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Summary in Spanish:  

Introducción: El objetivo principal de este trabajo es investigar los estudios que 

relacionan las bacterias periodontales con enfermedades sistémicas. Identificar la 

enfermedad periodontal como un factor de riesgo para las enfermedades sistémicas 

junto con la revisión de los efectos de las medidas preventivas y el tratamiento 

periodontal en la progresión de su patogénesis.  

Metodología: Se realizó una revisión sistemática, utilizando un total de 49 artículos y 

dos libros en lengua inglesa a través de diferentes buscadores como MedLine y 

PubMed incluyendo varios tipos de estudios de información general sobre la 

enfermedad periodontal y sistémicas.  

Resultados: Varios estudios probatorios que apoyan la tesis de la asociación de los 

patógenos periodontales y las enfermedades sistémicas. Las enfermedades más 

comunes identificadas son las enfermedades cardiovasculares, enfermedades 

respiratorias, diabetes mellitus y la enfermedad de Alzheimer.  

Discusión: En general, se demostró una relación potencial entre los patógenos 

periodontales y las enfermedades sistémicas, pero se requieren más estudios para 

demostrar la verdadera relación entre ellos, especialmente en lo que respecta al 

Alzheimer. Es necesario se deben investigar a mayor profundidad las bacterias 

periodontales y du enfoque en si el tratamiento periodontal no quirúrgico o quirúrgico 

puede disminuir el riesgo de desarrollar enfermedades sistémicas.  

Conclusión: Las enfermedades más comunes relacionadas con las bacterias 

periodontales están identificadas y muestran una correlación positiva. Los dentistas y 

los profesionales médicos deben ser conscientes del impacto que tienen las bacterias 

periodontales en la salud general para la mejora planes de prevención y tratamiento 

en la consulta.   
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Summary:  

Introduction: The main purpose of this work is to investigate studies relating periodontal 

bacteria to systemic diseases, identifying periodontal disease as a risk factor to 

systemic diseases along with reviewing the effects of preventive measures and 

periodontal treatment on the progression of their pathogenesis.  

Methodology: A systematic review was performed, using a total of 49 articles and two 

books in the English language through different search engines such as MedLine and 

PubMed, including various types of studies and general information about periodontal 

disease and systemic diseases.  

Results: Several evidential studies supporting the thesis of the association of 

periodontal pathogens and systemic diseases. The most common diseases being 

identified are Cardiovascular Disease, Respiratory Diseases, Diabetes Mellitus, and 

Alzheimer’s Disease.  

Discussion: Overall, a potential link between periodontal pathogens and systematic 

diseases was demonstrated, but further studies are required to prove the true 

relationship between them, especially in regards of Alzheimer’s. More studies have to 

investigate a wider variety of periodontal bacteria as well as focusing more on whether 

non-surgical or surgical periodontal treatment may decrease the risk of developing 

systemic diseases.  

Conclusion: The most common diseases related to periodontal bacteria are identified 

and show a positive correlation. Dentists and medical professionals have to be aware 

of the impact periodontal bacteria have on general health to develop better prevention 

and treatment plans.  
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Introduction: 

Periodontitis is a very common disease in developed and undeveloped countries and 

affects about 20-50% of the global population. It is highly prevalent in adolescents, 

adults, and the elderly, which makes it a significant public health concern. (1)  

Periodontal disease (PD) includes Gingivitis and Periodontitis in varying degrees of 

severity. Bacteria accumulate around the tooth and, as a result, cause inflammation 

and infection of the gum and bone. (2) During the last decades, studies have been 

published hypothesizing the role of Periodontitis in the pathogenesis of systemic 

diseases. Oral inflammation, caused by oral microbiota, can have an effect on systemic 

inflammation through the leakage of toxins or microbial products directly into the 

bloodstream. (3) In consequence, patients suffering from periodontal disease might be 

at higher risk of being diagnosed with systemic diseases like Cardiovascular disease 

(CVD), Respiratory diseases, Alzheimer’s Disease (AD), or Diabetes Mellitus (DM). 

The periodontal infection is a complex mechanism in which the opportunistic and 

infectious microbes may compromise the rest of the body or releasing products that 

cause an inflammatory response. (4) It is fundamental to understand the destructive 

effects of inflammation in the oral cavity on several organ systems and the capacity of 

oral diseases to influence diseases non-related to the mouth. (3) 

 

1. Tooth Anatomy: 

The tooth is composed of the crown and root (Figure 1). The junction between them is 

the cervical margin. The oral cavity is organized in three different types of mucosa, 

which are masticatory mucosa (covers the hard palate and gingiva), lining (covers 

dorsal surface of the tongue), and specialized mucosa (covers the rest).(5) The 

masticatory mucosa includes marginal gingiva and attached gingiva.(6) Marginal 

gingiva or free gingiva does not adhered to the tooth and extends to the border of the 
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gingival sulcus. The clinical probing 

depth (POD) will be measured from the 

most superior portion of the epithelial 

attachment to the crest of the gingival 

margin. The gingiva, part of the 

masticatory mucosa, is a mucous 

membrane consisting of a keratinized 

epithelial layer with an underlying 

connective tissue layer called lamina 

propria. (5) The surface of the sulcus is 

composed of nonkeratinized 

epithelium, which assures protection 

from trauma or mastication.  

The attached gingiva is comprised of the alveolar bone crest and the most coronal 

portion of the epithelial attachment. (6) The crown’s most outer part is made of acellular, 

inert, and hard calcified tissue called enamel, which is supported by non-calcified, vital, 

less mineralized, but stronger tissue called dentin. The pulp chamber is surrounded by 

dentin, containing pulp which is made of soft connective tissue. Mineralized avascular 

connective tissue, called cementum, engages with the dentin of the root and covers all 

of the roots surface. The tooth is connected to the bone by connective tissue that 

consists of cementum, alveolar bone, and periodontal ligament (PDL) in order to 

provide retention, flexibility, and proper attachment to the bone during the mastication 

process. All of these supporting tissues of the tooth are surrounded and shield by the 

gingiva (Figure 2). The PDL, consisting of masses of collagen fiber bundles, attaches 

the tooth to the alveolar bone and is either fixed to the cementum or to the bone. Each 

collagen bundle is arranged individually to provide stress relief without losing its 

 

Figure 1: Anatomy of the tooth (5) 
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architecture and function. (5) The 

alveolar bone is made of cortical 

bone, cancellous bone and alveolar 

bone proper, which is covering the 

tooth socket called “dental 

alveolus”. Periodontal ligament 

fibers are ingrained into the alveolar 

bone in order to anchor the tooth to 

the alveolar bone proper. Therefore, 

occlusal forces will be transmitted to 

the bone. (6) 

 

2. Gingivitis and Periodontitis:  

Gingivitis is characterized by the inflammation of the gingiva without detachment of 

connective tissue to the tooth. The limitation is within the gingival epithelium and the 

connective tissue. It is the earliest form of inflammation of the periodontal tissues with 

clinical findings of supragingival and subgingival plaque formation, usually in relation 

to calculus. Swelling, recurring bleeding, and redness are the most common symptoms 

noted by the patient. Gingivitis is reversible in the case of removing plaque and 

improving oral hygiene. (4,7) 

Without treatment, Gingivitis will lead to Periodontitis, (Figure 3) which will cause the 

gradual destruction of the periodontal ligament and alveolar bone together with 

periodontal pocket formation, gingival recession, and loss of tissue attachment. The 

periodontal infection can be associated with different organ systems like the endocrine 

system, cardiovascular system, reproductive system, and respiratory system, which 

makes it a complex multifactorial infectious disease. (4,8) 

 
 

Figure 2: Anatomy of the gingival attachment (6) 
 



 6 

 
Figure 3: Different Stages of Periodontitis (9) 

 

3. Etiology: 

Periodontal infections are caused by an accumulation of different oral pathogens, 

generating the formation of dental plaque biofilms on the surface of the tooth and a 

host immune response triggered by the inflammation in the supporting tissues. (8) A 

biofilm is necessary for the onset and progression of periodontal disease, in which an 

expected number of microbial species can be related to Gingivitis and Periodontitis. 

Four stages can be identified in the development of the dental biofilm. As seen in 

‘Figure 4’, the first phase consists of the absorption of bacteria, salivary glycoproteins, 

and oral compounds, which adhere loosely to the clean surface of the tooth and 

forming the acquired pellicle. During the second stage of the biofilm formation, the 

initial adhesion, various bacterial species like Haemophilus spp, Veillonella spp, 

Actinomyces spp, Streptococcus spp, and Neisseria colonize and form the acquired 

pellicle. Those bacteria benefit from taking up space in the early stages for later 

competing with other bacteria. At this moment, the biofilm is reversible, and the 

adhered bacteria can disengage at any time from the acquired pellicle. The third stage 

is the formation of the mature dental biofilm and the coaggregation process of bacteria, 

which describes the ability of bacterial species to combine with other bacterial species 
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by cell-to-cell recognition. New bacterial species such as Treponema spp, Tannerella 

forsythia (T. forsythia), Aggregatibacter actinomycetemcomitans (A. 

actinomycetemcomitans), Porphyromonas gingivalis (P. gingivalis), and 

Fusobacterium nucleatum (F. nucleatum) will bind to the present bacteria through 

salivary glycoproteins. A proportional change in the dental biofilm will occur in which 

the number of new bacteria will increase, whereas the initial bacteria decrease. During 

the last stage of the dental biofilm formation, the bacteria detach from the initial side in 

the form of cluster of cells, looking for a new location to accumulate and leaving the 

tooth with erosion. (10,11) 

 
Figure 4: Stages of the formation of the oral biofilm (10) 

 
The initial number of bacteria during the dental plaque formation is thought to be a 

relatively stable colonization of great diversity, which varies depending on the location 

of the mouth. In case the bacterial community gets out of balance, colonization of less 

benign bacteria will take place in the oral cavity, which will lead to an increase of oral 

diseases. This will happen under the influence of genes, environmental susceptibility, 

local risk factors, personal dietary and oral hygiene habits. (12) Local risk factors can be 

age, hereditary, stress, smoking, alcohol consumption, depression, and associated 

systemic diseases like cardiovascular diseases such as coronary heart diseases 

(CHD) or stroke, DM, and respiratory diseases such as chronic obstructive pulmonary 

disease (COPD). (13)  
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4. Pathogenicity: 

Periodontal disease has different developmental stages, including initial lesion, early 

lesion, established lesion, and advanced lesion. During the first phase, the initial lesion, 

no clinical signs of inflammation, can be seen. On the contrary, histological changes 

are observed. Leukocytes and endothelial cells respond to the invasion of bacteria, 

which causes the production of cytokines and stimulation of neurons. (Figure 5) 

 
Figure 5: Developmental Stages of Periodontitis (14) 

 

Those will generate neuropeptides that cause vasodilation within the local blood 

vessels from where neutrophils migrate towards the area of inflammation. Following is 

the early lesion. During this stage, new cells appear, such as plasma cells, mast cells, 

macrophages, and lymphocytes, and the number of neutrophils increases within the 

connective tissue. Rete pegs are composed after the epithelium multiplies, which 

causes inflammation in the gingiva and results in the first clinical sign of bleeding. The 

following established lesion the time the innate immune response evolves into the 

acquired immune response. The most common cells present are plasma cells, 

macrophages, T and B lymphocytes accompanied by some IgG1 and IgG3. Fibroblasts 

release a higher volume of collagen, and blood flow is decreased. By clinical definition, 

this stage is Gingivitis (moderate to severe) with gingival bleeding and changes in color 
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and texture. The final and last stage is the evolution to Periodontitis called ‘advanced 

lesion’. It can be observed histologically and clinically in ways of the gradual, 

irreversible loss of attachment as well as overall bone loss caused by the deep and 

extended inflammation. (7) 

 

5. Diagnostic Measures:  

By determining the degree of periodontal disease, six different indicators are used, 

including POD, clinical attachment level (CAL), bleeding on probing (BOP), tooth 

mobility, furcation levels, and radiographic findings. Among all of them, POD is one of 

the best ways to measure the current stage of the periodontium. The distance will be 

measured with a periodontal probe from the bottom of the vestibule to the gingival 

margin (Figure 6). A healthy periodontium has pockets less than 2mm deep and no 

loss of epithelial attachment. Pockets bigger than 4mm are clinically diagnosed with 

Periodontitis, and pockets bigger than 6mm or more are diagnosed with advanced or 

severe Periodontitis. (4,15) 

 

Figure 6: Diagnostic measures for periodontal probing (15) 
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The examination of the POD is accompanied by BOP. If bleeding appears after 

introducing the periodontal probe, it will indicate subgingival inflammation. The CAL is 

the distance from the bottom of the periodontal pocket to the cementoenamel junction 

and will show the amount of attachment that has already been lost. Radiographic 

assessment (Figure 7) will display the state of the alveolar bone that supports the root 

of the tooth. If the bone is located 12mm above the crown, it indicates a healthy 

periodontium. More than 12mm imply that the loss of alveolar bone already occurred. 

(15) The ongoing destruction of fibers results in the loss of periodontal ligament, which 

leads to tooth mobility and furcation (16). 

 
Figure 7: Radiographic Diagnosis of Bone Loss (15) 

 

6. Classification Systems:  

Over the years, periodontal disease has been classified in different ways. In the 

beginning, it was grouped into Gingivitis or Periodontitis (slight, moderate, severe, and 

refractory). In 1997 the American Association of Periodontics introduced a new 

classification, which was approved in 1999, and was the most widely used during the 

last 18 years. It reclassifies periodontal diseases in Gingivitis, Chronic Periodontitis 

(CP), aggressive Periodontitis (localized and generalized), necrotizing Periodontitis, 

and Periodontitis as a manifestation of systemic diseases. 

At the 2017 World Workshop, a new classification system has been announced 

involving periodontal and peri-Implant conditions or diseases. Within this new 
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approach, Periodontitis is characterized as a  multidimensional and complex staging 

and grading system, as seen in ‘Figure 8’. (17) One of the main and most important 

changes is the inclusion of systemic diseases affecting the supporting tissues of 

periodontal disease (18).  

 
Periodontal Staging: 

 
 
 
Periodontal Grading: 

 
 

Figure 8: New Classification System of Periodontitis 2020 (17) 
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7. Prevention and Treatment Options 

Control and prevention of Periodontitis must always be considered in patients at risk 

or with already established systemic diseases, including regular dental appointments 

and good oral hygiene. Once diagnosed with Gingivitis or Periodontitis it can be treated 

successfully in most cases. The main goals of the therapeutic approach are to 

terminate the origin of bacteria, decrease present risk factors, to stop the progression 

of the inflammation, and to maintain the healthy state of the periodontium, therefore 

preventing deterioration of Periodontitis. In severe cases, a non-surgical treatment 

called scaling and root planing (SRP) will be performed to regenerate the periodontal 

attachment.(4) Scaling can either be performed supragingival or subgingival depending 

on the location of the calculus. In the case of supragingival calculus, the visible area 

of the tooth will be professionally cleaned with an ultrasonic instrument. Scalers and 

curettes can also be used for enamel surfaces. Root planning is only performed 

supragingival with curettes.(6) Alternative treatment to SRP can be the administration 

of antibiotics like tetracycline or amoxicillin and metronidazole combined. 

Complementary treatment may involve antiseptic mouth rinse and sometimes even 

medication to contribute to the healing process and getting the bacterial infection under 

control. If the dentist needs to have access to areas that cannot be reached with the 

periodontal curettes, surgical treatment has to be carried out. Inflamed tissue, plaque, 

and tartar will be removed by a periodontist to eliminate the accumulation of bacteria 

and therefore decrease the alveolar bone destruction around the affected area, reduce 

pockets, and aids in reestablishing tissue and bone. Further surgical treatment options 

include bone grafts and target bone grafts. (4)  
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Objectives:  

The aim of this work is to discuss and evaluate the following objectives:  

 

Primary Objective: 

1. What are the main systemic diseases related to periodontal disease and its 

associated periodontal bacteria  

2. What are the effects of prevention and periodontal treatment on systemic diseases  

 

Secondary Objectives: 

3. Is the relation of Systemic Diseases and Periodontal Disease a public health 

concern 
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Methodology: 

A systematic review and meta-analysis were performed using scientific articles, 

papers, books, and journals. Following Keywords have been applied (either alone or 

in combination with each other): Gingivitis, Periodontitis, Bacteria, Periodontal 

Disease, Subgingival Microbiota, Anatomy, Oral Biofilm, Diabetes Mellitus, 

Cardiovascular Diseases, Respiratory Diseases, COPD, Pneumonia, Systemic 

Diseases, and Alzheimer. 

 
Search engines used:   

- MedLine 

- PubMed 

- Homepages  

- Google Scholar 

- Webpage “ncbi.com”  

- UEM library page “descubre.uem.es”  

 
Inclusion criteria: 

- Journals, scientific papers, or articles available in full text  

- Studies from the last 10 – 20 years with a minimum of 50 participants  

- Systematic reviews from 1980-2020 

- Different types of studies such as cross-sectional, longitudinal, cohort and case-

control studies with randomized controlled clinical trials in human subjects of 

any age, gender, or ethnicity  

- Minimum of 2 months follow up period  

- Clearly defined systemic disease  

- Physical and Periodontal examination  
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Exclusion criteria: 

- Low number of study participants (<50) 

- Not available in full text  

- Animal studies  

- Lack of validation of a precise diagnosis of PD 

- No clear definition of the systemic disease or PD  

- Questionnaire as a diagnostic tool  

 

In total, a collection of 49 articles and two books in the English language were 

established, including the information of the pathological course, preventive abilities, 

treatment options, and the possible connection of Periodontal Diseases in relation to 

Cardiovascular Diseases, Diabetes Mellitus, Respiratory Diseases and Alzheimer’s 

Disease. Regarding studies, after reviewing and full-text screening 17 relevant studies 

and eight systematic reviews were selected. 

 
Figure 9: Mind Map of the review process for the selection of relevant studies 



 16 

Results:  

The main systemic diseases related to periodontal disease are Cardiovascular 

Disease, Respiratory Disease, and Diabetes Mellitus. Furthermore, recent studies also 

established a link to Alzheimer’s. (3,4,15) 

 

1. Cardiovascular Diseases 

Over the last 20 years, different evidential literature has established the link between 

PD as an independent risk factor for Atherosclerotic Cardiovascular Disease (ATCD). 

The bacterial infection of periodontal disease might play a direct role in the 

pathogenesis of ATCD (Figure 10). Atherosclerosis (ATH) develops over time when 

blood vessels are clogged by cholesterol, fat, and other substances that can be found 

in the blood, following the narrowing and hardening of the vessels, which cause blood 

restriction. (19) 

 

 
Figure 10: Periodontal pathogens enter the bloodstream and cause local and systemic 

inflammation (20) 
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The association of PD and ATH has been around for years and could be explained by 

the destruction of the endothelial tissue by infectious agents such as found in 

periodontal disease.(19) Several pathogens in PD, present in the subgingival biofilm, 

such as Gram-negative anaerobes, have been related to an increased risk of 

Myocardial Infarction (MI).  Studies showed a high number of bacteria such as 

P.gingivalis, Prevotella Intermedia (P. intermedia), and T. forsythia being present in 

atherosclerotic lesions in coronary arteries as well as Streptococcus Mutans (78%) in 

thrombus tissue.(21) Pathogens like P. gingivalis can directly enter arteries and 

endothelial cells and could trigger a secondary inflammation, especially through 

Gingipains that may cause endothelial dysfunction (Figure 11). Additionally, antibodies 

produced to fight P.gingivalis have been discovered in arteriosclerotic plaques.(21,22) 

Other bacteria such as A. actinomycetemcomitans play an important part during the 

pathogenesis of ATC. (23) They affect the permeability of the endothelium, connection 

of lipoproteins and their concentration. One study presented an increased number of 

CRP and Interleuking-6 (IL-6) in patients with A. actinomycetemcomitans than in 

patients without. As a result, subjects with A. actinomycetemcomitans may be linked 

to a higher serum level of proinflammatory markers. (24) PD could be directly associated 

in the pathogenesis of thromboembolic situations and ATH by contributing with 

inflammatory cytokines and liposaccharides. Higher levels of C-reactive proteins 

(CRP), neutrophils, and interleukin (IL)-6 are found in higher volume when Periodontitis 

is present. (19)  

A systematic review was performed to investigate the serum levels of shared 

biomarkers between PD and ACVD to increase the evidence for a relation between 

them. Results, in fact, showed higher levels of inflammatory markers, IL-6 and CRP, 

which support the thesis of endothelial dysfunction being the link between PD and 

ACVD. (21) Raised levels of inflammatory factors play a role in atherosclerotic lesions, 
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which increase the risk for cerebrovascular and/or cardiac problems like ischemia of 

the heart, brain or extremities that might later end in thrombosis and infarction. (19)  

 

 

Figure 11: Periodontal bacteria spreading from the mouth into coronary arteries (25) 

 

In Tokyo, a case-control study by N. Aoyama et al. between May 2012 and August 

2015 in 611 subjects (61-80 years old) investigated the effect of periodontal 

inflammation on hypertension (HT) in male cardiovascular patients including MI, 

arrhythmia, angina pectoris, heart failure, valvular disease and cardiomyopathy. For 

selected participants, a physical, periodontal examination (POD, CAL, BOP) was 

completed. Additionally, subgingival plaque samples and unstimulated saliva were 

collected to identify periodontal pathogens: P. intermedia, P. gingivalis and A. 

actinomycetemcomitans. IgG antibodies against antigens of the cell surface were 

investigated through an enzyme-linked immunosorbent assay called ELISA. Results 

showed a significantly higher number of periodontal bacteria (A. 
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actinomycetemcomitans and P. intermedia) in male subjects that presented HT 

compared to female patients. After adapting co-risk factors such as DM, DL, and 

obesity, an increase of P. intermedia in 71–80-year-old male patients were recognized. 

Hence, specific periodontal pathogens may have an effect on HT in male patients with 

CVD. (23) 

 

In 2016 R. Lysek et al. published a case-control study among 220 subjects to 

investigate the relationship between CP, past MI, and P. gingivalis serum antibodies. 

They included 97 patients after MI and 113 patients at high risk for CVD but without 

any history of MI based on their clinical history of coronary heart diseases, risk factors, 

and periodontal status including CAL, POD, and BOP using the Community 

Periodontal Index (CPI). Co-risk factors such as age, smoking, sex, HT, BMI, DM, 

hypercholesteremia, and edentulism were adjusted. Among the study group more 

patients had a decreased number of teeth after MI, increased incidence of POD 

including pockets (>6mm or more), BOP (>50%), and calculus. In the study group, they 

found a three times higher chance of past MI if P. gingivalis Gingipains antibodies were 

present (OR= 2.92, 95% CI 1.02 – 7.84). After adapting confounding factors, subjects 

with BOP >50% had an Odds Ratio of 4.56 with a Confidence Interval of 2.03 – 10.27 

(95%), and subjects with CPI code 4 presented an Odds Ratio of 3.18 with a 

Confidence Interval of 1.01 – 10.06 (95%). Subsequently, patients with BOP>50% and 

CPI code 4 have a four times higher chance of a past MI. Increased odds of past MI 

were also observed in CAL > 6.  Concluding, results showed the positive correlation of 

past MI and CP accompanied by higher levels of antibodies against P. gingivalis 

Gingipains. (22) 
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In a randomized controlled trial by S. Bokhari in 2011, a group of 246 subjects was 

studied to investigate the influence of periodontal systemic inflammatory markers on 

the risk of developing CHD. The main focus of this study was to observe the effect of 

non-surgical periodontal treatment consisting of oral hygiene instructions and SRP 

(Figure 12) on systemic CRP, fibrinogen, and white blood cells in CHD patients. Within 

the 246 participants, 161 belonged to the study group and 85 to the control group. The 

subjects were assessed after systemic parameters at the start and after a two month 

follow-up period, including BOP, POD, CAL, white blood cells, fibrinogen levels, and 

CRP. In the study group, a significant decrease in CRP levels (30%) was observed. 

Eight weeks after non-surgical periodontal therapy, an overall improvement was 

detected. The average BOP decreased by 44%, PPD > 4mm was reduced by 38%. 

The investigators reported non-surgical periodontal treatment decreased the systemic 

levels of CRP, white blood cells, and fibrinogen in CHD patients with Periodontitis. (26) 

 
Figure 12: Process of Scaling and Root planning (27) 

 

Over a follow-up period from 2001 – 2010, S. Chou et al. investigated a population -

based follow-up study in Taiwan to determine an association between periodontally 

treated patients and long-term major adverse cardiovascular events (MACE). After 
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reviewing 32.504 adult patients (> 18 years) that have been treated for Periodontitis, 

27.146 subjects remained, including 13,573 with mild PD and 13.537 with severe PD. 

International classification of diseases, clinical examination, diagnostic codes of 

Periodontitis were used as a diagnostic measure. Periodontal treatments that were 

accepted included full mouth, half arch or <3 teeth subgingival curettage, periodontal 

flap operation, and extractions. MACE was diagnosed with MI, percutaneous coronary 

intervention, coronary artery bypass grafting, heart failure, cerebrovascular accident, 

malignant dysrhythmia, thrombolysis, and cardiac shock. During the ten years follow-

up period, 728 subjects with  mild PD and 1206 of severe PD suffered from one MACE. 

After modification of underlying risk factors such as hyperlipidemia, HT, DM, and 

gender, the severe PD group showed a significantly higher risk of MACE in patients 

older than 60 years of age. (IRR: 1.26; 95% CI; 1.08 – 1.46). Results showed no link 

between PD and MACE in patients under 60 years of age. (28) 

 

In 2021, a systematic review by F. Zardawi et al. previously reviewed literature that 

established the link between PD and ACVD. The development and progression of PD 

and ACVD depend on several different factors, which makes them a multifactorial 

disease. They claim their association is more complicated than expected due to the 

presence of other systemic diseases such as DM or lifestyle-related behavior like 

smoking, poor oral hygiene, stress, sedentary, and obesity. Several studies provide 

evidence for PD, ACVD, and endothelial dysfunction sharing the same biomarkers 

such as CRP, tissue plasminogen activator (t-PA), TNF- α, and LDL. PD is further 

associated with an increased level of inflammatory serum biomarkers such as von 

Willebrand factor (vWF), endothelial progenitor cells, and fibrinogen, which will reduce 

after periodontal treatment (Figure 13).(21)  
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Figure 13: Association between PD and ACVD generated by endothelial dysfunction (21) 

 

Investigators reported a study regarding the level of serum of mutual biomarkers 

including IL-6 and CRP, which are elevated during PD and ACVD, and subsequently 

come to the conclusion that those biomarkers are the link between them. In several 

case-control and cohort studies, the relationship between PD and ACVD has been 

studied on subjects using periodontal examination, including PPD, CAL, and alveolar 

bone loss. Participants suffering from PD had a significantly higher risk of MI, stroke, 

peripheral artery disease, and arterial fibrillation. Taking all observational studies into 

consideration, the overall odds ratio of ATC is higher in subjects with PD than in 

subjects without PD. Additionally, interventional studies recommend good oral 

hygiene, including regular checkups, professional prophylaxis, and periodontal 

treatment, which can decrease the frequency of ACVD events. (21) 
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Table 1: Summary of the association between PD and CVD of five different studies 

with positive findings 
Study Country Type Subjects Diagnosis Aim Results 

 
N. Aoyama 

et al.  
 

May 2012- 
August 
2015 

 
(23) 

  

 
 
 
 

Japan 

 
 
 
 

Case-control 
study  

 
 
 
 

611 

 
Physical 

examination 
for HT, DM, 

DL + 
peripheral 

blood 
sample + 

periodontal 
examination 

  

 
 

Association 
of specific 
bacteria 

influences 
CV patients  

 
 
 
 

Specific PD bacteria 
increase the risk of HT 

in male CV patients   

 
 
 

R. Lysek  
et al.  

 
2016 

 
(22) 

 
 

 
 
 
 
 

Poland 

 
 
 
 
 

Case-control 
study  

 
 
 
 
 

220 

 
 
 
 

 Periodontal 
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10.06). 
CAL > 6: (OR = 1.28, 
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+ Clinical 

examination  
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CVD 
effects in 
treated 
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patients 

 

 
 
 
 

Patients >60 years: 
(IRR: 1.26; 95% CI; 

1.08 – 1.46) 
 

 
F. Zardawi 

et al.  
2021 

(21) 

 

  
Meta-

Analysis & 
Systematic 

Review 

  
 

 
Association 

between 
PD and 
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*CI: Confidence Interval 
*IRR: Incidence Rate Ratio 
*CV: Cardiovascular  
*CPI: Community Periodontal Index  
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2. Diabetes Mellitus:  

Diabetes Mellitus involves a heterogeneous group of metabolic disorders caused by 

insulin deficiency. Depending on its etiology, it can be grouped into Type 1 Diabetes 

(T1D), Type 2 Diabetes (T2D), and gestational Diabetes (GDM). T1D is characterized 

by a complete insulin insufficiency after the loss of beta-cells inside the islets of 

Langerhans within the pancreas that can have an idiopathic origin or is immune- 

mediated. T2D results either in insulin resistance or insulin deficiency due to the lack 

of working pancreatic beta-cells. GDM is described as Diabetes during pregnancy at 

any extent of glucose intolerance. Overall, T2D is more prevalent around the world 

than T1D, with more than 90% of the cases, and more women in developed countries 

suffer from DM than men.(29) 

The two-way relationship between PD and DM has been observed increasingly over 

the last 30 years. Investigators analyzed the effect of PD on Diabetes, including how 

glycemic control either can have an impact on PD or how PD is affecting the glycemic 

control and pathophysiology of DM, identifying PD as a risk factor for DM and vice 

versa. (29) It has been reported that inflammation of the periodontal tissue in a diabetic 

patient will elevate insulin tissue resistance and may disturb glycemic control. Studies 

demonstrated a higher prevalence and severity of PD in diabetic patients compared to 

a healthy control group from the general population. Further, diabetic patients with poor 

glycemic control have also been diagnosed more often with PD. (15) Bacteria and 

inflammatory meditators (TNF- α, IL1, IL6) found in periodontal tissue during 

inflammation have been recognized as an antagonist to insulin, having an important 

impact on the metabolism of lipid and glucose and being connected to insulin 

resistance mainly associated with T2D and GDM. (29) The composition of the 

subgingival biofilm may play an important role in non-diabetic and diabetic patients, 

considering one study that found a significantly higher amount of P. gingivalis 
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pathogens in diabetic patients whereas all other common periodontal pathogens were 

found in both groups. (16) The association between severe Periodontitis with higher 

glycosylated hemoglobin levels (HbA1c), poorly controlled glycemia, and different kind 

of diabetic complications have been investigated in numerous longitudinal studies. 

(15,29) Reports have been surfaced describing the risk of elevated levels of HbA1c in 

PD patients increases the risk of non-diabetic patients developing Diabetes in the near 

future. Treatment options have been evaluated, showing a decrease of HbA1c  by non-

surgical periodontal therapy, which helps to clear all bacterial plaque aggregation and 

decreasing inflammation of the gingiva. (15)  

One of the most recent cross-sectional studies by the National Institutes of Diabetes 

and Digestive and Kidney Diseases (NHANES), from 2009 – 2012, investigated the 

association of Periodontitis and Diabetes in over 10.000 subjects, presenting over 143 

million adults in the US. Results showed a bidirectional relationship in which moderate 

to severe Periodontitis is more prevalent in poorly controlled diabetic patients, as well 

as more diabetic subjects under the age of 30 with abnormal glucose levels, had been 

diagnosed with Periodontitis than the non-diabetic group. As shown in ‘Figure 14’ the 

incidence in men is significantly higher than in women. (30)  

 
                                   Figure 14                                                                   Figure 15 

Figure 14: Prevalence of adults older than 30 years of age with moderate/ severe Periodontitis by status, sex, 
and diabetic glycemic control (30) 

Figure 15: Prevalence of adults older than 30 years of age with moderate/ severe Periodontitis by age, status, 

and group (30) 
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5  | DIABETES AND PERIODONTITIS

5.1 | Cross- sectional studies

The most recent cross- sectional study defines the relationship of dia-

betes to periodontitis in over 10 000 individuals representing over 

143 million dentate adults in the USA examined from 2009 to 2012.
11

 

These two 2-year NHANES cycles apply for the first time a full-mouth 

periodontal probing protocol, which enables the most accurate es-

timates of the prevalence of periodontitis. It should be noted that 

NHANES does not distinguish between the different types of diabetes.

From Figure 1 it can be seen that adults ≥30 years of age with 
diabetes suffer from more moderate or severe periodontitis as com-

pared with those with normal glucose levels at all age levels.
11

Likewise, the prevalence of moderate/severe periodontitis is 

greater in those with poorly controlled diabetes and in those with 

controlled diabetes or prediabetes compared to participants without 

diabetes in both sexes (Fig. 2). Furthermore, that prevalence is greater 

in men compared to women within each of the three categories of 

glycemic control (results not shown).

Having no natural teeth (edentulism) is more common in those 

with diabetes and prediabetes in the age range of 45- 64 years, but not 

among those 65 years or older.
11

A well, there was more edentulism among those with elevated 

HbA1c levels as compared with those with good glycemic control.  

A similar finding was seen when the number of missing teeth was ana-

lyzed, ie more missing teeth in those with diabetes. Missing teeth were 

also greater in those with greater HbA1c.

From this study reprepresenting over 143 million adults in the USA, 

diabetes and hyperglycemia are associated with more severe periodon-

titis, edentulism, and tooth loss.

6  | PERIODONTITIS IN T YPE 1 DIABETES

The oral health status of 263 subjects with type 1 diabetes was com-

pared with 208 with no diabetes (aged 11- 18 years).
13

 Almost 10% 

(9.8%) of those with type 1 diabetes had evidence of periodontitis 

versus 3% in children without diabetes. Figure 4 shows radiographs 

from a 16- year- old female with type 1 diabetes and severe periodon-

titis from this study. Severe alveolar bone loss especially affecting 

the molars and incisors can be seen in this patient.

A population- based longitudinal study showed that subjects with 

uncontrolled type 1 diabetes suffered from greater loss of clinical 

attachment over 5 years.
14

 Moreover, uncontrolled type 1 diabetes, 

as well as uncontrolled type 2 diabetes, was associated with greater 

tooth loss over the 5- year follow- up period.

Similarly, participants with type 1 diabetes had a greater bleed-

ing index as well as more periodontal attachment loss than those 

Clinically important facts about the association of 
diabetes and periodontal disease include:
• Type 1 and type 2 diabetes, as well as gestational diabe-

tes, increase the risk for periodontal disease, especially 

if uncontrolled.

• Diabetes also increases the risk of tooth loss, which 

interferes with diet, often resulting in poor glycemic 

control.

• Diabetes can result in increased oral fungal infection 

and fissured tongue. Diabetes can also lead to burning 

mouth and alterations in taste sensation, both of which 

can interfere with eating, resulting in poor nutrition.

• Appropriate control of blood sugar and weight and ad-

equate exercise can result in good diabetes control and 

the prevention and management of periodontal disease 

can result in good oral health. Both can be obtained in 

patients with diabetes to help ensure a healthier life for 

many patients.

F IGURE  1 Prevalence of moderate/severe periodontitis
12

 

among dentate adults aged ≥30 years by diabetes status and 
age group – National Health and Nutrition Examination Survey 

(NHANES) 2009–2012.
11

 Error bars represent 95% confidence 

intervals. *p<0.05 compared to persons with normal glucose levels.

       Diabetes             Prediabetes          Normal glucose level 

F IGURE  2 Prevalence of moderate/severe periodontitis
12

 

among dentate adults aged ≥30 years by diabetes (glycemic control) 
status and sex – National Health and Nutrition Examination Survey 

(NHANES) 2009–2012.
11

  A1c (HbA1c), glycated hemoglobin. Error 

bars represent 95% confidence intervals. *p<0.05 compared to 

persons with normal glucose levels.
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In the past, numerous studies have been investigating the role of periodontal 

pathogens in the pathogenesis of Diabetes. They tested microbiota in diabetic and 

non-diabetic patients for 17 different species, including Streptococcus oralis, 

Prevotella nigrescens and Treponema denticola (T. denticola), which were increased 

in diabetic patients compared to the non-diabetic group. Another study found a 

significantly higher frequency of P. gingivalis, A. actinomycetemcomitans, and 

Campylobacter spp. in the subgingival plaque of diabetic subjects. Overall, a 

connection between the elevated number of anaerobic bacteria in subgingival plaque 

and the accelerated progression of PD can be drawn, which could be explained either 

by the effect of Diabetes on subgingival plaque or by the response of the host, which 

results in an increased progression of the disease. (31) 

 

Further studies also have been analyzing the effect of periodontal treatment on diabetic 

patients. In 2017 over a timeframe of 6 months, a randomized controlled trial by E. 

Mauri-Obradors et al. investigated serum HbA1c levels after non-surgical periodontal 

treatment on 90 T2D patients. The study group got treated with SRP, ultrasound and 

Gracey curettes, whereas the control group only got supragingival plaque and calculus 

removal by ultrasound. Both groups received oral hygiene instructions. After 3 and 6 

months in all subjects, POD, GI, fasting plasma glucose, HbA1c, and bacterial counts 

were assessed. As a reference for bacteria A. actinomycetemcomitans, P. intermedia, 

T. forsythia and P. gingivalis were obtained. As a result, patients who received non-

surgical periodontal treatment showed better glycemic status in T2D patients than the 

control group. Regarding bacteria, there was a decrease in number in some patients 

but not all (Figure 16), and after analyzing the microbiology, the data showed no 

association of periodontal pathogens and the progression of Diabetes. (32) 
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Figure 16: Average progression of the number of periodontal bacteria (32) 

 

 

3. Respiratory Diseases 

The two central respiratory diseases are Chronic Obstructive Pulmonary Disease and 

pneumonia which cause a high number of deaths every year. Over the last decades 

evidence surfaced associating periodontal pathogens being able to influence the 

progression of respiratory diseases. Periodontal bacteria related to pneumonia are P. 

intermedia, P. gingivalis, Streptococcus constellatus, Actinobacillus 

actinomycetemcomitans, Actinomyces Israelii and Capnocytophaga. One reason 

could be the extensive inflammatory process in PD and respiratory diseases that cause 

the elimination of connective tissue, which might be the explanation for their 

association. The oral cavity may serve an excellent storage for the colonization of 

respiratory pathogens, which favors dental plaque as well as for periodontal bacteria 

that may be inhaled by the lungs and may cause pneumonia. (33) Different types of 

bacteria find a perfect environment in periodontal pockets, increasing the risk of 
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aspiration. (34) Several studies show the important role of periodontal treatment which 

reduces the prevalence of respiratory diseases.  (35) 

 

a) Chronic Obstructive Pulmonary Disease  

COPD is defined as a chronic obstruction within the lungs accompanied by an 

excessive production of sputum caused by emphysema and/or chronic bronchitis 

(Figure 17).(33) A common mechanism of PD is the tissue damage caused by the 

production of oxidative stress due to bacteria and the inflammatory cells, and 

macrophages and neutrophils that release a high amount of reactive oxygen 

species (ROS). Primarily those hyperactive neutrophils secrete an increased 

number of ROS that are associated with the destruction of alveolar tissue in the 

lungs. Periodontal bacteria such as P. gingivalis and F. nucleatum play an essential 

role during the pathogenesis of lung inflammation. Neutrophil extracellular traps 

destroy lung tissue and are crucial for the progression of COPD and can be 

released by periodontal bacteria, therefore accelerating the pathogenesis of 

COPD. (35)  

 

 

Figure 17: Difference of alveoli with and without emphysema in case of COPD (36) 



 29 

From October 2018 to January 2020, a case-control study by X. Zhou et al. 

investigated periodontal condition and microbiota among COPD and periodontal 

patients. A total of 120 subjects were accepted and divided into two groups 

consisting of 60 periodontal patients with COPD (study group) and 60 periodontal 

patients without COPD (control group). Respiratory and periodontal diagnostic 

measures included POD, location of Cementoenamel junction, CAL, bleeding 

Index, and alveolar bone loss. They took samples of subgingival plaque to 

determine four different respiratory pathogens and five different dental pathogens 

using real-time polymerase chain reaction. After two years, COPD patients suffered 

from more plaque index (PI), had fewer teeth, and higher CAL compared to the 

control group. Overall periodontal pathogens were not associated to an increased 

risk of COPD even though some respiratory and periodontal pathogens were 

positively related to each other. (37) 

In 2017 a study by X. Wu et al. was published observing the relationship between 

COPD and Periodontitis along with the investigation of specific bacteria influencing 

both COPD and Periodontitis. Among 55 COPD patients (study group) and 50 non-

COPD patients (control group), bacterial DNA was obtained, and through 

metagenomic sequencing of 16S rRNA gene, the microbiota were able to be 

characterized. Results showed a higher amount and more variety of periodontal 

bacteria in COPD patients with PD, such as P. intermedia, Porphyromonas 

endodontalias, Dysgonomonas wimpennyi and Catonella morbi, concluding a rise 

in microbiota associated with Periodontitis may be correlated to COPD. (34) 
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b) Pneumonia  

Pneumonia is a severe condition characterized by pulmonary parenchyma (Figure 

18) being infected, provoked by different infectious origins such as bacteria, fungi, 

viruses, parasites, or mycoplasma. (33) The oral cavity serves as a vital origin of 

bacteria for infections in the respiratory system. (38)  

 

Figure 18: Difference of alveoli with and without pneumonia (39)  

 

The association of PD and pneumonia may be explained by the accumulation of 

pathogenic bacteria within the dental biofilm, which are then inhaled, causing 

degradation of tissue, adhesion, and increase in the number of bacteria, 

recognizing PD as a risk factor for pneumonia.(35,38) Especially in periodontal 

patients’ respiratory bacteria such as Haemophilus influenza, Mycoplasma 

pneumonia, and Streptococcus pneumoniae like to accumulate within the dental 

plaque.(35) Periodontal pathogens, found in the dental biofilm, that can be 

associated with severe pneumonia are A. actinomycetemcomitans, Fusobacterium 

species, and P. gingivalis. (35,38) The capability of periodontal bacteria to adjust 
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receptors for respiratory pathogens, proliferation may be one of the mechanisms 

that explains the association of PD and pneumonia. (35) Regarding periodontal 

treatment, a recent study associated professional prophylaxis with a reduced risk 

of pneumonia by 29%. (38) 

For the last 20 years, studies support the proposition of associating periodontal 

pathogens with the risk of a pneumonic incidence. Patients hospitalized in intensive 

care units were at a higher chance of developing pneumonia with bacterial 

pathogens and specific salivary enzymes deposited in the oral cavity serving as a 

reservoir for specific respiratory bacteria such as Staphylococcus aureus and 

Pseudomonas aeruginosa. Another study was able to identify P. gingivalis as a 

predictor for respiratory diseases, and other studies claimed the number of bacteria 

being aspirated is more important than the species. Furthermore, in another study 

Streptococcus sobrinus has been observed being a cariogenic risk factor for 

aspirated pneumonia in hospitalization. (40) 

 

In Germany in 2020, F. Cieplik el al. observed 99 patients, their oral health and 

microbiological composition during a pneumonic occurrence with symptoms similar 

to a stroke. Diagnostic measures included neurological, demographic, and 

immunological data, tooth index, periodontal examination (POD, PI), and oral 

hygiene. After 48h and 120h, further investigations were concluded, such as 

selection of immunological data and samples of microbiota which got processed 

via 16S rRNA amplicon sequencing. In the end, only 57 patients actually got 

diagnosed with a stroke, and from those, 8 established pneumonia. Overall, older 

patients with poor oral hygiene and less teeth were more likely to undergo a stroke-

induced pneumonia. The investigation of the microbiota presented no critical 

differences in the bacterial compositing among the groups. (41) 
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In Taiwan, a nationwide population-based cohort study by L. Yang et al.  from 2001 

until 2012 investigated the effect of periodontal treatment on the risk of developing 

pneumonia. They collected data from the Taiwanese National Health Insurance 

research Database (NHIRD), including 49.400 patients with chronic Periodontitis 

and 49.400 healthy subjects in the control group. The subject group included 

patients that received periodontal treatment within one year after their diagnoses 

such as SRP, periodontal flap surgery, and curettage. Furthermore, they adjusted 

the subject group according to age, gender, monthly salary, urbanization, and 

comorbidities. All patients were followed until pneumonia occurred, either caused 

by an emergency or hospitalization.  Within those 12 years, 1922 of the study group 

and 2504 of the control group suffered from pneumonia. Additionally, subjects over 

the age of 65 years old and comorbidities as well as men had a higher risk of 

developing pneumonia. As seen in ‘Figure 19’ periodontal treatment reduces the 

risk of pneumonia significantly by 66% in those patients treated with scaling 

accompanied by flap surgery.(38)  

 
Figure 19: Risk of pneumonia by different periodontal treatment (38) 

 

Conclusively, this study claims the association of periodontal treatment with a lower 

risk of developing pneumonia. (38) 
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c) COVID-19: Relevance for the public 

Due to recent events, a potential association can be drawn between periodontal 

pathogens and the progression of COVID-19. Aspiration pneumonia, COPD, 

Diabetes, and cardiovascular diseases can be correlated with the involvement of 

periodontopathic bacteria, and patients diagnosed with these systemic diseases 

may have an increased COVID-19 progression. Individuals being infected by the 

SARS-CoV-2 accompanied by comorbidities such as pneumonia, COPD, CVD and 

Diabetes show greater severity and mortality rates. It is assumed that poor oral 

hygiene may play a role in the aggravation process of COVID-19 by the aspiration 

of periodontal bacteria that activate specific enzymes (receptors for SARS-CoV-2) 

and inflammatory cytokines located in the lower respiratory tract. Additionally, 

SARS-CoV-2 is able to penetrate into periodontal tissue in periodontal patients with 

open wounds that bleed and can cause bacteremia and endotoxemia, therefore 

increasing the risk of COVID-19 infected individuals. (42) As recent studies showed, 

periodontal treatment can reduce the risk of pneumonia and COPD.(35,38,42) While 

patients with COVID-19 remain for a long time in the Intensive Care Unit and 

probably receive less oral hygiene procedures, it may increase the chance of the 

lower respiratory tract getting infected. Y. Takahashi et al. hypothesized the 

involvement of periodontal pathogens in the COVID-19 progression and 

consequently supporting the opinion of good oral hygiene may contribute to 

lowering the aggravation of COVID-19 or event preventing it. (42) 
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4. Alzheimer’s Disease  

 Alzheimer’s can be classified as a neurogenerative disease characterized by the slow 

but continuous destruction of the activity of the nervous system. Dementia is known to 

be the most common sign of AD and manifests as most of or the entire loss of 

intellectual content. Overall, 50% of elderly patients suffer from dementia, in which 

nearly half of them can be related to Alzheimer’s. The definite origin of AD has not 

been stated yet, but the most commonly accepted hypothesis concludes changes in 

the histology of senile plaques, neurological cells, and neurofibrillary tangles induced 

by amyloid precipitation. (43) 

AD can be grouped into three different stages: Preclinical AD, Prodromal AD, and AD 

Dementia (Figure 20). During all these stages, PD can have an effect or interfere with 

the pathogenesis, such as by producing amyloid ß, immune responses, or 

neurotransmission in the early stages or even causing irreversible impairment in the 

later stages due to periodontal inflammatory processes and bacteria. (44)  

 
Figure 20: Different stages of Alzheimer’s (45) 
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The most common bacteria that can be associated with AD are T. denticola, F. 

nucelatum, P. gingivalis, and A. actinomycetemcomitans which can penetrate into the 

central nervous system and causing a neurodegenerative reaction. While periodontal 

bacteria interact with the host, several molecules with inflammatory abilities (IL1ß, IL-

6, IL-8, TNF-alpha, CRP) are produced, increasing the risk for brain inflammation and 

may explain the mechanism relating PD and AD. (43) 

Most of the studies in AD were performed in animals, but some human studies showed 

evidence of the existence of periodontal pathogens in the brain of patients diagnosed 

with Alzheimer’s.  Recent evidence demonstrated the association of PD and AD, in 

which periodontal pathogens and molecules are produced during inflammation and 

can enter the brain via different routes, which ends in a peripheral signal that is 

transmitted to the brain and causing a higher risk of brain inflammation.(44) This might 

prove periodontal inflammation playing a role in the pathogenesis of AD. Periodontal 

pathogens such as P. gingivalis, A. actinomycetemcomitans and T. denticola can 

penetrate into brain tissue bypassing the extracellular host defense mechanisms and 

multiplying.(46) P. gingivalis plays an essential role by using Gingipains to avoid host 

response, alter microbiota and release proinflammatory proteolytic factors, changing 

the local environment and facilitating adaption for inflammatory bacteria, which makes 

it easier for bacteria to enter the brain. (44) Periodontal bacteria cause an infection and 

inflammation, diminishing the blood-brain barrier and increasing the risk of 

cerebrovascular diseases, which causes inflammation. (47)  

Several studies presented higher Antibody levels of periodontal pathogens in 

Alzheimer patients compared to their control group. Furthermore, patients with higher 

IgG levels for P. gingivalis have been identified with lower cognitive action.(46) A study 

by A. Kamer et. al found increased levels of Antibodies against P. gingivalis, T. 

forsythia, and A. actinomycetemcomitans in Alzheimer patients. Other periodontal 
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bacteria have been investigated as well, such as Treponema, which was found in 

higher levels in different parts of the brain in AD patients. (48)  

 

In 2012, a serological retrospective study among 158 participants by P. Sparks Stein 

et al. observed seven different periodontal bacteria and found a higher number of 

Antibodies against F. nucleatum and P. intermedia in patients diagnosed with 

Alzheimer’s. Serum samples from participants of the “Biologically Resilient Adults in 

Neurological Studies” were collected, which started in 1989 and followed the subjects 

every year with regular checkups. Participants got selected based on initial intact 

cognitive capabilities at baseline. The IgG antibody levels of periodontal bacteria, being 

related to AD, A. actinomycetemcomitans, P. gingivalis, Campylobacter rectus (C. 

rectus), Treponema denticola, F. nucelatum, T. forsythia, and P. intermedia were 

studied through ELISA. Concluding, this study supports the thesis of periodontal 

disease increases the risk for AD onset or its progression due to their data showing 

increased Antibody levels to periodontal pathogens in participants years before they 

actually suffered from cognitive damage. (49) 

 

Another study relating IgG Antibodies for periodontal bacteria to AD, was presented by 

J. Noble et al. in 2014, investigating 219 participants (110 AD subjects and 109 control 

group) in a case-cohort design. They used data of Washington Heights-Inwood 

Columbia Aging project from 2000, which followed several elderly population groups 

with neurological checkups every 18 to 24 months. At baseline, they checked 

participants for Antibodies against periodontal bacteria to be associated with moderate 

to severe Periodontitis. Bacteria that were included: T. forsythia, A. 

actinomycetemcomitans, P. gingivalis, C. rectus, Eubacterium nodatum and 

Actinomyces naeslundii (A. naeslundii). The average follow-up period was five years, 
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in which they checked for present or non-present antibodies against those periodontal 

bacteria in both groups. Subjects that developed AD over the years presented an 

increased level of IgG Antibodies, especially against A. Naeslundii. As a result, they 

concluded serum IgG levels against periodontal bacteria could be related to a higher 

risk for developing AD. (50) 

 

Other studies also related AD with increased POD, BOP, gingival bleeding, CAL, and 

PI in patients that have been following for ten years, developing AD in 1.7 times more 

cases than in patients without periodontal problems. (47)  
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Discussion:  

The key findings of this systematic review, by studying the link between periodontal 

disease and systemic diseases showed a direct and/or indirect influence of periodontal 

bacteria on general health. Epidemiological, experimental, and cohort studies from the 

last decades found positive evidence for the association between periodontal 

inflammation and systemic diseases, hypothesized by the ability of periodontal bacteria 

to enter the systemic circulation. Overall, most of the studies could identify P. gingivalis 

as one of the main periodontal pathogens being involved in the progression or 

aggravation of systemic diseases.  

The findings of N. Aoyoma et al. support the results of R. Lysek et al. demonstrating 

the association between periodontal bacteria and CVD, even though N. Ayoma et al 

found a higher number of A. actinomycetemcomitans and P. intermedia whereas R. 

Lysek et.al observed a higher number of antibodies against P. gingivalis in 

cardiovascular patients.(22,23) Similar evidence was provided in recent reviews, 

strengthening the relationship between periodontal bacteria and CVD.(21) Studies by S. 

Bokhari et al. and F. Zardawi et al. support the thesis that improving oral hygiene and 

non-surgical periodontal treatment may decrease the risk of suffering a cardiovascular 

event.(21,26) Even though most of the research resulted in positive findings, limitations 

were present, and it has to be considered to include larger samples, same age frame 

among participants, similar bacteria, and adjustment of co-risk factors in further 

research. Two studies only used 200-250 subjects, and others provided information 

from over 30.000. Furthermore, nearly all of those studies do not provide any 

information on the possible negative effect of periodontal treatment spreading 

periodontal bacteria. 
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Currently available literature of different studies shows positive evidence on 

periodontal bacteria being an increased risk factor for DM and the higher risk in diabetic 

patients with higher HbA1c levels or poorly controlled glycemia to develop 

Periodontitis. (15,30) Two studies specifically observed the role of periodontal bacteria 

and resulted in different conclusions. E. Mauri-Obradors et al. found no link between 

PD and DM, whereas the other studies data demonstrated a positive correlation.(32) 

Additionally, the role of periodontal treatment options showed similar outcomes, 

relating non-surgical periodontal treatment with decreased HbA1c levels in T2D, 

therefore periodontal treatment options should be incorporated into more studies to 

investigate their effectiveness in preventing DM. The unique two-way relationship 

between PD and DM is not properly researched yet and needs greater clarification. 

Several factors increased potential biases of the study, such as the number of subjects, 

follow-up period, and periodontal treatment options. Hypothesizing the chronic 

periodontal inflammation playing a role in the pathogenesis of Diabetes needs further 

research as well as the distinguishment of T1D and T2D.  

Recent studies demonstrated that the oral cavity serves as a reservoir for respiratory 

pathogens. Overall, the investigated studies in this review showed different results 

regarding periodontal treatment and microbiota in relation to COPD or pneumonia. The 

essential question that arises in regard to those studies is if the number of bacteria or 

the type of bacteria is more significant to the onset of disease. X. Wu et al. observed 

not only a positive correlation between COPD and periodontal bacteria but also a wider 

variety. L. Yang et al. and other studies agree on the positive effect of periodontal 

treatment such as improved oral hygiene, professional prophylaxis and/or SRP on 

being significantly related to the risk of developing COPD or pneumonia.(34,38) Even 

though F.Cieplik et al. found overall more plaque in stroke-induced pneumonia 

patients as well as fewer teeth but could not relate periodontal microbiota to respiratory 
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diseases. (41) Similar observations by X. Zhou et al. found fewer teeth, higher plaque 

index, and CAL in COPD patients but could not support the thesis of periodontal 

pathogens being an increased risk factor for developing COPD.(37) The association 

between respiratory diseases and periodontal pathogens is not clearly defined, even 

though positive evidence for the link is provided. The studies were limited by the 

number of patients, age, types of bacteria studied, and the number of participants 

which usually only fluctuated between 50 – 70 except one by L. Yang et al. (38) with 

over 49.000.  

Nevertheless, several studies found a significant correlation between Alzheimer’s 

Disease and Periodontal bacteria, but further research is definitively needed to 

correlate PD as an independent risk factor for AD. The findings of A. Kamer et al. show 

an increased antibody level against periodontal pathogens, especially P. gingivalis, 

and are in agreement with P. Sparks Stein et al. and J. Noble et al. which also 

provided data on an increased number of antibodies against periodontal bacteria. 

Whereas J. Noble et al. mainly found antibodies against A. Naeslundii, P. Sparks 

Stein et al. observed an increased level of F. nucleatum and P. intermedia. Other 

studies presented similar results supporting the thesis of antibodies against periodontal 

bacteria playing a role in the etiology of AD. (44,49,50) Furthermore, increased levels of 

BOP, POD, and CAL were found in one study in patients with AD (41).  

Due to recent events, the relationship of COVID-19 and periodontal pathogens was 

investigated. A positive correlation was found but considering COVID-19 being a new 

cumulating virus, the association needs further research, especially with the adaption 

of cofactors. (42) 

Overall, the epidemiological studies demonstrated a potential link between PD and 

CVD, DM, Respiratory diseases, and Alzheimer’s. Nevertheless, further research is 

highly recommended to uphold the thesis of a positive connection between PD and 
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systemic diseases, especially in regards of Alzheimer’s in which its etiology has not 

been adequately defined yet. More studies have to investigate a wider variety of 

periodontal bacteria as well as focusing more on whether non-surgical or surgical 

periodontal treatment may decrease the risk of developing systemic diseases. 

Prospective research with a larger number of participants, the inclusion of co-risk-

factors, standardized periodontal examination and follow-up period are needed to 

ensure an evidential result.  
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Conclusion:  

Primary Objective: 

1. The most common systemic diseases that can be associated with periodontal 

pathogens are CVD, DM, Alzheimer’s Disease and Respiratory Diseases including 

COPD and pneumonia. 

2. Preventive measures such as oral hygiene techniques, prophylaxis and non-

surgical treatment techniques decrease the risk of cardiovascular or respiratory 

events, lowering HbA1c levels in T2D and play a positive role in the etiology of 

Alzheimer’s.  

 

Secondary Objectives: 

3. Medical professionals and Dentists are responsible for recognizing, share 

information and be aware of the immense impact periodontal bacteria have on 

prevalent diseases and the public. Therefore, they can develop better prevention 

and/ or treatment plans to improve patient’s overall health. 
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Justification:  

Periodontal disease affects a major part of the global population. During the last 

decades, new evidence has been surfaced, showing a potential influence of 

periodontal bacteria and the progression of systemic diseases. With the increasing 

number of affected people worldwide, it has become a significant public health concern 

and growing responsibility for the healthcare system. (3)  

Several studies have been issued, showing either a negative or positive relation 

between systemic disorders and periodontal disease. Significant positive correlations 

are establishing periodontal disease as a risk factor to systemic diseases and 

demonstrating the importance of linking dentistry and medicine. Dentists and Doctors 

are responsible for being aware of the potential association, as Periodontitis might play 

an etiological role in the pathogenesis of systemic disorders like cardiovascular 

diseases, respiratory diseases, DM and Alzheimer’s. (4)  

Providing preventive measures to the public can decrease the occurrence of 

periodontal disease and its related systemic disease and therefore, would lower the 

economic burden as well as the financial aspect in the health care system. (51) 

This systematic review aims to provide information on the potential connection of 

periodontal disease and systemic diseases and is especially relevant for health care 

professionals to identify periodontal disease as a risk factor to systemic diseases, 

establish preventive methods and treatment options and therefore reducing the 

incidence and/ or diminishing the progression of diseases. (3)  
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Tables of Abbreviations:  

The following table defines all abbreviations used throughout the thesis. The page on 

which each one is first used is also given.  

Name Abbreviation Page 
Alzheimer’s Disease AD 3 

Atherosclerosis ATH 16 

Atherosclerotic Cardiovascular Disease ACVD 16 

Bleeding on Probing BOP 4 

Cardiovascular Disease CVD 3 

Chronic Periodontitis CP 10 

Chronic Obstructive Pulmonary Disease COPD 7 

Clinical Attachment Level CAL 9 

Community Periodontal Index CPI 19 

Coronary Heart Disease  CHD 7 

C-Reactive Protein CRP 17 

Diabetes Meletus DM 3 

Gestational Diabetes GDM 24 

Glycosylated Hemoglobin HbA1c 25 

Hypertension HT 18 

Interleukin 6 IL-6 17 

Myocardial Infarction MI 17 

Periodontal Disease PD 3 

Periodontal Ligament PDL 4 

Plaque Index PI 29 

Probing Depth POD 4 

Reactive Oxygen Species ROS 28 

Scaling and Root Planning SRP 12 

Tissue Plasminogen Activator t-PA 21 

Type 1 Diabetes T1D 24 

Type 2 Diabetes T2D 24 

Von Willebrand Factor vWF 21 
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The following table lists all bacteria mentioned throughout the thesis. For bacteria that 

are used more than once, abbreviations were created. The page on which each one is 

defined or first used is also given.  

Name Abbreviation Page 
Actinomyces israelii  27 

Actinomyces naeslundi A. naeslundii 37 

Actinomyces spp  6 

Aggregatibacter actinomycetemcomitans A. actinomycetemcomitans 7 

Campylobacter rectus  C. rectus 36 

Campylobacter spp  24 

Capnocythophaga  27 

Catonella morbi   29 

Dysgonomas wimpennyi  29 

Eubacterium nodatum  37 

Fusobacterium nucleatum F. nucleatum 7 

Hamophilus spp  6 

Hamophilus influenza  30 

Mycoplasma pneumonia   30 

Porphyromonas gingivalis P. gingivalis 7 

Prevotella intermedia P. intermedia 17 

Prevotella nigrescens  24 

Porphyromonas endotalias  29 

Pseudomonas aeruginosa  31 

Staphylococcus aureus   31 

Streptococcus constellatus   27 

Streptococcus oralis  24 

Streptococcus sobrinus  31 

Streptococcus spp  6 

Tannerella forsythia  T. forsythia 17 

Treponema denticola  T. denticola 24 

Treponema spp  6 

Veilonella spp  6 
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