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Periodontitis is a microbially driven host-mediated disease that leads to loss of periodontal attachment and bone. It is

associated with elevation of systemic inflammatory markers and with the presence of systemic co-morbidities.

Furthermore, periodontal treatment leads to a 24–48 h-long acute local and systemic inflammatory response.
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1. Introduction

Periodontitis is a microbially driven host-mediated disease that leads to loss of periodontal attachment and bone  At first

stage, gingival inflammation (gingivitis) is caused by bacterial biofilm formation. Consequently, progression of periodontal

disease to destructive periodontitis depends on microbial dysbiosis in response to nutrients from gingival inflammatory

and tissue breakdown products favouring the growth of some bacterial species, and also in response to anti-bacterial

mechanisms that try to contain the microbial challenge within the gingival sulcus . According to the 2017 World

Workshop on the Classification of Periodontal and Peri-Implant Diseases and Conditions, severity and complexity of

periodontitis are assessed following a staging process (Stage I, II, III and IV) that consider the initial clinical attachment

level (CAL) whereas, the direct or indirect rate of progression is based on a grading scale (Grade A, B and C) that

involves radiographic bone loss (RBL) and presence of risk factors such as smoking and diabetes .

However, periodontal inflammation is not just a local phenomenon. The possible link between periodontitis and systemic

conditions has been extensively reported in 2013 in the Proceedings of a Workshop jointly held by the European

Federation of Periodontology and the American Academy of Periodontology, where authors agreed that pro-inflammatory

(infectious) events related to periodontitis may have a systemic impact and, vice-versa, some systemic disorders may

influence periodontal outcomes .

Several studies have reported that both acute local and systemic inflammatory response is increased up to 24–48 h after

periodontal treatment, either surgical or non-surgical . Since this might be additional to the pre-existing inflammatory

burden of patients with compromised medical history and/or uncontrolled systemic diseases, some have tried to

investigate how to manage and modulate the impact of periodontal treatment on systemic inflammation.

2. Periodontitis and Systemic Diseases

Describing in detail the complex mechanisms concerning the connection between periodontitis and systemic disease is

not the aim of the present research. For in-depth reading, researchers refer to the appropriate articles . However, a brief

introduction is provided in order to give the reader a general understanding of the subject (Figure 1).
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Figure 1. This flowchart schematically summarizes the main pathways of associations between periodontitis and some

related systemic diseases based on the emerging evidence.

Two main simultaneous and not independent pathways, infection and inflammation, are involved in the pathogenic

process of periodontitis–systemic connections . The infectious pathway consists of oral micro-organisms that, together

with putative pathogens located in periodontal pockets, may pass into the blood stream or respiratory tract causing a

bacteremia that, in turn, can lead to complications for unhealthy and immunocompromised subjects, either systemically or

possibly after selective colonization of distant sites and organs. On the other hand, the inflammatory pathway pertains to

the systemic inflammation provoked by local and systemic effects of bacterial products and inflammatory molecules of

periodontal origin that might be a risk factor for inflammatory associated systemic diseases in susceptible hosts .

As summarized in the Proceedings of a Workshop jointly held by the European Federation of Periodontology and the

American Academy of Periodontology , periodontal disease has been associated with diabetes , cardiovascular

diseases (CDV) , adverse pregnancy outcomes , obesity , metabolic syndrome , chronic

obstructive airways disease , cognitive impairment such as Alzheimer’s , rheumatoid arthritis , chronic

kidney diseases , psoriasis , depression , osteoporosis  and cancers . The understanding of these

associations is further complicated by the fact that several of these relationships may be bidirectional or even interrelated

between systemic outcomes.

3. Impact of Periodontitis on Quality of Life and Public Health

Oral health is a functional, structural, aesthetic, physiological and psychological state of wellbeing and is essential to an

individual’s general health and quality of life . Almost two decades ago, at the 2003 World Workshop on Emerging

Science in Periodontology, it was recognized that patient-based outcomes (PBO) had to be considered a research priority

. It has been reported that periodontal disease impairs oral health-related quality of life (OHRQoL)  and, in addition,

a correlation between extent and severity of periodontitis exists . Two systematic reviews found that non-surgical

periodontal treatment (NSPT), now termed professional mechanical plaque removal (PMPR), moderately improved the

OHRQoL of adult patients in the short-term (1 week) and long-term (12 months) specifically by reducing pain,

psychological discomfort and physical disability , whereas a surgical approach had a relatively lower impact .

Another important aspect is correlated to the devasting impact that periodontal disease has on public health . Jeffcoat

et al. analyzed medical and dental insurance claims data from a large cohort who simultaneously experienced

periodontitis and one systemic condition, including coronary artery disease, cerebrovascular disease, pregnancy, diabetes

mellitus type 2 and rheumatoid arthritis. They concluded that, with the exception of those with rheumatoid arthritis,

patients who were periodontally treated generated lower medical costs and fewer hospitalizations, with cost reductions of

72.7%, 40.9%, 40.2% and 10.7% for pregnancy, cerebrovascular disease, diabetes mellitus type 2 and coronary artery

disease care, respectively .

In 2021, an Economist Intelligence Unit’s report (promoted by the European Federation of Periodontology/EFP) across six

European countries that share similar conditions (France, Germany, Italy, the Netherlands, Spain and UK) was released

. Based on the concepts of the economic burden and return-on-investment (ROI), it highlighted that home care by

patients aiming at preventing periodontal disease was very cost effective for society and ultimately reduced the need for

more difficult and expensive treatment. It was inferred that this may also then indirectly significantly lower costs related to

other systemic co-morbidities .

4. Effects of Periodontal Treatment on Systemic Health in Both the Short-
and Long-Term

Risk factor control, oral hygiene instructions and supra- and sub-gingival tooth debridement (professional mechanical

plaque removal or PMPR) form the hallmark of initial periodontal treatment, now codified as step 1 and 2 of periodontal

treatment . The possible mechanisms that link periodontal treatment and systemic inflammation could be that both the

bacteremia and the tissue damage (trauma) after subgingival debridement determine an increase of pro-inflammatory

mediators, such as Interleukin 1-beta (IL-1β) and 6 (IL-6), which ultimately induce liver production of acute-phase proteins

.

A very interesting study described the kinetics of serum inflammatory markers following non-surgical (full-mouth) and

surgical periodontal treatment in 14 patients with chronic periodontitis . C-reactive protein (CRP), leucocyte counts,

serum amyloid-A (SAA), D-dimers and cystatin C (renal function) were studied at 1, 7, 30, 90 and 180 days. A consistent

increase in the serum level of CRP and SAA was observed at day 1 after PMPR and a smaller increase after the first
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surgery; D-dimer plasma levels significantly increased 24 h following PMPR but decreased after surgery, whereas cystatin

C presented a moderate initial increase followed by an important reduction 12 months after treatment completion.

Therefore, within the limitations of the study. such as small sample size and absence of control group, authors concluded

that (i) both surgical and non-surgical periodontal treatment lead to systemic inflammation; however, (ii) healthy patients

usually do not present any complications . One of the most interesting aspect of these findings is that CRP serum levels

were higher after PMPR compared to after surgical interventions, which might be counter-intuitive given the clinical

perception of a greater trauma caused by surgery. A possible explanation might be the fact that the traumatized area is

smaller in surgery than the full-mouth non-causal therapy, with a consequent reduced systemic inflammation due to a

smaller post-operative wound. Another hypothesis is that subgingival debridement provokes a greater bacteremia,

considering that the surgical treatment is provided after the same PMPR has reduced and modified the pathogens’

habitat, including number and quality of pathogens. Alternatively, a prerequisite for surgical intervention is the

achievement of good oral hygiene, and this may also impact on local tissue inflammation, permeability and the degree of

bacteremia. These short-term effects have been used as an experimental model to illustrate what might happen at a lower

grade, more chronic and frequent exposure event every day in periodontitis patients, as well as an example to study the

systemic acute-phase response .

Moreover, in the short- and long-term, other events have been detected . A randomized clinical trial comparing the

standard cycle of supragingival mechanical scaling and polishing and full-mouth intensive subgingival debridement

observed that intensive treatment provoked an acute systemic inflammation (significantly higher levels of CRP, IL-6,

soluble E-selectin and von Willebrand factor) and endothelial dysfunction (lower flow-mediated dilatation) at 24 h.

Nevertheless, at 3- and 6 months, intensive treatment showed reduced indexes of periodontal disease severity and

significantly better endothelial function . These finding were corroborated by an observational study that found

moderate acute systemic inflammation and endothelial dysfunction 1- and 7 days after providing an intensive periodontal

treatment . In addition, the same authors found an alteration of the hemostatic system in terms of increasing blood

coagulability (significant increase of D-dimer levels) .

A very recent systematic review confirmed the aforementioned findings. The authors reported that conventional and,

mainly, intensive PMPR provokes changes in CRP including a sharp increase over the first week .

4.1. Diabetes

Diabetes mellitus and periodontitis have a very complex bidirectional relationship that involves genetic factors and pro-

inflammatory mediators . Presence of periodontitis might impair insulin resistance which appears as hyperglycemia that

produces advanced glycation end products (AGEs). In turn, AGEs lead to overproduction of IL-6, IL-1 and Tumor Necrosis

Factor alpha (TNF-α). As a consequence, presence of AGEs in tissues causes impaired wound healing (improper collagen

turnover in fibroblasts) and excessive neutrophil response to periodontal bacteria .

Considering the effect of inflammation in Diabetes mellitus type 2, it is thought that periodontal therapy may have a

positive effect in reducing insulin resistance with following improvement of glycemic control . Another study, with the

aim of assessing the effects of PMPR on obese type 2 diabetes mellitus patients, evaluated inflammatory biomarkers

such as CRP, IL-4, IL-6, IL-8, IL-10, TNF-α and fibrinogen. After 3 months, TNF-a and fibrinogen decreased significantly

and, in general, the other biomarkers presented a trend towards reduction, even if not statistically significant . A

systematic review and meta-analysis found a statistically significant mean difference in favor of patients undergoing

PMPR compared with the control group for CRP (−1.28 mg/L) and TNF-a (−1.33 pg/mL) after a follow-up period of from

1–12 months . Another more recent systematic review including studies with follow-ups ranging between 3–6 months

reported that PMPR contributes to the reduction of IL-6 serum levels in patients with type 2 diabetes mellitus .

4.2. Cardiovascular Diseases

Periodontal disease and atherosclerotic vascular disease (the main cause of cardiovascular disease) present an

established association, as was stated in the 2009 Consensus by the editors of the American Journal of Cardiology and

Journal of Periodontology, and in the 2012 Statement by the American Heart Association . Several mechanisms

have been proposed to explain this very close association, such as the infection of atherosclerotic plaques by periodontal

pathogens, the pro-atherogenic effect on the lipid profile, and the systemic dissemination of pro-inflammatory mediators

.

Two linking pathways have been extensively investigated: indirect and direct. The indirect pathway was described as the

systemic inflammation provoked by periodontitis that leads to higher levels of several pro-inflammatory cytokines . The

direct pathway consists of periodontal pathogens that enter into the circulatory system and cause a transient bacteremia
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(e.g., toothbrushing, chewing, etc.) that can affect cardiovascular mediators and contribute to impair the atherosclerosis;

Porphyromonas gingivalis (Pg), in particular, is capable of invading host cells such as macrophages, epithelial cells and

fibroblasts .

Several systematic reviews have been carried out regarding the effect of periodontal treatment on cardiovascular disease

markers . One reported a significant reduction in almost each biomarker assessed in favor of treatment group

(PMPR) compared to control group (no periodontal treatment) and, in addition, a sub-analysis related to patients with co-

morbidities (diabetes and CVD) revealed that periodontal treatment reduced CVD risk factors . Concerning CRP levels,

a statistically mean difference of −0.231 mg/L, eight weeks after PMPR, was observed . Other authors found that short-

term periodontal treatment leads to local and systemic inflammatory response with disruption of the hemostatic system

and endothelial function. After 6 months, a progressive decrease in CVD risk biomarkers including CRP, lipids, fibrinogen

and E-selectin was observed .

Furthermore, two randomized clinical trials assessing the importance of an adequate and immediate PMPR on CVD

surrogate markers have been published . Compared to patients that only received supragingival mechanical scaling

and polishing, patients who received an intense full-mouth subgingival plaque-removal treatment presented, at 24 h, a

significant reduction in flow-mediated dilatation (the vasodilation of the brachial artery to assess the endothelial function),

and a significant increase in the levels of CRP, IL-6, and the endothelial-activation markers, soluble E-selectin and von

Willebrand factor. Six months later, however, intensive-treatment patients presented greater flow-mediated dilatation and

lower E-selectin levels than the other group. The remaining parameters and biomarkers showed no statistical difference at

6 months. Therefore, the 1authors concluded that benefits in oral health are provided over time and lead to an improved

endothelial function . In the other study, periodontal patients with nonresponsive arterial hypertension were divided in

two groups: the test group received immediate non-causal therapy, whereas the control group was treated 3 months later.

It was found that the biomarkers assessed (CPR, IL-6 and fibrinogen) simultaneously and significantly decreased in

plasma level, 3 months after the treatment . Very interestingly, a prospective study on a Korean cardiovascular health

population showed that presence of periodontal disease was associated with an increased risk of future stroke, acute

myocardial infarction, hearth failure (major cardiovascular events) and death . These findings were confirmed in a

recent comprehensive systematic review and meta-analysis .

Other authors have focused on the potential pro-atherogenic alterations in plasma lipids and lipoproteins, since

dyslipidemia is a common feature of patients with periodontitis; a systematic review and meta-analysis of published

studies revealed that periodontitis is associated with higher plasma levels of total- and LDL-cholesterol and triglycerides,

with a concomitant decrease of HDL-cholesterol concentrations . Yet, beyond the increased concentrations of LDL-

cholesterol, untreated periodontitis is also associated with an altered LDL subclass profile, with a predominance of

atherogenic small dense LDL ; this means, therefore, that patients with periodontitis have alterations in both the

quantity and the quality of LDL, which represents a well-known mechanism for the development of pro-atherogenic

alterations and the enhancement of cardiovascular risk .
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