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Abstract  

Chronic kidney disease (CKD) is associated with immune dysfunction and chronic inflammation, 

leading to significant alterations in the oral mucosa. The accumulation of uremic toxins results in 

dysregulation of proinflammatory cytokines, oxidative stress, and impaired leukocyte function, 

contributing to an increased risk of periodontal disease, oral ulcers, and infections. This review 

examines the immunological and inflammatory pathways affected by uremic toxins and discusses 

potential clinical interventions aimed at improving oral health outcomes in CKD patients. 
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Introduction 

Chronic kidney disease (CKD) is a progressive condition characterized by a gradual loss of kidney 

function, leading to the accumulation of various metabolic waste products in the blood, 

collectively known as uremic toxins (Vanholder et al., 2003). These toxins, which are normally 

excreted by the kidneys, accumulate in patients with end-stage renal disease (ESRD), significantly 

affecting multiple organ systems, including the oral cavity (Sukuroglu et al., 2018). Studies 

indicate that CKD patients undergoing hemodialysis (HD) experience profound alterations in their 

oral health, including xerostomia, periodontal disease, uremic stomatitis, and increased 

susceptibility to oral infections due to impaired immune responses (Proctor et al., 2005). 

The oral mucosa serves as a critical barrier against microbial and chemical insults, relying on an 

intricate balance of immunological defenses to maintain homeostasis (Mager et al., 2003). 

However, in patients with CKD, the excessive accumulation of uremic toxins disrupts this balance, 

leading to chronic inflammation, immune dysregulation, and oxidative stress, all of which 

contribute to oral mucosal damage (Meurman et al., 2009). Proinflammatory cytokines such as 

interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and interleukin-1 beta (IL-1β) are 

upregulated in CKD patients, exacerbating inflammatory processes in both systemic and oral 

tissues (Carrero et al., 2008). 

The classification of uremic toxins into small water-soluble molecules, protein-bound toxins, and 

middle molecules provides insight into their varying physiological effects (Vanholder et al., 2011). 
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Notably, indoxyl sulfate (IS), p-cresyl sulfate (PCS), and advanced glycation end products (AGEs) 

have been implicated in tissue inflammation and immune suppression (Dou et al., 2018). The oral 

cavity, being continuously exposed to these toxins via saliva and blood circulation, suffers from 

increased epithelial permeability, oxidative DNA damage, and impaired tissue regeneration 

(Linden et al., 2012). 

Despite growing recognition of oral complications in CKD patients, there remains a lack of 

standardized guidelines for their prevention and management (Craig et al., 2016). Understanding 

the pathophysiological mechanisms through which uremic toxins impact the oral mucosal immune 

system and inflammatory pathways is crucial for improving both oral health and overall quality of 

life in this vulnerable patient population (Johansen et al., 2019). 

This review aims to comprehensively explore the impact of uremic toxins on oral mucosal 

immunity and inflammation, highlighting the underlying mechanisms, clinical manifestations, and 

potential therapeutic approaches. By synthesizing current research findings, this study seeks to 

bridge the gap between nephrology and oral medicine, ultimately contributing to the development 

of more effective preventive and treatment strategies for CKD patients. 

 

Immunological Responses in the Oral Mucosa Due to Uremic Toxins 

The oral mucosa plays a critical role in maintaining immune homeostasis by acting as a physical 

and immunological barrier against microbial pathogens and environmental insults (Groenendijk et 

al., 2018). However, in patients with chronic kidney disease (CKD), the accumulation of uremic 

toxins disrupts this balance, leading to immune dysfunction, chronic inflammation, and 

increased susceptibility to oral diseases (Meurman et al., 2009). The immunological alterations 

observed in the oral cavity of CKD patients are primarily mediated by dysregulated cytokine 

production, impaired leukocyte function, and oxidative stress (Carrero et al., 2008). 

Dysregulation of Cytokine Production 

Cytokines are key mediators of immune responses, regulating inflammation, tissue repair, and 

host defense mechanisms (Dinarello, 2007). In CKD patients, elevated levels of 

proinflammatory cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-

α), and interleukin-1 beta (IL-1β), contribute to persistent low-grade inflammation and tissue 

damage (Stenvinkel et al., 2013). 

• IL-6 is significantly upregulated in CKD and has been associated with periodontal disease 

progression by enhancing osteoclast activity and alveolar bone resorption (Carrero et al., 2008). 

• TNF-α plays a central role in epithelial apoptosis and increased vascular permeability, 

leading to mucosal atrophy and ulcer formation (Meijers et al., 2010). 

• IL-1β stimulates neutrophil recruitment and enhances local inflammatory responses, 

exacerbating gingival and mucosal inflammation (Himmelfarb, 2004). 

These cytokine imbalances contribute to a proinflammatory oral environment, increasing the 

risk of gingivitis, periodontitis, and non-healing ulcers in CKD patients (Santos et al., 2016). 

Impaired Leukocyte Function and Immune Surveillance 

CKD is characterized by immune suppression, which is primarily attributed to dysfunctional 

neutrophils, monocytes, and lymphocytes (Cai et al., 2020). 
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• Neutrophils, the first line of defense against infections, exhibit reduced chemotaxis, 

phagocytosis, and oxidative burst capacity, making CKD patients more susceptible to oral 

infections and delayed wound healing (Anding et al., 2017). 

• Monocytes and macrophages display an altered inflammatory phenotype, producing 

excessive proinflammatory cytokines while failing to effectively clear apoptotic cells, further 

exacerbating tissue damage (Cai et al., 2020). 

• T-cell dysfunction is also prevalent, with a notable reduction in regulatory T cells 

(Tregs), which are crucial for maintaining immune tolerance and preventing excessive 

inflammation (Vacher-Coponat et al., 2008). 

As a result, CKD patients experience a state of chronic immune activation and immune 

suppression, predisposing them to opportunistic infections, recurrent oral ulcers, and poor 

tissue regeneration (Meurman et al., 2009). 

 

Oxidative Stress and Cellular Damage 

Uremic toxins such as indoxyl sulfate (IS), p-cresyl sulfate (PCS), and advanced glycation end 

products (AGEs) contribute to oxidative stress, which plays a major role in oral mucosal 

deterioration (Dou et al., 2018). 

• IS and PCS generate reactive oxygen species (ROS), leading to lipid peroxidation, 

mitochondrial dysfunction, and DNA damage in oral epithelial cells (Lekawanvijit & Krum, 

2015). 

• AGEs induce collagen cross-linking and fibroblast dysfunction, impairing tissue 

remodeling and wound healing (Witko-Sarsat et al., 2004). 

• Salivary antioxidants, such as glutathione and superoxide dismutase (SOD), are 

significantly reduced in CKD patients, making the oral mucosa more vulnerable to oxidative 

damage (Santos et al., 2016). 

This persistent oxidative stress not only accelerates inflammatory responses but also 

compromises the oral mucosal barrier, increasing susceptibility to oral infections and 

ulcerative conditions (Carrero et al., 2008). 

 

Microbiome Alterations and Immune Interactions 

The oral microbiome plays a crucial role in modulating immune responses and maintaining 

mucosal health (Mager et al., 2003). However, in CKD patients, uremic toxins alter the 

composition of the oral microbiota, favoring the overgrowth of pathogenic species such as 

Porphyromonas gingivalis, Fusobacterium nucleatum, and Candida albicans (Johansen et al., 

2019). 

• Increased pathogenic bacterial load triggers chronic immune activation, leading to 

persistent mucosal inflammation and epithelial damage (Proctor et al., 2005). 

• Dysbiosis-induced immune dysregulation further weakens the oral defense 

mechanisms, increasing the risk of periodontitis, oral candidiasis, and other opportunistic 

infections (Craig et al., 2016). 
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• Reduced salivary flow (xerostomia) due to CKD-related salivary gland dysfunction 

exacerbates microbial overgrowth, increasing dental plaque accumulation and oral mucosal 

irritation (Meurman et al., 2009). 

 

Implications for Oral Health in CKD Patients 

The combined effects of proinflammatory cytokines, immune suppression, oxidative stress, and 

microbial dysbiosis create a high-risk environment for oral pathologies in CKD patients 

(Stenvinkel et al., 2013). These immunological changes contribute to: 

• Increased incidence of periodontitis and gingival inflammation (Meijers et al., 2010). 

• Higher prevalence of oral ulcers, stomatitis, and delayed healing (Santos et al., 2016). 

• Greater susceptibility to fungal and bacterial infections due to impaired immune responses 

(Craig et al., 2016). 

Understanding these immune-mediated mechanisms is essential for developing targeted 

therapeutic strategies aimed at reducing oral inflammation, enhancing immune resilience, and 

improving overall oral health outcomes in CKD patients (Johansen et al., 2019). 

Conclusion: The interplay between uremic toxins, immune dysregulation, and chronic 

inflammation creates a high-risk environment for oral diseases in CKD patients. Elevated cytokine 

levels, oxidative damage, and microbial imbalances contribute to severe mucosal complications, 

emphasizing the need for multidisciplinary approaches in nephrology and dentistry. Future studies 

should focus on therapeutic innovations, immune-targeted treatments, and microbiome modulation 

to enhance oral health management in CKD patients. 
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