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PERIODONTITIS CONNECTION WITH SYSTEMIC COMORBIDITIES: 

EVIDENCE FROM EPIDEMIOLOGY AND CLINICAL TRIALS 

GRACE CHUYAO XU 

ABSTRACT 

Periodontitis is a chronic inflammatory condition affecting periodontal tissues, leading to 

gingival separation and destruction of the periodontal ligament and alveolar bone. 

Dysbiosis of the oral microbiome leads to microbial accumulation in the form of plaque. 

This subverts the immune system leading to local destruction and exacerbated 

inflammation. Daily activities such as tooth-brushing and eating can lead to bacteremia. 

In the context of periodontitis, dissemination of bacteria and inflammatory mediators 

increases the burden of systemic inflammation, complexifying noncommunicable 

diseases when comorbid. Periodontal therapy is relatively safe, minimally invasive, and 

known to reduce systemic levels of inflammatory markers. We can consider periodontal 

disease as a manageable risk factor and associate periodontal therapy with a wide range 

of health benefits. Associations between periodontitis and noncommunicable diseases 

have been established despite their high prevalence and shared similarities. While we can 

infer a biological relationship in many cases, more research is needed to establish 

effective interventions.  
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GLOSSARY 

alveolar bone. Bone forming the tooth sockets connected to each tooth by periodontal 

ligament fibers 

 

citrullination. Deamination in which arginine is converted to citrulline  

 

citrulline. Neutral amino acid produced by deamination of positively charged arginine 

during post-translational modifications  

 

clinical attachment loss. Measurement from apex of periodontal pocket to the 

cementoenamel junction (where root meets crown of the tooth). Used as a diagnostic tool 

for periodontitis.  

 

edentulous. Without teeth 

 

endodontic. Referring to dental pulp (central portion of tooth with nerves and blood 

vessels) and tissue surrounding roots of teeth 

gingival. Of or relating to the “gums” surrounding teeth  

gingivitis/gingival index. A 0-3 scale used to grade inflammation in gingival sites, from 

normal to severe. Bleeding, swelling, erythema, and possible ulceration are examined to 

score selected teeth  

 

junctional epithelium. Epithelial component of gingiva directly attached to tooth 

structure  

 

ligature. Modified wires placed around teeth in animals to create a model for 

periodontitis 

 

peptidylarginine deiminase. Enzyme responsible for catalyzing post-translational de-

imination of arginine to citrulline 

 

periodontal. Of or relating to structures surrounding the tooth 

periodontal ligament fibers. Connective tissue fibers attaching teeth to alveolar bone 

plaque index. A 0-5 scale used to grade amount of plaque visible on vestibular (outwards 

facing) and lingual tooth surfaces 

pockets. Space between the gingiva and tooth at or beneath the gumline      
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root planing. Nonsurgical smoothing of roots of teeth to promote gum adhesion during 

recovery 

 

scaling. Nonsurgical removal of plaque and tartar using scraping motions 

subgingival. Below the gumline 

supragingival. Above the gumline 
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PERIODONTITIS 

Introduction 

 The awareness of oral health significance is partially seen from the influence of 

oral health on global economics. The global cost of direct dental treatment amounts to 

298 billion USD annually, with indirect costs from dental diseases amounting to 144 

billion USD (Listl et al., 2015). Intact oral health has received increasing recognition for 

its impact on quality of life; namely the indelible role of “comfortable and functional 

dentition” (Dolan, 1993) in social wellbeing and thus general wellbeing (Baiju et al., 

2017). Unmet needs in dental treatment can impact nutrition, speech, and self-esteem 

related to appearance (Baiju et al., 2017; Kisely et al., 2018). Disabilities associated with 

dental disease should not be minimized in comparison to other conditions. The 2010 

Global Burden of Disease Study classified severe tooth loss and moderate heart failure 

with the same level of disability (Marcenes et al., 2013). Dental disease has effects that 

extend well beyond the oral cavity (Kisely et al., 2018). The significance oral health care 

holds towards overall systemic health and well-being has also been recognized by the 

surgeon general over two decades ago (Health & Services, 2000).  

Research continues to identify ties between oral health and systemic conditions 

spanning multiple organs (Fiorillo, 2019). The World Health Organization (WHO) notes 

that “most oral diseases and conditions share modifiable risk factors with the leading 

noncommunicable diseases (NCDs) (cardiovascular diseases, cancer, chronic respiratory 

diseases and diabetes)” (Oral Health, n.d.). Systemic diseases can be seen through oral 

manifestations, and such is the case in bulimia, leukemia, lupus erythematosus, and more 
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(Porter et al., 2017). Impaired oral health increases the risk for systemic diseases through 

affecting nutritional status (Ritchie et al., 2002). Percentage of tooth loss and mastication 

ability directly determine one’s dietary quality and health status. Denture fitted 

individuals consume greater amounts of sugar, cholesterol, and refined carbohydrates 

than their dentate counterparts (Ritchie et al., 2002). Suboptimal nutritional status 

increases risk of developing systemic diseases (Ritchie et al., 2002) and poorly influences 

progression of Alzheimer’s Disease (Harding et al., 2017). The oral microbiome is also 

important in sustaining systemic health and oral health (Deo & Deshmukh, 2019). After 

inflammation in the oral cavity, bacteria enters the rest of the body through the affected 

area or through ingestion and inhalation (Dörfer et al., 2017). Such an event can increase 

the risk of pneumonia, gastritis, and other NCDs (Dörfer et al., 2017). It is not an 

overstatement that health starts in identification and treatment of dental diseases (Fiorillo, 

2019; Kisely et al., 2018). 44% of the global population is affected by oral diseases per 

year (GBD 2019 Diseases and Injuries Collaborators, 2020), and over 100 systemic 

conditions and 500 medications have oral manifestations (Kane, 2017). Accordingly, 

there is an awareness of oral health significance and consistent attention towards oral 

health disparities experienced by different populations (Oral Health in America, 2021). 

Yet less than 50% of patients affected by systemic conditions are aware of a relationship 

between their oral health and systemic health (Akl et al., 2021).  

When examining the relationship between oral health and systemic health, 

periodontitis (PD) is at the forefront of discussion. At least 76 rare diseases have been 

associated with pathology in periodontal regions (Hanisch et al., 2019). PD has been 
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linked to 57 systemic diseases and over one-third of periodontology clinical trials assess 

the relationship between PD and systemic diseases (Genco & Sanz, 2020). PD is a highly 

prevalent NCD known to affect 42% of US adults 30 years of age or greater. Of these 

adults, 7.8% are diagnosed with severe PD (Eke et al., 2018). Globally, severe PD is 

ranked as the sixth most prevalent condition, affecting 7.4% of people, or 538 million 

(Kassebaum et al., 2017). PD alone accounted for 3.5 million years lived with disability 

in both 2015 (Kassebaum et al., 2017) and 2016 (Vos et al., 2017). Furthermore, severe 

tooth loss and severe PD are the main contributors for productivity lost due to dental 

disease (Listl et al., 2015). The loss of productivity due to  PD itself was estimated to 

have cost 54 billion USD in 2010 (Listl et al., 2015).  

Younger age does not offer complete protection from PD, as PD has been found 

among adolescents (15-19 years), adults (35-44 years), as well as older persons (65-74 

years) (Nazir et al., 2020). While the burden of severe PD is heaviest on the elderly 

population, only those younger than 15 years of age or those edentulous can be 

considered not at risk (Kassebaum et al., 2014). Prevalence of severe PD increases with 

age spiking at the fourth decade, then only shows modest changes from 40 years of age 

onwards (Kassebaum et al., 2014). A report done for the National Health and Nutrition 

Examination Survey (NHANES), a nationally representative observational study, found 

moderately severe PD as the main cause for an increase in PD prevalence with age (Eke 

et al., 2018). Prevalence of mild and severe PD only slightly increased with age, and 

severe PD was found most prevalent in those 65 years and older (Eke et al., 2018). The 

US Census Bureau predicts that by 2030, 20% of Americans will be 65 years and older 
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(Colby & Ortman, 2015). By 2035 it is estimated that a greater portion of the population 

will be 65 and above in comparison to the number of youth, (An Aging Nation, 2021). It 

is clear that the burden of severe PD is only projected to increase in coming years as 

populations grow and age (Kassebaum et al., 2017). The confidence in this projection is 

also based in trends of increasing life expectancy and decreasing total tooth loss 

(Kassebaum et al., 2014).  

It has long been known that those of differing racial and ethnic backgrounds are 

disproportionally affected by PD (Wang et al., 2021; Weatherspoon et al., 2016). A 

previous study examining adults of 30 years and older has found African Americans and 

Hispanic Americans to have a significantly higher incidence of PD when compared to 

Caucasian Americans (Thornton-Evans et al., 2013). Worthy of consideration is that by 

2044, more than 50% of Americans will identify as minorities (Colby & Ortman, 2015). 

The NHANES 2009-2014 has also provided a data set indicating prevalence of severe 

and total PD to be higher in Mexican Americans and non-Hispanic Blacks respectively 

(Eke et al., 2018). Previous work had suggested outside factors associated with different 

ethnicities and races as culprit for periodontal health disparities; citing occupational 

status among others (Craig et al., 2003). While PD is complexified by multiple factors, 

twin studies have shown PD severity as attributable to genetics (Tonetti et al., 2018). 

Study of dental plaque samples showed higher bacterial mass in African Americans 

(Wang et al., 2021). Samples from African Americans and Hispanic Americans also had 

greater levels of PG and lower levels of S. cristatus relative to PG; suggesting the context 



 

 

5 

of the oral microbiome as key in regulating periodontal health disparities (Wang et al., 

2021). 

Etiopathology 

PD (Fig.1) is a chronic, irreversible inflammatory disease (Y. Zhang et al., 2018) 

that is a major cause of tooth loss in the elderly (Ide et al., 2016; Teixeira et al., 2017) 

and in the global adult population (Tonetti et al., 2017). Undisturbed, the progressive 

spread of a dental biofilm (plaque) with pathologic bacteria presence eventually calcifies 

(calculus or tartar); leading to chronic inflammation and irreversible destruction of 

underlying periodontal ligament, alveolar bone, and other periodontal tissues which 

support the tooth (Kane, 2017; Khan et al., 2015; Papapanou et al., 2018; Van Dyke et 

al., 2020). In all forms and stages, PD leads to some degree of periodontal detachment 

and increase in tooth mobility (Llambés et al., 2015; Tonetti et al., 2018). However, PD is 

usually asymptomatic and clinically unrecognized unless acute processes (e.g. abscess, 

necrosis) occur (Teixeira et al., 2017). Bacterial accumulation and subsequent activation 

of the systemic immune response can manifest as gingival inflammation (gingivitis) 

when less severe, or as connective and bone tissue inflammation (PD) leading to bone 

and attachment loss of the tooth (Teixeira et al., 2017). The reasons for progression from 

gingivitis to PD (Fig. 2) remain unclear (Llambés et al., 2015). While gingivitis is 

similarly characterized by chronic inflammation, eliminating the bacterial load allows 

reversal of damage (Van Dyke et al., 2020). On the contrary, after progression to PD, 

removal of plaque and calculus by scaling and root planing decreases pocket depth and 

may resolve the disease, but cannot reverse damage (Darveau, 2014; Khan et al., 2015; 
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Slots, 2017). Clinical diagnosis involves periodontal parameters such as bleeding on 

probing, clinical attachment loss (CAL) (Fig. 3) and radiographic assessments to 

visualize surrounding alveolar bone loss (Khan et al., 2015; Papapanou et al., 2018). 

Deeper pockets indicate greater bone loss, and greater risk of tooth loss (Khan et al., 

2015).  

Figure 1: Chronic Periodontal Disease 

A) Loss of periodontal attachment: plaque and calculus separate teeth from swollen, red 

gingival tissues. B) Tooth loss: teeth may be extracted instead of restored due to the 

easier process of extraction. Taken from (Teixeira et al., 2017). 

 

Periodontal health is not an absence of inflammation, but the presence of 

controlled inflammation that maintains homeostasis in the periodontal microbiome 

(Darveau, 2014). And indeed, there is low grade inflammation in the gingiva due to 

regular neutrophil surveillance. Such levels of inflammation do not manifest in clinically 

detectable symptoms (Van Dyke et al., 2020). Biofilm accumulation at the gingival 

margins induces a local inflammatory response that destroys gingival fibers and 

connective tissue (Khan et al., 2015; Van Dyke et al., 2020). Destruction at this stage that 

does not affect underlying tissues is classified as gingivitis. Continued bacterial 
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accumulation will “pull the gingiva away from the teeth” creating periodontal pockets 

(Kane, 2017; Khan et al., 2015). The pocket gives room for dental film to spread into the 

subgingival space (Fig. 4) (Lamont et al., 2018) and destruction is largely irreversible 

after this (Pihlstrom et al., 2005). Bacteria in the subgingival space penetrate epithelium 

and connective tissue of adjacent gingiva (Graves et al., 2011). There is a rich supply of 

blood to the oral mucosa (Naumova et al., 2013), and local inflammation from the lesion 

releases signaling molecules that recruit polymorphonuclear cells (PMNs) (Khan et al., 

2015; Sreenivasan & Haraszthy, 2021); primarily neutrophils (Hajishengallis, 2015; 

Khan et al., 2015; Nicu & Loos, 2016).  

Unlike infections elsewhere, the dental biofilm is a persistent source of pathogens 

that cannot be resolved by the inflammatory response (Hajishengallis, 2015; Khan et al., 

2015). The pathogens are resistant to phagocytes, bactericidal proteins, peptides, and 

reactive oxygen species (Potempa et al., 2017). PMN activation releases cytokines IL-1 

and TNF, effectively enhancing the inflammatory response (Liu et al., 2012). 

Overwhelmed by the biofilm, PMNs lyse releasing proteinases and lytic enzymes to 

respond to the microbial burden in the affected area (Herrmann & Meyle, 2015; Khan et 

al., 2015; Tonetti et al., 2018). In PD, neutrophils are not cleared after this, and acute 

inflammation becomes chronic inflammation (Van Dyke, 2020). The immune process is 

poorly regulated and polymorphonuclear neutrophils can be hyperactive, overabundant 

and insufficient at disease resolution (Hajishengallis, 2015; Herrmann & Meyle, 2015; 

Slots, 2017). Besides their defense and healing mechanisms, neutrophils release 

bactericidal species causing collateral tissue damage (Hajishengallis, 2015; Nicu & Loos, 
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2016; Slots, 2017). Longitudinal studies have made clear the responsibility neutrophils 

hold in significant destruction of periodontal tissue (Hernández et al., 2010), and because 

inflammation persists, local neutrophil levels are correlated with severity of the PD 

(Khan et al., 2015; Landzberg et al., 2015). Neutrophil released bactericidal species 

destroy marginal periodontal ligament fibers causing apical migration of the junctional 

epithelium (Fig. 4). This migration exposes more tooth surface for bacterial biofilm to 

spread apically – closer to the root surface (Tonetti et al., 2018). Animal models have 

shown that the over-activation of the inflammatory response also causes osteoclast 

induced alveolar bone resorption as inflammatory infiltrate moves closer to the alveolar 

bone (Fig. 5) (Graves et al., 2011; Hajishengallis, 2015).  

 

Figure 2. Clinical Progression of Gingivitis to Advanced PD 

A. Mild gingivitis, no effect on underlying tooth structures. B. Severe gingival 

inflammation destroys connective tissue fibers, but damage is reversible. C. PD separates 

tooth from gingival tissue and damage is no longer reversible. D. Advanced PD is likely 

to involve tooth loss. Taken from (Khan et al., 2015) 
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Figure 3: Periodontal Probing 

Probes are used during dental 

examinations to determine depth of 

periodontal pockets. As low as 2 

mm can be defined as CAL due to 

periodontitis (Tonetti et al., 2018). 

Taken from (Khan et al., 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Consequences of Periodontal Inflammation  

A rendering of periodontal health (left) and periodontitis (right). Inflammation in Pd has 

caused apical migration of the junctional epithelium. Biofilm has spread apically into a 

subgingival space. Taken from (Lira-Junior & Figueredo, 2016)  
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 In other terms, a dysbiosis or microbial shift is responsible for initiation and 

progression of  inflammation in the subgingival space; disrupting homeostasis (Berezow 

& Darveau, 2011; Hajishengallis et al., 2012). But irreversible periodontal destruction 

and tooth loss is primarily (though not solely) caused by the host’s systemic 

inflammatory response (Bartold & Van Dyke, 2017; Hajishengallis et al., 2012; Nicu & 

Loos, 2016). Dental biofilm, also known as plaque, is charged with only 20% of the risk 

of developing PD. Even with focused efforts of the dental profession and improved oral 

hygiene in the community, incidence of severe PD does not change (Bartold & Van 

Dyke, 2017). Unlike pathogens in other locations, dysbiotic periodontal pathogens are 

unique in their simultaneous reliance on and evasion of the immune process 

(Hajishengallis, 2015). In susceptible hosts with a lacking immune response in PD, 

dysbiosis continues to be positively reinforced by inflammatory tissue breakdown 

products which provide nutrients for pathogen metabolism and growth (Hajishengallis, 

2015; Hajishengallis & Lamont, 2021; Khan et al., 2015). Thus, they cannot employ 

immune suppression like other pathogens, and instead manipulate interactions with 

neutrophils and complement (Hajishengallis, 2015). Dysbiosis leads to inflammation, and 

inflammatory byproducts benefit inflammophilic pathobionts perpetuating dysbiosis and 

exacerbating inflammation further. The inflammatory response is ineffective and not 

always specific for the affected area. Collateral tissue damage continues to sustain 

inflammophilic pathobionts (Hajishengallis & Lamont, 2021). Though PD is a bacterial 

disease inducing inflammation, there has been suggestion that inflammation “selects” for 

bacteria by altering the subgingival microenvironment. Inflammatory mediators and 



 

 

11 

broken-down periodontal ligament connective tissue create an optimal subgingival 

microenvironment in the periodontal pocket for pathogenic overgrowth in the dental 

biofilm (Bartold & Van Dyke, 2017). Because of the reciprocally reinforcing relationship 

between dysbiosis and inflammation, there remains debate in the literature as to the order 

of events (Hajishengallis & Lamont, 2021; Van Dyke, 2020). Hajishengalis and others 

have proposed the keystone-pathogen hypothesis, suggesting that it is certain low 

abundance pathogens that induce dysbiosis (Hajishengallis et al., 2012). Keystone 

pathogen colonization changes relative composition, and once inert oral commensals 

become a highly virulent collective (Harding et al., 2017). Hasturk, Van Dyke and others 

have referenced longitudinal studies and animal studies in which dysbiosis develops after 

disease, and reversal of inflammation reverses microbial dysbiosis (Hasturk et al., 2007; 

Tanner et al., 2007). Recently, Hajishengallis and Lamont have suggested consideration 

of PD pathogenesis as a self-perpetuating cyclic process rather than linear process; as 

both dysbiosis and inflammation are necessary for PD progression (Hajishengallis & 

Lamont, 2021).  

  Though bacteria from the “subgingival biofilm (dental plaque) is necessary, but is 

insufficient to cause disease” (Bartold & Van Dyke, 2017; Hajishengallis, 2015; Khan et 

al., 2015), the microbial shift along with inflammation is synergistically responsible for 

the shift from periodontal health to PD (Hajishengallis, 2015; Khan et al., 2015). As 

mentioned previously, removing plaque effectively reduces PD as well as gingivitis. 

Plaque’s role in the disease process should not be overlooked (Roberts & Darveau, 2015). 

Plaque, or biofilm, should be recognized for its evolutionary significance for its 
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interactions with saliva to regulate pH in the oral cavity. This interaction offers physical 

protection against dietary acids and plays a role in tooth maturation and mineralization 

(Kaidonis & Townsend, 2016). The oral microbiota has niches of saliva, soft tissue 

surfaces and hard tissue surfaces. Microorganisms occupy different niches based on 

required pH, nutrients, and interactions with other microorganisms. While 

microorganisms are primarily bacteria, the healthy oral microbiota is highly diverse 

including fungi, viruses, archaea, and protozoa species (Y. Zhang et al., 2018). With over 

700 species in the oral cavity, bacteria are the most numerous and diverse out of all 

microorganisms (Deo & Deshmukh, 2019). The subgingival microbial community 

consists of Bacteria, Archaea and Eukarya microorganisms (Abusleme et al., 2021). 

Polymicrobial biofilms contain bacteria which form an polymer matrix structure through 

complex signaling and cooperation with other species (Hajishengallis & Lamont, 2021; 

Kane, 2017). In health, the proinflammatory polymicrobial community is restricted by 

homeostatic immunity to superficial layers of tissue. Immune activation prevents 

pathogenicity and overgrowth without collateral tissue damage (Hajishengallis & 

Lamont, 2012, 2021). Indigenous microbiota maintain health by inducing immune 

response and protecting against exogenous pathogens (Hajishengallis & Lamont, 2021). 

Understanding the composition of the oral microbiota is essential in developing 

periodontal therapy (C. Chen et al., 2018; Roberts & Darveau, 2015). 

  The system-level interbacterial and host-bacterial interactions that lead to 

inflammatory disease are not yet fully understood (Hajishengallis et al., 2011, 2012; Liu 

et al., 2012). The exact role oral bacteria hold in this process in also under debate. 
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Literature has proposed for three causes of dysbiosis: specific periodontopathic bacteria; 

non-specific periodontal bacteria with differences in relative abundance; host-mediated 

inflammation (Hajishengallis et al., 2012; Roberts & Darveau, 2015). Roberts and 

Darveau suggest that these possibilities may all be valid, and indeed there is evidence in 

support of all three (Roberts & Darveau, 2015). A. actinomycetemcomitans has received 

attention as a potential periodontopathic bacteria (Zambon, 1985). When administered 

alone in mouse models with ligatures, it was able to induce disease (Jiao et al., 2013). It 

raises the possibility of periodontopathic bacteria as reliant on dysbiotic situations, such 

as ligature placement, to cause disease (Roberts & Darveau, 2015). In support of host-

mediated dysbiosis is Hasturk and Van Dyke’s aforementioned study in which reversing 

inflammation reversed dysbiosis (Hasturk et al., 2007). However, the translative potential 

of the above work has not been confirmed, and some studies have presented contradicting 

evidence (Roberts & Darveau, 2015). Currently, there is great support in the field for the 

idea of a non-specific bacterial cause. According to the Polymicrobial Synergy and 

Dysbiosis model (Keystone Pathogen Hypothesis), keystone pathogens “drive”, shape 

other members of the microbial community in order to cause dysbiosis and disease 

(Abusleme et al., 2021). Keystone pathogens influence growth and development of the 

microbial community; members of which have different roles but synergistically destroy 

homeostasis (Hajishengallis et al., 2012; Hajishengallis & Lamont, 2021). The idea is that 

disease cannot be traced to a specific periodontopathic bacteria, but rather would be 

traced to communities of indigenous microbes (Hajishengallis & Lamont, 2021). 

“Pathogenicity is context dependent” (Hajishengallis & Lamont, 2012). The keystone-
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pathogen hypothesis proposes that microbes – with disproportionately great influence 

relative to their low-abundance – induce the emergence of dysbiotic microbial 

communities. Keystone pathogens may influence microbe count as well as induce the 

emergence of new species (Hajishengallis & Lamont, 2021). The overgrowth of 

pathogens usually present in low numbers creates dysbiosis (Bartold & Van Dyke, 2017). 

Traditional keystone periodontopathic pathogens such as Porphyromonas gingivalis (PG) 

are only virulent in the presence of a synergistic microbial community (Hajishengallis & 

Lamont, 2012; Roberts & Darveau, 2015).  

While the exact role of the oral microbiota in inflammation has not been 

ascertained, it is clear that periodontal microbiota in disease-associated tissue is 

compositionally distinct from microbiota in healthy tissue (Hajishengallis et al., 2012; 

Roberts & Darveau, 2015). As PD progresses and inflammation continues, the 

periodontal subgingival microbiota becomes more pathogenic than symbiotic (Bartold & 

Van Dyke, 2017; Berezow & Darveau, 2011; Nicu & Loos, 2016). Overgrowth of 

commensal bacteria and an increased microbial load has been suggested as a switch from 

homeostasis to inflammation (Belkaid & Harrison, 2017; Wang et al., 2021). In most 

cases of PD, diversity of the microbiota increases as disease progresses (Mombelli, 

2018). Abusleme et al. have referred to the periodontal disease process as “microbial 

succession without replacement” (Abusleme et al., 2021). Inflammation allows greater 

diversity, providing through tissue damage derived nutrients and space from the 

deepening pocket (Lamont et al., 2018; Van Dyke et al., 2020). Pocket formation and 

inflammation creates an anaerobic subgingival environment with vital nutrients selecting 
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for gram-negative anaerobes instead of gram-positive aerobes (Abusleme et al., 2021; 

Berezow & Darveau, 2011; Khan et al., 2015; Nicu & Loos, 2016; Van Dyke et al., 

2020). Increasing gram-negative colonization in animal models has led to greater alveolar 

bone loss (Graves et al., 2011). This idea was further sustained due to the discovery of 

the “red complex”: gram-negative PG, Treponema denticola, and Tannerella forsythia 

identified in close association with each other and diseased sites (Hajishengallis et al., 

2012; Hajishengallis & Lamont, 2012; Nagarajan et al., 2018; Y. Zhang et al., 2018). 

Gram-negative bacteria of genera Selenomonas, Prevotella, Haemophilus, 

Catonella have also found to hold an increased load in disease (Nagarajan et al., 2018). 

While increased gram-negative bacterial load is an accepted marker of PD supported by 

modern gene sequencing (Abusleme et al., 2021), other studies have shown increased 

growth of gram-positive bacteria in diseased tissue relative to healthy tissue, even more 

so than gram-negative bacteria (Kumar et al., 2005). Gram-positive Filifactor alocis and 

Peptostreptococcus stomatis have been identified in diseased tissues (Hajishengallis & 

Lamont, 2012) while gram-positive genera 

Streptococcus, Actinomyces, and Granulicatella have been observed in healthy tissues 

(Nagarajan et al., 2018). Other species such as Fusobacterium nucleatum, Veillonella 

parvula, some members of Streptococcus sp., Lautropia mirabilis, Campylobacter 

gracilis, and Granulicatella adjacens, have been difficult to classify (Lenartova et al., 

2021). There are over 700 species of bacteria in the oral cavity (Deo & Deshmukh, 2019). 

An all-extensive list of bacteria associated with health and disease is not included here for 

brevity.  

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/actinomyces
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Figure 5: Osteoimmunology in Periodontic Lesions  

Bacteria in the periodontal pockets invades adjacent epithelium and connective tissue 

inducing an inflammatory response. After penetrating connective tissue bacteria move 

closer to alveolar bone stimulating processes of osteoclastogenesis, leading to bone loss. 

Taken from (Graves et al., 2011). 

 
 

Figure 6: PD in T1DM  

Undiagnosed T1DM patient has history 

with multiple events of periodontal 

abscess. The abscesses indicate a point 

of direct access for local inflammatory 

products such as IL-6 and TNF-α to 

systemically disseminate (Winning & 

Linden, 2015). While this has been 

reported in other diabetic individuals, 

there are no clinical presentations of PD 

unique to diabetes (Casanova et al., 

2014). Taken from (Hanes & Krishna, 

2010). 
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PERIODONTITIS AND NONCOMMUNICABLE DISEASES 

Diabetes Mellitus 

Diabetes mellitus is a group of metabolic disorders, mainly type 1 diabetes 

(T1DM), type 2 diabetes (T2DM), and gestational diabetes mellitus, affecting all tissues 

in the body. All forms of diabetes are characterized by chronic hyperglycemia (Casanova 

et al., 2014; Genco & Borgnakke, 2013; Kharroubi & Darwish, 2015) with metabolic 

abnormalities in carbohydrates (glycogen), lipids, and protein (Kharroubi & Darwish, 

2015; Petersen & Shulman, 2018; Saini et al., 2011). The abnormal metabolism in 

diabetes is caused by defective action of insulin – a peptide hormone important for blood 

glucose regulation and anabolism (Kharroubi & Darwish, 2015; Petersen & Shulman, 

2018). In T1DM, autoimmune attack of the insulin-producing pancreatic β-cells causes 

insulin deficiency (Casanova et al., 2014). In type 2 diabetes, target tissues of insulin 

such as skeletal muscle, adipose tissue, and the liver are resistant, or less responsive, to 

insulin signaling (Casanova et al., 2014; Kharroubi & Darwish, 2015). Gestational 

diabetes in pregnant women is characterized by insulin deficiency as well as insulin 

resistance (Casanova et al., 2014).  

The US Centers for Disease Control and Prevention (CDC) has estimated that 

over 37 million, or 11.3% of the US population, is diabetic. Diabetes prevalence has been 

on the rise for the past two decades, and following this trend the burden of diabetes will 

increase to affect 693 million globally in 2045 (Lin et al., 2020). Diabetes is the second 

greatest contributor towards reduced global life expectancy (H. Chen et al., 2019). The 

WHO states that diabetes is the only NCD for which the risk of premature death is 
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increasing (Kenny, 2021). Furthermore, quality of life is undoubtedly affected in diabetic 

disease management. Diabetics face hypoglycemic challenges in treatment (Casanova et 

al., 2014) as well as many serious long term complications such as blindness, kidney 

failure, difficult wound healing, and limb amputation (Baeza et al., 2019; Genco & 

Borgnakke, 2020).  

PD and diabetes are both complex chronic inflammatory diseases independently 

associated with mortality (Sanz et al., 2018). The majority of research compares PD with 

T2DM due to similar age of disease onset (40-50 years) and because 90% of all diabetes 

cases is T2DM (American Diabetes Association, 2019; Casanova et al., 2014; Preshaw et 

al., 2012). In 1993, the American Diabetes Association released publication in support of 

PD as the sixth complication of diabetes mellitus (Löe, 1993). Current research shows a 

well-established bidirectional relationship between diabetes and PD (Stöhr et al., 2021). 

Diabetes increases incidence and progression of PD just as PD does for diabetes 

(Graziani et al., 2018; Wu et al., 2020). Attention to the shared risk factors of diabetes 

and PD identifies individuals at risk for both and can benefit prevention and management 

of both (Genco & Borgnakke, 2020). Common modifiable risk factors include 

hyperglycemia, smoking, physical inactivity, or inflammation (Genco & Borgnakke, 

2013). Non-modifiable risk factors include older age, male identity, minority or ethnicity 

background, and low socioeconomic status (Borgnakke, 2016). While the association is 

multifactorial, mechanistically speaking PD causes releases of pro-inflammatory 

cytokines such as IL-6 and TNF-α (Fig. 6); effectively increasing CRP levels and 

systemic inflammation (Hajishengallis, 2015; Wu et al., 2020). Chronic systemic 
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inflammation has been associated with increased insulin resistance; a hallmark of T2DM 

(Islam et al., 2015). T2DM is also theorized to influence PD by its hyperinflammatory 

nature (Wu et al., 2020). 

Observational Evidence 

Meta-analysis of 6 cross-sectional studies with 1,956 participants found T2DM 

more prevalent in PD individuals compared to periodontally healthy individuals. 

Furthermore, T2DM is more prevalent as severity of PD increases. Analysis revealed 

greater prevalence of T2DM in individuals with greater mean alveolar bone loss and 

tooth loss. Analysis of 7 cohort studies with 27,498 participants showed severe PD to 

increase the risk of T2DM by 53% (Wu et al., 2020).  

Glycemic control is significant in diabetes treatment to avoid complications from 

chronic hyperglycemia (Nguyen et al., 2020). Capacity of glycemic control is assessed by 

percentage of glycated hemoglobin (HbA1c); with higher levels being associated with 

poor glycemic control (Casanova et al., 2014). More recently, fasting plasma glucose 

(FPG) has also been used as a measure of glycemic control (Graziani et al., 2018). A 

large Korean cohort study with 19,122 diabetes-free participants found PD subjects to 

have higher FPG and HbA1c levels (glycemia) than non-PD subjects. In addition, 

prevalence of impaired FPG, and thus prevalence of pre-diabetes, was higher in PD 

subjects (Islam et al., 2015; Sanz et al., 2018). In diabetic individuals with 

hyperglycemia, further compromised glycemic control from PD inflammation increases 

likelihood of microvascular and macrovascular complications (Islam et al., 2015; Nguyen 

et al., 2020). Microvascular complications are caused by intracellular hyperglycemic 
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damage to endothelial vascular cells. Macrovascular complications from atherogenesis 

are thought to be induced by chronic exposure to disseminated periodontal bacteria and 

inflammatory cytokines (Nguyen et al., 2020). Even a 1% reduction in HbA1c markedly 

reduces risk for diabetic complications by 21% to 35% (Baeza et al., 2019; Casanova et 

al., 2014; Genco et al., 2020). Data from 14 observational studies involving more than 

8,969 diabetic individuals unanimously indicate that diabetic individuals with PD are at 

greater risk of developing microvascular complications (retinopathy, nephropathy, 

neuropathy) and macrovascular complications (death) compared to diabetic individuals 

without PD. In several studies an increased risk of developing diabetic complications was 

associated with more severe PD (Nguyen et al., 2020).  

Thus far it has been discussed that severity of PD is associated with diabetes 

incidence and severity. Conversely, diabetes increases the risk for PD by up to three 

times (Casanova et al., 2014; Preshaw et al., 2012). A meta-analysis of four longitudinal 

studies with 46,191 participants found T2DM to increase the risk of developing PD by 

34%. T2DM individuals also have more severe periodontal parameters – higher CAL, 

tooth loss and deeper periodontal pockets – than non-diabetic individuals (Wu et al., 

2020). Diabetic individuals and individuals with HbA1c greater than 9% are more likely 

than non-diabetic individuals to have severe PD. Uncontrolled diabetes and higher 

HbA1c levels increases this likelihood (Genco & Borgnakke, 2020; Preshaw et al., 2012).  

Experimental Evidence 

Multiple inflammatory pathways have been linked to beta cell destruction in 

diabetes. Controlling for inflammatory cytokines such as IL-1, IL-6, and TNF-α would 
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reduce loss of beta cell function and slow progression of diabetes and related 

complications (Tsalamandris et al., 2019). PD causes low grade systemic inflammation 

and is believed to increase systemic inflammatory burden in diabetic individuals. 

Destruction in PD involves release of inflammatory cytokines including IL-1, IL-6, and 

TNF-α which is believed to interact with inflammatory pathways of diabetes (Rapone et 

al., 2020). Nine randomized controlled trials (RCTs) and controlled clinical trials (CCTs) 

collected serum levels of inflammatory cytokines from T2DM subjects with or without 

prior non-surgical periodontal therapy. In groups receiving periodontal intervention, 

subgingival and supragingival plaque and calculus were removed with scaling and root 

planing at least three months prior to serum assessment. Meta-analysis found periodontal 

therapy receiving T2DM subjects showing significantly decreased serum levels of TNF-α 

and CRP compared to T2DM subjects without treatment (Artese et al., 2015). CRP levels 

are a traditional measure of systemic inflammation also used in diabetes. Inflammatory 

cytokines such as TNF-α induce hepatic biosynthesis of CRP (Baeza et al., 2019; 

Hajishengallis, 2015). Not only are CRP levels higher in PD individuals, but they are also 

indicative of risk for diabetic macrovascular complications in the presence of poor 

glycemic control and high HbA1c levels. It has been hypothesized that both reducing 

CRP and HbA1c levels would reduce diabetic systemic inflammation. A similar study on 

periodontal therapy included nine RCTs in a meta-analysis. Scaling and root planing was 

found to significantly improve serum CRP levels as well as serum HbA1c levels (0.56%) 

in T2DM subjects (Baeza et al., 2019).  
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While there have been many studies investigating the influence of periodontal 

therapy on glycemic control, there are fewer studies regarding the influence of glycemic 

intervention therapy on PD. Katagiri et al. recruited 35 male and female T2DM patients 

from Japanese hospitals. They performed 6 months of glycemic intervention therapy 

without any periodontal therapy. Patients were advised on their dietary intake and 

provided with hypoglycemic agents and insulin. This resulted in improved glycemic 

control and lower HbA1c levels; just as what was seen with periodontal therapy alone. 

Oral health assessments taken before and after glycemic intervention therapy showed the 

most significant improvement in bleeding on probing measurements at sites where the 

inflammation was initially most severe. However, periodontal pocket depths were not 

ameliorated by improved glycemic control. CRP levels as well were unaffected. The 

authors suggest that while effective glycemic intervention therapy may reduce gingival 

inflammation, it may not be sufficient to reduce systemic CRP levels and systemic 

inflammation. Furthermore, gingival tissue may be especially sensitive to glycemic 

control in comparison to other body tissues (Katagiri et al., 2013).  

Chronic Kidney Disease  

CKD is a group of renal diseases involving an age-related, persistent decrease in 

kidney function (glomerular filtration rate (GFR) <60 ml/min/1.73 m2), presence of 

kidney damage, or both; for a period of at least three months (Hill et al., 2016; Webster et 

al., 2017). Structural damage usually precedes dysfunction (Lopez-Giacoman & Madero, 

2015). Generally speaking, repeated inflammatory injury deregulates the wound healing 

process eventually resulting in renal fibrosis (NOGUEIRA et al., 2017; Webster et al., 



 

 

23 

2017). Intact tissue hypertrophying and increasing their activity to compensate for 

dysfunctional tissue explains for the largely asymptomatic initial stages of CKD 

(Malkina, 2021; Rysz et al., 2017). Less than 5% of those affected are aware of the 

disease in the early stage. Diagnosis occurs by chance or when the disease is in the 

advanced stage (T. K. Chen et al., 2019). As kidney function deteriorates, it is unable to 

maintain fluid and electrolyte homeostasis. Uremic retention solute accumulation not 

only exacerbates inflammation but is responsible for body-wide complications and CKD 

progression (Malkina, 2021; Webster et al., 2017).  

CKD is a highly prevalent NCD affecting 11% to 13% of the global population 

(Hill et al., 2016). “Many heterogeneous disease pathways” are implicated in the 

irreversible structural and functional damage of the kidney (Webster et al., 2017). While 

diabetes and hypertension are attributable to two-thirds of CKD cases, there are 

numerous other disease origins which complexifies early intervention efforts. 

Glomerulonephritis and glomerulopathies are another leading cause while infection, 

nephrotoxins from herbal remedies, environmental pollution, and genetic predisposition 

are others to consider (T. K. Chen et al., 2019; Facts About Chronic Kidney Disease, 

2020; Malkina, 2021). Determining cause is necessary for understanding disease 

prognosis (T. K. Chen et al., 2019).  

It is important to consider the discussion of PD as a risk factor for CKD. Age, 

smoking, obesity, and diabetes are some shared risk factors for PD and CKD 

(Deschamps-Lenhardt et al., 2019). Outcomes of PD include increased systemic 

inflammation and risk of cardiovascular disease – both risk factors for CKD (Zhao et al., 
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2018). CKD progresses towards end stage kidney disease in which the kidney cannot 

sustain life, but it is five to ten times more likely for patients to die from cardiovascular 

complications than to end up on dialysis (T. K. Chen et al., 2019; Webster et al., 2017). 

Greater uremic retention leads to accumulation of compounds such as uremic toxins, 

vitamin D, and ferritin which already accelerates pathogenesis of atherosclerosis. PD may 

add to the systemic inflammation in CKD patients by dissemination of inflammatory 

mediators or bacteria (Chambrone et al., 2013). CKD disturbance is also proposed to 

contribute to pathogenesis of PD. Immune dysfunction in uremic individuals increases 

risk for opportunistic infection periodontally (Akar et al., 2011). CKD abnormalities in 

bone metabolism and vitamin D metabolism could worsen PD (Deschamps-Lenhardt et 

al., 2019). CKD individuals may be more prone to calculus development as their saliva 

contains more urea, calcium, and phosphate (Sharma et al., 2014). Studies have also 

claimed that CKD individuals who experience end-stage renal disease (ESRD) may not 

prioritize their oral healthcare (Ariyamuthu et al., 2013; Sharma et al., 2014).  

Observational Evidence 

There is extensive evidence on the non-directional association between PD and 

CKD in which a chronological sequence of events is not investigated (Zhao et al., 2018). 

A longitudinal United Kingdom study performed a periodontal exam on pre-dialysis 

CKD patients and compared parameters to that of a control population. The authors note 

pre-dialysis patients’ higher risk for CKD progression and adverse cardiovascular 

outcomes. Chronic PD was found to be four times more common and 3.8 times more 

severe in pre-dialysis CKD patients than non-CKD adults in the same geographic area 
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(Sharma et al., 2014) Another study analyzed participant data from the Third NHANES. 

CKD was again found associated with more severe PD. CKD individuals had fewer teeth, 

greater CAL and greater bleeding on probing compared to non-CKD individuals (Fig. 7) 

(Sharma et al., 2016). Evidence from systematic reviews support these trends, suggesting 

the greater risk of PD tissue and tooth loss in CKD individuals. Analysis of two cross-

sectional studies found PD to be more prevalent in those affected by CKD stage four to 

five (severe) than those affected by CKD stage two to three (mild) (Serni et al., 2021). 

Additionally, PD individuals were also found affected with more severe CKD. Those 

diagnosed with both CKD with PD were more likely to have a lower GFR than those with 

CKD in periodontal health (Sharma et al., 2016).  

Surrogate markers for CKD include serum cystatin C, exogenous filtration 

markers such as iohexol, and plasma creatinine used to assess GFR and renal function 

(Deschamps-Lenhardt et al., 2019). Cystatin C generate more reliable and accurate 

estimated GFR than creatinine. Unlike cystatin C, creatinine is associated with many 

additional covariates including muscle mass, race, and sex (Ioannidou et al., 2011). 

Studies using creatinine have variability in their results while those using cystatin C are 

generally more consistent. Other surrogate markers include albumin levels and 

inflammatory markers such as CRP and IL-6 (Deschamps-Lenhardt et al., 2019).  

Cystatin C is a protein whose levels in blood are aptly regulated by a healthy 

kidney (Cystatin C, 2015). In CKD, above normal serum cystatin C levels are used to 

evaluate renal dysfunction. Researchers in Japan performed a logistic regression analysis 

to examine the association of serum cystatin C with periodontal inflamed surface area. 
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They surveyed data collected from 332 women 55 to 74 years from Niigata City. A 

significant positive association was found between periodontal inflamed surface area, 

CRP levels, and serum cystatin C (Yoshihara et al., 2016). Results from a study 

conducted in southern Brazil similarly found more severe PD and higher CRP levels in 

ESRD patients (Schöffer et al., 2021). When using serum cystatin C as a marker, the 

degree of local periodontal inflammation and systemic inflammation may have an 

influence on renal function (Yoshihara et al., 2016).  

Albumin levels are abnormally low in ESRD patients due to underlying systemic 

inflammation (Haller, 2005; Wahid et al., 2013). A United States study of 154 adult 

hemodialysis patients ran a logistic regression model to analyze the relationship between 

severe PD and serum albumin levels. Analysis found that low albumin levels were three 

times more likely to occur in the presence of severe PD than in milder forms of PD. An 

association was not established between PD and CRP levels, a result the authors 

themselves doubted (Kshirsagar et al., 2007). Analysis of the Third NHANES shows 

strong independent association between PD and CRP levels in a national CKD sample 

(Ioannidou et al., 2011).  

Inflammation precedes pathological change in CKD (Rysz et al., 2017). PD 

related increase in CRP is not only a marker of systemic inflammation but also 

endothelial dysfunction (Ismail et al., 2013). PD induced systemic inflammation further 

increases the risk of atherosclerosis, and thus cardiovascular complications leading to 

mortality (Ismail et al., 2013; Valdivielso et al., 2019). Cardiovascular disease is the 

leading cause of mortality in CKD and ESRD (Ariyamuthu et al., 2013). Systemic 
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inflammation is also reason for lower albumin levels from impaired albumin homeostasis 

in ESRD. Both hypoalbuminemia and increased CRP levels are inflammation-derived 

strong predictors of mortality in CKD (Schöffer et al., 2021; Wahid et al., 2013). 

Analysis of the Third NHANES found the 10-year all-cause mortality for those with 

CKD to be 32%. When PD was present as a comorbidity in those with CKD, 10-year all-

cause mortality increased to 41% (Sharma et al., 2016). It would be logical to speculate 

that PD induced systemic inflammation is the mediator between PD and increased 

mortality (Schöffer et al., 2021). PD is “a potentially modifiable source of inflammation” 

and managing PD inflammation to avoid the cumulative inflammatory burden in CKD 

may decrease mortality (Kshirsagar et al., 2007).  

Experimental Evidence 

A Brazilian pilot cohort study did just that in considering the consequences of non-

surgical periodontal therapy on renal and endothelial function. 26 patients with severe 

chronic PD and CKD were enrolled in periodontal therapy. During the treatment phase of 

two weeks, supragingival scaling, subgingival scaling, and root planing were performed 

at sites as necessary. Patients were also given instructions on brushing and using dental 

floss. At six months recall periodontal parameters were found to be significantly reduced. 

Median values of GFR estimated with serum creatinine were found to be significantly 

increased. Albumin levels did not change significantly. Asymmetric dimethylarginine 

(ADMA) was found to be significantly decreased, further implicating PD as a possible 

cause of endothelial dysfunction. ADMA is an endogenous inhibitor of vasodilator nitric 

oxide and has been associated with adverse cardiovascular outcomes. Though these 
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results may not be clinically significant, this study shows promise of periodontal therapy 

in supporting cardiovascular and renal function (Almeida et al., 2017). 

 

Figure 7: A Presentation of Periodontitis in Chronic Kidney Disease  

Oral lesions such as PD are seen in almost all CKD cases. Aphthous ulcers seen here at 

the base of the gums have been associated with higher GFRs (Oyetola et al., 2015). This 

patient could benefit from management of periodontal inflammation, which is negatively 

associated with kidney function. A 10% increase in inflammation is indicative of a 3% 

decrease of kidney function (Sharma et al., 2021). Taken from (Charnow, 2019). 

 

Periodontal therapy has also been shown to impact inflammatory markers. A 

Chinese RCT examined the effects of non-surgical periodontal therapy in ESRD patients 

also affected by chronic PD. The intervention group showed significant improvement of 

periodontal status immediately after intervention. CRP and IL-6 levels in the intervention 

group significantly declined over time and were significantly lower six months after 

intervention. Nutritional markers such as albumin and creatinine increased significantly 

during the six-month period, unlike what was found in Almeida et al. (Almeida et al., 
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2017; Fang et al., 2015). These results suggest that in mitigating inflammation, 

periodontal therapy may be able to predict better clinical outcomes in CKD patients. 

Clinically speaking, periodontal therapy has been shown to reduce the risk of poor 

clinical outcomes in CKD. Other than reducing incidence of cardiovascular events 

(Santos-Paul et al., 2019), it reduces incidence of ESRD (Lee et al., 2014), infection-

related hospitalization in ESRD (Huang et al., 2015), and mortality (Santos-Paul et al., 

2019).  

Rheumatoid Arthritis 

 Rheumatoid Arthritis (RA) is a chronic autoimmune disease affecting 0.5% to 1% 

of all adults globally. Geographic location has been seen to influence RA phenotype and 

prevalence (McInnes & O’Dell, 2020). RA is three times more prevalent in women due to 

an interaction of the disease with sex hormones and female reproductive status 

(Escalante, 2013; Wolff, 2007). While RA can present at any age, disease onset is 

between the ages of 35-50 for 80% of cases (McInnes & O’Dell, 2020; Wolff, 2007). 

Inflammation begins to target connective tissue and synovial cartilage soon after disease 

onset (Escalante, 2013; Wolff, 2007). RA usually presents symmetrically in peripheral 

synovial joints (polyarthritis), especially that of the hands and feet (Escalante, 2013; 

O’Brien & Backman, 2010). Those affected by RA may experience remission or 

exacerbation of their symptoms (O’Brien & Backman, 2010). Symptoms range from 

minimal damage in a few joints to deformed and dysfunctional polyarthritis (Wolff, 

2007). In a most severe state, systemic inflammation causes loss of finger function from 

tendon ruptures and joint destruction (Netscher et al., 2022). The inflammatory damage is 
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irreversible and medication can only aim to minimize further damage (Escalante, 2013). 

Pain, swelling, and stiffness in joints decreases joint function and mobility (Escalante, 

2013; McInnes & O’Dell, 2020). Furthermore, RA is a systemic illness in which 

circulating cytokines and immune complexes in RA provokes extra-articular influence on 

other organs including the lungs, gut, periodontium, and musculoskeletal system 

(McInnes & O’Dell, 2020; Netscher et al., 2022; Potempa et al., 2017; Wolff, 2007). 

Over 40% of patients experience symptoms outside synovial joints (González-Febles & 

Sanz, 2021). Systemic manifestations include subcutaneous nodules, pulmonary disease, 

vasculitis, neuropathy, or depression (Escalante, 2013; Wolff, 2007). Patients also 

experience low-grade fevers, fatigue, and impaired muscle function (McInnes & O’Dell, 

2020; O’Brien & Backman, 2010). RA alone was responsible for 3.26 million disability 

adjusted life years – a measure of years lost to disability and premature death (GBD 2019 

Diseases and Injuries Collaborators, 2020).  RA decreases life-expectancy as well as 

patients’ wages, as 50% of those affected by RA were reported to leave their jobs after 10 

years (Escalante, 2013; McInnes & O’Dell, 2020). Job performance is complexified by 

the difficulties patients face to complete daily tasks such as walking and handling objects 

(O’Brien & Backman, 2010). Subsequent depression and the psychosocial influence of 

RA cannot be ignored.  

The specific etiology of RA is undetermined and current belief is placed in a 

combinatory effect of genetic susceptibility and an environmental exposure (Fuggle et al., 

2016; McInnes & O’Dell, 2020). Genetic susceptibility loci have been identified and RA 

is often diagnosed in multiple family members (Escalante, 2013; Wolff, 2007). Exposures 

https://www-sciencedirect-com.ezproxy.bu.edu/topics/medicine-and-dentistry/subcutaneous-nodule
https://www-sciencedirect-com.ezproxy.bu.edu/topics/medicine-and-dentistry/silo-fillers-disease
https://www-sciencedirect-com.ezproxy.bu.edu/topics/medicine-and-dentistry/neuropathy


 

 

31 

such as smoking, viral antigens, bacterial antigens and conditions such as PD may trigger 

RA (McInnes & O’Dell, 2020). PD and RA are multifactorial diseases with different 

etiologies yet a similar demographic (Fuggle et al., 2016; Potempa et al., 2017). They are 

linked by many similarities in genetic and environmental risk factors including HLA-

DRB1 expression, smoking, old age, socioeconomic status, nutrition, and psychological 

factors. Serologically, PD and RA share a similar cytokine profile (TNF, IL-6, IL-17) and 

exhibit high systemic CRP levels. In terms of pathogenesis, both involve chronic 

inflammation, destruction of connective tissue, and T-helper cell mediated bone erosion 

(Fig. 8) (Potempa et al., 2017).  

The pathogenesis and ensuing autoimmune response in RA from genetic and 

environmental factors occur due to autoantibodies rheumatoid factor and anti-

citrullinated protein antibody (ACPA). They are serologically present in 70-80% of all 

RA cases and ACPA is a highly specific diagnostic marker. Rheumatoid factor and 

ACPA are auto-antibodies of immunoglobulin Fc regions and citrullinated epitopes, 

respectively. Autoimmune response is ultimately caused by rheumatoid factor induced 

immune complexes and ACPA intolerance towards citrullinated epitopes (Fuggle et al., 

2016; Potempa et al., 2017). While citrullination is a normal post-translational 

modification, hypercitrullination under RA inflammatory conditions by is due to a unique 

release of peptidylarginine deiminase (PAD) from neutrophil necrosis, apoptosis and 

NETosis. As RA damage can extend to the lungs and periodontium, hypercitrullination is 

both associated with smoking in the lungs and with periodontal pathogens such as A. 

actinomycetemcomitans in the periodontium (Potempa et al., 2017). A. 
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actinomycetemcomitans citrullinates via a leukotoxin and NETosis (Marotte, 2020). 

Citrullinated proteins may be discovered at mucosal surfaces such as the periodontium in 

RA, but is also seen in inflamed gingival tissues in PD (Johansson et al., 2016; Potempa 

et al., 2017). The mechanistic link between ACPA production and PD is seen in the 

periodontal pathogen PG’s expression of periodontal peptidylarginine deiminase (PPAD), 

a virulent factor unique to PG. Unlike A. actinomycetemcomitans, PG conducts 

citrullination through PPAD. It is proposed that PPAD citrullination of periodontal 

mucosal proteins leads to chronic exposure of citrullinated proteins. This results in 

immune intolerance and induces production of ACPAs. ACPAs spread to joints by 

varying mechanisms and react with citrullinated epitopes, resulting in RA symptoms 

(Kharlamova et al., 2016; Potempa et al., 2017). In the presence of RA, ACPA levels are 

positively correlated with destruction and severity of RA (Loutan et al., 2019). Gums and 

other mucosal tissues are suggested as initiation sites for pathogenic autoimmunity 

because autoimmunity and ACPA production precede clinical symptoms of RA in the 

joints by many years (Johansson et al., 2016; Kharlamova et al., 2016; Potempa et al., 

2017). Early intervention and remission of inflammation in RA is essential for 

minimizing the extent of joint injury and for reserving joint surgery as a last resort 

(Escalante, 2013). Knowledge of the association between RA and PD could be critical in 

efforts to achieve actual or near-remission of RA.  

Observational Evidence 

A review and meta-analysis of 17 control studies including153,492 subjects 

estimated the relative risk for PD and more severe periodontal parameters between RA 
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patients and healthy individuals. Those with RA faced a statistically significant, 13% 

greater risk of PD than healthy controls. They showed greater risk for more compromised 

periodontal parameters in frequency of bleeding on probing, gingivitis index, tooth loss, 

bone loss, and probing depth. While RA individuals were relatively more at risk of 

having a higher frequency of CAL, probing depth greater than five millimeters, and 

higher plaque indices, these results were not statistically significant (Fuggle et al., 2016). 

Overall, RA is a risk factor for more severe PD.  

 

Figure 8. Clinical and Radiographic Presentation of PD (A, B) and RA (C, D)  

PD and RA are similarly characterized by debilitating bone destruction and deformity 

(Fuggle et al., 2016). Taken from (Bartold, 2015). 

 

Conversely, a Swedish case-control study examines PD as a risk factor for certain 

subsets of RA. Case-control data collected from 65 PD participants, 59 non-PD controls, 
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1,975 RA participants, and 377 non-RA controls were analyzed using ELISA. 

Considering that arginine gingipains are very virulent proteases specific to PG 

expression, anti-arginine gingipainB (anti-RgpB) IgG levels were selected as a surrogate 

marker for PG infection. Rgps induced degradation must occur first for PPAD 

citrullination to take place. Anti-RgpB IgG levels were found to be significantly 

increased in PD participants relative to periodontally healthy controls; thus, supporting 

the use of anti-RgpB as an anti-PG antibody and surrogate marker for PG infection. Anti-

RgpB levels were also found to be significantly higher in RA participants relative to non-

RA participants and significantly higher in ACPA-positive RA participants relative to 

that of ACPA-negative RA participants (Kharlamova et al., 2016). In summary, in RA 

patients seropositive for autoantibody ACPA, there was a heightened load of anti-RgpB 

IgG. As RgpB is a product of PG expression necessary for periodontal citrullination, the 

association made is potentially demonstrative of PD’s role in generating ACPA. 

Moreover, while data showed smoking and HLA-DRB1 alleles as associated to ACPA-

positive RA, they did not share an interaction with anti-RgpB IgG levels. The association 

of anti-RgpB levels with RA was stronger than the association of smoking with RA 

(Kharlamova et al., 2016). This is notable as smoking has an established association to 

RA and citrullination (Fuggle et al., 2016; Potempa et al., 2017). It is plausible that 

smoking is not a confounding variable as case-control studies have previously found 

greater risk of PD in non-smoking RA patients relative to healthy controls (Potikuri et al., 

2012). Such results increase the likelihood of a causative relationship, in which PD drives 

RA (Kharlamova et al., 2016).   
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Another Swedish case-control study including 251 participants pre-symptomatic 

for RA and 198 controls continued to discuss a possible etiological role of PG in RA.  

Analysis was performed for blood samples collected years before RA diagnosis and at the 

time of RA diagnosis. ELISA was used to determine antibody response against PG 

virulence factor RgpB and against CPP3, a citrullinated peptide derived from PPAD. 

Recall that RgpB is necessary for PPAD citrullination. Anti-RgpB IgG levels were found 

to be significantly greater in pre-symptomatic and RA individuals relative to control. 

Anti-CPP3 IgG levels were significantly increased in RA patients relative to pre-

symptomatic individuals, but both groups were significantly increased relative to control. 

In this study as well, neither anti-RgpB IgG nor anti-CPP3 IgG levels were associated 

with smoking status – potentially indicating a positive association of PG and RA 

unrelated to confounding factors (Johansson et al., 2016).  

In the previous study, the significantly elevated anti-PG antibody (anti-RgpB IgG) 

levels in ACPA positive participants suggested a mechanistic link between PD and RA 

(Kharlamova et al., 2016). In this study, detection of higher anti-PG antibody levels in 

RA participants years before clinical onset of their symptoms supports for an etiological 

role for PG in RA development (Johansson et al., 2016). PD is correlated with ACPA 

levels and autoimmune destruction in pre-symptomatic RA. Furthermore, both PD and 

ACPA production precede RA clinical presentation. This is in line with the paradigm that 

ACPAs may be generated at mucosal surfaces and cause autoimmunity years before 

joints are affected (Potempa et al., 2017).  
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Results from a Swiss nested case-control study further implicate PD as an 

important risk factor for RA initiation. Loutan et al. enrolled 34 ACPA positive and 65 

ACPA negative non-RA, first-degree relatives of RA patients. Given that first-degree 

relatives of RA are four to five times more at risk of developing RA, Loutan et al. 

continue the discussion on preclinical, pre-symptomatic RA. PD was found to be more 

prevalent in ACPA positive first-degree relatives relative to ACPA negative. Further 

clinical examinations showed ACPA positive participants to have significantly greater 

severity in periodontal parameters. ACPA levels in the absence of RA are predictive of 

future RA development, and seropositivity for ACPA in non-RA individuals correlated to 

greater prevalence and severity of PD, again backs PD as a risk factor for RA (Loutan et 

al., 2019).  

Experimental Evidence 

Given the intimate relationship between PD and RA, intervention studies have 

been conducted to determine the effect of anti-rheumatic agents on periodontal 

parameters. A meta-analysis was conducted for three case-control studies and one 

longitudinal study with cross-sectional analysis. Patients with both PD and RA were 

administered anti-rheumatic agents in the absence of periodontal therapy since six 

months prior. Consequence to anti-rheumatic therapy, PD was significantly reduced. 

CAL and gingival index were also significantly reduced. For these findings there was a 

low to moderate amount of heterogeneity. Conventional synthetic disease-modifying anti-

rheumatic drugs (csDMARDs), anti-IL-6R, anti-B lymphocyte and anti-TNF-α agents 

were administered across the studies. A systemic review of 14 case-control, cross-
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sectional, longitudinal, and RCTs only determined anti-rheumatic agents as having a 

definite but varying efficacy in improving periodontal parameters. Anti-IL-6R was found 

to significantly reduce gingival index and bleeding on probing with no significant effect 

on PD and CAL. However anti-IL-6R in combination with anti-B lymphocyte agents 

significantly decreased PD and CAL as well as gingival index and bleeding on probing. 

csDMARDs were reported to have no influence in cases of moderate-to-severe PD unless 

used long-term. But in slight-to-moderate PD, PD and gingival index significantly 

decreased while CAL was found significantly increased. Anti-TNF-α agents showed 

efficacy only when used longer than six months; with more clinically observable 

improvements when used for a longer period. There remains discord in literature on anti-

TNF-α effect on gingival inflammation. In some studies, anti-TNF-α has even been found 

to worsen gingival inflammation. Though the precise clinical outcome from anti-

rheumatic agents is unconfirmed, it is clear that their administration can be beneficial, at 

least transiently, for the periodontal health of those affected by PD and RA (J. Zhang et 

al., 2021). Current findings seem to suggest preferential prescription of anti-IL-6R and 

anti-B lymphocyte agents over anti-TNF-α for a synergistic improvement of PD and RA 

(Marotte, 2020; J. Zhang et al., 2021). However clinical applications are still obscure, as 

prolonged administration of anti-rheumatic agents and subsequent immunosuppression 

has been associated to worse periodontal health (de Molon et al., 2019).  

 Similarly, there is disagreement in literature over the efficacy of non-surgical 

periodontal therapy in mitigating RA. Eight controlled clinical trials provided non-

surgical periodontal treatment for patients with RA and PD, including scaling, root 
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planing, and ultrasound cleaning above and below the gingiva. Systemic review showed 

improved periodontal parameters consequent of non-surgical periodontal therapy. 

Afterwards, patients also showed significantly decreased erythrocyte sedimentation rate 

(ESR) and decreased DAS28. Like CRP, ESR is a systemic inflammatory marker 

indicative of RA progression (F.-J. Silvestre et al., 2016). DAS28 is a ‘disease activity 

score’ of 28 joints that are examined in an assessment (The DAS28 Score, 2020, p. 28). 

DAS28 trended towards decreasing after non-surgical periodontal therapy with a decrease 

in overall pain. From this systemic review, there is promise for non-surgical periodontal 

therapy to relieve clinical symptoms and improve systemic inflammation (F.-J. Silvestre 

et al., 2016).  

 A shortcoming of the studies reviewed by Silvestre et al. was lack of complete 

clarity on whether the trials were randomized. In a randomized control trial led by 

Monsarrat et al., full mouth non-surgical periodontal therapy coupled with systemic 

antibiotic administration did not improve RA clinically after three months. In contrast to 

Silvestre et al. there was no significant effect on DAS28 measures (Monsarrat et al., 

2019).  

Cognitive Decline and Dementia 

Alzheimer’s Disease (AD) is a neurodegenerative disease and the most common 

cause of dementia, attributable to 60-80% of all dementias (Harding et al., 2017) and 

affecting 11% of those older than 65 (Paulsen & Gehl, 2020). Globally, there are more 

than 37 million cases of AD (Gaur & Agnihotri, 2015). It is characterized by progressive 

cognitive decline, from normal to mild cognitive impairment to dementia, and motor 
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deficits. AD ultimately terminates in death (Martande et al., 2014; Peterson & Graff-

Radford, 2020; Soria Lopez et al., 2019). Aside from memory, language, executive 

functions, and semantic knowledge are domains of cognition that can all decline. A rapid 

decline of cognitive domains is an undesirable clinical outcome associated with death 

(Paulsen & Gehl, 2020).  

Age is a significant risk factor, and an increased life expectancy globally has 

greatly increased the AD patient population (Boughey & Graff-Radford, 2007; Teixeira 

et al., 2017). Unfortunately, the healthcare costs of Alzheimer’s patients continue to rise 

while neither curative treatment nor doctored prevention has been established (Harding et 

al., 2017). In the United States alone, healthcare costs related to AD total to 100 billion 

dollars per year (Boughey & Graff-Radford, 2007). Definite diagnosis of AD can only 

occur postmortem, as it requires an examination of brain tissue for amyloid plaques and 

neurofibrillary tangles (NFTs) in hippocampal and entorhinal brain regions which 

subserve memory and cognition (Paulsen & Gehl, 2020). Amyloid plaques are 

extracellular aggregates of amyloid β (Aβ) protein while NFTs are intraneuronal 

aggregates of hyperphosphorylated tau protein. NFT aggregation ultimately leads to 

neuronal death (Serrano-Pozo et al., 2011). The immune system’s attempt to clear these 

aggregates and the proinflammatory mediators released by Aβ and tau “priming” of 

microglia exacerbates neuroinflammation leading to neurodegeneration (Gaur & 

Agnihotri, 2015; Teixeira et al., 2017).  

Peripheral systemic inflammation is postulated to precede and aggravate 

neurodegeneration (Teixeira et al., 2017). Deteriorating periodontal oral health has 
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clearly been associated with cognitive decline and AD. AD patients with PD have an 

increased proinflammatory state and decreased anti-inflammatory state due to PD 

cytokine profile (Ide et al., 2016). Using lipopolysaccharide (LPS) (a component of 

gram-negative bacterial membrane) as a model for peripheral infection, increased LPS in 

the periphery is associated with increased proinflammatory cytokines (TNF-α, IL-1β, and 

IL-6) in the periphery as well as brain (Teixeira et al., 2017). Peripheral cytokines and 

immune cells pass to the central nervous system through the BBB (Gaur & Agnihotri, 

2015). LPS and periodontal pathogens themselves may also brain colonize and affect 

brain function by bacteremia or invasion through the trigeminal nerves (Liccardo et al., 

2020; Teixeira et al., 2017). In the LPS model of bacterial infection, BBB transport is 

altered leading to accumulation of Aβ and enhanced permeability to peripheral 

inflammation (Gaur & Agnihotri, 2015; Teixeira et al., 2017). Periodontal pathogen PG is 

a serological marker for PD, and its infection in mice has contributed to loss of blood-

brain barrier (BBB) integrity as well. This would allow greater access for oral pathogens 

such as PG to the brain, contributing towards chronic neuroinflammation (Harding et al., 

2017). PG associated proteases, gingipains, are another neurotoxic, pathological feature 

of AD (Dominy et al., 2019). Periodontal pathogen interference of BBB permeability 

may interfere with the BBB’s role in mediating exactly what cytokines and nutrients are 

allowed access to the brain (Gaur & Agnihotri, 2015). PD is associated with high Aβ 

loads and expression (Ide et al., 2016). Aβ accumulation in AD is culprit in 

neuroinflammation and cognitive impairments (Teixeira et al., 2017). 
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PG also causes Aβ accumulation by altering the molecular clock of glial cells and 

their phagocytosis abilities in mice, thus reducing glymphatic system activity and 

clearance of Aβ and PG (Harding et al., 2017). Additionally, impaired mastication in PD 

due to destruction of the periodontal ligament is related to impaired memory and learning 

in animal models and nutritional deficits (Fig. 9) (Teixeira et al., 2014). If PD contributes 

to AD pathogenesis and progression, it is imperative that we recognize the mechanisms in 

which PD and AD are related. If AD onset can be delayed by five years in each 

individual, we can deduct over 8 million from the estimated prevalence of AD in 2047 

(Boughey & Graff-Radford, 2007).  

The etiology of AD may be attributable to a number of things including 

environmental exposures, malnutrition, head injury, and aging (Gaur & Agnihotri, 2015). 

AD can be divided into two patient populations: early-onset and late-onset. Early-onset 

AD is so named for AD development at an age younger than 65 (Savonenko et al., 2015). 

Early-onset is due to an autosomal dominant inheritance of genes for amyloid precursor 

protein and presenilins (PS1 and PS2). These genes contribute to AD by increasing 

production of Aβ proteins. Fortunately, these cases are rare and make up less than 1% of 

the AD patient pool (Paulsen & Gehl, 2020). Most AD cases are sporadic and late-onset, 

affecting those older than 65. Though ApoE-ε4 is considered a susceptibility allele, late-

onset AD is multifactorial without complete causation by any one factor (Savonenko et 

al., 2015). Diabetes mellitus, smoking, depression, obesity and hypertension are some of 

the risk factors that have contributed to AD. Significantly, systemic inflammation plays a 

role in the disease pathogenesis of all of them (Teixeira et al., 2017). Furthermore, 
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systemic inflammation and pro-inflammatory cytokines play a definite role in AD 

progression. Under these circumstances the World Dementia Council underscores the 

importance of slowing the course of Alzheimer’s by modifiable risk factors (Harding et 

al., 2017). 

Observational Evidence 

Longitudinal studies have demonstrated that higher teeth loss and PD are 

significantly associated with dementia (Ide et al., 2016; Stein et al., 2007). Those with 

fewer teeth have an increased risk in developing dementia in comparison to those with 

more intact teeth (Okamoto et al., 2010; Stein et al., 2007). Caries and PD are both major 

causes of tooth loss but PD related tooth loss is more prevalent starting in the middle ages 

(Minn et al., 2013). Presence of PD and caries in men has been associated to their 

cognitive decline (Kaye et al., 2010). Experiencing edentulousness for a longer time 

period is a risk factor for lower cognitive function (Okamoto et al., 2010). Edentulous 

individuals are most likely to be affected with dementia (Stein et al., 2007). On the other 

hand, it is possible that as AD patients’ ability to care for their oral hygiene is 

compromised as they suffer from motor deficits and cognitive decline. Even failure to 

brush on a daily basis increases the risk of dementia in adults by 22% to 65% (Paganini-

Hill et al., 2012). Studies have shown that newly diagnosed dementia patients have 

significantly fewer dental visits (Fereshtehnejad et al., 2018). Resultant PD would then 

exacerbate existing neuroinflammation (Gaur & Agnihotri, 2015; Teixeira et al., 2017). 

In an Indian cross-sectional study, AD patients were found to with clinically worse 
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periodontal parameters compared to non-AD individuals. Furthermore, periodontal health 

status worsened as cognitive function declined (Martande et al., 2014). 

The condition of AD patients worsens when accompanied by the progression of 

PD (Teixeira et al., 2017). and analysis of the Third NHANES found levels of anti-PG 

antibodies to be significantly associated with impaired delayed verbal recall or impaired 

math calculations (Noble et al., 2009). Periodontal pathogens PG, Treponema 

denticola, and Tannerella forsythia have been identified post-mortem in brains of AD 

patients. Virulence factor LPS from PG was also identified (Poole et al., 2013). In living 

subjects, antibodies against periodontal pathogens P intermedia and F nucleatum were 

significantly elevated in serum years prior to development of AD or mild cognitive 

impairment (Stein et al., 2012).  

Experimental Evidence 

However, it remains unresolved whether PD or AD occurs earlier in time 

(Liccardo et al., 2020). Statistically speaking, chronic PD onset is earlier in life than AD 

(Gaur & Agnihotri, 2015). What is known is that AD patients provided dental treatment 

show improvements in pain, periodontal parameters, and jaw function. Dental 

intervention may improve the quality of life and has significantly improved cognitive 

symptoms of 50% of patients with mild AD (Rolim et al., 2014). Some literature suggest 

that the lack of dental treatment after dementia diagnoses pushes AD progression. 

Periodontal pathogens have been identified in the brains and cerebrospinal fluid of AD 

individuals. Gingipain, a virulent protease factor of PG, has been found in AD brains 

colocalized with NFTs, a hallmark of AD. This geographic association inspired 
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pharmacological interventions. Oral administration of small-molecule gingipain 

inhibitors was found to be neuroprotective of hippocampal neurons and capable of 

decreasing Aβ accumulation and PG load in the brain. Interestingly, gingipains were 

identified in the brain of AD diagnosed, non-demented individuals, leading the authors to 

rule out poor oral hygiene as causative for PG brain invasion and AD progression. 

Results of this study redirect focus towards genetic susceptibility in AD but have not 

been replicated in humans (Dominy et al., 2019). Work in this direction and improving 

cognition in later life would lower the risk of cancer, cardiovascular diseases, and 

diabetes (Harding et al., 2017). 

 

Figure 9: Oral Health Condition in AD Patient   

Studies have shown that AD patients haver poorer dental health due to dementia that 

diminishes self-care capabilities (Ide et al., 2016; F. J. Silvestre et al., 2017). As PD 

inevitably progresses without daily interventions, AD patients have fewer teeth and 

diminished ability to consume nutritious foods beneficial in mitigating their symptoms 

(Harding et al., 2017). Taken from (Verigin, 2017) 
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Conclusion 

While bacteria are involved in PD pathogenesis, they cannot fully explain for the 

many different clinical presentations of PD (Bartold & Van Dyke, 2017). PD can be 

categorized according to presence of necrosis, endodontic-periodontal lesions, or 

periodontal abscesses (Papapanou et al., 2018). A term that continues to show up in PD 

literature is “host susceptibility”. An idea is emerging that the rate at which PD 

progresses, and the extent of its pathogenicity, is determined by the host’s systemic risk 

factors which modulate host response to PD. People are made susceptible by genetic 

makeup, environment, behaviors and by acquired risks (Genco & Sanz, 2020). Acquired 

risks include systemic NCDs such as diabetes, chronic kidney disease (CKD), rheumatic 

diseases, and dementia which define host susceptibility.  

The oral microbiome is just as important in regulating systemic health (Deo & 

Deshmukh, 2019).  The inflammatory response to PD pathogens destroys local 

epithelium, creating micro-ulcerations (Paul et al., 2021; Sharma et al., 2016). This 

provides direct entry for local inflammatory mediators and periodontal bacteria into the 

systemic circulation (Winning & Linden, 2015). Biofilm components may even be 

ingested or inhaled (Dörfer et al., 2017). Local inflammatory mediators such as IL-1, IL-

6, PGE2, and TNF-α and bacterial products may now target distant parts of the body. 

Consequently, higher serum levels of systemic proinflammatory markers such as  C-

reactive protein (CRP) also arise (Chambrone et al., 2013). When contributing to an 

already elevated systemic inflammatory burden, PD increases the risk of NCDs (Dörfer et 

al., 2017). 
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