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Abstract
Several studies have proposed the existence of an association between periodontitis and chronic kidney disease (CKD) 
based on biological premises. There is growing evidence that chronic inflammation caused by periodontitis may contribute 
to the progression of CKD. The present study aimed to investigate studies that link CKD and periodontitis, including peri-
odontitis proxies such as oral hygiene and tooth loss, and patient-related factors such as inflammatory response and genetic 
polymorphisms. An electronic search was conducted on the MEDLINE (Pubmed), Cochrane Central Register of Controlled 
Trials (CENTRAL), Scopus, and Web of Science databases using an advanced search option up until August 2024. Thirty-
two studies were included: 4 interventional, 16 cohort, and 12 case–control. Overall, the prevalence of periodontitis was 
significantly higher in patients with CKD: the diagnosis of periodontal disease was associated with an increase in the risk 
of incident CKD, and parameters of periodontal disease were negatively correlated with kidney function. Inside the field of 
periodontal medicine, the current evidence indicates a possible association between CKD and periodontitis and supports 
future longitudinal studies to investigate the two-way relationship between the diseases and their pathophysiology, and pos-
sibly to establish cause and effect.

Keywords  Subgingival disbiotic biofilm · Periodontitis · Chronic kidney disease · Chronic inflammatory diseases · Kidney 
failure · Bleeding periodontal pockets · Systemic inflammation

Introduction

Chronic kidney disease (CKD) is one of the most prevalent 
chronic illnesses worldwide. CKD affects 8% to 16% of the 
world’s population and claimed 1.2 million lives globally in 
2017 [1, 2]. Most people who are affected are asymptomatic 
and may never be aware that they have the disease [3, 4]. 
Damage to the kidney brought on by a number of illnesses, 
particularly diabetes mellitus, hypertension, and glomerulo-
nephritis, may evolve into CKD [2]. In 2017, CKD caused 
3.58 million disability-adjusted life years (DALYs), over 
a third due to diabetic nephropathy [5]. CKD is indicated 
by a glomerular filtration rate (GFR) of less than 60 mL/
min/1.73 m2, significant proteinuria (e.g., albuminuria of 
at least 30 mg per 24 h), or signs of kidney damage such 
as haematuria or structural abnormalities like polycystic 
or dysplastic kidney persisting for more than 3 months 
[6]. Other risk factors such as genetic issues should also 
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be considered due to their influence on the appearance of 
CKD [7]. Also, chronic inflammation has been linked to 
the emergence of CKD in otherwise healthy individuals [7]. 
CKD is a multisystem disease process that has widespread 
effects on immune system activity, endothelial cell func-
tion, cognitive function, appetite, and emotional state [8, 9]. 
Anaemia, acidosis, blood electrolyte disturbances, abnormal 
bone metabolism, and the inability to clear uremic toxins are 
some of its hallmark signs [10–12].

The two main causes of mortality in people with CKD 
are cardiovascular diseases and infections, both of which 
are relatively common and are responsible for up to 70% of 
all-cause mortality among CKD patients [13, 14]. Around 
the world, more than one in every 1000 people has stage 5 
or end-stage kidney disease, and 3 million require kidney 
transplant, peritoneal dialysis, or haemodialysis as part of 
their renal replacement therapy [15, 16], a treatment that 
entails significant healthcare costs. CKD is becoming more 
common, particularly in developing countries where up to 
now access to renal healthcare has been limited [17, 18].

Periodontitis is characterised by inflammation of the 
teeth-surrounding tissues that is host-mediated and is linked 
with oral microorganisms. With an overall global preva-
lence of up to 50%, and a prevalence of severe forms of 
roughly 11%, periodontal diseases are a major public health 
concern [19]. In 2018, the direct and indirect costs of peri-
odontal disease were estimated to be $154.06 billion in the 
United States and €158.64 billion in Europe [20]. Patients 
with periodontal disorders are more likely to have tooth 
loss, edentulism, and masticatory dysfunction, all of which 
have a detrimental effect on their ability to eat well, live a 
fulfilling life, and feel confident in themselves [21]. Acti-
vation of host-derived proteinases is the end result of the 
molecular pathways of its pathogenesis, which causes the 
junctional epithelium to migrate apically and the bacterial 
biofilm to extend along the root surface, and also leads to 
the loss of marginal periodontal ligament fibres [22]. How-
ever, the onset and development of periodontitis depend on 
dysbiotic ecological changes in the microbiome in response 
to nutrients from gingival inflammatory and tissue break-
down products [23]. Thus, periodontitis is an oral dysbiosis-
associated immune-mediated inflammatory disease [22, 24, 
25]. The most recent research supports a multifactorial risk 
hypothesis, for instance smoking and diabetes, with numer-
ous immunoinflammatory responses that increase the likeli-
hood of dysbiotic microbiome alterations in genetically sus-
ceptible individuals, accelerating the initiation of the disease 
and increasing its severity.

Periodontitis is a chronic non-communicable disease 
(NCD) that shares risk factors with other NCDs, such as type 
II diabetes mellitus, and has a close relationship with cardio-
vascular and overall health [26]. Globally, there is growing 

recognition that better periodontal health will have positive 
effects on systemic well-being and health in general [27, 
28]. Numerous investigations have revealed a link between 
periodontitis and systemic diseases such as type I and type 
II diabetes mellitus, cardiovascular disease, and CKD [29].

With regard to the patient-related factors in periodon-
titis and systemic diseases and to the two-way relation-
ship between them, the primary mechanisms that cause 
systemic inflammation include the effects of periodontal 
bacteria (whether directly or indirectly). From diseased or 
inflamed periodontal tissues to other body regions, there is 
a systemic increase in inflammatory mediators due to peri-
odontal inflammation and/or patient-related immune fac-
tors [30]. Interestingly, age, smoking, and poorly managed 
diabetes mellitus are associated with both periodontitis and 
with CKD [31–33]. Several studies have proposed an asso-
ciation between periodontitis and CKD based on biological 
assumptions [34]. There is also growing evidence that the 
chronic inflammation caused by periodontitis and the dysbi-
otic microbiome may lead to the progression of CKD [35].

Against this background, the present review systemati-
cally investigates studies that link CKD and periodontitis, 
assessing periodontitis proxies such as oral hygiene and 
tooth loss, and host-related factors including inflammatory 
response and genetic polymorphisms.

Materials and methods

Search strategy

An E-search up until August 2024 was conducted using an 
advanced search: MEDLINE (PubMed), Cochrane Central 
Register of Controlled Trials (CENTRAL), Scopus, and 
Web of Science databases. The reference lists of system-
atic reviews were screened for additional resources, and the 
search strategy included the following terms:

MEDLINE via PubMed: ("renal insufficiency, 
chronic"[MeSH Terms] OR ("renal"[All Fields] AND 
"insufficiency"[All Fields] AND "chronic"[All Fields]) OR 
"chronic renal insufficiency"[All Fields] OR ("chronic"[All 
Fields] AND "kidney"[All Fields] AND "disease"[All 
Fields]) OR "chronic kidney disease"[All Fields]) AND 
("periodontal"[All Fields] OR "periodontally"[All Fields] 
OR "periodontically"[All Fields] OR "periodontics"[MeSH 
Terms] OR "periodontics"[All Fields] OR "periodontic"[All 
Fields]  OR "per iodonti t is"[MeSH Terms] OR 
"periodontitis"[All Fields]). KK, ARR, and MDRE were the 
authors responsible for selecting and reading the abstracts 
and full articles.
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Selection criteria

English-language articles were exported into a citation pro-
gram, and duplicates were removed automatically. All arti-
cles were screened by title and abstract for relevance. KK, 
ARR, and MDRE were the authors responsible for selecting 
and reading the abstracts and complete manuscripts. Full 
texts were then retrieved for a final decision. Case–control, 
cohort, and interventional studies published in English up 
until the search date (31 August 2024) were retrieved for 
screening and selection. Studies that assessed the following 
issues were included: (i) the association between the preva-
lence of CKD and periodontitis; (ii) the effect of periodontal 
therapy on kidney function parameters; (iii) the influence 
of periodontitis on all-cause mortality in CKD patients; 
(iv) kidney function parameters (estimated glomerular 
filtration rate, serum creatinine, and serum albumin) and 
periodontal parameters (clinical attachment level, probing 
pocket depth, bleeding on probing); and (v) gene polymor-
phisms and inflammatory parameters (cytokines, matrix 
metalloproteinases).

Interventional studies were assessed according to the 
following PICO framework: patients (P): CKD patients, 
intervention (I): periodontal therapy, comparison (C): com-
parison with a control group without CKD receiving peri-
odontal therapy, and outcome (O) of kidney function param-
eters and inflammatory markers in serum. Animal studies, 
investigations in non-adult participants, and studies lacking 
a renal or periodontal parameter as an outcome variable were 
excluded.

Data extraction and data presentation

Full texts of the studies that matched the inclusion criteria 
were screened, and the number of participants, study type, 
publication year, and results were extracted. All studies 
included were screened for the outcome variables of peri-
odontitis diagnosis (according to either the AAP/EFP classi-
fication [36], the CDC/AAP classification [37], or the World 
Health Organisation (WHO) community periodontal index 
(CPI) [38]) and of chronic kidney disease diagnosis, which 
includes all stages of CKD (stages 1–5), and/or kidney 
failure. The Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria were used to screen for CKD and kidney 
failure (KF) diagnoses [39].

Results

A total of 749 articles were identified following searches in 
the four online databases mentioned above. After removing 
the duplicates, 393 articles were screened further. The selec-
tion process of the articles is presented in Fig. 1 [40]. A total 

of 347 articles were excluded upon first screening by title 
and abstract for relevance. Eligibility of the remaining 46 
articles was evaluated after full-text retrievals, and eventu-
ally 32 studies were included in the synthesis.

Four of these 32 studies (two controlled and two uncon-
trolled) with n = 11 up to n = 77 participants over a study 
period of 3–12 months reported a positive effect of non-
surgical periodontal subgingival instrumentation on kidney 
function parameters (eGFR, serum creatinine, and albumin), 
vascular endothelial markers (asymmetrical dimethylargi-
nine [ADMA]) but not on systemic inflammatory markers 
(Interleukin-1ß [IL-1ß], interleukin-6 [IL-6], and C-reactive 
protein [CRP]) (Table 1) [41–44].

Twelve of the 32 studies were case–control studies that 
compared periodontitis prevalence and its severity, serum 
urea, serum creatinine, eGFR, genetic polymorphisms 
(monocyte chemoattractant protein-1 gene, interleukin-1, 
and interleukin-4), oral microbial diversity, and serum 
ions (calcium, potassium, phosphorus, and bicarbonate) 
between participants with and without CKD of different 
stages, including patients on kidney replacement therapy 
(Table 2) [45–56]. There was a wide consensus among 
the studies that the prevalence of periodontitis was sig-
nificantly higher in CKD than in non-CKD participants, 
and that the severity of periodontitis influenced the kid-
ney function parameters and serum kidney and inflam-
matory biomarkers. Moreover, periodontitis presented in 
a more severe form in patients with kidney failure and in 
patients undergoing kidney replacement therapies such as 
haemodialysis [45], and oral hygiene habits were worse in 
patients with elevated serum levels of urea and creatinine 
[46]. Salivary flow reduction and changes in saliva content 
in CKD patients were also reported [50]. Some studies 
suggest an association between genetic polymorphisms 
of IL-1 [53] and IL-4 [48] coding genes and MMP-1 
gene promoter [55] and periodontitis in CKD patients. 
Increased oral microbial diversity [51] and persistence of 
pathological periodontal species after periodontal therapy 
[52] were also observed more frequently in CKD patients.

Of the 32 studies, six were cohort studies that investigated 
the prevalence of periodontitis and CKD within a cohort 
(Table 3) [57–59, 62, 64, 72]; five were prospective studies 
that investigated the incidence and risk of developing CKD 
in periodontitis and non-periodontitis patients [63, 66–69]; 
two reported correlations between periodontal disease and 
kidney function parameters between different stages of dis-
ease (n = 2) [64, 65], and finally, four analysed the associa-
tion between periodontitis and kidney disease parameters 
using regression models (Table 3) [60, 61, 70, 71]. Investi-
gating both the prevalence of periodontitis and its correla-
tion with CKD, Cholewa et al. found its prevalence to be 
significantly higher in participants with CKD, especially in 
those in stages 4 and 5, and that the diagnosis of periodontal 
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disease increased the risk of CKD [64]. Periodontal disease 
parameters were negatively correlated with kidney function 
parameter levels, and periodontitis and CKD were associated 
in a two-way relationship [45, 54, 55, 67, 72].

Discussion

In this scoping review, the relationship between CKD and 
periodontitis was investigated from the perspective of 
genetic, microbiological and molecular factors, periodontal 
disease parameters, and proxies to summarise the mecha-
nisms underlying the two-way association between the dis-
eases. In spite of the heterogeneity among the studies, the 
cumulative results from this and other reviews [34, 73, 74] 

indicate that periodontitis is more frequent in patients with 
CKD. This high prevalence can be explained by the com-
mon risk hypothesis of chronic inflammatory diseases [75]. 
Smoking and diabetes mellitus are both risk factors for peri-
odontitis and CKD [76, 77]; thus, the presence of a risk fac-
tor may increase the overall likelihood of co-diagnosis of 
an additional chronic inflammatory disease [78]. Besides, 
the initially existing disease may increase overall systemic 
inflammation, which is observed in both periodontitis and 
CKD, resulting in the exacerbation of the other condition 
[79, 80]. However, in individuals who may share similar 
risk factors, additional circumstances, such as oral hygiene 
habits, microbiome changes, and genetic polymorphisms, 
can play a significant role in the occurrence of these diseases 
[81].

Fig. 1   PRISMA40 flowchart of 
the identification, screening, 
and selection of the included 
studies

Records identified from:
Databases (n = 749)

Records removed before
screening:

Duplicate records removed
(n = 356)

Records screened
(n = 393)

Records excluded
(n = 347)

Reports sought for retrieval
(n = 46)

Reports not retrieved
(n = 4)

Reports assessed for eligibility
(n = 42)

Reports excluded:
Not in adults (n = 1)
Missing an outcome
parameter (n = 7)
Confounders not considered
(n = 1)
Assessment of complications
(n = 1)

Studies included in review
(n = 32)
Reports of included studies
Interventional studies (n = 4)
Case-control studies  (n = 12)
Cohort studies (n =16)

Identification of studies via databases and registers
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Patients with CKD may present poor oral hygiene for a 
number of reasons, including the psychological and physical 
inability to maintain good oral hygiene due to their reduced 
quality of life) [60] or changes in salivary content and func-
tion due to impaired kidney function, such as an increase in 
urea concentration in saliva and salivary pH changes [50]. 
Interventions to address oral hygiene habits and salivary 
supplements should be considered when treating patients 
with co-morbidities [82]. It has also been suggested that 
oral microbiota changes are affected by salivary pH changes, 
resulting in an increased oral microbial diversity and the 
persistence of oral pathological species in CKD patients. 
In periodontitis, an increased microbial diversity (which 
can also be assessed as alpha diversity) is associated with 
a higher level of dysbiotic changes in the local microbiota 
(unlike gastrointestinal dysbiosis-related diseases) and thus 
an increased risk of disease [25, 83, 84]. Microbial diversity 
may be an underlying mechanism of an association between 
periodontitis and CKD. As oral hygiene habits alone can-
not be the sole cause of the onset of periodontitis, and its 
progression is also immune-modulated, individual genetic 
factors and gene expression profiles also appear to play a 
major role in its pathophysiology of CKD [22]. This explains 
the variability in the prevalence and incidence among the 
cohorts studied, who may share similar environmental and 
behavioural risk factors for CKD and/or periodontitis [85, 
86]. For instance, the increased incidence of CKD and 
aggressive periodontitis in individuals of African origin 
suggests that genetic predisposition might be an important 
contributor to the emergence of these conditions [87, 88]. In 
addition, the prevalence of Il-1 and Il-4 gene polymorphisms 
was higher in periodontitis patients with CKD than in those 
without CKD [48, 53].

The most important limitation of this study is the het-
erogeneity of the criteria used to classify periodontitis in 
the studies included in this scoping review; this may have 
influenced the prevalence of the condition in the groups [89].

The association between CKD and periodontitis has 
been demonstrated in many different geographical regions, 
indicating that this is a global health concern [90, 91]. The 
increasing global prevalence of periodontitis and CKD also 
raises the risk of cardiovascular diseases, since these two 
conditions are significantly associated with adverse car-
diovascular events [26, 92]. A recent cross-sectional study 
showed a positive correlation between the incidence of peri-
odontitis and CKD (OR = 2.14) [93]. The authors indicated 
the existence of a common risk factor mediated by immune 
cells, namely the expression of CD64 monocytes An inter-
disciplinary, personalised approach to disease screening, 
prevention, and management is necessary to reduce the 
global burden of disease, not only that of periodontitis and 
CKD but of cardiovascular diseases as well [90, 94].

The One Health concept was introduced in the mid-twen-
tieth century and since then has underpinned many efforts 
to improve the overall health and well-being of the world’s 
population by addressing health from a broader and holistic 
perspective, considering wider determinants of health, all 
the organisms on earth, and the environment [95]. With a 
view to improving population health by addressing all con-
tributing factors to disease initiation and progression, health-
care provision should cover all aspects of health, including 
oral and periodontal health. Thus, interdisciplinary work 
involving the disciplines of medicine and dentistry should be 
promoted. Interventional studies conducted in patients with 
type II diabetes mellitus and periodontitis provide excel-
lent examples of how interdisciplinary work combining the 
fields of medicine and dentistry can boost overall health. 
A meta-analysis of interventional studies [96] reported that 
periodontal therapy may significantly improve HbA1c levels 
in diabetic patients, thus contributing to the overall manage-
ment of their diabetic status. It has been proposed that the 
mechanisms underlying this positive effect of periodontal 
therapy in diabetic patients are the reductions in low-grade 
chronic systemic inflammation and bacterial load [97]. A 
significant association has been reported between type II 
diabetes mellitus and low-grade systemic inflammation, 
similar to the pathophysiology of CKD [98]; consequently, 
it is reasonable to assume that periodontal therapy could 
also improve the overall health of CKD patients. Investigat-
ing the effect of periodontal therapy on kidney function, 
Almeida et al. concluded that kidney function (evaluated 
as eGFR) improved after periodontal therapy, as we found 
in our review [43]. Therefore, an interdisciplinary approach 
combining the fields of nephrology and periodontology 
could alleviate the disease burden for individuals with CKD. 
A recent study conducted by the Centers for Disease Pre-
vention and Control (CDC) in six US states concluded that 
oral and dental health were considered distinct from general 
health, and that this view represented a significant barrier to 
implementing programs to improve oral health in individuals 
with chronic diseases [98]. Another significant obstacle to 
the integration of oral health into primary care is the lack 
of political will [99, 100]. Despite the challenges, the pilot 
study conducted by the CDC concluded that close collabo-
ration between medical and dental disciplines can enhance 
financing for screening, training, and referrals for condi-
tions that share risk factors with chronic diseases, and thus 
their management as well. The results of the present study 
also highlight the need to conduct randomised-controlled 
interventional studies and large longitudinal cohort studies. 
Both containing healthy participants and patients with CKD 
or periodontitis to measure the degree of the association 
and risk assessment, and to test whether periodontal treat-
ment improves a kidney function parameters and vice versa. 
Policymakers should consider implementing and facilitating 
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access to oral health services for individuals diagnosed with 
a systemic chronic inflammatory disease or who may be at a 
high risk of developing one.

Conclusions

In the field of periodontal medicine, low-grade systemic 
inflammation plays an important role in the development of 
certain chronic pathologies. Generalised active periodontitis 
can be considered a factor related to inflammation through-
out the body and also is a contributing risk factor for devel-
oping kidney failure.

The present scoping review indicates that periodontitis is 
observed more frequently in CKD patients, and intervention 
studies have suggested that periodontal therapy may improve 
some kidney function parameters. Nonetheless, future longi-
tudinal studies are needed to investigate possible cause and 
effect in this two-way relationship.
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