 

While reducing sodium levels is beneficial for lowering blood 

pressure, providing cardioprotective effects, and promoting 

renal protection, further changes in skin sodium content can 

compromise barrier integrity, cellular functioning, and 

inflammatory responses. Research has shown that in response to 

bacterial infection, sodium accumulates in the skin, creating a 

hypertonic microenvironment [43]. This sodium increase 

enhances macrophage activation and antimicrobial activity 

[43,44]. These findings underscore the complex and context-

dependent roles of sodium in various physiological processes, 

emphasizing the need for careful management of sodium levels 

to optimize both systemic and local tissue health. 
 

Modulation of Immune Cell Function 

SGLT2 inhibitors have been shown to increase the 

phosphorylation of AMPK and enhance the activity of the 

AMPK pathway [45]. AMPK activation, triggered by a high 

AMP/ATP ratio indicating low cellular energy levels, inhibits 

NF-kB and mTOR while activating SIRT1. This cascade 

collectively reduces oxidative stress, pro-inflammatory 

pathways, apoptosis, and mitochondrial dysfunction [45]. While 

these effects are beneficial for visceral organs, they may reduce 

pro-inflammatory markers in the skin, potentially lowering 

microbial infectivity thresholds and compromising the skin’s 

role as a first line of defense. For instance, AMPK activation 

enhances neutrophil chemotaxis and prevents inhibition by 

bacterial lipopolysaccharide exposure, thereby promoting a 

rapid immune response to minimize tissue infection and damage  
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[46]. However, changes in skin pH and osmolarity can negate 

these benefits. Moreover, AMPK activation also boosts 

macrophage and neutrophil phagocytic abilities through 

improved efferocytosis [47]. The effects of these pathways on 

sodium skin concentrations warrant further investigation, as 

SGLT2 inhibitors might bolster immune defense by 

strengthening immune responses. 
 

Furthermore, SGLT2 inhibitors suppress NLRP3 

inflammasome activation [45]. The NLRP3 inflammasome 

detects pathogen-associated and damage-associated molecular 

patterns, initiating pro-inflammatory responses. Studies in 

mouse models treated with SGLT2 inhibitors demonstrated 

suppression of the NLRP3 inflammasome in heart and kidney 

tissues, resulting in decreased IL-1 release [48]. While this 

suppression benefits organ function, it may contribute to higher 

infection rates in the skin due to reduced pro-inflammatory 

responses. Additionally, dapagliflozin prevents ROS-NLRP3 

inflammasome activation, protecting against steatosis, 

inflammation, and liver injury [48]. However, diminished ROS-

NLRP3 inflammasome activity lowers the skin’s innate immune 

response, increasing susceptibility to infections. Despite the 

cardiovascular advantages, reduced NLRP3 inflammasome 

activity may impair bacterial clearance and pro-inflammatory 

cytokine activation, heightening infection risk. 
 

Additional studies on dapagliflozin and canagliflozin have 

revealed their impacts on cytokine proliferation and immune cell 

response. In a mouse model of the inherited metabolic disorder 

GSDIb, dapagliflozin improved neutrophil function by reducing 

1,5-AG6P accumulation, leading to enhanced neutrophil 

numbers, maturation, phagocytic activity, migratory capacity, 

and reduced apoptosis [49]. These positive effects on neutrophil 

function might mitigate microbial infection in the skin, though 

further research is necessary to determine if all SGLT2 

inhibitors exert similar effects. Faridvand et al. found that 

dapagliflozin decreased ROS, IL-6, and TNF-α levels while 

increasing SIRT1, PGC-1α, and p-AMPK in human umbilical 

vein endothelial cells [50]. This modulation of inflammatory 

and oxidative stress pathways could enhance the skin’s immune 

response and barrier function.  
 

Similarly, Abd El-Fattah et al. reported that dapagliflozin 

reduced MCP-1, IL-1β, IL-18, and TNF-α levels while 

increasing p-AMPK in rat lung tissue [51] This reduction in pro-

inflammatory cytokines and inflammasome activity could 

strengthen the skin’s resilience to infections by reducing 

inflammation-induced damage and promoting a robust immune 

defense. Research also shows that canagliflozin reduces Iba1, 

IL-6, and macrophage accumulation in skeletal muscle of male 

mice [52]. Lower IL-6 levels may attenuate the inflammatory 

response, potentially limiting immune cell recruitment to 

infection sites and altering the local immune environment. 

Another study found that canagliflozin lowered median serum 

IL-6 by 22% and increased median serum TNF-α by 7% [47]. 

While these anti-inflammatory effects of SGLT2 inhibitors are 

advantageous for cardiovascular and renal health, they might 

explain the increased incidence of genital infections in patients 

using these medications. 
 

Implications for Clinical Practice 

Guidelines for Risk Stratification 

To enhance patient safety, especially regarding the risk of 

developing FG in those using SGLT2 inhibitors, it is crucial to 

tailor treatment plans based on individual risk profiles. Risk 

stratification tools are essential for this personalized approach, 

incorporating patient characteristics and specifics of SGLT2 

inhibitor usage. By analyzing factors such as comorbid 

conditions, history of infections, and demographic information, 

these tools can identify patients at higher risk for FG. For 

example, individuals with diabetes who have a history of 

frequent UTIs, immunosuppression, or other complications are 

at increased risk and require more intensive monitoring and 

personalized treatment plans [4,5]. This comprehensive and 

individualized approach ensures that patient care addresses 

specific risks associated with SGLT2 inhibitors. 
 

Implementing data-driven recommendations involves 

developing algorithms that stratify patients by risk level. When 

integrated into electronic health records (EHRs), these 

algorithms provide real-time risk assessments and automated 

alerts for healthcare providers, ensuring timely care for high-risk 

patients. Embedding these tools in EHRs allows clinicians to 

receive prompts for early intervention and monitoring protocols, 

critical for preventing the progression of FG. Such integration 

not only enhances patient outcomes through proactive 

management but also standardizes care processes across 

different healthcare settings, leading to improved consistency in 

patient care and reducing the likelihood of oversight in high-risk 

cases. 
 

Training healthcare providers on the use of risk assessment tools 

is crucial for their effective implementation. Educational 

programs should focus on interpreting risk scores and 

integrating these assessments into clinical decision-making 

processes. Additionally, case studies demonstrating successful 

risk management can serve as practical examples for clinicians. 

For instance, a case study detailing how a patient with diabetes 

and frequent UTIs was managed with an adjusted dose of an 

SGLT2 inhibitor and regular screenings, ultimately preventing 

the onset of FG [2]. These real-world examples underscore the 

importance of integrating risk stratification into routine clinical 

practice, thereby reinforcing the value of personalized medicine. 
 

Moreover, continuous updates and improvements in these tools 

based on new research findings are necessary. Regularly 

revisiting and refining algorithms ensure they remain accurate 

and effective in predicting risk, adapting to new data and 

evolving clinical understandings. This iterative process is vital 

for maintaining high standards of patient care and effectively 

managing the risks associated with SGLT2 inhibitors [4]. These 

updates ensure that risk stratification tools evolve alongside 

advancements in medical research and clinical practice, 

maintaining their relevance and efficacy in a rapidly changing 

healthcare landscape. 
 

Clinical Decision-Making 

Enhancing clinical outcomes for patients on SGLT2 inhibitors 

requires informed decision-making based on comprehensive 

risk assessments. Developing guidelines that consider individual 

patient risks is crucial. For high-risk patients, clinicians might 

need to consider alternative therapies or lower doses of SGLT2 

inhibitors. Implementing evidence-based practices for 

monitoring and managing these patients is essential. This 

includes regular screenings for signs of infection, educating 

patients on recognizing early symptoms of FG, and establishing 

protocols for prompt intervention if an infection is suspected [4]. 

Such a proactive approach can significantly reduce the incidence 

and severity of FG, thereby improving patient outcomes. 
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Effective patient education is a cornerstone of this strategy. 

Providing written materials and demonstrating proper hygiene 

practices during consultations can empower patients. Educating 

patients on maintaining good hygiene and monitoring for early 

signs of infection, such as pain, swelling, or unusual discharge 

in the genital area, enhances adherence to preventive measures 

and early symptom reporting. Tailoring educational resources to 

various literacy levels and languages ensures that all patients 

have access to essential information for managing their 

condition. 
 

Comparative effectiveness research on different SGLT2 

inhibitors provides valuable insights into the efficacy and safety 

of these medications. This research aids clinicians in making 

informed decisions about which SGLT2 inhibitors to prescribe, 

especially for high-risk patients. Studies comparing the 

incidence of FG among patients using canagliflozin versus 

dapagliflozin can guide clinical decisions and optimize patient 

outcomes. These comparative studies highlight the necessity for 

continuous monitoring and evaluation of new data to refine 

treatment guidelines. By integrating new research findings 

regularly, clinical guidelines can remain relevant and effective 

in addressing current challenges. 
 

Developing decision aids for clinicians and patients can 

facilitate shared decision-making. These tools present 

information on the risks and benefits of different SGLT2 

inhibitors, helping patients understand their options and 

participate actively in their treatment plans. Regularly reviewing 

and updating clinical guidelines ensure that recommendations 

reflect the latest research findings and clinical experiences. 

Keeping guidelines current helps maintain the relevance and 

accuracy of clinical practices, leading to improved patient care 

and outcomes.  
 

Future Research Directions 

To maximize the therapeutic benefits and minimize the potential 

risks of SGLT2 inhibitors, it is crucial for clinicians to 

understand their pharmacokinetic and pharmacodynamic 

properties. This understanding will guide dose adjustments, 

particularly in patients with renal or hepatic impairments, to 

avoid adverse effects [53]. Further research into the mechanisms 

by which dapagliflozin influences infection risk, as well as its 

long-term impact on fluid and electrolyte balance, is necessary 

to develop more effective treatment strategies. By integrating 

the latest clinical evidence and patient-specific factors, the use 

of dapagliflozin can be optimized for safety and efficacy in 

managing T2DM. 
 

Current research on the use of SGLT2 inhibitors and their link 

to severe complications such as FG is still emerging. Identifying 

gaps in this research is crucial for directing future efforts. One 

key area requiring further investigation is the differential impact 

of various SGLT2 inhibitors on microbial ecology and immune 

responses in the perineal region. In-depth studies on how local 

bacterial environments and host immune defenses are 

influenced by the pharmacokinetic and pharmacodynamic 

properties of drugs like canagliflozin and dapagliflozin are 

needed. Integrating microbiome analysis into clinical trials 

could provide deeper insights into drug-microbiome interactions 

and their implications for infection risk. Patient stratification 

based on genetic, metabolic, and microbiome profiles could lead 

to more tailored and effective treatment plans. Such 

personalized approaches may significantly reduce the incidence 

of adverse effects while maximizing the therapeutic benefits of 

SGLT2 inhibitors.  
 

Despite progress, significant gaps remain in understanding the 

effects of SGLT2 inhibitors. Emerging research questions need 

to be addressed, such as the precise molecular pathways through 

which SGLT2 inhibitors modulate immune cell function and 

tissue integrity. Identifying specific patient subgroups more 

susceptible to adverse effects and understanding their 

characteristics is also essential. Interdisciplinary research 

combining pharmacology, microbiology, immunology, and 

clinical medicine is needed to develop a comprehensive 

understanding of these mechanisms. Such collaboration will 

facilitate the translation of research findings into practical 

clinical applications. 
 

Guiding future research efforts to enhance patient care and 

safety involves several strategic recommendations. Long-term 

cohort studies and clinical trials should monitor the incidence of 

severe infections, including FG, among patients using different 

SGLT2 inhibitors. These studies should identify specific risk 

factors and potential biomarkers for early detection. Exploring 

novel therapeutic targets and interventions that mitigate the 

adverse effects of SGLT2 inhibitors while preserving their 

glucose-lowering benefits is also crucial. This could involve 

developing combination therapies that include protective agents 

against infection or tailored dosing regimens to minimize risk. 
 

Development of Safer Therapies 

Ensuring the development of safer antidiabetic therapies for 

vulnerable populations is a priority. This includes exploring 

alternative therapies or modifications to existing SGLT2 

inhibitors to reduce infection risks. Research into new drug 

formulations or delivery methods that minimize adverse effects, 

such as localized infections, is critical. Innovations that limit 

glucose excretion in the urine or enhance local immune defenses 

could significantly reduce the risk of FG. Such advancements 

could provide more effective and safer options for managing 

diabetes, particularly in high-risk patient groups. 
 

Clinical trials are essential to test the safety and efficacy of these 

alternative treatments. These trials should focus on high-risk 

populations, such as patients with diabetes and a history of 

frequent infections, to ensure that new therapies do not introduce 

unforeseen risks. The development of these therapies should be 

guided by pharmacokinetic and pharmacodynamic studies, as 

well as real-world patient data. Prioritizing patient safety and 

efficacy in clinical trials will allow researchers to develop 

treatments that offer significant benefits without compromising 

patient health. For instance, trials might investigate whether 

modified-release formulations of SGLT2 inhibitors can reduce 

glucose concentration in the urine, thereby lowering the risk of 

bacterial overgrowth and subsequent infections. Additionally, 

research into combination therapies that include protective 

agents against infection could further optimize the safety profile 

of these medications. Exploring innovative treatment 

approaches that combine multiple therapeutic strategies can 

enhance overall treatment efficacy while minimizing adverse 

effects. 
 

Developing safer antidiabetic therapies requires a multifaceted 

approach. By focusing on the pharmacokinetic and 

pharmacodynamic properties of these drugs and integrating 

patient-specific factors, healthcare providers can develop more 

effective and safer treatment strategies for managing T2DM.  
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This approach will improve patient outcomes and reduce the 

incidence of severe complications such as FG. Collaborative 

efforts between researchers, clinicians, and patients are essential 

to achieve these goals and advance diabetes management. 

Through continuous innovation and rigorous clinical evaluation, 

the medical community can enhance the safety and efficacy of 

diabetes treatments, providing better care for patients 

worldwide. 
 

Conclusion 

The association between SGLT2 inhibitors and FG requires 

careful consideration in the clinical management of T2DM. This 

review underscores the complex interplay between 

pharmacokinetics, pharmacodynamics, immune modulation, 

and microbial ecology in the development of this severe 

condition. While canagliflozin and dapagliflozin are effective in 

controlling blood sugar and offering cardiovascular benefits, 

they also increase the risk of severe infections due to their 

impact on glucose metabolism and immune function. The 

heightened risk, particularly in patients with predisposing 

factors such as diabetes and immunosuppression, calls for 

vigilant monitoring and personalized treatment strategies. 

 

Future research should focus on revealing the precise molecular 

pathways involved, identifying high-risk patient subgroups, and 

developing novel interventions to mitigate adverse effects like 

FG while preserving therapeutic benefits. Long-term cohort 

studies and clinical trials are essential to advancing our 

understanding and management of the risks associated with 

SGLT2 inhibitors. Promoting collaboration between basic 

scientists and clinicians, along with securing funding for 

interdisciplinary research, will be crucial for translating findings 

from bench to bedside. Ultimately, optimizing diabetes 

management strategies to balance efficacy and safety will 

significantly enhance patient care and outcomes for those treated 

with SGLT2 inhibitors. 
 

References 
 

1. Fournier’s Gangrene: Causes, Symptoms, Diagnosis & 

Treatment. (2021). Cleveland Clinic. 

https://my.clevelandclinic.org/health/diseases/22025-

fourniers-gangrene 

2. Lu, H., Lu, H., Kosinski, C., Wojtusciszyn, A., Zanchi, A., 

Carron, P. N., Müller, M., Meyer, P., Martin, J., Muller, O., 

& Hullin, R. (2021). SGLT2 Inhibitors, What the 

Emergency Physician Needs to Know: A Narrative Review. 

Journal of clinical medicine, 10(9), 2036. 

https://doi.org/10.3390/jcm10092036 

3. Sorensen, M. D., & Krieger, J. N. (2016). Fournier's 

Gangrene: Epidemiology and Outcomes in the General US 

Population. Urologia internationalis, 97(3), 249–259. 

https://doi.org/10.1159/000445695 

4. Leslie SW, Rad J, Foreman J. Fournier Gangrene. [Updated 

2023 Jun 5]. In: StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2024 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK549821/ 

5. Tenório, C. E. L., Lima, S. V. C., Albuquerque, A. V., 

Cavalcanti, M. P., & Teles, F. (2018). Risk factors for 

mortality in fournier's gangrene in a general hospital: use of 

simplified founier gangrene severe index score (SFGSI). 

International braz j urol : official journal of the Brazilian 

Society of Urology, 44(1), 95–101. 

https://doi.org/10.1590/S1677-5538.IBJU.2017.0193 

6. Srinivas, N., Sarnaik, M. K., Modi, S., Pisipati, Y., Vaidya, 

S., Syed Gaggatur, N., Sange, A. H., & Sange, I. (2021). 

Sodium-Glucose Cotransporter 2 (SGLT-2) Inhibitors: 

Delving Into the Potential Benefits of Cardiorenal 

Protection Beyond the Treatment of Type-2 Diabetes 

Mellitus. Cureus, 13(8), e16868. 

https://doi.org/10.7759/cureus.16868 

7. Dave, C. V., Schneeweiss, S., & Patorno, E. (2019). 

Association of Sodium-Glucose Cotransporter 2 Inhibitor 

Treatment With Risk of Hospitalization for Fournier 

Gangrene Among Men. JAMA internal medicine, 179(11), 

1587–1590. 

https://doi.org/10.1001/jamainternmed.2019.2813 

8. Eberly, L. A., Yang, L., Eneanya, N. D., Essien, U., Julien, 

H., Nathan, A. S., Khatana, S. A. M., Dayoub, E. J., 

Fanaroff, A. C., Giri, J., Groeneveld, P. W., & Adusumalli, 

S. (2021). Association of Race/Ethnicity, Gender, and 

Socioeconomic Status With Sodium-Glucose Cotransporter 

2 Inhibitor Use Among Patients With Diabetes in the US. 

JAMA network open, 4(4), e216139. 

https://doi.org/10.1001/jamanetworkopen.2021.6139 

9. Khan, A., Gidda, H., Murphy, N., Alshanqeeti, S., Singh, I., 

Wasay, A., & Haseeb, M. (2022). An Unusual Bacterial 

Etiology of Fournier's Gangrene in an Immunocompetent 

Patient. Cureus, 14(7), e26616. 

https://doi.org/10.7759/cureus.26616 

10. Zhang, S., Xie, Y., Wang, Y., Jin, G., Cui, R., & Zou, Y. 

(2023). Fournier's Gangrene with Growth of Actinomyces 

europaeus: A Case Report. Infectious diseases and therapy, 

12(3), 1007–1011. https://doi.org/10.1007/s40121-023-

00781-6 

11. Tam, K., & Torres, V. J. (2019). Staphylococcus aureus 

Secreted Toxins and Extracellular Enzymes. Microbiology 

spectrum, 7(2), 10.1128/microbiolspec.GPP3-0039-2018. 

https://doi.org/10.1128/microbiolspec.GPP3-0039-2018 

12. Gallois, C., Hauw-Berlemont, C., Richaud, C., Bonacorsi, 

S., Diehl, J. L., & Mainardi, J. L. (2015). Fatal necrotizing 

fasciitis due to necrotic toxin-producing Escherichia coli 

strain. New microbes and new infections, 8, 109–112. 

https://doi.org/10.1016/j.nmni.2015.06.003 

13. Ejtahed, H. S., Hoseini-Tavassol, Z., Khatami, S., 

Zangeneh, M., Behrouzi, A., Ahmadi Badi, S., Moshiri, A., 

Hasani-Ranjbar, S., Soroush, A. R., Vaziri, F., Fateh, A., 

Ghanei, M., Bouzari, S., Najar-Peerayeh, S., Siadat, S. D., 

& Larijani, B. (2020). Main gut bacterial composition 

differs between patients with type 1 and type 2 diabetes and 

non-diabetic adults. Journal of diabetes and metabolic 

disorders, 19(1), 265–271. https://doi.org/10.1007/s40200-

020-00502-7 

14. Nagendra L, Boro H, Mannar V. Bacterial Infections in 

Diabetes. [Updated 2022 Apr 5]. In: Feingold KR, Anawalt 

B, Blackman MR, et al., editors. Endotext [Internet]. South 

Dartmouth (MA): MDText.com, Inc.; 2000-. Available 

from: https://www.ncbi.nlm.nih.gov/books/NBK579762/ 

15. Camden., S., (2009). Obesity: An Emerging Concern for 

Patients and Nurses. OJIN: The Online Journal of Issues in 

Nursing, 14(1). 

https://doi.org/10.3912/OJIN.Vol14No1Man01 

16. Provenzano, D., Lo Bianco, S., Zanghì, M., Campione, A., 

Vecchio, R., & Zanghì, G. (2021). Fournier's gangrene as a 

rare complication in patient with uncontrolled type 2 

diabetes treated with surgical debridement: A case report 

and literature review. International journal of surgery case  

 
Ameri J Clin Med Re, 2024                                                          ISSN: 2835-9496                                                                              Vol. 4(8): 8-10 

https://my.clevelandclinic.org/health/diseases/22025-fourniers-gangrene
https://my.clevelandclinic.org/health/diseases/22025-fourniers-gangrene
https://doi.org/10.3390/jcm10092036
https://doi.org/10.1159/000445695
https://www.ncbi.nlm.nih.gov/books/NBK549821/
https://doi.org/10.1590/S1677-5538.IBJU.2017.0193
https://doi.org/10.7759/cureus.16868
https://doi.org/10.1001/jamainternmed.2019.2813
https://doi.org/10.1001/jamanetworkopen.2021.6139
https://doi.org/10.7759/cureus.26616
https://doi.org/10.1007/s40121-023-00781-6
https://doi.org/10.1007/s40121-023-00781-6
https://doi.org/10.1128/microbiolspec.GPP3-0039-2018
https://doi.org/10.1016/j.nmni.2015.06.003
https://doi.org/10.1007/s40200-020-00502-7
https://doi.org/10.1007/s40200-020-00502-7
https://www.ncbi.nlm.nih.gov/books/NBK579762/
https://doi.org/10.3912/OJIN.Vol14No1Man01


Citation: Herrick G, Babkowski N, Li V, Frasier K, Kakarla S, et al. (2024) Comparative Analysis of Fournier’s Gangrene Risk 

between Canagliflozin and Dapagliflozin: A Molecular and Clinical Investigation. Ameri J Clin Med Re: AJCMR 148. 
 

reports, 79, 462–465. 

https://doi.org/10.1016/j.ijscr.2021.01.098 

17. Elbeddini, A., Tayefehchamani, Y., Davey, M., Gallinger, 

J., Hooda, N., Aly, A., Erickson, D., & Lee, S. (2021). 

Fournier's gangrene with dapagliflozin in a rural hospital: a 

case report. BMJ case reports, 14(2), e237784. 

https://doi.org/10.1136/bcr-2020-237784 

18. Boutatss N., Haraj, N., El Aziz, S., & Chadli, A. (2024). 

Fournier’s gangrene in diabetics: a study of 26 patients. 

Endocrine Abstracts, 99, EP1088. 

https://doi.org/10.1530/endoabs.99. EP1088  

19. Meena, P., Bhargava, V., Bhalla, A., Rana, D., & Mantri, 

A. (2021). Effect of sodium-glucose cotransporter-2 

inhibitors on renal handling of electrolytes. Postgraduate 

medical journal, 97(1154), 819–824. 

https://doi.org/10.1136/postgradmedj-2020-139348 

20. Wiviott, S. D., Raz, I., Bonaca, M. P., Mosenzon, O., Kato, 

E. T., Cahn, A., Silverman, M. G., Zelniker, T. A., Kuder, 

J. F., Murphy, S. A., Bhatt, D. L., Leiter, L. A., McGuire, 

D. K., Wilding, J. P. H., Ruff, C. T., Gause-Nilsson, I. A. 

M., Fredriksson, M., Johansson, P. A., Langkilde, A. M., 

Sabatine, M. S., … DECLARE–TIMI 58 Investigators 

(2019). Dapagliflozin and Cardiovascular Outcomes in 

Type 2 Diabetes. The New England journal of medicine, 

380(4), 347–357. https://doi.org/10.1056/NEJMoa1812389 

21. Haas, B., Eckstein, N., Pfeifer, V., Mayer, P., & Hass, M. 

D. (2014). Efficacy, safety and regulatory status of SGLT2 

inhibitors: focus on canagliflozin. Nutrition & diabetes, 

4(11), e143. https://doi.org/10.1038/nutd.2014.40 

22. Khalid Z, Patel P. Canagliflozin. [Updated 2024 Feb 27]. 

In: StatPearls [Internet]. Treasure Island (FL): StatPearls 

Publishing; 2024 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK603733/ 

23. Potier, L., Mohammedi, K., Velho, G., & Roussel, R. 

(2021). SGLT2 inhibitors and lower limb complications: 

the diuretic-induced hypovolemia hypothesis. 

Cardiovascular diabetology, 20(1), 107. 

https://doi.org/10.1186/s12933-021-01301-x 

24. Dave, C. V., Schneeweiss, S., & Patorno, E. (2019). 

Comparative risk of genital infections associated with 

sodium-glucose co-transporter-2 inhibitors. Diabetes, 

obesity & metabolism, 21(2), 434–438. 

https://doi.org/10.1111/dom.13531 

25. Nicolle, L. E., Capuano, G., Ways, K., & Usiskin, K. 

(2012). Effect of canagliflozin, a sodium glucose co-

transporter 2 (SGLT2) inhibitor, on bacteriuria and urinary 

tract infection in subjects with type 2 diabetes enrolled in a 

12-week, phase 2 study. Current Medical Research and 

Opinion, 28(7), 1167–1171. 

https://doi.org/10.1185/03007995.2012.689956 

26. Xu, C., Wang, W., Zhong, J., Lei, F., Xu, N., Zhang, Y., & 

Xie, W. (2018). Canagliflozin exerts anti-inflammatory 

effects by inhibiting intracellular glucose metabolism and 

promoting autophagy in immune cells. Biochemical 

pharmacology, 152, 45–59. 

https://doi.org/10.1016/j.bcp.2018.03.013 

27. Devineni, D., & Polidori, D. (2015). Clinical 

Pharmacokinetic, Pharmacodynamic, and Drug-Drug 

Interaction Profile of Canagliflozin, a Sodium-Glucose Co-

transporter 2 Inhibitor. Clinical pharmacokinetics, 54(10), 

1027–1041. https://doi.org/10.1007/s40262-015-0285-z 

28. Heerspink, H. J. L., Perco, P., Mulder, S., Leierer, J., 

Hansen, M. K., Heinzel, A., & Mayer, G. (2019). 

Canagliflozin reduces inflammation and fibrosis 

biomarkers: a potential mechanism of action for beneficial 

effects of SGLT2 inhibitors in diabetic kidney disease. 

Diabetologia, 62(7), 1154–1166. 

https://doi.org/10.1007/s00125-019-4859-4 

29. Güven, N. M., Karaömerlioğlu, İ., Arıoğlu İnan, E., & Can 

Eke, B. (2024). Investigation of the Expression of CYP3A4 

in Diabetic Rats in Xenobiotic Metabolism. Turkish journal 

of pharmaceutical sciences, 21(1), 81–86. 

https://doi.org/10.4274/tjps.galenos.2023.87450 

30. Qiu, R., Balis, D., Xie, J., Davies, M. J., Desai, M., & 

Meininger, G. (2017). Longer-term safety and tolerability 

of canagliflozin in patients with type 2 diabetes: a pooled 

analysis. Current medical research and opinion, 33(3), 

553–562. https://doi.org/10.1080/03007995.2016.1271780 

31. Sha, S., Polidori, D., Farrell, K., Ghosh, A., Natarajan, J., 

Vaccaro, N., Pinheiro, J., Rothenberg, P., & Plum-

Mörschel, L. (2015). Pharmacodynamic differences 

between canagliflozin and dapagliflozin: results of a 

randomized, double-blind, crossover study. Diabetes, 

obesity & metabolism, 17(2), 188–197. 

https://doi.org/10.1111/dom.12418 

32. Londzin, P., Siudak, S., Cegieła, U., & Folwarczna, J. 

(2022). Effects of sodium-glucose cotransporter 2 (SGLT2) 

inhibitors, dapagliflozin and canagliflozin, on the 

musculoskeletal system in an experimental model of type 2 

diabetes in rats. Bone Reports, 16, 101466. 

https://doi.org/10.1016/j.bonr.2022.101466 

33. Abdollahi, E., Keyhanfar, F., Delbandi, A. A., Falak, R., 

Hajimiresmaiel, S. J., & Shafiei, M. (2022). Dapagliflozin 

exerts anti-inflammatory effects via inhibition of LPS-

induced TLR-4 overexpression and NF-κB activation in 

human endothelial cells and differentiated macrophages. 

European journal of pharmacology, 918, 174715. 

https://doi.org/10.1016/j.ejphar.2021.174715 

34. Saenkham, P., Jennings-Gee, J., Hanson, B., Kock, N. D., 

Adams, L. G., & Subashchandrabose, S. (2020). 

Hyperglucosuria induced by dapagliflozin augments 

bacterial colonization in the murine urinary tract. Diabetes, 

obesity & metabolism, 22(9), 1548–1555. 

https://doi.org/10.1111/dom.14064 

35. Wu, J., Chen, Y., Yang, H., Gu, L., Ni, Z., Mou, S., Shen, 

J., & Che, X. (2023). Sodium glucose co-transporter 2 

(SGLT2) inhibition via dapagliflozin improves diabetic 

kidney disease (DKD) over time associatied with increasing 

effect on the gut microbiota in db/db mice. Frontiers in 

endocrinology, 14, 1026040. 

https://doi.org/10.3389/fendo.2023.1026040 

36. List, J. F., & Whaley, J. M. (2011). Glucose dynamics and 

mechanistic implications of SGLT2 inhibitors in animals 

and humans. Kidney international. Supplement, (120), S20–

S27. https://doi.org/10.1038/ki.2010.512 

37. Liu, J., Li, L., Li, S., Jia, P., Deng, K., Chen, W., & Sun, X. 

(2017). Effects of SGLT2 inhibitors on UTIs and genital 

infections in type 2 diabetes mellitus: a systematic review 

and meta-analysis. Scientific reports, 7(1), 2824. 

https://doi.org/10.1038/s41598-017-02733-w 

38. Uitrakul, S., Aksonnam, K., Srivichai, P., Wicheannarat, S., 

& Incomenoy, S. (2022). The Incidence and Risk Factors of 

Urinary Tract Infection in Patients with Type 2 Diabetes 

Mellitus Using SGLT2 Inhibitors: A Real-World 

Observational Study. Medicines (Basel, Switzerland), 

9(12), 59. https://doi.org/10.3390/medicines9120059. 

 

 
Ameri J Clin Med Re, 2024                                                          ISSN: 2835-9496                                                                              Vol. 4(8): 9-10 

https://doi.org/10.1016/j.ijscr.2021.01.098
https://doi.org/10.1136/bcr-2020-237784
https://doi.org/10.1530/endoabs.99.EP1088
https://doi.org/10.1136/postgradmedj-2020-139348
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1038/nutd.2014.40
https://www.ncbi.nlm.nih.gov/books/NBK603733/
https://doi.org/10.1186/s12933-021-01301-x
https://doi.org/10.1111/dom.13531
https://doi.org/10.1185/03007995.2012.689956
https://doi.org/10.1016/j.bcp.2018.03.013
https://doi.org/10.1007/s40262-015-0285-z
https://doi.org/10.1007/s00125-019-4859-4
https://doi.org/10.4274/tjps.galenos.2023.87450
https://doi.org/10.1080/03007995.2016.1271780
https://doi.org/10.1111/dom.12418
https://doi.org/10.1016/j.bonr.2022.101466
https://doi.org/10.1016/j.ejphar.2021.174715
https://doi.org/10.1111/dom.14064
https://doi.org/10.3389/fendo.2023.1026040
https://doi.org/10.1038/ki.2010.512
https://doi.org/10.1038/s41598-017-02733-w
https://doi.org/10.3390/medicines9120059


Citation: Herrick G, Babkowski N, Li V, Frasier K, Kakarla S, et al. (2024) Comparative Analysis of Fournier’s Gangrene Risk 

between Canagliflozin and Dapagliflozin: A Molecular and Clinical Investigation. Ameri J Clin Med Re: AJCMR 148. 

39. McGovern, A. P., Hogg, M., Shields, B. M., Sattar, N. A., 

Holman, R. R., Pearson, E. R., Hattersley, A. T., Jones, A. 

G., Dennis, J. M., & MASTERMIND consortium (2020). 

Risk factors for genital infections in people initiating 

SGLT2 inhibitors and their impact on discontinuation. BMJ 

open diabetes research & care, 8(1), e001238. 

https://doi.org/10.1136/bmjdrc-2020-001238 

40. Karg, M. V., Bosch, A., Kannenkeril, D., Striepe, K., Ott, 

C., Schneider, M. P., Boemke-Zelch, F., Linz, P., Nagel, A. 

M., Titze, J., Uder, M., & Schmieder, R. E. (2018). SGLT-

2-inhibition with dapagliflozin reduces tissue sodium 

content: a randomised controlled trial. Cardiovascular 

diabetology, 17(1), 5. https://doi.org/10.1186/s12933-017-

0654-z 

41. Tezuka, Y., Sekine, O., Hirano, A., Hanada, Y., Nakanishi, 

I., Ariga, M., Azuma, C., Yamamoto, Y., Ito-Kobayashi, J., 

Washiyama, M., Iwanishi, M., Furuta, M., Kanamori, M., 

Shimatsu, A., & Kashiwagi, A. (2021). A Prospective, 

Open-Label Short-Term Pilot Study on Modification of the 

Skin Hydration Status During Treatment with a Sodium-

Glucose Cotransporter-2 Inhibitor. Diabetes therapy: 

research, treatment and education of diabetes and related 

disorders, 12(1), 431–440. https://doi.org/10.1007/s13300-

020-00950-7. 

42. Kolwelter, J., Kannenkeril, D., Linz, P., Jung, S., Nagel, A. 

M., Bosch, A., Ott, C., Bramlage, P., Nöh, L., Schiffer, M., 

Uder, M., Achenbach, S., & Schmieder, R. E. (2023). The 

SGLT2 inhibitor empagliflozin reduces tissue sodium 

content in patients with chronic heart failure: results from a 

placebo-controlled randomised trial. Clinical research in 

cardiology: official journal of the German Cardiac Society, 

112(1), 134–144. https://doi.org/10.1007/s00392-022-

02119-7. 

43. Jantsch, J., Schatz, V., Friedrich, D., Schröder, A., Kopp, 

C., Siegert, I., Maronna, A., Wendelborn, D., Linz, P., 

Binger, Katrina J., Gebhardt, M., Heinig, M., Neubert, P., 

Fischer, F., Teufel, S., David, J.-P., Neufert, C., Cavallaro, 

A., Rakova, N., . . . Titze, J. (2015). Cutaneous 

Na<sup>+</sup> Storage Strengthens the Antimicrobial 

Barrier Function of the Skin and Boosts Macrophage-

Driven Host Defense. Cell Metabolism, 21(3), 493-501. 

https://doi.org/10.1016/j.cmet.2015.02.003.  

44. Schatz, V., Neubert, P., Schröder, A., Binger, K., Gebhard, 

M., Müller, D. N., Luft, F. C., Titze, J., & Jantsch, J. (2017). 

Elementary immunology: Na+ as a regulator of immunity. 

Pediatric nephrology (Berlin, Germany), 32(2), 201–210. 

https://doi.org/10.1007/s00467-016-3349-x. 

45. Lee, S. A., & Riella, L. V. (2024). Narrative Review of 

Immunomodulatory and Anti-inflammatory Effects of 

Sodium-Glucose Cotransporter 2 Inhibitors: Unveiling 

Novel Therapeutic Frontiers. Kidney international reports, 

9(6), 1601–1613. 

https://doi.org/10.1016/j.ekir.2024.02.1435. 

46. Park, D. W., Jiang, S., Tadie, J. M., Stigler, W. S., Gao, Y., 

Deshane, J., Abraham, E., & Zmijewski, J. W. (2013). 

Activation of AMPK enhances neutrophil chemotaxis and 

bacterial killing. Molecular medicine (Cambridge, Mass.), 

19(1), 387–398. 

https://doi.org/10.2119/molmed.2013.00065. 

47. Bonnet, F., & Scheen, A. J. (2018). Effects of SGLT2 

inhibitors on systemic and tissue low-grade inflammation: 

The potential contribution to diabetes complications and 

cardiovascular disease. Diabetes & metabolism, 44(6), 

457–464. https://doi.org/10.1016/j.diabet.2018.09.005. 

48. Schönberger, E., Mihaljević, V., Steiner, K., Šarić, S., 

Kurevija, T., Majnarić, L. T., Bilić Ćurčić, I., & Canecki-

Varžić, S. (2023). Immunomodulatory Effects of SGLT2 

Inhibitors-Targeting Inflammation and Oxidative Stress in 

Aging. International journal of environmental research 

and public health, 20(17), 6671. 

https://doi.org/10.3390/ijerph20176671. 

49. Resaz, R., Raggi, F., Segalerba, D., Lavarello, C., 

Gamberucci, A., Bosco, M. C., Astigiano, S., Assunto, A., 

Melis, D., D'Acierno, M., Veiga-da-Cunha, M., Petretto, 

A., Marcolongo, P., Trepiccione, F., & Eva, A. (2021). The 

SGLT2-inhibitor dapagliflozin improves neutropenia and 

neutrophil dysfunction in a mouse model of the inherited 

metabolic disorder GSDIb. Molecular genetics and 

metabolism reports, 29, 100813. 

https://doi.org/10.1016/j.ymgmr.2021.100813. 

50. Faridvand, Y., Kazemzadeh, H., Vahedian, V., 

Mirzajanzadeh, P., Nejabati, H. R., Safaie, N., Maroufi, N. 

F., Pezeshkian, M., Nouri, M., & Jodati, A. (2022). 

Dapagliflozin attenuates high glucose-induced endothelial 

cell apoptosis and inflammation through AMPK/SIRT1 

activation. Clinical and experimental pharmacology & 

physiology, 49(6), 643–651. https://doi.org/10.1111/1440-

1681.13638. 

51. Abd El-Fattah, E. E., Saber, S., Mourad, A. A. E., El-

Ahwany, E., Amin, N. A., Cavalu, S., Yahya, G., Saad, A. 

S., Alsharidah, M., Shata, A., Sami, H. M., Kaddah, M. M. 

Y., & Ghanim, A. M. H. (2022). The dynamic interplay 

between AMPK/NFκB signaling and NLRP3 is a new 

therapeutic target in inflammation: Emerging role of 

dapagliflozin in overcoming lipopolysaccharide-mediated 

lung injury. Biomedicine & Pharmacotherapy, 147, 

112628. 

https://doi.org/https://doi.org/10.1016/j.biopha.2022.11262

8.  

52. Naznin, F., Sakoda, H., Okada, T., Tsubouchi, H., Waise, 

T. M., Arakawa, K., & Nakazato, M. (2017). Canagliflozin, 

a sodium glucose cotransporter 2 inhibitor, attenuates 

obesity-induced inflammation in the nodose ganglion, 

hypothalamus, and skeletal muscle of mice. European 

journal of pharmacology, 794, 37–44. 

https://doi.org/10.1016/j.ejphar.2016.11.028 

53. Vallon, V., & Verma, S. (2021). Effects of SGLT2 

Inhibitors on Kidney and Cardiovascular Function. Annual 

review of physiology, 83, 503–528. 

https://doi.org/10.1146/annurev-physiol-031620-095920. 

 
 

 

 

 

 

 
Ameri J Clin Med Re, 2024                                                          ISSN: 2835-9496                                                                            Vol. 4(8): 10-10 

Copyright: © 2024 Frasier K. This Open 

Access Article is licensed under a Creative 

Commons Attribution 4.0 International (CC 

BY 4.0), which permits unrestricted use, 

distribution, and reproduction in any 

medium, provided the original author and 

source are credited.    

 

https://doi.org/10.1136/bmjdrc-2020-001238
https://doi.org/10.1186/s12933-017-0654-z
https://doi.org/10.1186/s12933-017-0654-z
https://doi.org/10.1007/s13300-020-00950-7
https://doi.org/10.1007/s13300-020-00950-7
https://doi.org/10.1007/s00392-022-02119-7
https://doi.org/10.1007/s00392-022-02119-7
https://doi.org/10.1007/s00467-016-3349-x
https://doi.org/10.1016/j.ekir.2024.02.1435
https://doi.org/10.2119/molmed.2013.00065
https://doi.org/10.1016/j.diabet.2018.09.005
https://doi.org/10.3390/ijerph20176671
https://doi.org/10.1016/j.ymgmr.2021.100813
https://doi.org/10.1111/1440-1681.13638
https://doi.org/10.1111/1440-1681.13638
https://doi.org/10.1016/j.ejphar.2016.11.028
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

