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Abstract

The effects and consequences of Periodontal Diseases (PD) might not be confined to the
oral cavity, and a great body of evidence has arisen supporting this claim demonstrating an
association with several systemic conditions and diseases. With different levels of evidence, an
association between PD and Cardiovascular Diseases (CVD), Diabetes, Psoriasis, Rheumatoid
Arthritis (RA), Pregnancy outcomes and Respiratory diseases has been established with plausible
biological mechanisms proposed to link the two conditions. However the true nature of this
association, if it is causal, still remains elusive. For a better understanding of the complex
relationships linking different conditions interventional studies now begin to focus on the
possible outcomes of periodontal treatment (PT) in relation to the events, symptoms and
biomarkers of several systemic conditions, assessing if PT has any impact on them, hopefully
reducing their severity or prevalence. Therefore we proceeded to review the recent literature
on the subject attempting to present a brief explanation of the systemic condition or disease,
what proposed mechanisms might give biological plausibility to its association with PD and
finally and more importantly, what data is currently available pertaining to the effects of PT on
that systemic condition or disease. Raising awareness and discussing the possible benefits of PT
on overall systemic health is important, in order to change the perception that PD is only limited
to the oral cavity, and ultimately provide better and comprehensive care to our patients.
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Introduction

Accounts emphasizing the importance of oral health and its influence in systemic health
date back to ancient history and have accompanied the evolution of science and medicine
throughout time (93). Therefore the idea of a link between oral health and systemic health is
not new, however our understanding (or lack of understanding) of this complex relationship has
had great influence on patient treatment protocols. The frequently cited article by Miller in 1891
(88) was perhaps the first step in the construction of what was later to be known as the focal
infection theory, and his work was followed by several other authors giving way to the idea that
oral infections also referred to as oral sepsis) were solely responsible for a wide range of
systemic symptoms and conditions, thus resulting, at the time, in a standardized practice of
complete teeth extraction, thought as, a treatment, or as prophylaxis, for almost all the patients.
Soon after with the publication of several articles reporting worsening of symptoms and
ineffectiveness of teeth extraction the focal infection theory as a pathogenic mechanism and
scientific theory was abandoned and dentistry refocused on teeth treatment and maintenance.
A more detailed and exhaustive review of the evolution, historical significance and impact of the
focal infection theory is available in several other articles (11, 64, 93, 134).

Nonetheless in the past decades there has been a renewed interest in the fundamental
principle of the focal infection theory in that the oral microbiota might play an important role in
systemic health, specifically that the presence of an oral infection such as Periodontal Disease
(PD) may be a cause or exacerbating factor of some systemic conditions (109, 114, 135). The
question then is if PD and systemic diseases are merely coincidental, occurring simultaneously
perhaps due to sharing same risk factors or have a causal association, in which PD can result in
an increased risk of systemic diseases, aggravating or even initiating them (3, 12, 71). Several
review articles have been published in the recent years addressing this question,
comprehensively reviewing the available data, most noteworthy is the April 2013, jointly
published, Journal of Periodontology and Journal of Clinical Periodontology Special issue:
Periodontitis and Systemic Diseases - Proceedings of a workshop jointly held by the European
Federation of Periodontology (EFP) and American Academy of Periodontology (AAP) (17, 26, 29,
35,37,49,71,72, 80, 86,103, 106, 112, 124, 130, 132).

As proposed by Thoden van Velzen et al (1984) (128) three pathways or mechanisms
might exist involved in the systemic manifestation of oral diseases: metastatic infection,
metastatic immunological injury, and metastatic toxic injury. A simplified description of these
pathways, in line with that of Van dyke & Winkelhoff (2013) (132) is that the link, between PD
and systemic conditions or diseases can be perceived through two possible major pathways,
infectious and inflammatory, that in the majority of situations can occur simultaneously and
therefore are not independent. The first, infectious, and perhaps the remnant of the Focal
Infection Theory, refers to the oral cavity as a natural reservoir of microorganisms with the
associated presence of potential systemic pathogens, presence of whom, when in a diseased
condition by the existence of periodontal pockets, can be exacerbated, and the concept is that
these oral bacteria and their bacterial products (antigens, endotoxins, among others) can enter
the blood stream or respiratory tract resulting in what can be a typically transient bacteremia
that can however result in complications for immunocompromised and otherwise susceptible



individuals. The second, inflammatory, refers to the bacterial inflammatory products and
diseased periodontium inflammatory molecules that have the potential to trigger systemic
inflammation through several pathways and consequently exacerbating, or acting as a risk
factor, of inflammatory associated systemic diseases in susceptible patients. Inflammation, in its
core, is a highly complex mechanism that acts upon an aggression with the purpose of
attempting to identify, control and eliminate that aggression, even at the risk of collateral
damage, with the sole purpose of the survival of the organism (104). The inflammatory response
presents several pathways dependent on physiological cellular processes that allow a
continuously state of readiness for an immediate response and its posterior resolution. However
in cases where these processes are thought to be malfunctioning, an aggression might result in
a pathological process that can trigger or worsen a systemic disease or condition (22). Thus the
proposition is that the control of PD, via adequate treatment, can improve the overall health of
our patients by reducing the burden of aggression on the organism.

Considering that this subject is an ever-growing, highly complex relationship, and that
the extent of its complexity and of the proposed biological mechanisms, epidemiological data
and literature available, would require, for each systemic disease (or condition) and their
possible relations with PD, its own review article in order to allow a detailed, exhaustive,
discussion of the subject, we will, in this article, summarily review the literature in the subject
of PD and systemic diseases with greater focus on some of the published data relating to the
effects, or influence, of Periodontal Treatment (PT) in otherwise known to be associated
systemic diseases, attempting to present a brief and broad explanation of the proposed
biological mechanisms that relate the conditions while attempting to go through systematic
reviews and meta-analysis whenever these are available, with the purpose of raising awareness
for the importance and relevance of PD and PT and its impact on systemic health.



Assessing the global impact of periodontal treatment in systemic health.

A new trend in health related epidemiologic studies is the use of health insurance
databases, which allows access to the data collected on a very large number of subjects,
theoretically overcoming the often criticized small sample size of classical clinical studies, in
order to access possible relationships between different systemic diseases, their epidemiology,
and assessing the outcome of treatments (4, 52, 58). The problem arises when we consider that
these databases, and others alike, were not created or designed for the purpose of clinical
research and therefore often do not contain critical information such as patient variables and
disease confounding factors, forcing that any conclusion, deriving from these database analysis,
has to be drawn with a high level of caution (12, 34).

Within this line of work, an interesting approach to establish a possible beneficial
relation between PT and systemic diseases was attempted by Jeffcoat et al (52) by analyzing
insurance claims data from a large number of individuals (338,891) who had medical and dental
insurance, and simultaneously PD and one of five systemic medical conditions - type 2 Diabetes
Mellitus (T2DM); Coronary Artery Disease (CAD); Cerebral Vascular Disease (CvD); Rheumatoid
Arthritis (RA); and pregnancy. The individuals were grouped into cohorts according to their
systemic condition and from the resulting database two outcomes were measured, the total
annual covered medical costs and the annual number of hospitalizations, comparing the results
obtained from the control and treated groups. Their results showed evidence of lower medical
costs and hospitalizations for all systemic medical conditions, with exception of RA, for
individuals who were, by their definition, treated for periodontal disease. Results stated a cost
reduction of 40.2%, 40.9%, 10.7% and 72.7% respectively for T2DM, CvD, CAD and pregnancy.
Despite the apparent promising results and conclusions, this study presents several limitations
and sparked justified criticism (33, 116) due to, among several other things, the applied criteria
of inclusion in the periodontal treated group, the definition of the control group, the lack of
overall information regarding periodontal status and treatment, and the resulting very small
treated group accounting for 1% of the total sample. Timothy DeRouen in his letter to the editor
(33), and his 2015 article (34) further elaborates on the shortcomings of this study and inherent
limitations of such studies, however it is our opinion that, although no strongly based evidence
conclusion may be drawn from this particular study, it has nonetheless some merits by first of
all attempting to analyze a very large sample and approaching the PD and systemic disease
relationship from an economic point of view, possibly raising awareness and encouraging
insurance companies and health care providers to promote oral health care for their clients and
patients.



Cardiovascular diseases

One of the first, and often cited, articles on the matter of PD and Cardiovascular
Diseases (CVD) was published by Mattila et al (1989) (81) where the authors reported a strong
association between poor oral health and acute myocardial infarction independent of the
classical CVD risk factors, and at the time renewed the scientific community interest in the
possible associations between PD and systemic diseases which resulted in hundreds of journal
articles being published ever since (73). The term CVD refers to various possible clinical events,
manifestations and symptoms ranging from cardiomyopathy, hypertension to myocardial
infarction (MI) or cerebrovascular accident (stroke) (47). Atherosclerotic Vascular Disease
(ASVD) is the main cause of CVD and the possible association of Atherosclerosis and PD has
been the target of several longitudinal and cross-sectional studies, evidencing that patients with
cardiovascular problems have a tendency to have a worse periodontal status and vice versa (7,
40, 78). The vast body of evidence has ultimately resulted in the 2009 Consensus by the editors
of the American Journal of Cardiology and Journal of Periodontology (43) and the 2012
Statement by the American Heart Association (73), in which, overall, both consider that there is
a sufficient level of evidence to support an association between ASVD and PD that cannot
however be classified as causal. Supporting this association we can mention, as example, three
meta-analysis by: Janket et al (2003), Humphrey et al (2008) and Blaizot et al (2009) (15, 48, 51)
that assessed the risk of cardiovascular events in periodontal patients and reported a Risk Ratio
(RR) of 1.19 (95% Cl: 1.08; 1.32); 1.24 (95% Cl: 1.01; 1.51) to 1.34 (95% Cl: 1.10; 1.63); and 1.34
(95% Cl: 1.27; 1.42) respectively.

Several proposed biological pathways of association between PD and ASVD exist, they
may be direct and indirect (32, 73). Indirect pathways include a fundamentally Inflammatory
pathway based upon the knowledge that Atherogenic processes and endothelial dysfunction
(which can lead to CVD) have been established to result from elevated inflammatory activity,
and considering that, PD triggers a systemic inflammatory response which leads to high levels
of various cytokines, also associated with ASVD, such as interleukin-1p (IL-1B), interleukin-6 (IL-
6), interleukin-8 (II-8) Tumor necrosis factor alpha (TNF-a), monocyte chemoattractant protein-
1 (MCP-1) among others, some of which can in turn promote a rapid hepatic synthesis and
secretion of intravascular plasma proteins such as C-reactive protein (CRP) and fibrinogen (23,
43, 73, 123, 139). Proposed direct pathways consider an Infectious role of PD in ASVD derived
from the knowledge that the oral microbiota and the potential pathogens there harbored can
gain access to the circulatory system, resulting in a state of typical transient bacteremia, from
common daily actions such as chewing, tooth brushing, flossing or clinical dental procedures as
root scaling and teeth extraction (103, 107). The resulting bacteremia from this bacterial
invasion is more severe in patients with gingivitis or PD, and some of these bacteria can either
directly influence CVD mediators such as hypercoagulability or contribute to the atherosclerotic
processes (32). Special interest has been given to the presence and the study of some
periodontal pathogens such as P.gingivalis that presents the ability to invade host cells, induce
monocyte migration, induce production of inflammatory cytokines and pro-coagulant
molecules, as well as other bacterial species such as A. actinomycetemcomitans and P.
intermedia, among others (18, 103).



In their vast majority the studies relating to periodontal treatment and its relation to
CVD have focused on the evaluation and quantification of systemic inflammatory biomarkers
and endothelial function as these atherosclerotic risk factors allow a shorter term evaluation of
treatment outcomes whereas the study of PT effects on CVD events would require longer term
results due to the chronic nature of CVD (126).Considering the vast amount of Randomized
Clinical Trials (RCTs) published in recent years with sometimes mixed or conflicting results, it is
obvious that a greater level of evidence is obtained by analyzing the available systematic reviews
and meta-analysis, however some RCT are worth exploring and reviewing.

In the RCT by Tonetti et al (2007) (129) the authors studied the impact of PT in
endothelial function, coagulation and inflammatory biomarkers, over a 6 months period, in 120
patients with diagnosed severe periodontitis without any other systemic disease or recent
history of acute or chronic infection. Patients were divided into two groups, a control group that
received standard PT consisting of supragingival mechanical scaling and polishing and a test
group that received an intensive full-mouth, subgingival plague removal, treatment course. Data
was collected at several time points, baseline and after treatment up to 6 months. Endothelial
function was primarily assessed by the vasodilatation of the brachial artery (flow-mediated
dilatation - FMD) and inflammatory and coagulation biomarkers by the quantification of CRP, IL-
6, von Willebrand factor and soluble E-selectin (a cell adhesion molecule expressed only on
endothelial cells activated by cytokines). Results showed, at 24 hours, in the intensive treatment
group a significant decrease of FMD, and significant increase, in the levels of CRP, II-6, and the
endothelial-activation markers, soluble E-selectin and von Willebrand factor. At 6 months
however, intensive treatment patients presented greater FMD and lower E-selectin levels than
the control group. The remaining parameters and biomarkers showed no statistical difference
at 6 months. The authors concluded that despite the significant short term inflammation
resulting from intensive periodontal treatment, over time the benefits in oral health are also
translated in improvement of endothelial function.

Vidal et al (2009) (133) evaluated the outcome of PT on plasma levels of IL-6, CRP and
fibrinogen. The population of this study were 22 patients with severe non-responsive arterial
hypertension, diagnosed PD without other systemic relevant conditions or previous PT, divided
randomly in 2 groups, a control group for whom PT was delayed for 3 months and a test group
that received non-surgical PT. Their results showed statistically significant reduction in plasma
levels of 1I-6, CRP and Fibrinogen in the 3 months reevaluation after PT. At the time it was the
first RCT to show simultaneous reductions of these biomarkers at a same time point, however
this study does present several limitations (small sample size, short observation period) and
raises the question of how much of an influence might the existing severe non-responsive
arterial hypertension have on the results obtained.

Several systematic reviews with meta-analysis have also been published in the recent
years. Freitas et al (2012) (42) focused in the influence of PT on the systemic CRP levels. Their
search strategy and inclusion criteria resulted in 11 studies from which only 4 had randomized
samples and therefore were included in the meta-analysis. They reported a statistically mean
difference of -0.231 mg/L in CRP levels as a result of non-surgical PT at around 2 months. A more
comprehensive systematic review was done by D’Aiuto et al (2013) (29) with an exhaustive
review of literature assessing the effects of PT in CVD associated risk factors including lipids
(Triglycerides (TGs), serum total cholesterol (TC), high/low density lipoprotein cholesterol
(HDL/LDL-C)), blood pressure and inflammatory markers (white blood cell count, CRP, Cytokines,
fibrinogen, TNF-a, Serum amyloid A, circulating cell adhesion molecules); and CVD surrogate and



hard endpoints such as endothelial function (FMD), carotid intima-media thickness (c-IMT) and
cardiovascular events. For each CVD biomarker the pertinent literature was reviewed,
summarized and the level of evidence graded. They reported: “(a) no evidence on the effects of
periodontal therapy on subclinical atherosclerosis, serum levels of CD40 ligand, serum amyloid
A and monocyte chemoattractant protein-1, (b) limited evidence on the effects of periodontal
therapy on arterial blood pressure, leucocyte counts, fibrinogen, tissue necrosis factor-a, sk-
selectin, von Willebrand factors, d-dimers, matrix metalloproteinases, oxidative stress and CVD
events, and (c) moderate evidence suggesting a negligible effect of periodontal therapy in
reducing interleukin-6 and lipids levels, whilst a positive effect in reducing serum C-reactive
protein levels and improving endothelial function.”. The authors concluded, in line with previous
works, that PT short term results include an acute local and systemic inflammatory response,
with disruption of the haemostatic system and endothelial function, an event that grants further
investigation to properly assess the possible negative systemic implications in high risk
populations (patients with co-morbidities). These short term results are followed by up to a 6
month progressive reduction in some CVD risk biomarkers such as lipids, CRP, fibrinogen and E-
selectin with different levels of evidence and an improvement of endothelial function. Such an
extensive review also highlights the several limitations of the existing body of evidence as
pointed out by the authors due to the overall heterogeneity of the study’s methodology, small
sample sizes, short term study length and lack of studies assessing CVD events rather than just
surrogate biomarkers of CVD.

Following this systematic review, Teeuw et al (2014) (126) conducted a meta-analysis on
this subject. The body of evidence obtained related to the effects of PT on biomarkers of
systemic inflammation, glucose and lipid metabolism, as well of vascular function, and was
graded at a moderate level of evidence. The clinical trials (randomized and controlled) presented
a test group (PT) compared to a non-PT control group, with or without co-morbidities and with
an overall prevalent heterogeneity in the studied population characteristics, disease definition,
study design and type of PT. The available data allowed for a meta-analysis to be performed for
the systemic inflammation biomarkers CRP, II-6, TNF-a and fibrinogen; glucose and lipid
metabolism included triglycerides, TC, HDL-C, LDL-C and glycated haemoglobin (HbA1lc); and for
vascular function, the systolic and diastolic blood pressure.

The results as reported by the authors, shown in Table 1, present a weighted mean
difference (WMD), between the PT groups and non PT, from baseline to end point, in favor of
PT with significant results in the reduction of the majority of biomarkers analyzed, with
exception of LDL-C, systolic and diastolic blood pressure which presented no statistical
significant difference. Also, and importantly, a sub analysis of the data was also performed
comparing PT outcomes only for patients presenting co-morbidities, evidencing even better
results as showed in Table 1. These results clearly show that PT is beneficial at reducing these
CVD risk factors especially for patients with associated co-morbidities such as CVD and Diabetes
Mellitus, nonetheless the conclusions of this meta-analysis must be interpreted with caution
due to several factors including the heterogeneity of the sample sizes, periodontal patients,
types of PT among others (75) .



Table 1

WMD (patients
WMD Confidence Interval (Cl) with co- Confidence Interval (Cl)
morbidities)
CRP -0.50 mg/l | -0.78;-0.22, p = 0.0005 -0.71 mg/! -1.05; -0.36, p < 0.0001
IL-6 -0.48 ng/| -0.90; -0.06, p=0.03 -0.87 ng/I -0.97; -0.78, p < 0.00001
TNF- a -0.75 pg/ml -1.34;-0.17, p = 0.01
Fibrinogen -0.47 g/l -0.76; -0.17, p = 0.002
TC -0.11 mmol/I -0.21; -0.01, p =0.02 -0.15 mmol/I -0.29; -0.01, p=0.03
HDL-C 0.04 mmol/I 0.03; 0.06, p < 0.00001 0.05 mmol/I 0.03; 0.06, p < 0.00001
Triglycerides -0.24 mmol/l | -0.26;-0.22, p < 0.00001
HbA1c -0.43% -0.60; -0.25, p < 0.00001

Table 1 — Results from Teeuw et al (2014) (126) presenting the weighted mean difference (WMD) from baseline to
end, between PT and non-PT groups, and WMD within a sub group pf patients with co-morbidities for CRP, IL-6,
TNF- a, Fibrinogen TC, HDL-C, Triglycerides and HbA1lc.

Overall the current data suggests that PT might result in a reduction of CVD risk achieved
by the control of biomarkers associated with CVD events (inflammatory and thrombotic
markers, adhesion molecules and vascular function) (105). Nonetheless there is still a need for
further long term interventional studies, preferably, with more homogeneous methodologies,
assessing CVD events, thus elucidating if the stated benefits of PT translate in a reduction of CVD
events.

Diabetes Mellitus

PD and Diabetes Mellitus (DM) present a highly complex relationship often
characterized as bidirectional (119) that has been extensively studied over the last decades with
several epidemiological and experimental studies demonstrating that DM is a risk factor for PD,
that PD is more prevalent and severe in diabetic patients and also that the inflammatory
mechanisms of PD can adversely affect metabolic control of diabetes also playing a role in the
pathogenesis of diabetes and of its complications (65, 82, 91). The recent systematic review of
epidemiologic observational evidence by Borgnakke et al (2013) (17) supports these claims.
From the vast body of evidence supporting an association between the two diseases it is worth
mentioning the often cited findings from the Third National Health and Nutrition Examination
Survey (NHANES IIl) in the United States (119) (2001), that reported a 2-fold difference in the
prevalence of DM in PD patients (12.5% n=1293) against the prevalence of DM in non PD
patients (6.3% n=12178) as well as a higher prevalence of PD in DM patients (17.3% n=928)
against only 9% prevalence of PD in non-DM patients.



DM is characterized by hyperglycemia that may result from deficient insulin action,
deficient insulin secretion or both and typically, the symptoms associated with hyperglycemia,
are polydipsia, polyuria and polyphagia. This state of hyperglycemia results in long-term chronic
systemic damage, acting as a risk factor for retinopathy, neuropathy, CVD, delayed wound
healing and PD (68, 74). DM is classified in four main types: Type 1 DM (T1DM), Type 2 DM
(T2DM), Gestational Diabetes and Other Specific types of diabetes that might occur, in example,
as drug or chemical induced, pancreatic disease associated, or diabetes associated with genetic
syndromes (5). TIDM accounts for 5 - 10% of all cases where the patients can become insulin
dependent as it results from autoimmune destruction of the pancreatic B-cells leading to
insufficient insulin secretion and high risk of ketoacidosis. TIDM has multiple genetic
predispositions and poorly defined environmental factors (5). Gestational Diabetes occurs in
previously non-diabetic pregnant women, that also, after their pregnancy can eventually
develop T2DM (22). T2DM accounts for the majority of patients (90 to 95%) and results from a
combination of a predominately insulin resistance with associated compensatory insulin
secretion deficiency (61). T2DM patients might not be insulin dependent, at least not initially,
and can go undiagnosed for several years, also T2DM presents a strong association with obesity.

There are several proposed pathogenic mechanisms linking PD and DM in a bidirectional
manner, and the available evidence on these mechanisms was recently, exhaustively, reviewed
by Taylor et al (2013) (124) where pro-inflammatory mediators play a key role in this complex
relationship. Nevertheless we must also consider the fact that both diseases present possible
genetic underlying mechanisms, evidenced by the strong familial inheritance of both diseases,
while also possibly sharing immunological mechanisms of exaggerated immune response to
environmental factors (68, 119). Insulin resistance (more typical of T2DM) may result from
oxidative stress (22) or a chronic inflammatory state possibly associated with obesity (which acts
also as a risk factor for T2DM and PD) or untreated PD (61). In turn insulin resistance can
manifest as hyperglycemia that can lead to the production of advanced glycation endproducts
(AGEs) that have the potential to bind to specific high-affinity cell surface receptors (RAGE)
resulting in the production of pro-inflammatory cytokines by macrophages such as IL-1, 1I-6 and
TNF-a (119). The excessive formation and accumulation of AGEs in tissues results in diabetic
complications, interferes with collagen turn-over in fibroblasts (impaired wound healing) and
also amplifies neutrophil response to periodontal pathogens (13).

Considering the role of inflammation in T2DM it is thought that PT might have a
beneficial effect in reducing insulin resistance, therefore improving glycemic control. HbAlc is
used to assess average blood glucose levels over a period of 8 to 12 weeks representing an
overall indicator that integrates fasting, preprandial as well as postprandial hyperglycemia. It is
used as a biomarker for monitoring a patients glycemic control and as clinical surrogate endpoint
in diabetes as it can be correlated to the increased risk of diabetes complications (62).

With regard to the effects of PT in T2DM patients Engebretson & Kocher (2013) (37) in
their systematic review and meta-analysis conducted an update to the systematic review of
Teewu et al (2010) (125) and Simpson et al (2010) (117), adding five more RCT’s, resulting in a
total of 9 RCT’s that were included in their analysis, while maintaining the same inclusion criteria,
for atotal 719 subjects (398 in the treated groups). Follow-up data analyzed was of 3 to 4 months
and they reported a, consistent with previous works (27), modest reduction of HbAlc in T2DM
with PD patients that underwent nonsurgical PT, of -0.36% HbA1c (Cl: -0.54; -0.19 p < 0.0001).
Despite the consistency of this modest reduction of HbAlc the authors warn to the fact that
these results are based in several small sample studies and thus the results cannot yet be



generalized, calling for researchers to pool resources in order to conduct larger clinical trials
rather that isolated small clinical trials.

Therefore the subject of PT possibly improving glycemic control is not without
controversy as Engebretson et al (2013) (38) reported the results from The Diabetes and
Periodontal Therapy Trial, a 6-month, single-masked, multicenter randomized clinical trial
involving 476 T2DM patients that completed the study and found no improvement of glycemic
control resulting from PT in these patients with moderate to advanced PD. The majority of these
patients were taking diabetes medication (oral hypoglycemic agents, insulin or both) and
presented at baseline a mean HbAlc % of 7.84 (treatment group) and 7.77 (control group). Well
controlled T2DM patients are defined as having < 7% HbAlc (6) Given this, a small sample
intervention study by Soorya et al (2014) (54) divided 45 T2DM patients into three 15 patients
groups according to their glycemic control at baseline (well, moderately and poorly controlled
diabetes, 6-7%, 7-8% and >8% HbA1c respectively) and reevaluated them three months after
non-surgical PT. The reported improvement in HbAlc and gingival crevicular level of TNF-a was
somewhat related to the baseline levels of HbAlc. Thus it is tempting to conclude that baseline
levels of glycemic control might be an influencing factor in the results of studies reporting no
statistical significance of PT effect on levels of HbAlc alongside with other several possible
cofounding factors. However a previous large, multi-centered, clinical trial by Jones et al (2007)
(53) that recruited 193 patients, of which 132 completed the study also found no statistical
difference in HbAlc at 4 months between the PT group and untreated group, yet these patients
had a mean baseline HbAlc of 10%. As with the previously cited study (38) patients were also
medicated, and more importantly, the medication was properly assessed leading the authors to
state that the PT patients were less likely to receive increases in insulin, although the authors
also reported an unsatisfactory resolution of the PD (presence of increased probing depth in
several treated patients).

The discussion on whether PT results in beneficial improvement in HbAlc remains very
much alive and the analysis of the available evidence must be pondered with caution and with
special consideration to some of the studies characteristics, namely diabetes medication and its
management, effectiveness of the PT strategy employed and baseline HbAlc values. HbAlc
management and control is important since it has been reported that a reduction of 1% HbA1c
can be associated with a 27% risk reduction for diabetes end point complications or 37% for
microvascular complications (122), also a reduction of approximately 0,4% HbA1c is clinically
similar to the addition of a second drug to a pharmacological regime for the management of DM
(26). The vast majority of current studies do not account for patient’s medication and their
management of DM, and considering that these type of medications are often changed and
adjusted, possibly together with changes in lifestyle during the studies evaluation period, might
account for results reporting similar improvements of HbAlc in Periodontal treated and
untreated patients. The periodontal clinical results obtained by PT must also be considered, as
its ineffectiveness has been considered to be a possible confounding factor in studies results
reporting no changes in HbAlc, this is to say, patients that after PT still present multiple sites
with significantly increased probing depth and bleeding on probing are more likely to still have
active infectious periodontal processes and therefore the treatment modality employed might
not have been adequate. Finally it is also assumed that patients with higher baseline values of
HbA1lc have a bigger margin of improvement and thus should present better and significant
results when adequate PT is conducted. With relation to the significance of DM patient HbA1lc
management, recently Kowall et al (2015) (63) reported results from the Study of Health in



Pomerania, (SHIP-Trend Study) concluding that PD and tooth loss were associated with poorly
controlled T2DM but not with well controlled T2DM or pre-diabetic patients.

Considering the relevant role of inflammation in insulin resistance Correa et al (2010)
(28) assessed the effects of PT on 23 T2DM patients evaluating not only circulating concentration
of HbAlc, but also, CRP, Fibrinogen, IL-4, II-6, 1I-8, 1I-10 and TNF-a. Patients were on average
obese, and also medicated for DM but reported no changes in their medication regime or
lifestyle in the duration of the study. 3 months after the end of the non-surgical PT the
reevaluation of the patients resulted in a significant reduction in Fibrinogen and TNF-a, and a
trend for the reduction of the remaining biomarkers that however did not achieve statistical
significance. Focusing only in inflammatory biomarkers in T2DM patients, Artese et al (2015) (9)
performed a systematic review and meta-analysis that included 9 studies reporting a statistically
significant mean difference in favor of PT for TNF- a -1.33 pg/ml, (95% Cl: -2.10; -0.56, p < 0.001)
and CRP -1.28 mg/! (95% ClI: -2.07; - 0.48, p < 0.001).

Despite the mixed results and controversy one must consider the conclusions of the
Joint EFP / AAP Workshop as reported by Chapple & Genco (2013) (26) stating that the current
evidence allows to conclude that PD has dose-dependent negative impact on glycemic control
in diabetic patients, with adverse outcomes in diabetes complications and emerging evidence of
increased risk of diabetes onset in periodontal patients. That also considering the consistent
RCT’s results of reduction in HbA1C, guidelines for PT and care of diabetes patients are granted
and were presented.

Pregnancy outcomes

From the information previously acquired in experimental animal studies Offenbacher
et al (1996) (94) conducted a pilot case-control study of 124 pregnant or postpartum women to
assess the influence of PD on adverse pregnancy outcomes defined by preterm birth (< 37
weeks) and low birth weight (< 2,500g). Their results showed PD as a statistical significant risk
factor for these adverse outcomes. Adverse pregnancy outcomes have several identified
contributing factors such as smoking, alcohol consumption, maternal age, poor maternal
nutrition and stress among several others (16). Despite some contradictory data, inflammation
triggered by bacterial infections is thought to play a central role in this association (142). Other
pathways consider direct infection by oral bacteria in the fetal-placental unit (47). A thorough
review of the possible pathogenic mechanisms and the evidence that support them has been
published by Madianos et al (2013) (80). Several systematic reviews and meta-analysis have also
been published in recent years attaining to the subject of how PT might impact pregnancy



outcomes, some of which resorted to the same RCT’s as was reviewed by other authors, and
presented contradicting results (76, 86). Kim et al (2012) (60) in their meta-analysis of 11 RCT’s
concluded that PT was only statistically beneficial for reducing risk of pre term birth in high risk
groups, while others such as Uppal et al (2010) (131), concluded to be no beneficial effects from
PT in pre term birth or low birth weight. In light of the conflicting existing data, Lopez et al (2015)
(76) conducted a systematic review of six meta-analysis and arrived to some very important
conclusions: that several of the RCT’s available, and used in these meta-analysis, present several
methodological flaws resulting in a lack of control of the many cofounding factors; imprecise
definition of PD and ineffectiveness of PT strategies employed to control the PD; and hence, as
the authors conclude, these meta-analysis are not based on consistent scientific data. The
authors also state that, in trials that do not present these flaws, PT demonstrated a reduction of
pre term birth rate. A study analyzing insurance data of 23441 women was performed by Albert
et al (2011) (4) and within the several limitations associated with these types of studies, they
reported that preventive dental treatment, or post-delivery PT or prophylaxis, was statistically
associated with lower odds of adverse pregnancy outcomes. While the overall data on the
possible effects of PT in reducing the risks of adverse pregnancy outcomes can be conflicting
(79), or at a minimum doubtful, studies continue to emerge presenting results showing CRP (59)
and inflammatory cytokines (98) reduction in pregnant women undergoing non-surgical PT. At
present, there is still no compelling evidence indicating that PT can improve pregnancy
outcomes (85), despite the biological plausibility and promising initial results, the improvement
of pregnancy outcomes will require the search and treatment of other etiological agents (121),
nonetheless the current lack of evidence does not exclude the need for adequate PT in pregnant
women with the propose of controlling infection and inflammation (142).

Psoriasis

In recent years several articles analyzing a possible association between PD and Psoriasis
have been published (39, 45, 58, 66, 90, 102, 115, 118). With a renewed interest in the research
of possible links between PD and other systemic inflammatory diseases, this hypothesis is
specifically interesting due to the fact that an exaggerated immune response in epithelial
surfaces with a dysregulation of the host inflammatory response, is present in both PD and
Psoriasis (90). Psoriasis is characterized as a chronic, immune-mediated inflammatory systemic
disease with predominantly skin and joint manifestations, with a prevalence of 1-3% in the world
population that is subject to great variability between populations and ethnicities (46, 113). It
has a strong hereditary, and hence genetic, component and can be triggered or worsened by
multiple environmental factors, sharing with PD some risk factors such as smoking, alcohol
consumption, stress, immune depression among others (115). Psoriasis is also reported to be
associated with other systemic and inflammatory diseases such as CVD, metabolic syndrome
and RA (102). The true etiology of Psoriasis is still not fully understood, being proposed that it



might be an autoimmune disease, or triggered by the bacterial microbiota of the skin, with some
recent questions raised about the autoimmune theory (44).

Preus et al (2010) (102) performed a pilot cross-sectional clinical study investigating the
prevalence of PD in psoriasis patients compared to an age and gender matched non-psoriasis
control group. Trough bitewing x-ray measurements they evaluated radiographic alveolar bone
loss and number of absent teeth in 155 psoriasis patients and in 155 matched control patients.
They reported that psoriasis patients presented significantly higher mean bone loss (p < 0.001)
and higher number of missing teeth (p < 0.001) compared to their matched controls. No
confounding factors were registered and the population consisted of regular dental attendees.
A similar study by Lazaridou et al (2012) (66) compared 100 Psoriasis patients to 100 matched
controls while also recording the presence of metabolic syndrome. Their results showed that
patients with PD were 3-times more likely to be in the Psoriasis group (OR: 3.329, 95% Cl: 1.513;
7.324, P = 0.003) while also reporting a positive association between metabolic syndrome and
Psoriasis and a positive correlation between the severity of Psoriasis, PD and metabolic
syndrome. Even after performing a multivariate analysis model to account for the presence of
metabolic syndrome, the association between PD and Psoriasis subsisted (OR: 2.486, 95% Cl:
1.002; 5.842, p = 0.049). Other small sample clinical studies reported similar conclusions about
an apparent association between PD and Psoriasis also influenced by the severity of the Psoriasis
(45, 115, 118).

A epidemiological study by Keller et al (2013) (58) used data from the Longitudinal
Health Insurance Database (LHID2000) released by the Taiwan National Health Research
Institute to assess the impact of PD and PT on the risk of psoriasis. Based upon a reported
diagnosis of PD they tracked a total of 230730 patients (115,365 with PD and 115,365 without
PD as a control group matched for age, gender and geographical area) for a period of 5 years.
Based on the insurance claims data, upon adequate statistical analysis, they reported an
increased incidence of Psoriasis during the 5-year follow up period of 1.88 (95% Cl: 1.77; 1.99)
per 1000 person-years in patients with diagnosed with PD when compared to an incidence of
1.22 (95% Cl: 1.14; 1.32) per 1000 person-years for the control group. Further they estimated a
hazard ratio of Psoriasis in PD patients of 1.52 (95% Cl: 1.38; 1.70). The effect of periodontal
treatment on the risk of Psoriasis was also analyzed by comparing subjects that had undergone
a gingivectomy or flap surgery to the control group achieving a lower hazard risk of 1.26. As the
authors claim, PT attenuated but did not nullify the risk for subsequent psoriasis. Such studies
do have the advantage of access to a very large sample size, however also present several
inherent limitations as previously discussed (34), most importantly in this case, relating to the
authors conclusion on the effect of periodontal treatment, is the lack of information about the
PD severity and having compared only patients who were submitted to surgical treatment with
no reference about non-surgical periodontal treatment, that is the most frequent treatment
modality for periodontal patients. Regarding the effect of periodontal treatment, to the best of
our knowledge, only a few case reports are available all describing overall improvement of
Psoriasis symptoms and manifestations in patients suffering from Pustulosis palmaris et
plantaris (PPP), a form of Psoriasis, upon undergoing comprehensive periodontal treatment (2,
50, 89).

The current hypothesis of common etiopathogenesis pathways between PD and
Psoriasis are mainly speculative but involve several possible mechanisms such as an abnormal
response to the microbiota inhabiting the oral cavity and skin, triggered by a common genetic
defect, resulting in a genetic dysbiosis (44, 92) possibly affecting components of the innate



immune system such as dendritic cells (DC) with an upregulation of Toll-like receptors (TLR)-2
that results in an amplified inflammatory reaction and T-cell activation (102). The production of
the associated T-cells cytokines TNF, IL-17, IL-22, leptin and interferon-gamma are associated
with both diseases and contribute to an increased inflammatory response (115). A lower
concentration of salivary IgA and lysozyme has been found in Psoriasis patients and thus
possibly results in a higher risk of bacterial infection (45). Other hypothesis consider a more
direct influence of the oral microbiota through bacterial heat shock proteins that result in higher
levels of 1gG (50), or the presence of P. gingivalis, a frequently associated periodontal pathogen
bacteria, that possibly increases expression of 11-17 and that can produce peptidylarginine
deiminase (PAD), an enzyme suggested to be associated with autoantigen presentation and
autoantibody expression (58). Also considering that Psoriasis and PD are linked to metabolic
syndrome and atherosclerotic plaques they may share similar pathways (66).

While there is growing evidence suggesting an association further studies are still
required. Despite de biological plausibility of the proposed etiopathogenic pathways both
diseases share several risk factors and that can act as cofounding factors in the available studies,
potentially leading to misinterpretations.

Rheumatoid Arthritis

RA is characterized by chronic synovial inflammation with destruction of cartilage and
bone. It is considered as an autoimmune disease and presents several similarities to PD due to
the inflammatory pathogenic mechanisms present that relate both diseases, and also the bone
reabsorption phenomena (56, 67, 83, 100). Some emphasis has been given to the periodontal
pathogen P. gingivalis and its specific role in the production of anti-citrullinated protein
antibodies (ACPA) that may lead to RA (77, 136, 137). Some of the evidence of the association
between Rheumatoid Arthirtis (RA) and PD (8, 101) has been questioned on methodological
grounds despite the biological plausibility, some findings are inconsistent mainly due to a
possible selection bias in small sample case-control studies and PD diagnosis criteria (31, 71, 72).



The systematic review by Kaur et al (2013) (56) assessed the available evidence on an
association between RA and PD attempting to establish its nature and specifically clarify if, the
diseases have an negative impact on each other, also assessing the inflammatory biomarkers
present and if PT had an effect on RA clinical parameters. Their inclusion criteria included well
diagnosed PD and RA patients, as a primary RA outcome they considered measures such as
erythrocyte sedimentation rate (ESR), CRP, ACPA and rheumatoid factor (RF). For PD the primary
outcomes were tooth loss and clinical attachment loss, secondary outcomes included antibodies
for P. gingivalis and ESR levels after PT. Their search criteria resulted in a total of 19 studies
reviewed, 16 case-control and 3 experimental studies. Within the limitations of the available
data, the authors concluded that RA patients presented a higher incidence of PD, that in RA
patients with PD, ESR and CRP may be elevated and that evidence exists indicating the presence
of serum antibodies for periodontal pathogenic bacteria in the synovium. Three studies included
with evaluation of the effect of PT, reported some potential for a beneficial effect in reducing
RA severity. Overall these findings support the existence of an association, albite not causal, and
give strength to the proposed mechanisms of association related to inflammatory mediators and
role of periodontal pathogens in auto-immunity. Following this work, and the promising effects
of PT, Kaur et al (2014) (55), conducted a systematic review and meta-analysis focused on PT
outcomes in RA patients as measured by clinical and biochemical measures. Five studies met
their inclusion criteria, but only four were included in the meta-analysis and within these, aside
from small sample sizes and short time periods, heterogeneity in the methodology of measures
undertaken were found, resulting that in the meta-analysis the results for some biomarkers did
not include all four studies. Comparing PT to non-PT groups they reported a standardized mean
difference (SMD) of -0.479 (95% Cl: -0.924; -0.034) for ESR suggesting a reduction following non-
surgical PT. A trend for reduction of TNF, yet not significant, -1.352 (95% Cl: -3.072; 0.369). No
statistical significant difference was found for CRP levels, -0.072 (95% Cl: -0.497; 0.352). For
ACPA, RT and II-6 meta-analysis was not possible and the studies reporting on these markers
showed no statistical significant differences.

Recently Payne et al (2015) (97) reviewed the shortcomings of these results as well,
critically appraising other recent publications and their own previous work (87) concluding that
there is evidence of an association between the diseases and that PT has the potential of
reducing RA disease activity, however further longitudinal and RCT with larger sample sizes,
longer term follow up, are required to further elucidate this relationship.

Respiratory Diseases

Poor oral health (PD and caries) has been associated with respiratory diseases such as
Chronic Obstructive Pulmonary Disease (COPD) and Bacterial Pneumonia which includes several
subtypes such as nosocomial (hospital acquired) pneumonia (HAP), nursing home-associated
pneumonia (NHAP), aspiration pneumonia and ventilator-associated pneumonia (VAP) (107).
Several mechanisms have been proposed linking oral bacteria to these respiratory diseases,
these include the aspiration of oral pathogens and respiratory pathogens that can colonize oral
tissues, and inflammatory cytokines originating from periodontal tissues that can have an effect
on respiratory epithelium promoting infection(108). Scannapieco and Ho (2001) (111) reviewing
the data from the National Health and Nutrition Examination Survey Il (NHANES IlI) from 13,792
subjects concluded that PD was associated with COPD, in that greater attachment loss resulted



in increased risk of COPD and there was a trend for diminished lung function with increased
attachment loss. Two systematic reviews from 2003 (110) and 2006 (10) have however deemed
the available evidence on the association between COPD and PD as firstly preliminary, and
secondly as poor evidence of a weak association. Nonetheless several authors have reported
this association (99), including diminished quality of life in COPD patients associated with the
severity of the PD (141) and a Meta-analysis by Zeng et al (2012) (140) concluded that PD is a
risk factor for COPD with an OR of 2.08 (95% Cl: 1.48; 2.91; p < 0.001). The association between
PD and the several forms of Pneumonia present overall a strong level of evidence as pointed out
in the previously cited systematic reviews of 2003 (110) and 2006 (10). In the 2003 review,
Scannapieco et al (110) concluded that poor oral hygiene and PD were associated with the
colonization of oral tissues by respiratory pathogens and that diverse oral treatment methods
and interventions that promoted better plaque control, resulted on an average 40 % reduction
in the incidence of HAP. Azarpazhooh et al (2006) (10) reviewed ten studies aimed at the effects
of improved oral health on progression and occurrence of VAP with a wide range of protocols
ranging from professional dental care to chlorhexidine gel and rinse. Their results provided a
good level of evidence that, improved oral health, results in reduced occurrence of Pneumonia,
with a relative risk reduction of 34% to 83%. In line with these conclusions, a review by Pace and
McCullough (2010) (95) further elaborates on the association between Pneumonia and poor oral
health and issues recommendations for the oral management of elderly patients.

Other systemic diseases and conditions.

Associations between PD and other systemic conditions have also been pursued. A
systematic review by Chambrone et al (2013) (24) concluded that there is sufficient evidence to
positively associate Chronic Kidney Disease and PD, furthermore, they also concluded that PT
results in positive outcomes. Also several studies proposing a possible association between PD
and cancer have been reported in the recent years, on the basis that changes in the oral
microbiota and/or the increase of inflammatory molecules with systemic effect might be an
etiopathogenic link to the two conditions. Reviews on this subject show some level of evidence
of association between poor oral hygiene, and possibly PD, to primarily oral cancer, followed by



pancreatic cancer and upper gastrointestinal cancer (1, 41, 84). Tezal et al (2009) (127) and Eliot
et al (2013) (36) assessed the incidence of PD in patients with Head and Neck Squamous Cell
Carcinoma (HNSCC) based on the mounting evidence of a growing association between chronic
inflammation and cancer. While further larger studies with well controlled variables and
cofounding factors for HNSCC such as smoking, alcohol consumption, and human
papillomavirus, are still required, both studies reported a statistically significant association
between HNSCC and PD, suggesting that PD can be an independent risk factor, and therefore
this presents practical implications within prevention, early diagnosis and treatment within the
search of a possible improvement in this disease’s prognosis. In a similar line of reasoning,
identical conclusions were drawn from results reported by Dar et al (2013) (30) describing an
inverse association between oral hygiene and esophageal squamous cell carcinoma.

PD has also been proposed and hypothesized to have a role in several other systemic
diseases and conditions such as Metabolic Syndrome (20, 21, 69), Obesity (57, 96), Osteoporosis
(19, 25, 70), Alzheimer’s (120), Depression (14) and Non-alcoholic fatty liver disease (138).
Further research in needed to clarify the validity and nature of these proposed associations and
if PT presents any beneficial results for these systemic conditions.

Conclusion

Overall the available systematic reviews and meta-analysis call out for further
methodologically well-structured studies to further elucidate the validity and true nature of the
associations between PD and systemic conditions, as well into the effects of PT on those
systemic conditions. However, overviewing the available data on these several conditions, some
considerations must be made, first of all, PT in the vast majority of cases is non-surgical, and
therefore it is a relatively inexpensive, noninvasive procedure with undoubting beneficial



results, improving oral health. Secondly no study presented any adverse effects in periodontal
or systemic health resulting from PT, so in a worst case scenario PT results in no change for the
systemic condition, while maintaining its benefits for periodontal health. Thus we consider it is
important to raise awareness within the medical and dental communities, promoting inter
disciplinary teamwork that will allow patients suffering from targeted systemic conditions to be
referred to dental professionals for periodontal diagnosis and treatment if required, as well for
dental professionals to be alert regarding the possible systemic implications that might be
present in their periodontal patients and thus by conducting a comprehensive medical history,
an adequate referral might allow an early detection and adequate treatment or management of
a systemic condition.
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