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ABSTRACT 

Background: Recent evidence indicates a relationship between periodontitis and 

hypertension; however, the nature and magnitude of the association are yet to be 

determined. The aim of this PhD was to further our understanding of this relationship.  

Material & Methods: To investigate the research hypothesis, three studies were 

conducted. A comprehensive systematic review (part 1) intended to ascertain the 

likelihood of hypertension in individuals with periodontitis when compared to those 

without periodontitis. Secondary objectives evaluated i: linear relationship between 

periodontitis (extent/severity) and hypertension [measures of blood pressure (BP)], ii: the 

mean BP values in periodontitis versus non-periodontitis and iii: the effect of periodontal 

therapy on systolic (SBP) and diastolic blood pressure (DBP). A cross-sectional analysis 

(part 2) of two well-established surveys of representative samples of USA and Korean 

populations was designed with to further assess, i: the degree of association between 

periodontitis and hypertension, ii: the potential role of systemic inflammation in 

mediating this association. A post-hoc nested case-control study (part 3) in a sample of 

systemically healthy participants with the objective to investigate i: the association 

between periodontitis and mean BP levels, ii: the relationship with systemic inflammatory 

makers and its mediation effect, iii: the level of possible undetected hypertension in the 

sample population.  

Results: The systematic review included 81 studies (comprising observational and 

interventional designs). Moderate-severe periodontitis (OR = 1.22; 95% CI: 1.10–1.35, 

P=0.0001) and severe periodontitis (OR = 1.49; 95% CI: 1.09–2.05, P=0.01) were 

associated with hypertension. Diagnosis of periodontitis increased the likelihood of 

hypertension in prospective studies (OR = 1.68; 95% CI: 0.85–3.35, P=0.14). Further, 

participants with periodontitis exhibited higher mean SBP (WMD = 4.49 mmHg; 95% 

CI: 2.88–6.11, P=0.00001) and DBP (WMD = 2.03 mmHg; 95% CI: 1.25–2.81, 

P=0.00001) when compared to controls. Less than half (5 out of 12) of interventional 

studies confirmed a reduction in BP following the treatment of periodontitis, ranging from 

an average of 3-12.5 mm Hg of SBP and from 0-10 mm Hg of DBP.  

The cross-sectional study results confirmed that participants with periodontitis had 

increased odds of hypertension (NHANES: OR = 1.3, 95% CI: 1.0–1.6, P=0.025; 
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KNHANES: OR = 1.2, 95% CI: 1.0–1.4, P=0.041) and actual SBP≥140 mmHg 

(NHANES: OR = 1.6, 95% CI: 1.1–2.3, P<0.001; KNHANES: OR = 1.3, 95% CI: 1.0–

1.6, P<0.031) following adjustment of traditional confounders and confirmed in 

participants not taking antihypertensive medications. Diagnosis of periodontitis was 

directly associated with WBC in both surveys and with CRP levels in the NHANES. 

Mediation analyses confirmed that CRP acted as a mediator in the association between 

periodontitis and hypertension in both populations. WBC acted as a mediator in the 

KNHANES whilst in the NHANES, its effect was dependent of CRP inclusion in the 

model. 

Lastly, from the nested case-control study cases (participants with severe periodontitis) 

presented with 3.36 mm Hg (95% CI, 0.91–5.82, P=0.007) higher mean SBP and 2.16 

mm Hg (95% CI, 0.24–4.08, P=0.027) higher DBP than controls (without periodontitis). 

Diagnosis of periodontitis was associated with mean SBP (β=3.46±1.25, P=0.005) and 

greater odds of SBP≥140 mmHg (OR = 2.3, 95% CI, 1.15–4.60, P=0.018) independent 

of common cardiovascular risk factors. Similar findings were observed when continuous 

measures of periodontal status were modelled against SBP. Measures of systemic 

inflammation although elevated in periodontitis were not found to be mediators of the 

association between periodontitis and arterial BP values in this sample of participants 

without hypertension.  

Conclusions: Diagnosis of periodontitis is consistently associated with increased odds of 

hypertension, higher SBP/DBP levels and systemic inflammatory biomarkers. Patient-

centred approaches integrating both the medical and dental communities will be crucial 

in the prevention and management not only of periodontitis but also hypertension and its 

complications. 
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RESUMEN  

 

Antecedentes: La evidencia actual sugiere una relación entre la periodontitis e 

hipertensión, sin embargo, la naturaleza y la magnitud de esta asociación están por 

determinar. Por lo tanto, esta tesis doctoral tiene el objetivo de discernir su relación.   

Material y métodos: Para estudiar la hipótesis de la investigación, tres metodologías 

fueron llevadas a cabo. La revisión sistemática de la literatura (1ª parte), cuyo objetivo 

primario fue investigar si pacientes con periodontitis presentaban un mayor riesgo de 

hipertensión en comparación con aquellos sin periodontitis. Los objetivos secundarios 

evaluaron i: la relación lineal de la periodontitis (extensión/severidad) con la hipertensión 

[medidas de presión arterial (PA)], ii: los valores medios de la PA en periodontitis versus 

no periodontitis, iii: el efecto del tratamiento periodontal en la PA sistólica (PAS) y 

diastólica (PAD). El estudio transversal (2ª parte) de dos bases de datos representativas 

de las poblaciones norteamericana y coreana tuvo como objetivos i: corroborar los 

resultados de la revisión sistemática en cuanto al riesgo de hipertensión en pacientes con 

periodontitis y ii: analizar la asociación con la inflamación sistémica y su posible efecto 

mediador. El estudio de casos y controles (3ª parte) se diseñó con el objetivo de investigar 

i: la asociación entre periodontitis y los valores medios de PAS/PAD, ii: la relación con 

los marcadores de inflamación sistémica y su posible efecto mediador, iii: ll porcentaje 

de hipertensión no diagnosticada en la población de estudio.  

Resultados: La revisión sistemática incluyó 81 estudios (observacionales y de 

intervención). La periodontitis moderada a severa (OR = 1.22; 95% CI: 1.10–1.35, 

P=0.0001) y la periodontitis severa (OR = 1.49; 95% CI: 1.09–2.05, P=0.01) se asociaron 

a hipertensión. Además, los estudios longitudinales de cohortes confirmaron los 

resultados; la periodontitis incrementó el riesgo de hipertensión (OR = 1.68; 95% CI: 

0.85–3.35, P=0.14). Los valores de PAS (WMD = 4.49 mmHg; 95% CI: 2.88–6.11, 

P=0.00001) y PAD (WMD = 2.03 mmHg; 95% CI: 1.25–2.81, P=0.00001) se 

encontraron más elevados en pacientes periodontales en comparación con aquellos sin la 

enfermedad. Por último, solamente 5 de 12 estudios de intervención confirmaron una 

reducción en PAS=3-12.5 mmHg y de PAD=0-10 mmHg tras el tratamiento periodontal.  

Los resultados del estudio transversal mostraron que participantes con periodontitis 

tenían un riesgo de hipertensión aumentado (NHANES: OR = 1.3, 95% CI: 1.0–1.6, 
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P=0.025; KNHANES: OR = 1.2, 95% CI: 1.0–1.4, P=0.041) y además, de PAS≥140 

mmHg (NHANES: OR = 1.6, 95% CI: 1.1–2.3, P<0.001; KNHANES: OR = 1.3, 95% 

CI: 1.0–1.6, P<0.031) después de ajustar las variables de confusión. Los resultados se 

confirmaron en aquellas personas que no tomaban medicación antihipertensiva. La 

periodontitis estaba directamente asociada con el recuento de glóbulos blancos (RGB) en 

las dos bases de datos y con la proteína C-reactiva (PCR) en NHANES.  Los análisis de 

mediación confirmaron que la PCR medió la relación entre periodontitis e hipertensión 

en las dos poblaciones. El RGB actuó como mediador en KNHANES mientras que en 

NHANES, el efecto de mediación dependió de la inclusión de la PCR en el modelo.  

Los resultados del estudio de casos y controles mostraron que los individuos con 

periodontitis severa (casos) presentaron una PAS [3.36 mm Hg (95% CI, 0.91–5.82, 

P=0.007)] y PAD [2.16 mmHg (95% CI, 0.24–4.08, P=0.027)] más elevada que los 

controles (individuos sin periodontitis). La periodontitis estaba asociada con la PAS 

[variable continua (β=3.46±1.25, P=0.005)] y un riesgo más elevado de tener PAS≥140 

mmHg (OR = 2.3, 95% CI, 1.15–4.60, P=0.018), independientemente de variables 

cardiovasculares comunes. Se obtuvieron resultados similares cuando el modelo se 

realizó con variables periodontales continuas y PAS. Las medidas de inflamación 

sistémica (PCR y RGB) se encontraron elevadas en pacientes con periodontitis, pero no 

actuaron como mediadoras de la asociación entre periodontitis y los valores de PA.  

Conclusiones: La periodontitis está asociada con un mayor riesgo de padecer valores de 

PA elevada e hipertensión, así como también de marcadores de inflamación sistémica, 

los cuales podrían actuar como mediadores de la asociación. La integración de estrategias 

de salud por parte de las comunidades médica y dental con la atención centrada en el 

paciente son clave tanto en la prevención como en el control de la periodontitis e 

hipertensión con el objetivo de disminuir el riesgo cardiovascular.  
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1. INTRODUCTION

1.1. AIM 

This PhD aimed to investigate the nature of relationship between periodontitis and 

hypertension and explore further the role of systemic inflammation in mediating the 

association. 

1.2. BACKGROUND 

The background describes the research topics, with an interpretation of the available 

literature in the context of the possible links between periodontitis and hypertensin and 

discusses the rationale for this thesis. 

1.2.1. HYPERTENSION 

DEFINITION AND PREVALENCE 

Hypertension is a non-communicable chronic disorder wherein blood pressure in the 

arteries is persistently elevated. Two measures can be conveyed, namely systolic blood 

pressure (SBP) or the highest blood pressure during contraction of the ventricles and 

diastolic blood pressure (DBP), relating to the lowest blood pressure noted preceding the 

next contraction (1, 2). Hypertension was defined by the Sixth Report of the Joint 

National Committee on Prevention, Detection, Evaluation, and Treatment (JNC VI) as 

the condition associated with values of SBP ≥ 140 mm Hg and/or DBP ≥ 90 mm Hg in 

individuals who are not taking antihypertensive medications (3). This definition and the 

choice of these thresholds of BP was mostly based on the evidence derived from 

interventional RCTs confirming the benefits in reducing blood pressure in terms of 

cardiovascular outcomes and complications (4).  

Essential or primary hypertension is the commonest form of the disease, whilst other 

types are described such as secondary and resistant hypertension, elderly or pregnancy-
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related forms, hypertension within metabolic syndrome, malignant hypertension and 

white coat hypertension, among others (4).  

Measurements of blood pressure are highly prone to error, thus, to confirm 

hypertension diagnosis, more than a single set of BP readings (1-2 min apart) at different 

office visits (depending on severity) and/or home blood pressure and/or ambulatory blood 

pressure monitoring are required (5). It is now recommended that standardized 

oscillometer devices are used for measuring blood pressure due to their improved 

accuracy compared with conventional auscultatory methods (6). Current case definitions 

of hypertension using different SBP and DBP thresholds vary across continents but they 

could be described when examining the recent European (7) and American guidelines (8). 

Table 1. Comparison of categories of blood pressure according to current clinical guidelines. 

Reproduced with permission from Bakris et al. 2019 (9) 
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Hypertension is the most widespread of all cardiovascular disorders with 30–45% of 

the worldwide adult population affected by some forms of the disease and it represents 

approximately 1.13 billion people across the globe according to reports in the year 2015 

(10). Its prevalence increases progressively with ageing, involving > 60% of individuals 

over 60 years old, independent of income status (11). Male individuals as well as ethnic 

minorities such as blacks are particularly susceptible to hypertension with a 10-15% 

higher prevalence than other ethnic groups (11, 12). 

 

AETIOLOGY AND PATHOGENESIS OF HYPERTENSION 

 

Hypertension is a highly heterogeneous condition with a multifactorial aetiology (13). 

Despite the wealth of evidence collected over the last 30 years, however the 

pathophysiology of this condition remains unclear. It is often labelled as essential 

hypertension, whereby no clear single identifiable cause is identified, whilst renal or 

adrenal disorders are the most common underlying causes for a minority of patients 

(between 2% and 5%) (14).  

 

Individuals with elevated blood pressure often present with a positive family history 

of hypertension, with most studies attributing an estimated 35% and 50% of heritability 

(15). Genetic analysis of more than 1 million persons of European descent identified 535 

new loci associated with hypertension traits (16). In addition, several risk factors such as 

being overweight and sedentary lifestyle, diabetes, diet imbalances with low calcium and 

potassium but rich in salt and alcohol consumption, smoking, aging and stress, are 

recognised to increase the odds of hypertension (17).  

 

The development of essential hypertension has been associated with cardiac, vascular 

and/or renal systems derangements (Table 2) (14). Overactivation of the regulatory 

systems involving salt-intake and cardiovascular function (i.e. the renin-angiotensin-

aldosterone and the sympathetic nervous systems) have been traditionally linked to 

hypertension development. Nevertheless, therapies targeting those imbalances have 

failed to control hypertension in up to 44-66% of the cases, suggesting other mechanisms 

causing hypertension are involved (18).  
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Table 1. Mechanisms altered in hypertension. With permission from Beevers et al. 2001 (14). 

Current evidence indicates that systemic inflammation is linked to hypertension and 

that oxidative stress and endothelial dysfunction are among the main mechanisms 

involved (Figure 1) (19). Although inflammation provides a crucial role in the defense 

mechanism against any harmful stimuli, newer evidence confirm that persistent 

inflammation can have detrimental effects especially on the vasculature. In particular 

immunological dysfunctions have been implicated in the development of hypertension 

(20). Several immune cells have been involved in the pathogenesis of hypertension and 

hypertensive end-organ damage such as T and B lymphocytes cells, dendritic cells, and 

macrophages (21).  

The first experimental (rat animal) model demonstrated that inhibition of infiltration 

and proliferation of immune cells, particularly T lymphocytes contributed to renal 

changes and prevention of BP elevation (22). Early clinical studies of vascular 

inflammation suggested Th17 cells subtype contributed to vascular dysfunction and 

hypertension development (23). A clinical study showed a relationship between vascular 

wall stiffness in untreated hypertensive patients with increased levels of acute phase 

proteins such as C-reactive protein (CRP) (24). Moreover, inflammatory processes can 

result in an overexpression of endothelial cell activation markers including vascular cell 

adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) which 

in turn have been implicated in hypertension development and predict future CV events 

(25).  

Physiological mechanisms involved in regulating blood pressure 

1. Cardiac output

2. Peripheral resistance

3. Renin-angiotensin-aldosterone system

4. Autonomic nervous system

5. Other factors:

Bradykinin

Endothelin

EDRF (endothelial derived relaxing factor) or nitic oxide

ANP (atrial natriuretic peptide)

Ouabain
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Figure 1. Inflammation altering the main tissues regulating blood pressure (with permission from 

Drummond et al. 2019) (26). 

HYPERTENSION RISK FOR CARDIOVASCULAR DISEASES 

Hypertension is identified as the major risk factor for cardiovascular morbidity, 

mortality and disability worldwide (27). A strong linear positive correlation has been 

reported between elevated office blood pressure and risk of future cardiovascular 

incidents (heart failure, stroke, myocardial infarction, sudden death and peripheral artery 

disease), and renal diseases, with observational studies showing a progressive increase in 

cardiovascular risk over 115 mm Hg of SBP (4, 28). In 2015 diagnosis of hypertension 

accounted for almost 10 million deaths and over 200 million disability-adjusted life years 

worldwide (29).  

MANAGEMENT OF HYPERTENSION. 

The ultimate goal of anti-hypertensive therapies is to reduce the risk of cardiovascular 

complications. Lowering arterial blood pressure more than 10 mm Hg in systolic (SBP) 
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and more than 5 mmHg in diastolic (DBP) produces a significant reduction of 

cardiovascular events (30). Indeed, experimental evidence from randomised controlled 

trials confirms that SBP/DBP reductions below 140/90 mm Hg achieved a 35-40% 

reduction in incident stroke, 15-20% reduction in myocardial infarction and 64% 

reduction in heart failure (3, 31).  

Appropriate lifestyle changes can help not only in preventing the occurrence of 

hypertension in normotensive individuals, but they can reduce mean blood pressure 

values, the number of medications and/or doses in those individuals already taking 

antihypertensive medications. These measures recommended by the 2013 ESH/ESC 

guidelines comprise: attain a healthier lifestyle with reduction of salt and alcohol intake, 

favouring low-fat and carbohydrates, weight loss and smoking cessation, while increasing 

fruit and vegetables consumption, as well as regular physical exercise (4). Nevertheless, 

poor long-term adherence to these actions is perhaps the greatest limitation of these non-

pharmacological interventions. 

Figure 2. Pharmacological and non-pharmacological interventions according to disease severity. 

BP, blood pressure; CAD, coronary artery disease; CVD, cardiovascular disease; 

HMOD, hypertension-mediated organ damage. Reproduced with permission from Williams et 
al. 2018 (7).  

The use of antihypertensive drugs has been recommended in patients with SBP/DBP 

of ≥140/90 mm Hg when non-pharmacological interventions have proven unsuccessful. 
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Further those individuals with a lower threshold of BP (130-139/85-89 mm Hg) but with 

added risk factors and cardiovascular risk (i.e. diabetes, previous cardiovascular or kidney 

diseases) have been included in the groups of patients who could benefit from 

pharmacologic blood-pressure lowering (4). Current drug treatments are directed towards 

limiting the influence of the renin-angiotensin-aldosterone and sympathetic nervous 

systems on blood pressure. The main groups commonly used either as a monotherapy or 

combination thereof are i: diuretics, ii: adrenoceptor antagonists, iii: angiotensin receptor 

blockers, iv: angiotensin converting enzyme (ACE) inhibitors, v: calcium channel 

antagonists, and vi: 𝛽-blockers. Despite the relatively wide range of pharmacologic 

treatments, only one third of those receiving blood pressure medications manage to 

achieve the therapeutic targets (11). 

1.2.2. PERIODONTITIS 

DEFINITION AND PREVALENCE 

Periodontitis is a chronic multifactorial inflammatory disease initiated by a dysbiosis 

of the oral microbiota and associated with a dysfunctional inflammatory process leading 

to progressive destruction of the teeth supporting structures (32, 33). It is in most cases a 

preventable and treatable condition, although if left to progress it will eventually lead to 

tooth loss. Case definitions of periodontitis include mild (Stage I), moderate (Stage II) or 

severe (Stage III/IV) forms of periodontitis depending on different severity and 

complexity parameters defined in the latest classification (34) (Table 3).  

Periodontitis is a major public health concern that involves almost 750 million people 

worldwide, with its severe form (7.4-11.2% of the population) named the 6th most 

prevalent disease and milder forms affecting over 50% of adults (35-37). The prevalence 

of periodontitis increases with age and male gender is often more affected than female, 

mostly related to societal or lifestyle factors rather than inherent differences in 

susceptibility between genders (38, 39). Current evidence also implies that severe 

periodontitis does not have an even representation for persons with certain ethnicities and 

socioeconomic backgrounds (40).  
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Table 3. Periodontitis staging (Reproduced with permission from Tonetti et al. 2018) 

Periodontitis and its sequelae are well known to worsen oral health and aesthetics, as 

it is associated with masticatory dysfunction, altered speech, with an impact on self-

esteem and poorer quality of life (41-43) (See Picture 1). Further, periodontitis brings 

about social inequality and disability and it considerably increases healthcare costs (44, 

45).  

Picture 1. Clinical extraoral photographs (smile) of two women with generalised

periodontitis (Stage IV, grade C).   
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AETIOLOGY AND PATHOGENESIS OF PERIODONTITIS 

The understanding of periodontal diseases aetiology and pathogeneiss has increased 

continuously over the last 70 years. Löe and co-workers, on the well-known study on 

experimental gingivitis in man confirmed that accumulation of the dental biofilm 

consistently led to gingivitis formation, a reversible inflammation of the gingival tissues 

affecting the soft tissue compartment of the periodontium (46). Nevertheless, only in 

certain susceptible individuals this gingival inflammation would develop into 

periodontitis, concomitant with irreversible attachment loss and bone destruction (47). 

Certain microorganisms act as causative agents and have been strongly linked to 

periodontitis, but these pathogens can also be present in individuals with a healthy 

periodontium (48, 49). Bacteria are necessary for the disease development, but the mere 

presence of certain pathogens does not guarantee periodontitis progression, as it is the 

host inmuno-inflamatory response the determinant factor behind the progression from 

early gingival inflammatin to periodontal destruction (50). 

Our current understanding of the pathogensis of periodontitis is based on the presence 

of specific bacteria or “keystone-pathogens”, regardless of counts but that can turn a 

nonthreatening microbiota into a pathogenic one, altering the diversity, richness and 

proportions of its species (51, 52). Different members of this rich polymicrobial 

community seem to have distinctive roles, but contribute synergistically to trigger 

inflammatory porcesses and tissue destruction in periodontally-susceptible hosts (53). 

Moreover, a homeosthatic equilibrium that exists in health conditions between the host 

and different microorganisms can be disrupted by several factors that effect increasing 

susceptibility to periodontitis and its progression. Among them, insuline resistance, host 

immunodeficiencies, obesity, aging, social factors such as smoking, unhealthy diet, and 

increased stress, and other envirormental epigenetic adaptations (33, 54). 

Bacterial aggressions triger an extremely organised chornological immune-

inflammatory response aimed at protection from infections and to avoid damage to the 

host (55). The innate immunity represents the first barrier against bacterial challenges or 

other agreesions; it is indeed an effective system to restrain most pathogens from an 
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established infection (56). Bacteria and their products will trigger cytokines release by 

epithelial cells and activation of the complement (C3a-C5a), resulting in increased 

vascular permeability and leakage of neutrophils from the gingival vassels (57).  The 

production of this inflammatory exudate is essential for non-specific defense mechanisms 

(55). Subsequently, monocytes/macrophages will access the site for detection and 

phagocytosis of bacteria, debris and apoptotic neutrophils to avoid prolonging 

inflammation (58). The inflammatory response to microorganisms is protective, 

nonetheless the acute inflammatory lesion turns into a chronic inflammation when 

mechanisms fail to remove neutrophils products and extracelular traps and other apoptotic 

inflammatory cells (59). It has been hypothetised that failure to activate inflammation 

resolution programs is associated to an exacerbated inflammatory response, which 

perpetuates damage in the host and caracterised the prolonged inflammation observed in 

periodontitis (59).  

Innate recognition promotes an adaptive immune response that involves cellular and 

humoral mechanisms to a variety of triggers, it is a slower but more effective defensive 

process. The period of transition from the innate to the acquired immune response relates 

to the established periodontal lesion histologically, where macrophages, plasma cells, and 

lymphocytes T and B become the dominant cell infiltrate in parallel with the shift from 

moderate to severe gingival inflammation (60).  

Essential in the orchestration of an effective and self-containing immune response is 

the ability of the host to recognize possible external aggressions. Bacterial pathogens or 

pathogen-associated molecular patterns (PAMPs) are indeed recognized by Toll-like 

receptors (TLR) in denditric cells, PMNs, macrophages, osteoclast precursos and 

osteoblasts. Binding of TLR induces the production of interleukin-1 (IL1), interleukin-6 

(IL6), tumour necrosis factor alpha (TNFα) and prostaglandin E2 (PGE2) (61). These 

pro-inflammatory cytokines induce fibroblasts and other local cells to produce matrix 

metalloproteinases (MMPs) triggering extracellular matrix degradation (62). This torrent 

of inflammatory response also impact on the interplay between osteoblasts-osteoclasts 

balance with an increased osteoclastic activity fostering alveolar bone resorption (63).  
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Different TLR are associated with specific purposes in innate response and also in the 

origination of different T-cell subsets (64). Specificity of activation of subclasses of T 

cells could lead to either a cell‐mediated immunity, protective antibody response (Th1) 

and contained lesion, or to a non‐protective antibody response, with polyclonal B‐cell 

activation (Th2) and progressive periodontal lesion (65). An important role of T helper 

17 (Th17) and IL-17 cytokines has been documented, with induction of expression of 

receptor activator of nuclear factor-κB ligand (RANKL) in osteoblasts, and osteoclast 

activation and bone resorption upon interaction with its receptor activator nuclear factor 

(RANK) in pre-osteoclats (66, 67).  

Additionally, leucocytosis and acute-phase proteins are produced when these local 

pro-inflamatory mediators enter the blood stream. With continued exposure, soluble 

antigens react with circulating specific antibody to form immune complexes that further 

amplify inflammation at local and other extraoral sites (57).  

ORAL SYSTEMIC LINK 

In the first part of the twentieth century, the theory of oral sepsis was described, which 

connected oral infections with “almost every system of the body” (68). Ever since, 

numerous studies have documented the impact of periodontal infection/inflammation on 

general health outcomes, with more than 57 systemic diseases and conditions 

hypothetised to be associated with periodontal diseases (69). Stronger epidemiological 

and clinical evidence is available for diabetes mellitus, cardiovascular diseases (CVD), 

and complication during pregnancy, independent of common risk factors such as smoking 

and obesity (70-73). The most commonly described plausible pathophysiological 

mechanisms underlying these associations involve a direct pathway with bacteraemia and 

endotoxaemia from the ulcerated epithelial lining of the periodontal pocket and an 

indirect pathway with inflammatory mediators from periodontal tissues entering the 

bloodstream (74). Porphyromonas gingivalis and Actynomyces actinomycetemcomitans 

are recognised periodontal pathogens that have been detected viable in atherosclerotic 

lesions, whereby could also act as pro-atherogenic stimuli (75). Increasing circulatory 

levels of pro-inflammatory cytokines (IL-1 beta, IL-2, IL-6 and IL-8), fibrinogen, serum 
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amyloid, leukocytosis and acute phase CRP induction from the liver have been linked to 

periodontitis (76-78). Direct and indirect pathways have been implicated in linking poro 

oral health and systemic health complications. Low-grade chronic systemic inflammation 

could result in endothelial dysfunction and atherosclerosis. On the other hand a dysbiosis 

of the gut microbiota, immune suppresion and bone marrow modifications have also been 

implicated as novel patways linking periodontitis to other systemic comorbidities (74). 

Lastly, translocation of periodontal bacteria via aspiration or through the digestive route 

has also been described as a direct pathway linking to respiratory complications like 

pneumonia but also in gut microbiome dysbiosis (79). Further research is warranted to 

indentify the exact mechanisms linking periodontitis to systemic health outcomes. 

MANAGEMENT OF PERIODONTITIS 

Treatment of periodontitis is aimed at arresting the progression of periodontitis, 

prevention of tooth loss and long-term preservation of the dentition in absence of signs 

and symptoms of the disease. Comprehensive mechanical removal of the dental biofilm 

in combination with self-performed dental hygiene either with non-surgical or surgical 

therapies, and regular supportive maintenance care are the cornerstones of successful 

treatment of periodontitis and attainment of periodontal health (80, 81). Accepted clinical 

endpoints include shallow gingival probing pocket depths (i.e. gingival pocket closure ≤ 

4 mm) and stabilization of attachment levels, concomitant with low gingival bleeding and 

dental plaque scores (82, 83). These clinical endpoints correlate with reduction of 

inflammatory cells and gingival crevicular fluid flow, with improved healing of the 

connective tissue matrix accompanied by increased number of fibroblasts and collagen 

fibers along with a swift in the subgingival environment, involving quantitative and 

compositional declines of the periodontal pathogens (84, 85).  

An ever-increasing number of studies suggest that successful treatment of 

periodontitis could achieve not only oral and periodontal health but also contribute to 

improve systemic health outcomes including prevention and control of metabolic 

conditions, cardiovascular diseases, and pregnancy complications (86-88). A reduction 

of systemic markers of inflammation and cardiometabolic risk factors, as well as 
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improvement of endothelial dysfunction and vasodilatation have been consistently 

described in patients with periodontitis (89-92). Moreover, studies have reported a 

reduction of future cardiovascular in refractory hypertensive patients (93, 94). An early 

randomised controlled clinical trial proposed that effective treatment of severe 

generalised periodontitis in otherwise healthy individuals was associated with a decrease 

in blood pressure after 2 months of therapy (95). 

It has been documented that untreated periodontitis increases costs for non-oral 

medical conditions and patient hospitalization rates (96). On the other hand, favourable 

outcomes have been achieved for improving oral health related quality of life (OHRQoL) 

upon successful non-surgical treatment of periodontitis, whereas ineffective treatment 

correlated to poorer OHRQoL outcomes (43, 97). A recent systematic review claimed 

that OHRQoL improvements following non-surgical management of periodontitis can be 

achieved shortly after provision of the treatment (approximately at 1-2 weeks) maintained 

at least after 3 months (98).  

1.2.3. BIOLOGICAL PLAUSIBILITY 

Over the last decade, emerging evidences pointed at a strong relationship between 

periodontitis and hypertension (99, 100). These two common diseases share several risk 

factors such as smoking, diabetes, stress, obesity, increased age, as well as socioeconomic 

aspects (101). Subsequently, questions arise whether the relationship between 

periodontitis and hypertension might be blurred by common risk factors. Current 

evidence supports the notion that periodontitis is linked to cardiovascular diseases 

independent of traditional risk factors (70, 102).  

Several pathways have been described supporting the association between 

periodontitis and hypertension although the exact mechanisms are yet to be fully 

understood (Figure 3) (103, 104). Firstly periodontitis could add to the derangement of 

the various systems involved in the pathogenesis of hypertension by contributing to the 

activation of host inflammation and rise of vasoactive endothelial substances (105). The 

increased level of serum CRP observed in patients with periodontitis may be a marker of 



28 

systemic inflammation which could in turn impact on  hypertension (77, 106). 

Periodontitis is also characterised by a large oxidative stress burden both at the gingival 

and systemic level with a putative effect on endothelial function through vasculature 

changes (resistance and volume) leading to arterial stiffness and BP elevation (107, 108). 

Figure 3. Possible mechanisms between periodontitis and hypertension. Adapted from Macedo-

Paizan 2014 (109). 

Periodontitis and hypertension are extremely prevalent diseases globally, which 

have been independently associated to major cardiovascular events, representing a 

significant disease burden with an impact on health expenditures (8, 110). However, the 

relationship between these two disorders is not yet well understood and whether this is a 

simply correlative association or if in fact, the link relates to a causal mechanistic 

interaction. Additionally, achieving periodontal health could influence blood pressure 

regulation and incident hypertension. Hence, elucidating the nature of the association 

between these major health problems is of public health importance and imperative from 

a medical/therapeutical standpoint. A thorough appraisal of the available evidence linking 

periodontitis and hypertension is warranted.  
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HYPOTHESIS AND OBJECTIVES 

2.1. OVERALL RESEARCH QUESTION 

      What is the nature of the relationship between periodontitis and hypertension? 

2.2. SPECIFIC QUESTIONS

• Are patients with periodontitis more likely to have hypertension (compared to

those with no periodontitis)?

• Is the degree of hypertension influenced by the severity and/or extent of

periodontitis? In other words, is there a linear association?

• Is the mean SBP/DBP higher in patients with periodontitis versus those without

periodontitis?

• Does periodontal therapy modify the levels of blood pressure?

• Is the level of systemic inflammation (measured as CRP levels and WBC counts)

higher in patients with periodontitis and hypertension?

• Does systemic inflammation mediate the association between periodontitis and

hypertension?

• What is the level of undetected hypertension in patients with periodontitis

(compared to those with no periodontitis)?

This thesis followed the outlines of this PECO: 

Population: Individuals  16 years-old 

Exposure: Presence of periodontitis with/without treatment 

Comparison: Individuals with no periodontitis  

Outcome: Any measure of prevalence and/or levels of hypertension and/or 

levels of systemic inflammation and/or changes in blood pressure following 

periodontal therapy 
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2.3. OBJECTIVES

PRIMARY OBJECTIVES 

To test: 

• The null hypothesis of no association between periodontitis and prevalence of

hypertension

• The null hypothesis of no association between extent and/or severity of

periodontitis and mean systolic and diastolic blood pressure

• The null hypothesis of no association between periodontal therapy and

modification of the levels of blood pressure

• The null hypothesis of no association between periodontitis, hypertension and

levels of systemic inflammation

SECONDARY OBJECTIVES 

To report on: 

• Possible mechanisms of association between periodontitis and hypertension

• Definitions and classification of hypertension and periodontitis as reported in

existing studies

• Traditional confounding factors including risk modifiers (age, gender, smoking,

alcohol, socioeconomic status, physical exercise, ethnicity and obesity)

2.4. OUTCOMES

Primary and secondary outcomes will be defined in the methodology section 

according to each of the three different study designs and research questions.  

To achieve our aims, the following methodological objectives and study designs for 

the PhD programme will be followed: 
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a) To investigate the association between periodontitis (extent/severity) and

hypertension prevalence, mean blood pressure levels, systemic biomarkers and

treatment response using research synthesis (systematic review methodology) to

formulate a robust and comprehensive summary of current knowledge providing

background and context for primary research studies designed to address the

hypotheses. A systematic review and meta-analysis will be performed.

b) To investigate a) the degree of association between periodontitis/periodontal

lesions and hypertension, a) the degree of association between

periodontitis/periodontal lesions and systemic markers of inflammation (i.e., CRP

and WBC counts) and c) the potential role of systemic inflammation in mediating

this association using a representative sample of the Korean/North American

population. A cross-sectional study will be performed.

c) To investigate a) the association of periodontitis (extent/severity) and mean

SBP/DBP; b) the level of possible undetected hypertension [defined as SBP/DBP

≥140/90 mm Hg (Williams et al. 2018) or as SBP/DBP ≥130/80 mm Hg (Whelton

et al. 2017)] among otherwise systemically healthy participants with and without

periodontitis; and c) the potential role of systemic inflammation in mediating this

association using a sample of UK adults who were recruited for various research

projects at the Eastman Dental Institute. A post-hoc nested case-control study will

be performed.



Material and methods & 

results 
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3. MATERIAL & METHODS AND RESULTS

The material & methods and results of this PhD encompasses three independent and 

complementary study designs exploring the association between periodontitis and 

hypertension: a systematic review and meta-analysis, a cross-sectional study, and a nested 

case-control study. The methodology of each of these studies followed the detailed 

research project protocol for this PhD, which was approved by the CED (Comisión 

Específíca de Doctorado) in May 2019.  

Succinctly, the systematic review and meta-analysis of epidemiological and 

interventional studies intended to provide a general overview on the odds of hypertension 

among individuals with periodontitis. The cross-sectional study of two large databases 

was designed to investigate not only the reproducibility/consistency of the systematic 

review findings but also to assess the mediation effect of systemic markers of 

inflammation between these two conditions. The third and last study design involved a 

nested case-control study, which assessed the relationship between periodontitis and 

blood pressure in systemically healthy individuals.  

The specific description of the material & methods and results of each study design 

is fully described within each published manuscript herein displayed. 



34 

3.1. MATERIAL & METHODS AND RESULTS FROM 1ST 

ORIGINAL PUBLICATION 

Reference: Muñoz Aguilera E, Suvan J, Buti J, Czesnikiewicz-Guzik M, Barbosa Ribeiro 

A, Orlandi M, et al. Periodontitis is associated with hypertension: a systematic review 

and meta-analysis. Cardiovascular research. 2020;116(1):28-39. 

Title: Periodontitis is associated with hypertension: a systematic review and meta-

analysis. 

Authors: Muñoz Aguilera, E., Suvan, J., Buti, J., Czesnikiewicz-Guzik, M., Barbosa 

Ribeiro, A., Orlandi, M., Guzik, T.J., Hingorani, A.D., Nart, J. and D’Aiuto, F. 

Journal: Cardiovascular Research 

Impact factor: 8.168 

Journal quartile: Q1  



CVR-2019-0517 

1 

Periodontitis is associated with Hypertension. 
A systematic review and Meta-analysis. 

Eva Munoz Aguilera1, 6, Jeanie Suvan1, Jacopo Buti1, Marta Czesnikiewicz-Guzik2,3, Aline 
Barbosa Ribeiro2,4, Marco Orlandi1, Tomasz J Guzik2,3, Aroon D Hingorani5, Jose Nart6, 
Francesco D’Aiuto1 

1Periodontology Unit and Department of Clinical Research, UCL Eastman Dental Institute, London 
WC1X 8LD, United Kingdom 
2Periodontology Group; Glasgow Dental School; and Institute of Cardiovascular and Medical Sciences, 
University of Glasgow, United Kingdom 
3Department of Experimental Dentistry and Dental Prophylaxis and Department of Internal and 
Agricultural Medicine, Jagiellonian University, Krakow, Poland 
4Department of Physiology, Ribeirao Preto Medical School. University of Sao Paulo. Brazil  
5Genetic Epidemiology, Institute of Cardiovascular Science, Faculty of Pop Health Sciences, University 
College London 
6Department of Periodontology, Faculty of Dentistry, Universitat Internacional de Catalonia, Sant 
Cugat del Vallès 08195, Barcelona, Spain  

Corresponding author: 

Prof Francesco D’Aiuto 
Periodontology Unit 
UCL Eastman Dental Institute 
256 Grays Inn Road 
London WC1X 8LD 

Tel 0203 456 1108 
Fax 0203 456 1137 
Email: f.daiuto@ucl.ac.uk 

Key words: Hypertension, periodontitis, blood pressure, inflammation, periodontal diseases, oral 
health, periodontal therapy 

Word count: 

Copyright:  “The Corresponding Author has the right to grant on behalf of all authors and does grant 

on behalf of all authors, a worldwide licence to the Publishers and its licensees in perpetuity, in all 

forms, formats and media (whether known now or created in the future), to i) publish, reproduce, 

distribute, display and store the Contribution, ii) translate the Contribution into other languages, 

create adaptations, reprints, include within collections and create summaries, extracts and/or, 

abstracts of the Contribution, iii) create any other derivative work(s) based on the Contribution, iv) to 

exploit all subsidiary rights in the Contribution, v) the inclusion of electronic links from the 

Contribution to third party material where-ever it may be located; and, vi) licence any third party to 

do any or all of the above." 

Manuscript

mailto:f.daiuto@ucl.ac.uk


CVR-2019-0517 

2 

 

Competing interest statement: "All authors have completed the Unified Competing Interest form 

(available on request from the corresponding author) and declare: no support from any organisation 

for the submitted work; no financial relationships with any organisations that might have an interest 

in the submitted work in the previous three years, no other relationships or activities that could 

appear to have influenced the submitted work".  

Transparency declaration: I, Francesco D’Aiuto affirm that the manuscript is an honest, accurate, and 

transparent account of the study being reported; that no important aspects of the study have been 

omitted; and that any discrepancies from the study as planned have been explained. 

 

Details of funding: We would like to acknowledge that contribution of this work was undertaken at 

UCLH/UCL who received a proportion of funding from the Department of Health’s NIHR Biomedical 

Research Centre funding scheme. TJG is funded by the European Research Council (ERC) 

InflammaTENSION project. 

  



CVR-2019-0517 

3 

 

Abstract  

Recent evidence suggests a link between periodontitis (PD) and hypertension, but the nature of this 

association remain unclear. The overall aim of this review was to critically appraise the evidence 

linking these two common disorders. Systematic search was conducted for studies published up to 

December 2018. Prevalence of hypertension in patients with PD (moderate/severe groups) versus 

those without PD (non-PD) was the primary outcome. Additional outcomes included adjusted mean 

difference in systolic (SBP) and diastolic (DBP) blood pressure (BP) levels in PD vs non-PD, assessment 

of biomarkers in PD and hypertension and BP changes after periodontal therapy. From eighty-one 

studies selected, 40 were included in quantitative meta-analyses. Diagnoses of moderate-severe PD 

(OR= 1.22; 95% CI, 1.10, 1.35) and severe PD (OR=1.49; 95% CI, 1.09-2.05) were associated with 

hypertension. Prospective studies confirmed PD diagnosis increased likelihood of hypertension 

occurrence (OR=1.68; 95% CI, 0.85-3.35). Patients with PD exhibit higher mean SBP (WMD of 4.49 

mmHg; 95% CI, 2.88, 6.11) and DBP (2.03 mmHg; 95% CI, 1.25-2.81) when compared to non-PD. Lastly, 

only 5 out of 12 interventional studies confirmed a reduction in BP following periodontal therapy, 

ranging from 3-12.5 mmHg of SBP and from 0-10 mmHg of DBP. Periodontitis is associated with 

increased odds of hypertension (SORT C) and higher SBP/DBP levels. The evidence suggesting that PD 

therapy could reduce BP is inconclusive. Although additional research is warranted on this association, 

these results suggest that oral health assessment and management of periodontitis could not only 

improves oral/overall health and quality of life but also be important in patients with hypertension.  

PROSPERO ID: CRD42017081455 

 

 

 

 

 

 

 

https://www.crd.york.ac.uk/prospero/#recordDetails
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Introduction 

Hypertension, defined as values ≥140 mmHg Systolic Blood Pressure (SBP) and/or ≥90 mmHg 

Diastolic Blood Pressure (DBP), is the most prevalent of all cardiovascular diseases (CVDs)(1). Almost 

45% of the worldwide population is affected and the estimate increases steeping with age (2). The 

incidence of adverse cardiovascular (CV) events such as stroke, myocardial infarction, sudden death, 

heart failure and peripheral artery disease as well as of end-stage renal disease is strongly associated 

with hypertension (3, 4). According to the world health organisation (WHO) report in 2014, 

hypertension accounts for 51% of deaths from stroke and 45% of overall CV mortality and this is true 

at all ages and in all ethnic groups (2). Blood pressure values are an important predictor of 

cardiovascular risk (5, 6). Despite available treatments, essential hypertension remains poorly 

controlled with high rates of no treatment and under-treatment (7). Hence, it is still one of the major 

modifiable risk factor for CVDs that requires urgent management (8). Hypertension is a complex 

multifactorial disease with no simple mechanism entirely explaining the blood pressure rise (9). 

Endothelial dysfunction (as manifested by changes in endothelin and nitric oxide), oxidative stress, 

and inflammation are implicated in the development of hypertension. Despite a prominent role of the 

immune system has been observed in experimental models (10) and clinical studies (11) studying the 

onset of hypertension, the exact mechanisms initiating these responses remain unclear (12).  

Periodontitis is a chronic multifactorial inflammatory disease caused by a dysbiotic microflora 

and resulting in progressive destruction of the dental surrounding tissues and leading to tooth loss. It 

is associated with masticatory dysfunction and negative impact on the patient’s quality of life (13). It 

is estimated that periodontitis affects over 50% of the worldwide population and its severe form is 

considered the 6th most prevalent disease of humankind (14, 15). Periodontitis is a major public 

health problem that considerably increases morbidity and costs of oral health care (16, 17). There is 

consistent observational evidence that periodontitis is associated with an increased risk for future 

CVDs independent of traditional risk factors such as smoking and obesity (17, 18). The interplay 

between the bacterial burden and host response is the most plausible biological mechanism linking 

periodontitis a number of chronic systemic diseases, such as diabetes mellitus, CVDs and neurological 

diseases such as Alzheimer (17, 19, 20). An ulcerated epithelial lining of the gingival pocket, 

subsequent to a local inflammatory response to the dental biofilm could amount to a sizeable area in 

patients with generalized periodontitis (21). These patients often present with systemic inflammation 

and endothelial dysfunction (22), which improves following successful periodontal treatment (23). 
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 Several studies appear to support a relationship between severe periodontitis and 

hypertension (24-27). Limited evidence also suggests that successful periodontal treatment could 

improve arterial blood pressure (28, 29). However, little is still known about the direction and nature 

of the association between these two conditions. The overall aim was to conduct a robust critical 

appraisal of the evidence on the relationship between periodontitis and hypertension. Specific 

research questions were designed based on the following PECO outline: Population: Individuals >16 

years old; Exposure: Presence of periodontitis with/without treatment; Comparison: Individuals with 

no periodontitis; Outcome(s): Any measure of prevalence and/or levels of hypertension and/or 

changes in blood pressure following periodontal therapy. In this analysis we addressed several key 

questions: 

 Are patients with periodontitis more likely to have hypertension (compared to those without 

periodontitis)? 

 Is the degree of hypertension influenced by the severity and/or extent of periodontitis (linear 

association)? 

 Is the mean SBP/DBP higher in patients with periodontitis versus those without periodontitis? 

 Does periodontal therapy modify the levels of blood pressure? 

 

Material and Methods: 

The systematic review protocol was registered in PROSPERO on 28/11/2017 with ID: 

CRD42017081455. A PRISMA statement is attached to follow the reporting of this systematic review 

(Appendix 1).  

 

Primary and secondary outcomes:  

The primary outcome of this systematic review was OR/RR and CI for hypertension in 

individuals with periodontitis. 

 

The secondary outcomes included prevalence of hypertension in patients with periodontitis 

vs patients without periodontitis as well as prevalence of periodontitis in patients with or without 

hypertension; reports of mean SBP/DBP levels in periodontally-healthy and diseased patients; 

systemic biomarkers associated with periodontitis and hypertension and changes in BP measurements 

following periodontal therapy.  
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Inclusion/Exclusion Criteria  

To obtain an estimate of the association between periodontitis and hypertension, inclusion 

criteria were set to be broad and inclusive. Prospective and retrospective studies were included 

(randomized controlled trials, controlled clinical trials, cohort studies, case-control studies and cross-

sectional studies). Eligibility criteria included individuals from age 16 years onward, with periodontitis 

(chronic and/or aggressive forms) considered as the exposure. Manuscripts including information 

related to primary and secondary outcomes were included. 

 

Case report, case series and reviews and animal studies were excluded. Individuals under 16 

year’s old and pregnant women were also excluded. Lastly, studies that did not have any reports of 

the primary or secondary outcomes were disqualified.  

 

Search methods for identification of studies: 

Five electronic databases were searched up to the 10th December 2018 with no year 

restrictions (Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE (OVID), EMBASE, Web 

of science, LILACS). The search included no language restrictions and attempts were made to translate 

non-English language manuscripts (if this was not possible then the relevant evidence was excluded). 

In addition, SIGLE database was examined for relevant unpublished trials. Performed detailed search 

strategies deemed appropriate for each database using a combination of controlled vocabulary (MeSH 

terms and free text terms).  Supplementary table with all terms is available (Appendix 2).  

MeSH terms in all trees and subheadings: “periodontal diseases”, ”periodontics”, 

”hypertension”, “blood pressure”. 

Keywords: “periodont$”, “gingiv$”, “((blood or bleed$) adj4 prob$)”, “(ging$ adj disease)”, 

“hypertens$”, “((elevat$ or high$ or rais$) adj3 (diastolic or systolic or arterial or blood) adj    

pressure)”, “bloodpressure”.  

 

Hand searching of bibliographies of papers and review articles retrieved articles not found 

through other search methods. 
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Data management:  

The eligibility assessment of titles and abstracts (when available) of all reports identified were 

independently screened by two reviewers based on inclusion/exclusion criteria (EMA & JS). If 

agreement could not be reached, the study was moved to the next stage and inclusion was based on 

full text screening. Full reports were obtained and assessed independently and in duplicate (EMA and 

JS) for studies seeming to meet the inclusion criteria or for which insufficient information in the title 

and abstract precluded to make a clear decision. Disagreements were resolved by discussion and if 

necessary, a third reviewer was consulted (FD). When authors were not reporting on an effect 

estimate they were contacted to request additional information. Excel sheets were created to 

document information regarding decision for included and excluded articles. Kappa statistic was used 

to assess the agreement between the reviewers based on full text screening. 

The main categories of data grouped according to study design and reported in evidence 

tables were study characteristics data; population; exposure (case definition for periodontitis); 

outcome (case definition for hypertension); effect (OR/RR with CI); and publication conclusions. 

Regarding the exposure, multiple case definitions for periodontitis were found. A lack of 

consistent case definitions contributed to the difficultly in assessment and interpretation of the data 

retrieved. In order to collate studies looking at similar definitions, results were therefore grouped 

using two case definition thresholds: confident and non-confident case definition of periodontitis 

based on the following criteria (adapted from a previously reported definition) ((30). 

Confident case definition of periodontitis: The following criteria were considered as a 

confident case definition for periodontitis: Generalized chronic periodontitis (at least 30% sites with 

CAL ≥ 4 mm) (31); at least 2 sites on different teeth with clinical attachment level (CAL) 6 mm and at 

least 1 site with probing pocket depth (PPD) 4 mm (CDC/AAP periodontitis definition) (32); presence 

of proximal attachment loss of > 3mm in two or more nonadjacent teeth (sensitive definition) or 

presence of proximal attachment loss of >5 mm in > 30% of teeth present (33); at least 5 sites with 

CAL≥6 mm (34). 

Non-confident case definition of periodontitis:  For non-confident case definition the 

following reported criteria were considered: Community periodontal index (CPI) score 3/4 in at least 

1 quadrant; “Alveolar bone loss” without other measurements of PPD/CAL; unclear diagnostic criteria 

for periodontitis. 
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Regarding the outcome, hypertension was defined as SBP ≥ 140 mm Hg / DBP ≥ 90 mm Hg or 

the use of anti-hypertensive medications (1, 2). However, reports of BP levels and other cases 

definitions were also documented for, such as self-reported hypertension and other thresholds (high 

normal/prehypertension). 

Assessment of bias individual studies: 

Quality assessment of all included studies were undertaken independently and in duplicate 

by two reviewers as part of the data extraction process. For bias assessment of randomised controlled 

trials, non-randomised studies of interventions, and observational studies we used the revised 

Cochrane tool (ROB-2.0 tool) (35), the ROBINS-I tool (36) and the Newcastle-Ottawa (NOS) tool (37) 

respectively.  

Data Synthesis:  

Descriptive statistics were performed to summarise the evidence retrieved and to determine 

the quantity of data, checking further for study variations in terms of study characteristics and results.  

This assisted in confirming the suitability of further synthesis methods.   

Meta-analysis A was conducted and referred to the following primary outcome: ORs for 

hypertension among people with or without a diagnosis of periodontitis. The ORs with adjustment for 

the confounding variables (i.e. age, gender, smoking, socioeconomic status, systemic disease, 

medication, body mass index etc.) was chosen with hypertension as the dependent variable and 

periodontitis as the independent variable. Pooled estimates of OR and corresponding 95% confidence 

intervals, were calculated for dichotomous data. In presence of significant heterogeneity (p<0.1), the 

pooled estimates of effects were calculated using random effects models rather than fixed effects 

models. Meta-analysis B referred to the secondary outcome (mean SBP/DBP). The pooled mean 

SBP/DBP difference and 95% confidence intervals were estimated for continuous data. RevMan® 5.3 

and JMP® 13.0.0 were used for all the statistical analyses. 

To evaluate whether the methodological quality of the included studies influenced the 

direction or the magnitude of the results, we performed a separate sensitivity analysis by study design 

and either disease severity or case definition (Fig. 2-Fig. 3C and Appendix 5).  

Publication bias: 
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Possible publication bias was assessed for studies included in the different meta-analyses A 

and B using the methods described by Begg and Egger (38, 39). 

Heterogeneity:  

The significance of any discrepancies in the estimates from different trials was assessed by 

means of Cochran’s test for heterogeneity and the I2 statistic. As alluded above, sensitivity analyses 

were also planned to explore, quantify and control for sources of heterogeneity between studies.  

Strength of recommendation: 

The quality and strength of the evidence was assessed with The SORT (Strength of 

Recommendation Taxonomy). The authors discussed the outcomes of the systematic review, 

pertinent sources of evidence, clinical recommendations and future areas requiring research (40).  

Results: 

The electronic search from combination of all databases identified 5575 potentially relevant 

articles after removal of duplicates, resulting in 182 publications eligible for full text screening. Eighty-

one publications met inclusion criteria (Figure 1). The evidence tables created according to study 

design, included the main study characteristics (Appendix 3). The studies included in the systematic 

review have been conducted in 26 different countries from all continents involving a large variety of 

different populations. Authors achieved an almost perfect agreement with a percentage of 97.24%; 

Cohen’s k: 0.94. 

A variety of case definition of periodontitis were identified (as shown in evidence tables, 

Appendix 3). For hypertension diagnosis, the studies generally reported more uniformed criteria 

based on levels of SBP ≥140mm Hg and/or DBP ≥90 mm Hg or use of antihypertensive medication 

(41). Nevertheless, some studies reported lower cut offs for hypertension (i.e. SBP ≥130mm Hg and/or 

DBP ≥85 mm Hg) (42) or hypertension prevalence was based on medical records, self-report or 

national classification codes for disease. Similarly, different methods for measuring blood pressure 

were described in the studies included (Appendix 3). For additional or missing data, of all the authors 

contacted, only 3 provided additional information regarding the direction of the association and/or 

mean SBP/DBP following periodontal therapy (43-45). 

Study quality for observational studies as assessed by the Newcastle Ottawa scale varied 

across the studies, ranging from a score of 3/9 to 9/9 (Appendix 4). The assessment revealed several 
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potential sources of bias including to the adequacy of case definition for cases and controls, the 

representativeness of the cases, no appropriate description of the sample size calculation, lack of 

adjustment for potential confounders or inappropriate statistical test. The assessment of randomise 

controlled trials with the Rob 2.0 tool revealed a low (5 studies) to high (2 studies) risk of bias for the 

studies included (Appendix 4). The main reasons for high risk of bias in randomised controlled trials 

arise from the randomization process, blinding of participants and personnel. Study quality for non-

randomized trials revealed moderate and serious risk of bias for the two studies assessed with the 

Robinson I tool (Appendix 4). 

Primary outcome 

Twenty studies included in 5 meta-analyses (A) of cohort, cross sectional and case-control 

studies (Fig. 2-Fig. 3C and Appendix 5) compared the odds of having hypertension if an individual had 

periodontitis versus periodontally healthy individuals using a periodontal case definition as the 

exposure measure.  

 

 Statistically significant heterogeneity was confirmed with a Tau-squared test (ranging from 

0.32 to 0.03), Chi-squared test ranging from (ranging from <0.00001 to 0.008) and I2 test (ranging 

from 63% to 92%) for the different analyses completed. Due to this level of heterogeneity observed 

in the studies, random effect meta-analysis was performed.  

 

Odds ratios ranged from 0.90 to 4.20 for all studies, depending on case definition applied, 

severity of periodontitis and adjustment of the models. Precision of the estimates in the studies varied 

considerably as appreciated in the varying span of the confidence intervals. Two studies (24, 46) 

reported ORs for moderate to severe periodontitis separately and one study (47) reported OR for men 

and women also separately, therefore these different ORs were included independently.  

 

The analysis of three cohort studies predicted the occurrence of hypertension (OR=1.68; 95% 

CI, 0.85-3.35), but this was not statistically significant (p=0.14) (Appendix 5). Three studies were 

excluded from this meta-analysis due to one of them reported RR (48) and the other two appeared to 

be duplicated data (45, 49). Diagnosis of moderate-severe periodontitis in 15 cross-sectional and case-

control studies was associated with higher odds of hypertension (1.22, 95% CI 1.10, 1.35), which was 

statistically significant (p=0.0001) (Fig. 2). A meta-analysis of 8 cross-sectional and case-control studies 

confirmed that patients with severe periodontitis had increased odds (1.49, 95% CI 1.09, 2.50; p=0.01) 

of diagnosis of hypertension (Figure 3A). Additionally, meta-analyses of studies according to confident 
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versus non-confident case definitions of periodontitis were performed. Seven studies with confident 

definition of periodontitis confirmed higher odds of hypertension (1.53, 95% CI 1.11, 2.10; p=0.009) 

compared to a meta-analysis of 8 studies with a non-confident definition of periodontitis (1.33, 95% 

CI 1.14, 1.55; p=0.003) (Figures 3B and 3C).   

Secondary outcomes: 

Prevalence: Thirty studies reported prevalence of hypertension in patients with periodontitis 

versus patients without periodontitis or gingivitis (Appendix 6). Twenty-five of these studies showed 

a higher prevalence of hypertension in patients with a diagnosis of periodontitis (range= 7-77%) versus 

those without periodontitis (range=4-70%) and one study only confirmed higher prevalence in men 

(50). These findings were not confirmed in 4 studies (51-54). In addition, a consistent increased 

prevalence of periodontitis in patients with hypertension (range=29-61%) versus those without 

hypertension (range=17-39%) was reported in all the 7 publications that included this outcome 

(Appendix 6).  

 

Mean blood pressure (observational evidence): Thirty-one studies reported average mean 

SBP/DBP in patients with (range SBP=113-172/DBP=66-101mmHg) and without periodontitis (range 

SBP=109-143/DBP=65-94mmHg) (Appendix 7). The meta-analysis B, of mean SBP/DBP of 26 studies 

was performed resulting in statistically significant heterogeneity, confirmed with a Tau-squared test 

(ranging from 14.38 to 2.92), Chi-squared test ranging from (<0.00001) and I2 test (ranging from 96% 

to 98%). Patients with periodontitis exhibited higher SBP (WMD of 4.49mmHg, 95% CI 2.88, 6.11; 

p<0.00001) and DBP (WMD of 2.03mmHg, 95% CI 1.25, 2.81; p<0.00001) when compared to patients 

without periodontitis (Figures 4 and 5). 

 

Systemic Biomarkers: Three studies were included in the review as reporting changes in 

systemic biomarkers associated with hypertension and periodontitis (55-57). One study analysed 

serum levels of neutrophilic enzymes in 95 patients (55). They included a test group of patients with 

hypertension and periodontitis and 2 control groups: a healthy group (without periodontitis or 

hypertension) and a hypertensive group. The authors observed that circulating levels of matrix 

metalloproteinases (MMP)-8, MMP-9, myeloperoxidase and neutrophil elastase (NE) were increased 

in patients with hypertension and periodontitis but not in the controls. Another study examining the 

gingival crevicular fluid (GCF) levels in patients with hypertension (21 patients) and without 

hypertension (26 patients) measuring levels of 8-isoprostane, interleukin (IL)-1B, monocyte 

chemoattractant protein (MCP)-1, tumour necrosis factor (TNF)α, C-reactive protein (CRP), and MMP-
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8 (56). They reported that independent of hypertension present or absent, an increased level of these 

biomarkers was observed when patients had periodontal pockets. In addition, patients with 

hypertension presented with almost twice as much periodontal clinical attachment loss (CAL) as 

controls (Mean + SEM in HTN= 0.87±0.13 vs non-HTN= 0.49±0.11). Albush and co-workers assessed 

levels of vascular thrombotic markers in 40 hypertensive patients with periodontitis (57). Platelet 

count, fibrinogen, Von Willebrand factor antigen (vWF:Ag) and D-Dimer levels increased after 48h of 

treatment (scaling of the teeth including subgingival root debridement for half of the patients and 

surgical periodontal therapy for the other 20) and decreased after 6 weeks (p<0.05), with no 

significant differences between groups (p>0.05). Acute increase in endothelial-activation markers 

including E-selectin, vWF, haemoglobin and haematocrit, D-dimer levels and neutrophils counts was 

also reported 24 hours following periodontal therapy in several publications (22, 44, 58). Reductions 

in inflammatory biomarkers were observed in 11 interventional studies following periodontal therapy 

(22, 28, 29, 44, 59-65). 

Mean Blood Pressure (interventional evidence): The search located 12 interventional clinical trials 

reporting the effect of periodontal therapy on blood pressure either as a primary [(65)] or secondary 

outcome (the remaining 11 studies) (See Appendix 3 for a detailed description of the studies and 

treatment modalities). Eight studies were RCTs, 3 were non-RCT and 1 was a pilot study. These studies 

comprised a varied sample of individuals, including people medically healthy in 6 studies (22, 28, 44, 

58, 59, 62) pre-hypertension (65), refractory hypertension (29), hypertension (59), metabolic 

syndrome (63), coronary artery disease (60) and type 2 diabetes (64). Five of the 12 interventional 

studies included in the analysis confirmed a reduction in SBP following periodontal therapy (range=3-

12.5 mmHg), and an inconsistent reduction of DBP (range=0-10 mmHg) (28, 29, 61, 64, 65) . Six studies 

reported no changes in blood pressure measures following non-surgical and/or surgical periodontal 

therapy (44, 58-60, 62, 63), however, only 2 studies reported actual blood pressure values (59, 60) 

and one author provided values upon request (44). One study (22) reported an increase in blood 

pressure in the test group one day after periodontal therapy.  

Publication bias:  

Study publication bias was examined using funnel plots for both meta-analyses A and B 

(Appendix 8). Egger’s test was only calculated for the meta-analyses A of moderate to severe 

periodontitis (Appendix 8). Visual assessment of the Funnel of moderate-to severe periodontitis 

revealed studies were slightly skewed to the right, which was confirmed with the Egger’s test showing 

a statistically significant difference (p=0.0054); publication bias was therefore suspected in this 
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analysis. Nevertheless, all the other funnel plots for meta-analyses A displayed symmetrical 

appearance. Similarly, visual assessment of the Funnel plots for mean SBP and DBP analysis revealed 

symmetrical appearance. Egger’s test estimated for meta-analyses B revealed a not statistically 

significant result (p=0.5582) for the mean SBP meta-analysis and a statistically significant difference 

(p=0.0224) for the mean DBP meta-analysis. On this basis, publication bias was suspected in the mean 

DBP meta-analysis.   

Reporting on strength of recommendation: 

The quality, quantity and consistency of the evidence from observational and interventional 

studies on the relationship between periodontitis and hypertension was thoroughly assessed for a 

SORT recommendation. Accordingly, we conclude that diagnosis and treatment of periodontitis is 

positively associated with hypertension (SORT C) (40).  

Discussion:  

The results of this systematic review support a positive association between periodontitis and 

hypertension. Based on the quantitative analyses of all studies included, patients with moderate to 

severe periodontitis have greater (20%) odds of having hypertension when compared to patients 

without periodontitis.  In addition, a positive linear association was observed, confirming that the 

more severe periodontitis is, the higher the likelihood (49%) of having hypertension. This finding was 

further corroborated, when the studies with a confident case definition for periodontitis were 

analysed, confirming even greater odds (50%) of diagnosis of hypertension were found. The 

magnitude of association between periodontitis and hypertension reported in this review (OR 1.22 to 

1.53) is in agreement with that recently reported (27). In this recent review, however Martin-Cabezas 

and co-workers included observational studies without specifying the exposure and outcome of the 

analysis. In the current systematic review, we also included three cohort studies (66-68) confirming a 

temporal association between periodontitis and incidence of hypertension although this was not 

statistically significant and we excluded a number of studies in this analysis in order to avoid bias due 

to duplication of data was suspected.  

This systematic review also confirmed an increased prevalence of periodontitis in patients 

with hypertension (as defined by SBP≥ 140 and DBP≥ 90 mm Hg). Clinical and experimental evidence 

suggest that this direction of the association could be mediated through hypertension causing 

microcirculatory changes in of the gingival tissue leading to ischemia, increased inflammation and/or 

altered microbial composition of the dental biofilm (25, 69, 70). This finding combined with the 
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increased prevalence of hypertension in patients with periodontitis could be even more significant 

within the context of the new revised guidelines issued by the AHA for the definition of hypertension 

(71). A reduced threshold of SBP/DBP for the case definition of hypertension was expressed (stage 1 

as SBP=130–139/DBP=80–89 mm Hg, and stage 2 agreeing to stages 1 and 2 in the JNC 7 report; i.e. 

SBP≥140/DBP≥90 mm Hg), which has been reported in a recent cross-sectional study to double the 

prevalence estimates of hypertension in countries like China and US (72). This could result in even 

greater odds of hypertension in patients with periodontitis and vice versa. Future research should 

consider the impact of these thresholds for case definition of hypertension in terms of increased 

prevalence and treatment thereof.   

 

In this systematic review, for the first time, we attempted to provide an estimate of the mean 

arterial BP in patients with periodontitis versus controls. Very interestingly, more than 80% of the 

included studies reporting levels of blood pressure showed consistently increased levels of systolic 

and diastolic BP in patients with periodontitis. Further, the exploratory meta-analysis B revealed that 

patients with periodontitis showed a higher MWD of 4.49mmHg of SBP and of 2.03 mmHg of DBP. If 

confirmed in long-term longitudinal studies, periodontitis could represent a novel modifiable risk 

factor for hypertension at the same strength of diabetes and smoking (73, 74). However, as 

periodontitis, diabetes and hypertension share common risk factors (such as aging, smoking, and 

disadvantageous socioeconomic status, among others), residual confounding could affect the 

magnitude of these associations. It is important to state that this association could also be driven by 

an association between arterial blood pressure changes and other undetected sources/chronic 

infections. Further research in identifying the interplay between triggers/bacterial burdens in each 

individual and their relative contribution on blood pressure is needed. 

Raised arterial blood pressure observed in periodontitis could also explain the moderate but 

consistent higher risk of CV events (i.e. MI and stroke) reported by several investigators in patients 

with periodontitis when compared to controls (17). Indeed, an average increase of 5 mm Hg of SBP 

has been consistently associated with a 25% increased mortality from ischemic heart disease and 

stroke (75). These assumptions should all be interpreted with caution because of the high 

heterogeneity observed in the reported scientific evidence. In particular, varying case definitions of 

periodontitis and hypertension could have undermined the validity of these observations. 

Nevertheless, due to the high prevalence of both conditions, the clinical implications for public health 

systems could be very significant.  

 



CVR-2019-0517 

15 

 

This systematic review also confirmed a potential positive effect of treating periodontal 

inflammation on arterial blood pressure. Inconclusive findings were identified in the selected studies, 

with only 5 out of 12 intervention trials showing a reduction of SBP/DBP in patients with periodontitis.  

Only one RCT was designed to address the question whether non-surgical periodontal therapy could 

result in reduced arterial BP levels (65). These authors assessed changes in blood pressure as their 

primary outcome following non-surgical periodontal therapy. They included 107 pre-hypertensive 

participants and reported an absolute difference of SBP=12.57mmHg 95% CI 10.45-14.69, p<0.05 and 

of DBP=9.65mmHg 95% CI 7.06-12.24, p<0.05 after periodontal therapy. As treatment of hypertension 

has been repeatedly advocated as a key intervention to improve general health, quality of life and 

reduce CV complications (76), periodontitis treatment could represent a novel non-pharmacological 

therapy to prevent/help manage hypertension. A meta-analysis of RCTs quantified a reduction of 25-

30% of coronary heart disease events such as stroke and heart failure with a 10-mmHg reduction in 

SBP or a 5-mmHg reduction in DBP following antihypertensive drug therapy (77). Future research 

should address the hypothesis of the treatment of periodontitis could achieve similar reduction in 

arterial BP and CV outcomes.  

The identification of periodontitis as a possible risk factor for hypertension could be explained 

by a number of plausible mechanisms (Figure 6). Firstly, periodontitis is associated with systemic 

inflammation, mediators of which, including CRP, IL-6; TNF-a can all affect endothelial function. 

Clinical evidence suggests periodontitis affects systemic endothelial function and in turn this could 

impact on hypertension. Our group previously demonstrated that treatment of severe periodontitis 

improves endothelial function by reduction in systemic inflammation in patients with and without 

other comorbidities like diabetes (22, 64). Secondly, some reports suggest possible direct effects of 

oral microbiota related bacteraemia in mediating vascular dysfunction as well. Emerging experimental 

animal evidence indicates that an immune response to a common periodontal pathogen: 

Porphyromonas gingivalis (Pg) results in elevation of BP, vascular inflammation and endothelial 

dysfunction (78). Another possibility may be that cells, including T cells, B cells as well as 

monocyte/macrophages, primed in inflamed periodontium may be more prone to chemotactic 

recruitment to perivascular adipose tissue and adventitia, a step that has been shown to precede 

development of vascular dysfunction, hypertension and atherosclerosis (79, 80). This review therefore 

raises an important question regarding the causal nature of the association between periodontitis and 

hypertension.  

Strengths and weaknesses 
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This systematic review was designed to comprehensively investigate the possible role of periodontitis 

as a possible novel risk factor for hypertension. A number of limitations however should be highlighted 

starting with the limited value of systematic reviews of observational studies for ascertaining causality 

(81). Moreover, observational studies have intrinsic biases (mostly selection and information bias), 

hence the results of this systematic review should be interpreted within the context of the 

methodology used. Nevertheless, this review was broad and inclusive of not only observational but 

also interventional studies. Besides, because of the link between periodontitis and cardio-metabolic 

risk factors (17, 82), this review also included data from observational studies on MetS and CVD but 

the authors acknowledge that some of the data may have been missed due to the difficulties in 

identifying the outcomes within the published reports. Moreover, studies looking at hypertension 

have inherent problem of the effect of blood pressure measurement technique on the outcome as 

well as variable degree of reporting of actual criteria of hypertension. Therefore, we have focused on 

a clear definition of hypertension basing mainly on blood pressure values and anti-hypertensive 

medications. With the exception of a single study (29) most studies have used office rather than 

ambulatory blood pressure; our quantitative analysis of the effect of periodontitis on blood pressure 

values adds to the strength of the selected evidence. This study was a pilot intervention trial including 

only 26 patients with refractory hypertension and periodontitis and the effects of non-surgical 

periodontal therapy on both systolic and diastolic blood pressure were of greater magnitude of those 

reported in the other intervention studies. We urge caution in interpreting these results especially in 

view of the limited sample size and inclusion criteria adopted by the authors (29). Future intervention 

trials should all be powered and include ambulatory blood pressure levels. 

One of challenges encountered was to establish the direction of association when studies were 

included in the quantitative analyses (i.e. dependent and independent variables in the model). This 

was mainly due to unclear description in the published manuscripts. When a consensus could not be 

achieved among the reviewers (EMA, JS), a third author was consulted (FD) or attempts were made 

to contact the authors for clarification (43). Another important limitation of this systematic review is 

the high level of heterogeneity in the case definitions for both, periodontitis and hypertension (34, 

83). To overcome this, data was further analysed according to an arbitrary level of confidence in a 

given case definition of periodontitis. In fact, when an arbitrary confident diagnosis was confirmed, 

the observed magnitude of association between periodontitis and hypertension was greater. The lack 

of consistent measures of case-definition and severity of periodontitis in the retrieved evidence did 

not allow for a relevant analysis of extent and severity of periodontitis with all endpoints of blood 

pressure. We hope in the future reporting of periodontitis is more consistent and allow for such 

analyses. Lastly, it has been reported that antihypertensives such as calcium channel blockers can 
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cause gingival enlargement in 6.3% to 83% of patients (Hallmon & Rossmann 1999), which should not 

be confounded with periodontitis. 

Conclusions: 

Periodontitis could be associated with increased risk of hypertension in a linear fashion. 

Further, management of periodontitis could impact on the management of hypertension. Our findings 

highlight the potential to improve CV outcomes by addressing poor oral health in the general 

population. Longer and larger studies are needed however to determine whether periodontal 

treatment benefit patients in terms of CV health, ultimately resulting in reduced morbidity and 

mortality.  

Translational Implications:  

•To raise awareness of the association between periodontitis and hypertension.  

•Patients with periodontitis should be informed by oral health professionals of the risk of developing 

hypertension. 

•Oral health advice should be given to all patients with hypertension.  

•Prevention and management of periodontitis improves oral/overall health and quality of life and 

could prevent/improve hypertension. 

•Larger observational studies should include internationally recognised case definitions for 

periodontitis and hypertension.  

•More RCT with reduction of blood pressure as the primary outcome. 

•Reporting of patient related outcome measures within the study designs. 
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Figures Legends: 

Figure 1: Prisma Flow Chart 
Flow chart of the study selection process. A systematic review yielded 9760 reports. After 
removal of duplicates and the application of inclusion and exclusion criteria, 46 studies were 
included in the meta-analysis. Pubmed, Embase, Cochrane, Lilacs; Web of Science and manual 
search search strategies are illustrated in Supplementary material online, Appendices 1-2. 

Figure 2: Association between Periodontitis (moderate to severe combined diagnosis) and 
Hypertension (Cross-sectional and Case-control studies) 
Summary forrest plot for odds ratio of hypertension in relation to periodontitis diagnosis in 
cross-sectional and case-control studies (moderate to severe combined diagnosis). The 
random effects model was used and the relative size of the data markers indcates the weight 
of the sample size from each study. SE, standard error; IV, inverse variance; CI – confidence 
intervals. 

Figure 3 A-C: Association between Periodontitis (Severe, Confident and non-Confident 
diagnosis) and Hypertension 
Subgroup analysis forrest plots for odds ratio of hypertension in relation to periodontitis 
status in cross-sectional and case-control studies.Panel A: Severe periodontitis only group 
adjusted; Panel B: Analysis adjusted for confident definition of periodontitis as described in 
methods;  Penel C: Analysis adjusted for non-confident definition of periodontitis as described 
in methods. The random effects model was used and the relative size of the data markers 
indcates the weight of the sample size from each study. SE, standard error; IV, inverse 
variance; CI – confidence intervals. 

Figure 4: Periodontitis effect on Systolic Blood Pressure (SBP) 
Summary forrest plot for change in systolic blood pressure (SBP) in relation to periodontitis 
status in cross-sectional and case-control studies. The random effects model was used, 
Weight Mean Difference (WMD) reported and the relative size of the data markers indcates 
the weight of the sample size from each study. SE, standard error; IV, inverse variance; CI – 
confidence intervals. 

Figure 5: Periodontitis effect on Diastolic Blood Pressure (DBP) 
Summary forrest plot for change in diastolic blood pressure (SBP) in relation to periodontitis 
status in cross-sectional and case-control studies. The random effects model was used, 
Weight Mean Difference (WMD) reported and the relative size of the data markers indcates 
the weight of the sample size from each study. SE, standard error; IV, inverse variance; CI – 
confidence intervals. 

Figure 6: Some pathways through which Periodontitis could lead to Hypertension and 
Vascular Dysfunction. 
Potential mechanisms causally linking periodontitis with hypertension and vascular 
dysfunction. NO- nitric oxide; O2-. S- superoxide; Th – T helper cells; ROS- reactive oxygen 
species 
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Abstract: 

Objective: The primary objective was to investigate the relationship between periodontitis and 

hypertension in two independent large surveys. The secondary objective was to ascertain whether 

systemic inflammation had a mediation effect in the association.

Methods: This cross-sectional study analyzed representative samples of the US (n=3460; NHANES 

2009/10) and Korean (n=4539; 2015 KNHANES VI-3) populations. The association between 

periodontitis (exposure), hypertension (outcome) and inflammatory markers [C-reactive protein (CRP) 

and white blood cell counts (WBC)] (mediators) was assessed using multivariate linear and logistic 

regression models and mediation analysis.

Results: Participants with periodontitis were more likely to have hypertension (NHANES:OR=1.3, 

95%CI:1.0-1.6, p=0.025; KNHANES:OR=1.2, 95%CI:1.0-1.4, p=0.041) and actual systolic blood 

pressure ≥140 mm Hg (NHANES:OR=1.6, 95%CI:1.1-2.3, p<0.001; KNHANES:OR=1.3, 95%CI:1.0-

1.6, p<0.031) than those without the disease. These associations were independent of age, gender, 

BMI, education level, smoking, alcohol consumption, creatinine, physical activity, presence of other 

comorbidities and confirmed in participants not taking antihypertensive medications. Diagnosis of 

periodontitis was directly associated with WBC (in both surveys- NHANES:β±SE=0.3±0.1, p<0.004; 

KNHANES:β±SE=0.3±0.1, p<0.001) and with CRP levels (in one survey: NHANES:β±SE=0.1±0.03, 

p<0.007; KNHANES:β±SE=0.1±0.04,p>0.213). Mediation analyses confirmed that CRP acted as a 

mediator in the association between periodontitis and hypertension in both populations (Mediated 

effect: NHANES:β±SE=0.010±0.003, p<0.001; KNHANES:β±SE=0.003±0.001, p=0.015). WBC acted 

as a mediator in the KNHANES (Mediated effect:β±SE=0.004±0.001, p=0.004) whilst in the NHANES 

its effect was dependent of CRP inclusion in the model (Mediated effect 

WBC+CRP:β±SE=0.002±0.001, p=0.001).

Conclusions: These findings suggest that periodontitis is closely linked to hypertension and systemic 

inflammation is, in part, a mediator of this association.

Key words: Periodontitis, Hypertension, High blood pressure, Systemic inflammation, CRP, 
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Introduction 

Hypertension is a complex multifactorial disorder. Its prevalence exceeds 31% worldwide with more 

than 1.13 billion people affected (1). Elevated blood pressure (BP) is strongly linked to cardiovascular 

complications, increasing morbidity and mortality (2). Experimental and observational evidence 

supports a prominent role of systemic inflammation both in the initiation and progression of 

hypertension (3). The management of this condition, however, is still a challenge and it represents an 

increasing burden for society. 

Periodontitis is one of the most common inflammatory disorders worldwide with >46% of adults in the 

US diagnosed with the disease (4). Strong evidence supports the role of a dysbiotic dental biofilm in 

the development of periodontitis. Further a cluster of modifiable risk factors are shared between 

periodontitis and leading non communicable diseases (NCDs) (cardiovascular diseases, cancer, 

chronic respiratory diseases and diabetes) (5). 

Patients with periodontitis exhibit not only gingival inflammation but also endothelial dysfunction, 

increased bacterial burden (endotoxins and exotoxins dissemination), metabolic dysregulation, and 

systemic inflammation (6-9). A bi-directional link has been proposed between periodontitis and other 

metabolic disorders such as metabolic syndrome and diabetes (10, 11).

Hypertension has been linked to periodontitis but evidence from intervention trials is limited (12). A 

possible causal relationship between these two conditions has been proposed recently using 

Mendelian Randomization. This analysis confirmed a link between genetic variants linked to 

periodontitis and elevated BP phenotypes in a large UK population study (13). The exact mechanisms 

mediating this association remain unknown raising the question of whether inflammation or bacterial 

burden could play a prominent role. Given that systemic inflammatory biomarkers such as C-reactive 

protein (CRP) and leukocyte counts have been correlated with both periodontitis and hypertension, 

we hypothesized that systemic inflammation could be a mediator between the two diseases. 

Therefore, confirmation of this association in large independent studies with a focus on mediators 

need to be unraveled prior to undertaking interventional trials investigating the treatment of 

periodontitis as a target non-pharmacological treatment for hypertension. Accordingly, the primary aim 

of this study was to investigate the association between periodontitis and hypertension using two 

representative surveys of the US and Korean populations. The secondary aim was to ascertain the 

role of systemic inflammation in mediating this association.
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Material and methods:

Two population-based surveys were analyzed and hereby reported in compliance with the 

Strengthening the Reporting of Observational studies in Epidemiology (STROBE) guidelines 

(Supplemental checklist). 

Survey designs and study populations

Databases obtained from the US [2009/2010 National Health And Nutrition Examination Survey 

(NHANES)] and Korean [2015 VI-3 Korean National Health And Nutrition Examination Survey 

(KNHANES)] open repositories shared similar study design (stratified, multistage cluster probability 

sampling survey) (14, 15) and they were conducted by the statistical division of the National Centers 

for Disease Control and Prevention in US and Korea respectively. The study was conducted in 

accordance with the 1975 Declaration of Helsinki and participants provided written consent. These 

survey waves were selected for this study as were the first ones containing a detailed periodontal 

examination, measurements of average BP, serum concentrations of high sensitivity CRP (hs-CRP), 

and white blood cell counts (WBC).

Exclusion criteria used in the final sample analysis were (i) age <30 years in the NHANES (N=6,451) 

as no periodontal data was collected and age <19 years in the KNHANES (N=1,345); (ii) pregnancy 

(NHANES, N=23; KNHANES, N=29); (iii) lack of data on hs-CRP (NHANES, N=137; KNHANES, 

N=243); (iv) lack of data on BP (NHANES, N=123; KNHANES, N=29) and (v) lack of periodontal data 

for any other reasons (NHANES, N=343, KNHANES, N=792). From a total of 10,537 participants in 

the NHANES 2009/2010 and 6,977 in the KNHANES VI-3, the final samples included in this analysis 

were of 3,460 and 4,539 participants respectively. These populations refer to a representative sample 

of just over 128 millions of US and 33 millions of Korean citizens.

We extracted data on sociodemographic, health lifestyle behavioral factors, anthropometric 

measurements, medical history, oral examination, mean BP and biochemical parameters (eTable 1).

Blood pressure measurements 

In both cross-sectional studies, sitting BP was measured using a standardized protocol (16). Average 

measurements of systolic and diastolic arterial pressure (SBP and DBP) were obtained from three 

consecutive readings. Participants were then categorized as normal, prehypertensive, and 

hypertensive according to the Joint National Committee 7 guidelines (17). Further, hypertension was 
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defined as values of SBP ≥140 mmHg or DBP ≥90 mmHg or the use of antihypertensive medication 

(18). The number of participants taking antihypertensive medications was also calculated.

Periodontal examination and dental exposure variables 

The analysis was conducted using both established case definitions as well as continuous measures 

(full mouth indices) of periodontitis. However, different protocols were used. In the NHANES, a full-

mouth periodontal assessment was carried out at six sites per tooth and periodontitis (exposure) was 

defined as mild, moderate or severe (19). Continuous aggregate dental variables (number and 

percentage of sites) were then created to indicate a) the extent of periodontal lesions with probing 

pocket depths (PPD) of ≥ 4mm, ≥5mm, ≥6 mm and b) the extent of loss of periodontal tissue 

attachment (AL) of ≥3mm, ≥ 4 mm, ≥5mm, ≥6mm  as previously described (20). 

In the KNHANES study, participants presenting with CPI scores of 3 and 4 (at least in one sextant) 

were defined as having worse periodontal status, whereas those presenting scores of 0, 1 and 2 

represented controls with better periodontal status. Continuous measures of periodontal lesions were 

then created as follows: a) CPI cumulative score (the sum of only CPI scores of 3 or 4 of all sextants); 

and b) CPI continuous score (sum of all CPI scores of all sextants) as previously described (21).

Laboratory analysis 

Biochemical parameters were retrieved from both surveys including plasma glucose (mg/dL), insulin 

levels (uIU/mL), glycated hemoglobin [HbA1c (%)], total cholesterol (mg/dL), high- and low-density 

lipoprotein cholesterol levels [HDL and LDL (mg/dL)], triglyceride levels (mg/dL), creatinine (mg/dL), 

hs-CRP (mg/dL), and WBCs (thous/μL)].

Statistical analysis

Data analyses were performed with STATA version 15.0 (StataCorp, College Station, Tex, US) and R 

Software (version 3.5.2). Continuous variables are reported as mean ± standard error (SE), whereas 

categorical variables are expressed as percentages. Simple differences between participants with or 

without periodontitis were assessed by independent t-test (for continuous variables) or χ square test 

(for categorical variables). Normality assumptions were checked, and a logarithmic transformation of 

hs-CRP was used for parametric analyses. Different measures of oral disease exposure (categorical 

and continuous) were adopted to test the association between periodontal status and BP. Further, 

circulating levels of WBC and hs-CRP were used as biomarkers of systemic inflammation and 

possible mediators of the association between periodontal status and hypertension. Univariate 
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analyses were performed for all continuous variables comparing the groups of participants with 

periodontitis/worse periodontal status and the rest of the study sample. All those variables with 

statistically significant associations were then used in the multivariate models. 

Multivariate logistic regression models were created to test potential associations between 

periodontitis case definitions or continuous measures of periodontal lesions with hypertension, SBP 

≥140 mmHg or hs-CRP>2mg/L as outcome variables. Multivariate linear regression models were then 

constructed to investigate the association between periodontal (both categorical and continuous) and 

arterial BP (mean SBP/DBP) variables. Similar analyses were performed with hs-CRP and WBC 

values (exposures) and hypertension (as categorical or continuous outcomes). Odds ratios (ORs) and 

95% confidence intervals (CI) were calculated as well as β coefficient with standard errors. A fully 

adjusted model (Model 1) included age, gender, ethnicity, smoking, education level, and chronic 

medical conditions as covariates (as previously reported) in both surveys (18). In addition to these, 

body mass index (BMI), alcohol consumption, creatinine and physical activity were included in the 

multivariable models of the KNHANES survey (as they all presented univariate association with the 

outcome variables). 

Sensitivity analyses in the subgroup of participants not taking antihypertensive medications were also 

performed (Model 2) (NHANES, N=2486; KNHANES, N=3270). 

Structural equation modelling (SEM) was then used to estimate whether the association between 

periodontitis and hypertension was mediated by WBC or CRP using R Software (22). Four different 

and prespecified routes were used, direct (route 1) and indirect (route 2, 3, 4) mediation effects with 

their 95% CI were estimated:

Route 1: Periodontitis (exposure) → Hypertension (outcome).

Route 2: Periodontitis (exposure) → WBC (mediator) → Hypertension (outcome).

Route 3: Periodontitis (exposure) → Log CRP (mediator) → Hypertension (outcome).

Route 4: Periodontitis (exposure) → WBC (mediator) → Log CRP (mediator) → Hypertension 

(outcome).

Results
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Characteristics of study populations 

Participants with periodontitis were predominantly men (NHANES, 60%; KNHANES, 57%), older than 

50 years of age, increased number of current smokers (NHANES, 52% vs 36%; KNHANES, 23% vs 

15%), of lower education background and higher prevalence of diabetes (NHANES, 12% vs 6%; 

KNHANES, 10% vs 5%) than participants without periodontitis (Table 1). Almost a doubled 

prevalence of hypertension (NHANES, 42% vs 25%; KNHANES, 39% vs 19%) and anti-hypertensive 

medication (NHANES, 31% vs 19%; KNHANES, 25% vs 12%) were observed in patients with 

periodontitis. Similarly, participants with periodontitis had higher values of SBP (6.4 mm Hg higher in 

NHANES and 7.3 mm Hg higher in KNHANES) than survey participants without periodontitis. In the 

NHANES survey, Mexican and non-Hispanic black presented with the greatest prevalence of 

periodontitis. Lastly, when other traditional cardiovascular risk factors were assessed, patients with 

periodontitis exhibited greater values of glucose, triglycerides, hs-CRP and WBC in both surveys 

when compared to those without periodontitis, with BMI being higher in periodontitis patients only in 

KNHANES (all p<0.001).  

Logistic Regression Analyses

Multiple logistic regression models confirmed that among participants with periodontitis and worse 

periodontal status, the adjusted odds of hypertension were 1.3 (95%CI 1.0-1.6) in the NHANES and 

1.2 (95%CI 1.0-1.4) in the KNHANES populations, respectively (Table 2). Greater odds of 

hypertension in patients with periodontitis and worse periodontal status (CPI 3-4) were observed in 

the subgroup of participants not taking anti-hypertensive medications (NHANES: OR=1.4, 95%CI 1.0-

1.8, N=2486; KNHANES: OR=1.3, 95%CI 0.9-1.7, N=3270). Similar associations were found between 

diagnosis of periodontitis and worse periodontal status (CPI 3-4) and SBP≥140 values in both 

populations (NHANES: OR=1.6, 95%CI 1.2-2.1; KNHANES: OR=1.3, 95%CI 1.0-1.6) with greater 

odds in participants with more severe periodontitis. These findings were consistent in those 

participants not taking anti-hypertensive medications (Model 2) although the estimates were smaller 

than those observed in the whole sample (Table 2). Indeed, NHANES participants with severe 

periodontitis also presented with more than twice increased likelihood of SBP≥140 mm Hg in model 1 

(OR=2.5 95%CI 1.7-3.6) and model 2 (OR=2.3 95%CI 1.4-3.6), respectively (Table 2). 

When hs-CRP or WBC were introduced as independent exposure variables, the odds of hypertension 

and SBP≥140 mm Hg ranged from 1.0 to 1.4 in the US and from 1.0 to 1.1 in the Korean survey. Only 
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some continuous measurements of periodontitis (mean PPD and mean CAL) were associated with 

greater odds of hypertension, SBP≥140 mm Hg, and of hs-CRP≥2 mg/l in the fully adjusted model 

and in those participants not taking antihypertensive medications (Figure 1).

Linear Regression Analyses

Linear regression analyses confirmed that periodontitis (assessed both as categorical and continuous 

variables) was associated with mean SBP. These findings were confirmed in the subgroup of 

participants not taking antihypertensive medications in the US survey (Table 3). In the Korean survey, 

the cumulative CPI score was consistently associated with SBP and DBP and this was also confirmed 

in participants not taking BP medications. Higher WBC counts were associated with mean SBP in 

both surveys, whilst higher hs-CRP levels were associated with SBP and DBP only in the US study 

(Table 3). Further, we observed a negative association between DBP and the number or percentage 

of gingival sites with attachment loss of ≥ 3 mm and of sites with probing depth ≥ 6 mm in the 

NHANES (model 2) and with the cumulative CPI score in the KNANES (models 1 and 2) (Table 3). 

Lastly, both US and Korean participants with severe periodontitis or worse periodontal status (CPI 3-

4) exhibited greater systemic inflammation as assessed by hs-CRP serum levels and by WBC when 

compared to those without periodontitis or better periodontal status (CPI 0-2) and this difference was 

independent of other common confounders (Table 4). 

Mediation Analyses

The association between periodontitis and hypertension (categorical) was mediated by CRP  

(β±SE=0.010±0.003; p<0.001) in the NHANES dataset, whilst WBC (β ±SE=0.001±0.001; p=0.221) 

was only an indirect mediator of the association (indirect route linked to hs-CRP) (Model A, 

unadjusted) (Figure 2 A and eTable 2). When repeating the same analysis in the KNHANES 

database, both hs-CRP (β±SE=0.003±0.001; p=0.015) and WBC (β±SE=0.004±0.001; p=0.004) 

acted as mediators of the association between worse periodontal status and hypertension (Figure 2 B 

and eTable 2).  Models B, D, C replicated these results when the analyses applied for continuous 

periodontal (PPD, CAL in NHANES, and CPI continuous in KNANES) and BP (SBP) variables, in both 

adjusted and unadjusted models (eTable 2).

Discussion: 
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The analysis of two of the largest population-surveys with available dental and general health data 

demonstrated that both categorical and continuous measures of periodontitis were consistently 

associated with hypertension and SBP independent of other common cardiovascular risk factors. 

Participants in the US with severe periodontitis had higher odds for SBP≥140 mm Hg when compared 

to participants without periodontitis and all findings were confirmed in participants not taking anti-

hypertensive medications. Systemic inflammation defined by two commonly measured biomarkers 

(hs-CRP and WBC) was not only associated independently with periodontitis, SBP and diagnosis of 

hypertension but acted as a modest mediator of these associations.

This analysis confirmed that participants with periodontitis have a 20-60% greater chance of 

presenting also a concomitant diagnosis of hypertension and a 10% to 2.5 times greater chance of 

SBP≥140 mm Hg. This is consistent with previous studies reporting that patients with periodontitis 

have on average 4.5 higher mean SBP (95% CI: 2.88–6.11) than participants without periodontitis 

(12). In the present study, a higher mean SBP of 6.4 mm Hg (NHANES, 95%CI 5.3-7.4) and of 7.2 

mm Hg (KNHANES, 95%CI 6.1-8.4) were observed when participants with periodontitis were 

compared to those without the disease. The magnitude of this association could have important public 

health implications if we consider that high sodium intake with the diet is linked to a 6.0mmHg higher 

average SBP (23). Further SBP is a strong independent risk predictor for coronary heart disease 

events, stroke, heart failure and end-stage renal disease (24, 25). 

Negligible associations of measures of periodontitis with DBP have been reported (20, 26). 

Interestingly, we observed a negative linear association between two measures of continuous disease 

and DBP in both datasets. This observation has not been reported previously, and it seems to be in 

contrast with the findings related to SBP. At this stage it is speculative to suggest a biological 

explanation of these findings. Authors consider important the role of residual confounding from other 

traditional risk factors variables (i.e. age, gender, ethnicity) as the estimates of association between 

DBP and some of the continuous measures of periodontitis tended to be greater in multivariate fully 

adjusted models. DBP is not considered on its own as a strong predictor for CVD events (27, 28), and 

the role of inflammation on affecting this measure of blood pressure is unclear. Further research 

should be conducted to ascertain the degree of association between diastolic pressure and 

periodontal inflammation as well as investigate potential biological mechanisms linking them. 
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When comparing the findings between the two surveys, a stronger association of categorical and 

continuous variables of periodontitis and gingival inflammation with hypertension and SBP were 

observed in the US dataset when compared with the Korean data survey. Similar findings were found 

for the association between biomarkers of inflammation (CRP and leucocytes counts) with measures 

of arterial blood pressure. Whilst the two sample populations present ethnic and socio-economic 

differences including a higher proportion of current smokers, adiposity and chronic medical conditions 

in the US population, authors believe that the different clinical measures of periodontitis recorded in 

the surveys could influence the results of the analyses. 

A recent intervention study assessing the impact of periodontitis treatment on arterial blood pressure 

confirmed a substantial reduction of SBP after 2 months (mean difference of 11.1 mmHg) (13). This 

preliminary evidence suggests that periodontal treatment could represent a novel non-

pharmacological intervention for hypertension of similar magnitude of other lifestyles adjustments 

(weight loss, increasing physical activity, salt or alcohol intake reduction or smoking cessation) with 

an average reduction of SBP ranging from 4.6 to 6.4 mmHg (29-31). However, larger and longer 

RCTs are needed.

Several lines of evidence now implicate inflammation in the development and progression of vascular 

diseases. For the last 3 decades inflammation has been recognized as a common denominator of 

early vascular dysfunction, leading onto the development of atheroma and vascular complications 

(32). Recent proof of concept evidence suggests that targeting upstream inflammation by selective 

drugs results in reduced morbidity and mortality (33). This could also be applicable in hypertension. 

Experimental and human studies have documented several pathways by which elevated inflammatory 

markers such as CRP and circulating leukocytes are associated with an increased risk of incident 

hypertension including a derangement of the renin-angiotensin system, increased oxidative stress, 

and downregulation of nitric oxide leading to increased endothelial stiffness and dysfunction (34). A 

recent review identified a number of potential sources of extravascular inflammation including 

periodontitis as a potential factor influencing vascular risk (32). It is now well documented that patients 

with periodontitis have elevated levels of CRP and WBC (7, 35). 

In the mediation analysis, our findings suggest that CRP and WBC mediate partly the association 

between periodontitis and hypertension, although the effect is rather modest in nature (only 2% of the 

association explained by the model for the Korean survey whilst up to 7% in the US survey). Similar 
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findings were recently reported for CRP (5.4%), WBC (4.2%) and ferritin (10.2%) as mediators of the 

total association between a continuous measure of periodontitis and high/uncontrolled BP (≥130/80 

mmHg) (36). An alternative pathway implicated in hypertension and cardiovascular injury relates to 

the activation of innate and adaptive immune cells such as monocyte/macrophages, and B and T 

lymphocytes (37). Damage-activated molecular patterns from the vasculature and Pathogens-

activated molecular patterns from opportunistic diseases such as periodontitis can exacerbate the 

inflammatory cascade by activation of Th1 and Th17 lymphocytes, with kidneys and vasculature 

injuries aggravating a pro-hypertensive status, which results in progressive raised BP (38, 39). 

Our analyses point perhaps towards a more prominent role of the gut and oral microbiome and their 

dysbiosis on hypertension (40). Periodontal pathogens may well play a role influencing the gut 

microbiome as well as exerting a direct vascular effect. Swallowing gram-negative oral bacteria or 

their end-products may trigger metabolic endotoxemia and systemic inflammation contributing to 

cardio-metabolic disorders (41). Lastly, experimental studies confirmed that periodontal bacteria can 

cause lower nitric oxide bioavailability and vascular dysfunction (42) and patients with periodontitis 

exhibit less nitrate-reducing bacteria (43). These novel mechanistic hypotheses warrant further 

investigation. 

Cross-sectional designs preclude any inference on a possible temporal and/or causal association 

between periodontitis and hypertension. In the attempt of mitigating this limitation, we performed the 

analysis in two large surveys as to identify common patterns of association and minimizing spurious 

findings. Two different periodontal assessments and case definitions were adopted in each survey 

which could be considered a limitation but could also show that the association remains significant 

irrespectively. While in the NHANES, a recognized case definition was used (19), in the Korean 

survey a simplified clinical index (CPI) was selected, which is known to have risks of overestimation of 

the extent but underestimation of the prevalence of periodontitis (44). In the attempt to overcome 

some of these limitations we included a panel of measures of periodontal lesions to detect whether 

simple categorical associations were replicated when using other exposure variables. Another 

limitation to consider is the effect of antihypertensive medications on gingival inflammation and 

increased probing depths as well as on the overall association between periodontitis and 

hypertension (45). Sensitivity analyses were therefore performed by repeating the models in the 

group of participants not taking antihypertensive medications. We cannot however exclude that our 

Page 34 of 55Journal of Internal Medicine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

12

analyses missed some common risk determinants for hypertension (abdominal obesity, salt intake, 

use of anti-inflammatory drugs, hormone treatments, and stress) as well as unmeasured confounders 

associated with both periodontitis and hypertension (residual confounding). Future mechanistic and 

clinical studies should investigate further the role of periodontal-driven systemic inflammation and 

microbial burden as a risk factor for the development and management of hypertension and its 

complications.

Conclusion

Periodontitis is closely linked to hypertension and low-grade inflammation could be a key mediator in 

the association. Further interventional studies are needed to ascertain whether the treatment of 

periodontitis, leading to a decrease in systemic inflammation, may represent a novel non-

pharmacological intervention in hypertension management.
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What is already 
known about this 
subject?

Consistent evidence suggests a direct relationship between periodontitis and 
hypertension. Poor oral health is linked to greater systemic inflammation and 
increased odds of hypertension. A linear association between systolic blood 
pressure and various oral health indices confirm these findings.

What does this 
study add?

Periodontitis increases the odds of hypertension by 20-60% in two large 
populations and systemic inflammation as assessed by peripheral levels of CRP 
and WBC acts as a biological mediator of this association.

How might this 
impact on clinical 
practice?

Oral health promotion could result in reduced systemic inflammation and it may 
represent a novel non-pharmacological intervention in hypertension 
management and its complications. 
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Abstract  1 

Recent evidence suggests hypertension and periodontitis are closely linked but limited data is 2 

available on the nature of the association. We aimed to investigate the relationship between 3 

periodontitis and mean arterial blood pressure in a sample of otherwise systemically healthy 4 

individuals. A case-control study including 250 cases (participants with periodontitis) and 5 

250 controls (without periodontitis) was designed from a register of clinical trials conducted 6 

between 2000-2018 in a university setting. Cases were age, gender and body mass index 7 

balanced with controls. Linear, logistic regression and mediation models were planned to test 8 

the association between various periodontal measures and arterial blood pressure. We further 9 

investigated the role of systemic inflammation assessed by hsCRP and white cell counts. 10 

Cases presented with 3.36 mm Hg (95%CI, 0.91-5.82, p=0.007) higher mean systolic blood 11 

pressure (SBP) and 2.16 mm Hg (95%CI, 0.24-4.08, p=0.027) higher diastolic blood pressure 12 

(DBP) than controls. Diagnosis of periodontitis was associated with mean SBP (β=3.46±1.25, 13 

p=0.005) and greater odds of SBP≥140 mm Hg (OR=2.3, 95%CI:1.15-4.60, p=0.018) 14 

independent of common cardiovascular risk factors. Similar findings were observed when 15 

continuous measures of periodontal status were modelled against SBP. Measures of systemic 16 

inflammation although elevated in periodontitis were not found to be mediators of the 17 

association between periodontitis and arterial blood pressure values. Periodontitis is linked to 18 

higher systolic blood pressure in otherwise healthy individuals. Promotion of periodontal and 19 

systemic health strategies in the dental and medical setting could help reduce the burden of 20 

hypertension and its complications. 21 

 22 

Key words: Periodontitis, bleeding on probing, mean blood pressure, systemic inflammation, 23 

case-control study, mediation analysis, hypertension. 24 

  25 



3 
 

1. Introduction 1 

Elevated arterial blood pressure increases the risk of complications from cardiovascular 2 

diseases (CVD) such as stroke and myocardial infarction, with more than 7.6 million deaths 3 

accounted for every year and 143 million disability adjusted life-years.1 It is estimated that 4 

more than 30% of the overall population suffers from hypertension, and this estimate 5 

increases with age.2 A 15%–50% of individuals however are unaware they are affected by 6 

hypertension,3 whilst many of those with a stablished diagnosis fail to achieve an optimal 7 

blood pressure control despite their prescribed medications.2 The burden and cost of 8 

hypertension remain high for any given society. Inflammation is considered an important 9 

driver of vascular dysfunction and implicated in the development and progression of 10 

hypertension.4,5 11 

Periodontitis is a common inflammatory disease caused by a dysbiotic biofilm and 12 

affecting the soft and hard tissues around teeth.6 It is a chronic disease, usually spanning over 13 

decades of an individual’s life and is characterised by gingival inflammation with associated 14 

alveolar bone loss which, if not arrested, will ultimately lead to tooth loss. Almost 750 15 

million people (aged 15 to 99) worldwide present with moderate to severe symptoms of 16 

periodontitis,7 plus the disease is linked to social inequality and it negatively affects patients’ 17 

quality of life.8  18 

Recent evidence suggests a possible causal link between periodontitis and hypertension.9 19 

Patients with periodontitis often present with higher arterial blood pressure values and a 30-20 

70% higher chance to also present with hypertension,10 especially when there is active 21 

gingival inflammation (i.e. with gingival bleeding).11 Longitudinal and large interventional 22 

studies confirming the nature of this association and the exact pathogenetic mechanisms are 23 

scarce. 24 
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The  aim of this study was to investigate the association between diagnosis of severe 1 

periodontitis and arterial blood pressure in a sample of otherwise healthy participants 2 

(without a confirmed diagnosis of hypertension). The primary objective was to assess office 3 

blood pressure values in patients with periodontitis (cases) compared to controls (participants 4 

without periodontitis) and whether a linear relationship exists between measures of 5 

periodontitis extent/severity with blood pressure values and whether basic measures of 6 

systemic inflammation mediate any association. Further, the prevalence of undiagnosed 7 

hypertension between cases and controls was explored. 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 
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2. Material and methods 1 

The data that support the findings of this study are available from the corresponding author 2 

upon reasonable request. 3 

2.1.Study design and population:  4 

A nested case-control study was designed, including participants recruited at the UCL 5 

Eastman Dental Institute between the years 2001 – 2018. All participants provided written 6 

informed consent at the time of study participation including use of data for future analyses. 7 

Seventeen clinical trials with the same inclusion criteria (severe periodontitis) or control (no 8 

periodontitis) and full-mouth periodontal assessment and arterial blood pressure 9 

measurements (same recording protocol) were screened for inclusion in this analysis. This 10 

study was approved by the local UCL Research Ethic Committee (Project ID: 16989/001). 11 

Sample inclusion criteria:  12 

Cases were individuals ≥18 years old who had been diagnosed with generalised severe 13 

periodontitis (defined as ≥50% of the teeth with probing pocket depths (PPD) of ≥5mm and 14 

≥30% marginal alveolar bone loss) and referred to the periodontal unit for management of 15 

their condition12. All participants were otherwise systemically healthy (no other systemic 16 

condition, as per medical history assessment/interview) and had not undertaken periodontal 17 

therapy within 6 months of the specific study assessment. 18 

Controls were individuals ≥18 years old attending the same hospital without a diagnosis of 19 

periodontitis (recruited from other dental units but with no active dental infections) who were 20 

equally systemically healthy (no other systemic condition, as per medical history 21 

assessment/interview).  22 

Sample exclusion criteria:  23 

Possible participants were excluded from this study if presenting with any of the following: i) 24 

active infectious diseases such as hepatitis, HIV or tuberculosis, ii) any confirmed systemic 25 



6 

diseases including diabetes, kidney, liver, cardiovascular diseases, hypertension, cancer or on 1 

any chronic medication and iii) pregnant or breastfeeding, iv) taking non-steroidal anti-2 

inflammatory drugs on a regular basis or taking antibiotics within 3 months of assessment. 3 

2..2. Periodontal examination:  4 

Periodontal assessment used a standardised protocol carried out by calibrated examiners as 5 

previously described.12 Baseline data on full mouth periodontal assessment was retrieved for 6 

all participants. Case definition of periodontitis was confirmed against the latest validated 7 

classification.6 The full-mouth dental plaque (FMPS) and gingival bleeding (FMBS) scores 8 

were recorded and the following thresholds for localised (FMBS 10%-29%) and generalized 9 

gingival bleeding (FMBS >30%) were adopted.  Periodontitis case definition was of 10 

generalised severe/stage III/IV periodontitis.6 Continuous measures of severity and extent of 11 

periodontitis were created as follows: a) the extent of periodontal pockets with probing 12 

pocket depth (PPD) of ≥ 4mm, ≥5mm, ≥6 mm (number and percentage of sites) and b) extent 13 

of loss of periodontal attachment levels (CAL) of ≥3mm, ≥ 4 mm, ≥5mm, ≥6mm (number 14 

and percentage of sites). 15 

2.3. Blood pressure assessment: 16 

Office blood pressure measurements were obtained following a standardised protocol using 17 

an Omron device M5-1 (HEM-757A-E) by a trained person and recorded in triplicate for 18 

each participant as previously described.13 The patients were advised not to exercise, smoke 19 

or consume any caffeine during the 30 min prior to their appointment. Upon arrival, the 20 

measurements were recorded after the patients were seated for 5 min and relaxed, with the 21 

back resting on the chair and the arm on a desk at the level of the right atrium. Average of the 22 

systolic and diastolic arterial pressure (SBP and DBP) readings taken to the nearest value 23 

were obtained and used as continuous variables. Unconfirmed hypertension diagnosis was 24 
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evaluated applying diagnostic thresholds of the US (values of SBP ≥130 mmHg or DBP ≥80 1 

mmHg) and European (values of SBP ≥140 mmHg or DBP ≥90 mmHg) guidelines.14,15  2 

2.4. Additional variables: 3 

Socio-demographics information (age, gender, ethnicity), health lifestyle behaviour 4 

[smoking, physical activity (frequency of weekly sessions of being active through walking, 5 

cycling, sports and recreation)], and family history of cardiovascular diseases (whether or not 6 

any family member had heart or vascular disease) was retrieved from the medical history 7 

questionnaires. Anthropometric measurements (body max index: BMI) were collected by 8 

trained staff using a standard protocol.12 Fasting venous blood samples were collected and 9 

analysed for White Cell Counts (WBC), high sensitivity C-reactive protein (hsCRP), total 10 

cholesterol, low- and high-density lipoprotein, glucose and triglycerides using standard 11 

biochemistry procedures and as previously described.12 12 

2.5. Statistical Analysis:  13 

A sample size calculation confirmed that a minimum of 248 participants per group was 14 

required to detect a difference of 3.5 mm Hg in mean Systolic blood pressure (SBP) between 15 

cases and controls, with a standard deviation of 12 mm Hg, to achieve a power of at least 16 

90% assuming an alpha of 0.05.  17 

Cases and controls were balanced based on age ± 3years, gender and BMI (Figure 1).16 All 18 

data was checked for errors, entered in a single dataset and analysed using SPSS (version 25), 19 

STATA (version 15) and R Software (version 3.5.2). Descriptive statistics (comparisons 20 

between continuous variables used independent t-test/Mann Witney and between categorical 21 

variables used Chi squared test) was used to compare general variables and arterial blood 22 

pressure levels between cases and controls. Multivariate linear regression analysis was 23 

performed to investigate potential associations between: i) periodontitis (categorical and 24 

continuous definitions) or systemic markers of inflammation (i.e. hsCRP and WBC) as 25 
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exposures and mean SBP and DBP as outcomes, ii) periodontitis (exposure) and systemic 1 

markers of inflammation (outcome). Age, BMI, gender, ethnicity, smoking, physical activity 2 

and family history of CVD were used as confounders in each model. Similarly, multivariate 3 

logistic regression analysis was carried out to test the odds of the following categorical 4 

outcome variables: i) SBP≥140, ii) SBP≥130, iii) DBP≥90, iv) DBP≥80 mm Hg and 5 

‘undiagnosed’ hypertension defined as v) per European guidelines14 6 

(SBP/DBP≥140/90mmHg) and vi) as per US guidelines15 (SBP/DBP≥138/80mmHg) in 7 

relation to the different exposure variables, i.e. periodontitis diagnosis (categorical yes/no), 8 

hsCRP and WBC. β coefficients and ORs with 95% confidence intervals were calculated in 9 

unadjusted (Model 1) and adjusted models including age, BMI, gender, ethnicity, smoking, 10 

physical activity and family history of CVD (Model 2). A p-value of ≤0.05 were considered 11 

statistically significant. Mediation analyses of systemic inflammatory markers were 12 

performed if a positive association between CRP or WBC variables with periodontitis and 13 

SBP/DBP were found in linear/logistic regression models. Two different and prespecified 14 

routes were used, direct (route 1) and indirect (route 2) mediation effects with their 95% CI 15 

were estimated: Route 1: Periodontitis (exposure)→ Hypertension (outcome). Route 2: 16 

Periodontitis (exposure)→ WBC or hsCRP (mediators)→ Hypertension (outcome). 17 

 18 

 19 

 20 

 21 

 22 

  23 
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2. Results 1 

Sample median age [IQR] was 35 [12] years with no substantial differences observed 2 

between cases (35 [9] years) and controls (34 [14] years) (p=0.345). Similar gender 3 

(p=0.929) and BMI (p=0.209) distributions were confirmed between cases and controls. 4 

Higher number of current smokers, with predominant Afro-American/Afro-Caribbean 5 

participants, reporting less physical activity and a higher percentage of family history of 6 

CVD were observed in cases when compared to controls. Participants with periodontitis 7 

exhibited increased glucose, LDL, CRP and WBC levels but lower HDL values when 8 

compared with controls (all, p<0.01) (Table 1).  9 

Higher mean differences in SBP (3.36mmHg, 95%CI, 0.91-5.82, p=0.007) and DBP 10 

(2.02 mmHg, 95%CI, 0.24-4.08, p<0.027) were observed in cases when compared to 11 

controls.   12 

A 14% of cases presented with SBP≥140 mmHg vs a 7% of the controls (p=0.021). 13 

Similarly, more than 43% of the cases presented with DBP≥80 mmHg vs 34% of the controls 14 

(p=0.035). The percentages of cases with SBP≥130 mmHg or DBP≥90 mmHg was greater 15 

than for the controls but not statistically significant (Table 1). Overall a 15.6% of the whole 16 

study participants presented with values of SBP/DBP in the range of hypertension (European 17 

definition): 17.2% of the cases and 14% of the controls (p=0.324), and a 45.6% (American 18 

definition): almost 50% of cases and a 41.6% of controls (p=0.073) (Table 1).  19 

Linear regression analysis confirmed an association between case definition of 20 

periodontitis (categorical) and higher mean SBP after adjusting for common risk factors  21 

(ß±SE=3.46±1.25, p=0.005, Model 2) and to DBP (ß±SE=2.16±0.98, p=0.027, Model 1) 22 

(Table 2). Greater severity of periodontitis as assessed by measure of CAL, PPD and FMBS 23 

were associated with higher mean SBP (Models 1 and 2) and with higher mean DBP (Model 24 

1) (Table 2). A similar linear association between different thresholds of periodontal lesions 25 
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(PPD thresholds) and SBP (Models 1 and 2) were noted but for different threshold of CAL, 1 

this was only seen in Model 1 (Table 2). Periodontitis (categorical and continuous variables) 2 

was associated with higher CRP (Model 1) and WBC (Model 1 and 2) levels (Table 2). 3 

Similarly, periodontitis (categorical) was associated with higher odds of SBP≥140 mm Hg 4 

(OR=1.98, 95%CI, 1.10-3.65, p=0.023, Model 1; OR=2.31, 95%CI, 1.17-4.67, p=0.018 5 

(Model 2) and DBP≥ 80 mm Hg (OR=1.47, 95% CI, 1.03-2.12, p=0.035, Model 1) (Table 3). 6 

No significant association was found with SBP≥130 mm Hg, DBP≥90-mm Hg or 7 

Hypertension definition according to European or American guidelines.  8 

When CRP and WBC were modelled as exposure variables, no associations were 9 

observed with SBP or DBP (Tables 2-3). Lastly, an association between SBP and increasing 10 

FMBS irrespective of periodontal diagnosis was observed in the multivariate fitted model for 11 

SBP according to bleeding status (Table 4). Participants with generalised bleeding presented 12 

with a 5 mmHg greater SBP than those with healthy gums (95%CI, 8.22-1.91, p=0.002) 13 

(Table 4).  14 

Mediation analyses confirmed that WBC did not act as a mediator of the association 15 

between periodontitis (categorical) and SBP (continuous) in either in the unadjusted (β±SE= -16 

0.00±1.21; p=0.994) or the fully adjusted (β±SE= -0.03±0.21; p=0.900) models (Route 2) 17 

(Tables S1 and S2). Similar results were observed when the model was replicated for 18 

continuous periodontal (FMBS, CAL, PPD) and categorical BP (SBP≥140 mm Hg) variables.  19 

 20 

  21 
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5. Discussion  1 

The results of this study showed that systemically healthy individuals with periodontitis 2 

(cases) presented with higher mean SBP and DBP than participants without periodontitis 3 

(controls). Cases presented with more than twice higher likelihood of SBP≥140 mm Hg and 4 

almost 50% higher odds of DBP≥80 mm Hg than the controls.  5 

A recent systematic review confirmed a 4.5 mm Hg SBP- and 2.5 mm Hg DBP greater 6 

arterial blood pressure values in the general population (including participants with and 7 

without other co-morbidities).10 In a previously reported age- and sex- matched case-control 8 

study looking at the association of periodontitis, systemic inflammation and endothelial 9 

function, greater differences in SBP (7 mm Hg) and CRP (1.3mg/L) levels between the cases 10 

and controls were observed.17  11 

Elevated blood pressure remains the main risk factor for heart failure, atrial fibrillation, 12 

chronic kidney disease, heart valve diseases, aortic syndromes, and dementia, in addition to 13 

coronary heart disease and stroke.18 It is now understood that biologically normal blood 14 

pressure levels are lower than what previously fell within a normal rangel.15 The observed 15 

differences of SBP/DBP between cases and control in this study could be clinically relevant 16 

and might represented an overlooked mechanism linking periodontitis with increased future 17 

CVD risk.19 18 

In agreement with previous studies,20,21 this study showed that irrespective of periodontal 19 

status, bleeding gums was associated with SBP. Similarly, a more recent secondary analysis 20 

of NHANES III also reported a 2.6 mm Hg higher mean SBP for gingivitis, also 21 

independently associated with 40% greater odds of high/uncontrolled BP.11 Bleeding gums, 22 

the earliest sign of periodontal diseases, has also been linked to increased systemic 23 

biomarkers and vascular changes.22,23 Due to its easy detection by patients and clinicians 24 

could represent a valuable parameter in routine BP screening protocols. 25 
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Several mechanisms underlying the links between gingival diseases and hypertension 1 

have been proposed with dysbiotic subgingival microbiome triggering low-grade systemic 2 

inflammation and oxidative stress representing the main pathways.24 Periodontitis patients 3 

express increased local and systemic inflammatory markers such as CRP, TNF- α, 4 

neutrophilic enzymes, WBC counts and disparity in T cell subtypes, but also neutrophil 5 

dysfunction, which are all mechanisms resulting in vascular changes and endothelial 6 

dysfunction.19,25,26 The presence of periodontal pathogens have been linked to hypertension in 7 

epidemiological studies.27 Pre-clinical evidence originated by experimental animal models, 8 

including immunisations with P. gingivalis lysate and Lipopolysaccharide (LPS) - endotoxin 9 

from other gram-negative bacteria caused prolonged T-cell activation and elicited increased 10 

levels of CRP, TNF-𝛼, and IL-1𝛽, resulting in increased blood pressure.28 Interaction 11 

between oral-gut microbiome can also contribute to amplification of inflammation and 12 

metabolic changes.29 Recent evidence implicates oral bacteria in the nitrate-nitrite-nitric 13 

oxide (NO) pathway and pathogenesis of hypertension,30 with high concentrations of nitrite-14 

reductase bacteria increasing systemic NO and having an effect of lowering SBP.31  15 

In the current study, hsCRP/WBC as a proxy of systemic inflammation was associated 16 

with periodontitis but not with SBP/DBP. Additionally, WBC did not show a mediation 17 

effect between periodontitis and BP. These results are in partial disagreement with a recent 18 

analysis of cross-sectional data, based on national health surveys in US and Korea, where a 2-19 

7% mediating effect of WBC and CRP was observed when examining the association 20 

between periodontitis and hypertension.32 A possible explanation for these differences relates 21 

to an overall younger population of this study sample (35-years-old) vs 51- and 46- in the 22 

American and Korean populations, and possibly due to the systemically healthy status of this 23 

sample, when compared to representative samples of those populations, including systemic 24 

conditions. Nevertheless, an association of arterial BP with both continuous and categorical 25 
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measures of periodontitis in younger and systemically healthy individuals strengthens the 1 

evidence in favour of a causal association between the two diseases.24  2 

A recent Mendelian Randomisation analysis and results from a short-term pilot RCT on 3 

periodontal treatment of resistant hypertensive patients corroborate these findings.9 Single 4 

nucleotide polymorphisms (SNPs) in SIGLEC5, DEFA1A3, MTND1P5, and LOC107984137 5 

loci GWAS-linked to periodontitis and BP phenotype were unravelled and a noticeable 6 

reduction in SBP/DBP, endothelial function as well as cytokines and activated T-cells subsets 7 

was observed 2-months following the treatment. Similarly, another RCT with 6-months 8 

follow-up on a pre-hypertensive population also observed a significant reduction in SBP/DBP 9 

following non-surgical periodontal treatment.33 Oral health promotion strategies such as tooth 10 

brushing twice daily has demonstrated very effective, not only in managing and preventing 11 

most common oral conditions,34 but in providing a powerful and affordable tool for 12 

hypertension control.35 Notably, a 14% reduction in CV events have been observed with a 4.4 13 

mm Hg reduction in SBP.36 Preliminary evidence suggests that periodontal treatment in 14 

patients with type 2 diabetes, a common co-morbidity, could result in substantial long-term 15 

reduction of medical-related costs for healthcare systems.37 Thus, given the importance of 16 

non-pharmacological and pharmacological blood pressure lowering strategies in decreasing 17 

CVD risk and mortality,38 larger multicentre RCTs and health-economic analyses are 18 

warranted to further investigate the benefits of periodontal treatments on blood pressure 19 

prevention and control. 20 

Elevated blood pressure is usually asymptomatic and best detected in screening programs 21 

or opportunistic measurements of BP, which confirm that a worryingly high number of 22 

individuals (> 50%) is unaware of a possible diagnosis of hypertension.39 The presented 23 

study confirmed that a 15-45% of the sample could exhibit undetected hypertension 24 

(depending on whether a European or US guideline definition was used), with 54-55% of 25 



14 

these having periodontitis. In a recent cross-sectional study on the association of periodontitis 1 

and hypertension, a 15.9% of the study sample presented with undiagnosed high BP (based 2 

on a single office measurement), of which a 62.5% had periodontitis.40 These data confirm 3 

that programmes of hypertension screening in the dental settings should not be 4 

underestimated.  5 

Whilst this study improves the understanding around the association between 6 

periodontitis and arterial blood pressure, it is recognised some limitations exist. The study 7 

design and analysis may have introduced some bias namely through selection and assessment 8 

biases.41 Further, in this study we did not account for other factors which might have 9 

impacted on blood pressure such as abdominal obesity, salt intake, use of anti-inflammatory 10 

drugs, hormone treatments or stress as well as additional oral diseases (i.e. caries). Future 11 

analyses should focus on existing or new epidemiological evidence (longitudinal studies) 12 

where all possible confounders are appropriately considered. Nevertheless, this study benefits 13 

from a robust research methodology in assessing the exposure (periodontitis) and outcome 14 

(blood pressure) and sufficient statistical power could have counteracted some of the 15 

limitations.42 Further, using a balanced study design through matching for common 16 

confounders of arterial blood pressure facilitated analysis of comparable groups.43  17 

18 

6. Conclusions19 

This study expands current knowledge on the association between periodontitis and 20 

elevated blood pressure, pointing at the importance of this link in the generally healthy 21 

population. Oral health professionals could play a pivotal role in helping the medical 22 

community detecting and tackling the burden and consequences of hypertension.   23 

24 

25 
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7. Perspectives:  1 

Periodontal treatments could be well-tolerated novelty non-pharmacological interventions 2 

for the management of hypertension. Particularly so when patients are informed that 3 

periodontal treatment could be beneficial not only for their oral health but also for their 4 

general health and wellbeing in return. Thus, future directions and broad implications of this 5 

work will involve liaison of dental and medical health professionals with the following 6 

objectives: 7 

1. Raising awareness of the increased risk for high blood pressure among individuals 8 

with periodontal diseases. 9 

2. Implementing hypertension screening systems by dental professionals and prompt 10 

referral to general practitioners. 11 

3. Implementing periodontal diseases screening systems by medical professionals and 12 

referral to dental practitioners.  13 

4. Providing advice for common risk factors: Healthy diet, smoking cessation, 14 

promoting physical activity, alcohol reduction, and diabetes management.  15 

5. Early diagnosis and management of gingivitis and periodontitis. Effective prevention 16 

and treatment of these conditions is very cost-effective and has shown an effect in 17 

reduction of systemic markers of inflammation and improvement in endothelial 18 

function. 19 

6. Future research will involve larger multicentre RCTs to test the effects on periodontal 20 

treatment on blood pressure levels. 21 

 22 

 23 

 24 

 25 
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12. Novelty and significance1 

What is New?-  2 

The link between periodontitis and high blood pressure was confirmed in systemically 3 

healthy individuals 4 

What is Relevant?- 5 

• Individuals with periodontitis and oherwise healthy presented with higher mean6 

SBP/DBP and odds of SBP>140 mm Hg7 

• Bleeding gums was associated with higher mean SBP8 

• Undetected hypertension was a common finding among the population of study9 

Summary –  10 

The risk of elevated blood pressure was highlighted in systmically healthy periodontal 11 

patients. Oral health professionals could play a crucial role in assisting in the screening and 12 

management of hypertension.   13 

14 

13. Figure legends:15 

Figure 1: Study flow chart diagram 16 

17 





Discussion 
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4. DISCUSSION

Summary of main findings 

The three studies included in this doctoral thesis have produced new evidence 

contributing to a better understanding of the association between periodontitis and 

hypertension.  

• Diagnosis of Periodontitis is consistently associated with hypertension.

The systematic review showed that diagnosis of moderate-severe periodontitis was 

associated with 22% increased odds of hypertension whereas severe periodontitis was 

associated with 49% increased odds, demonstrating a linear relationship between the 

two diseases. The magnitude of this association increased when a confident definition of 

periodontitis was used in the appraisal, and it resulted in greater odds (53%) of 

hypertension in patients with periodontitis compared to a 33% for a non-confident 

diagnosis. Meta-analysis of 3 cohort studies confirmed that diagnosis of periodontitis 

increased the likelihood of hypertension occurrence by 68%, although this was not 

statistically significant (P=0.14).  

The findings from the systematic appraisal of the evidence were in line with the 

results observed then in the second and third study evaluation of this PhD. The cross-

sectional data analysis of the Korean and American population confirmed that 

participants with periodontitis had 20-30% higher odds of hypertension than those 

without the disease, in addition to a 30-60% higher odds of SBP ≥ 140 mm Hg. These 

results were independent of age, gender, BMI, education level, smoking, alcohol 

consumption, creatinine, physical activity, presence of other comorbidities and confirmed 

in participants not taking antihypertensive medications differences. Similarly, the results 

from the nested case-control study, concerning a sample of otherwise systemically 

healthy individuals, showed that diagnosis of periodontitis was associated with 2.3 times 

higher likelihood of presenting with a SBP value equal or greater than 140 mm Hg 

independent of common cardiovascular risk factors.  
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• There is a linear association between measures of periodontal health/disease and

arterial blood pressure.

In the cross-sectional study, the linear regression models carried out for both surveys 

confirmed that periodontitis was associated with mean SBP, and this was confirmed in 

the analyses for those participants without prescribed hypertensive drugs. Similarly, the 

linear regression models in the nested case-control study showed that periodontitis was 

associated with mean SBP. Interestingly, it was observed that the number and percentage 

of the measured sites with clinical attachment loss of ≥3 mm and of those with probing 

pocket depth ≥ 6 mm (in the American population) and the cumulative CPI score (in the 

Korean population) presented negatively associated to DBP. 

The assessment of mean blood pressure levels according to the meta-analysis results 

showed that individuals with periodontitis exhibited greater mean SBP = 4.49 mm Hg; 

and DBP = 2.03 mm Hg when compared with non-periodontitis. The population of study 

in the different studies included in this meta-analysis comprised systemically healthy 

individuals as well as participants with other systemic conditions such as cardiovascular 

diseases and metabolic syndrome. When evaluating the mean blood pressure values for 

participants with and without periodontitis in the nested case-control study, we observed 

that the cases (periodontitis) presented with 3.36 mm Hg (P=0.007) higher mean SBP and 

2.16 mm Hg (P=0.027) higher DBP than controls (non-periodontitis). Irrespective of the 

diagnosis of periodontitis, an association between SBP and increasing full mouth gingival 

bleeding score was observed in the multivariate fitted model. Participants with 

generalized bleeding presented with a 5 mm Hg (P=0.002) greater SBP than those with 

healthy gums.  

• Periodontitis triggers systemic inflammation and this could mediate its

association with hypertension.

The assessment of systemic markers of inflammation in the linear regression model 

carried out in the second study analysis revealed that diagnosis of periodontitis was 

directly associated with WBC in both surveys and with CRP levels only in the US 
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database. Additionally, mediation analysis showed that CRP mediated the association 

between periodontitis and hypertension in both populations. Nevertheless, WBC acted as 

a mediator in the Korean population though in the American population, WBC was not 

acting as an independent mediator, instead, its mediating effect depended on the inclusion 

of CRP in the same model. Similarly, the nested case-control study showed that 

periodontitis (categorical and continuous variables) was associated with higher WBC 

(adjusted and unadjusted models) and with CRP only in the unadjusted model. However, 

WBC did not act as a mediator of the association in this population.  

• There could be merit in suggesting opportunistic screening of hypertension in

dental practice.

The results of the case-control study revealed that a 15.6% of participants presented 

with values of SBP/DBP in the range of hypertension (European definition) without been 

aware of this possible risk. These percentages were slightly higher in those participants 

with a diagnosis of periodontitis (17.2% of the cases and 14% of the controls, P=0.324). 

When using the American definition, 45.6% of the whole study sample could have been 

at risk of having undiagnosed hypertension with almost 50% of cases and a 41.6% of 

controls presented with values of blood pressure higher than expected (P=0.073). 

• The current evidence suggests that treatment of periodontitis could result in

reduction in blood pressure.

After a comprehensive assessment of the interventional data based on 5 out of the 

12 interventional studies, confirmed a decrease in BP levels following treatment of 

periodontitis. A reduction in SBP (ranging between 3- and 12.5 mm Hg) and from no 

changes to a 10 mm Hg reduction in DBP were reported in these studies suggesting a 

causal association between periodontitis and hypertension. 
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What does this PhD add to the current evidence and how does compare to it? 

Collectively, the three study designs included in this thesis consistently 

demonstrated that periodontitis poses a higher risk for hypertension and higher systolic 

blood pressure, and that individuals with periodontitis have higher mean systolic and 

diastolic blood pressure values than those without periodontitis, irrespective of systemic 

health status. Additionally, systemic inflammatory markers such as CRP and WBC were 

elevated in periodontal patients and associated to periodontitis and hypertension case 

definitions. Moreover, systemic inflammation acted as a driver of this association in the 

cross-sectional study of the two large populations of USA and Korea. Bleeding gums was 

associated with higher SBP irrespective of periodontitis in the case control study and 

undetected hypertension was a common finding of this population of the UK. Lastly, 

periodontal treatment may assist in reducing the risk of hypertension, but based on the 

results herein observed, this effect remains inconclusive. 

A previous systematic review assessed the epidemiological evidences on the link 

between periodontitis and hypertension (111). The authors concluded that periodontitis 

was associated to 50% increased odds for hypertension, which was greater (64%) for 

severe forms of the disease. The systematic review carried out for this PhD was designed 

to comprehensively investigate whether periodontitis as the independent variable would 

increase the odds of hypertension (outcome) and included not only epidemiological data 

but also assessment of prevalence, mean blood pressure, biomarkers, and treatment 

outcomes, including also interventional trials.  

Other recent cross-sectional studies reported on the association between 

periodontitis and hypertension. Pietropaoli and co-workers carried out an analysis of the 

NHANES 2009-2014 waves and observed that periodontitis also impacted on successful 

hypertensive treatment (112). Those participants with periodontitis undergoing 

hypertensive therapy had a mean SBP of 2.3 to 3 mm Hg higher than those without 

periodontitis (P<0.0001). A more recent analysis of the NHANES III used a survey-based 

propensity score matching, accounting for common risk factors in the model. The authors 

observed that SBP increased gradually when comparing healthy individuals to those with 
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gingivitis (+2 mm Hg, P<0.001),” stable periodontitis” (+ 5.2 mmHg, P<0.001), or 

“unstable periodontitis” (+7.3mmHg, P<0.001) (113). A previous study by Tsakos and 

co-workers also looked at the same database (but without using propensity score matching 

analysis) and concluded that gingival bleeding was the only measure of periodontal 

inflammation consistently associated with elevated SBP and risk of hypertension. Each 

10% increase in full mouth bleeding score was associated to a 0.5 mm Hg increase of 

SBP (99). Buhlin and co-workers found a significant association between self-reported 

gingival bleeding to known cardiovascular diseases (OR = 1.60, P=0.0017) (114). 

Additionally, in agreement with these findings, in a different study, Pietropaoli and co-

workers reported that compared with no inflammation, the influence of severe PISA 

(periodontal inflamed surface area) and gingival bleeding were associated respectively 

with a 43% and 32% higher risk of high/uncontrolled blood pressure (≥130/80 mmHg) 

and with 4- and 5-mm Hg higher SBP (115). Concurrently, the SoPHiAS study evaluated 

the association between periodontitis and hypertension in a representative sample of the 

Portuguese population (116). Compared to participants without periodontitis, those with 

the disease had 2.31 times higher odds of hypertension (≥140/90 mm Hg) in the logistic 

model, adjusted for sociodemographic confounder such as gender, smoking habits, and 

BMI. Moreover, a 15.0% of undetected hypertension was observed, of which 62.5% had 

periodontitis and it was observed that age was a mediator of this association in the model. 

Gingival bleeding, considered the key element for the detection of gingivitis, is 

directly correlated to bacterial plaque accumulation and dependent of plaque control 

(117). Thus, gingival inflammation control with oral hygiene measures is essential for the 

primary prevention of periodontitis. Various studies have investigated the effect of oral 

hygiene status on hypertension and cardiovascular risk (118-120). These studies reported 

that individuals who do not brush their teeth on a daily basis were at a high risk of 

hypertension, diabetes, hypertriglyceridemia and higher values of systemic inflammatory 

markers such as CRP and fibrinogen, hence increasing cardiovascular risk. Indeed, 

greatest periodontal bacterial burden (highest tertile of Aggregatibacter. 

actinomycetemcomitans, Porphiromonas gingivalis, Treponema forsythia and 

Treponema denticola) was associated with periodontitis status and 9-mm Hg and 5-mm 

Hg higher SBP/DBP respectively, and 3 times higher odds for hypertension in the 
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prospective INVEST study (121). This evidence would suggest an independent 

correlation between putative pathogens linked to periodontitis, oral hygiene measures, 

and hypertension.  

Effects of periodontal health on hypertension 

Several studies included in the systematic review showed a reduction in mean 

blood pressure levels upon provision of periodontal therapy, nevertheless this 

improvement in blood pressure control was inconsistently reported. The differences in 

study methodology, selection of the main primary outcome in the studies, inclusion 

criteria for the participants, treatment modality delivered, presence/absence of systemic 

conditions, timing of the follow-up appointment and sources of bias may have at least in 

part explained the discrepancy in results among the studies.  

An interventional study by Seinost and co-workers including 30 systemically 

healthy patients with severe periodontitis reported improvement in endothelial 

function (P=0.003) and reduction in CRP (P=0.026) subsequent to periodontal 

treatment plus adjunctive systemic antibiotics, but no changes were observed in mean 

SBP/DBP at the 3-month follow-up (122). Similarly, Tonetti and co-workers carried out 

a RCT on 120 patients with generalised severe periodontitis and otherwise 

systemically healthy demonstrated that intensive periodontal treatment (IPT) involving 

supra- and subgingival debridement with locally delivered antibiotics improved 

endothelial function (P=0.001) and E-selectin (P=0.03) at the 6-month follow-up. 

The authors also observed an acute increase in systemic biomarkers as well as 

blood pressure levels 1-day after treatment with reconstitution at 2 and 6 months of the 

baseline blood pressure readings (89). Two different RCT’s by Higashi and co-workers 

reported non-statistically significant decrease in blood pressure levels 24 weeks after 

periodontal therapy and systemic antibiotics (93, 123). The 2008 study included 

individuals with periodontitis and either systemically healthy or with hypertension 

while the 2009 study included participants with periodontitis and coronary artery 

disease, and they showed that periodontal therapy reduced the levels of CRP and IL-6 

and augmented acetylcholine-induced vasodilation in these participants with 

periodontitis with and without hypertension as well as for those with coronary artery 

disease. Similar findings were observed in two other studies set out to assess the effects
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of periodontal treatment on systemic markers of inflammation, whereby blood pressure 

levels were not altered (124, 125). Contrarily, the other 5 interventional studies included 

in the systematic review showed a decreased in mean blood pressure values (94, 95, 126-

128). D’Aiuto and co-workers carried out a RCT on 40 patients with generalized severe 

periodontitis and otherwise healthy. IPT plus locally delivered antibiotics produced a 7

±3 mm Hg (P=0.0211) reduction in SBP when compared to subgingival 

instrumentation alone in just two months after therapy (95). A greater difference 

(14±5 mm Hg; P=0.0124) was reported in current smokers. Vidal and colleagues 

observed a significant reduction of 12.5 mm Hg and 10 mm Hg in SBP and DBP 

respectively at 6 months reassessment following a course of non-surgical treatment of 

periodontitis in 26 patients with refractory hypertension and generalised severe chronic 

periodontitis (94). A recent 6-month follow up study for 40 systemically healthy 

participants with periodontitis confirmed these results (126). Delivery of non-surgical 

periodontal therapy and systemic antibiotics (amoxicillin and metronidazole) reduced 

SBP from 119.8±14.6 to 116.9±15.1 mm Hg (P=0.04) and DBP from 74.9±11.8 to 

73.1±10.6 (P=0.05) (126). A sensitivity analysis was carried out to understand the 

influence of the antibiotics usage, confirming the consistency of the results even when 

antibiotics were not used. The most recent RCT carried out by D’Aiuto and co-workers 

on 256 participants with type II diabetes and generalised severe periodontitis showed 

a non-significant reduction of SBP = 2.3 mm Hg; 95%CI (–2.6, 7.2) and of DBP = 1.2 

95% CI (–1.7, 4.1) at 1-year follow-up of combined non-surgical and surgical treatment 

of severe periodontitis (92).  Lastly, Zhou and co-workers conducted the only RCT 

included in the systematic review with mean blood pressure levels as the primary 

outcome following treatment of periodontitis (involving supra and subgingival 

debridement with adjunctive local antimicrobials) on 107 pre-hypertensive 

patients with periodontitis (127). A 12.57 mm Hg reduction in SBP (P<0.05) and of 9.65 

mm Hg in DBP (P<0.05) was observed in the test versus the control group. These 

authors also reported a decreased in endothelial microparticles. 

Recently, Montero and co-workers also evaluated the effects of periodontal 

therapy on systemic markers of inflammation in 63 patients with severe periodontitis and 

metabolic syndrome (128). They carried out IPT (scaling and root planing with adjunctive 

systemic azithromycin) versus CPT (supragingival debridement with placebo) and 
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observed a of 7.3 mm Hg reduction in SBP (P = 0.008) and of 11.0 mm Hg in DBP 

(P=0.009) at the 6-month assessment.  

A new systematic review and meta-analysis appraising the evidence on the effects 

of intensive periodontal treatment (subgingival instrumentation) compared to 

conventional treatment (supragingival scaling only/no treatment), with changes on blood 

pressure levels as the primary outcome (129). Eight RCTs met the inclusion criteria, 

comprising a variety of populations with different systemic conditions (from 

systemically healthy to refractory hypertension) and different lengths of follow-up 

(varying from 2 to 12 months). The main meta-analysis revealed a WMD of -4.3 

mmHg (95%CI: -9.10–0.48, P=0.08) for SBP and of -3.16 mm Hg (95%CI: -6.51–

0.19, P=0.06) for DBP, displaying high heterogeneity among the studies. 

Interestingly, the sensitivity analysis including only populations with either pre-

hypertension or refractory hypertension (3 studies with various follow-up times) 

showed a statistically significant reduction in SBP of -11.41 mm Hg (P<0.00001) and 

of -8.43 mmHg (P<0.00001) in DBP, with low heterogeneity. Additionally, this 

review reported an improvement of endothelial function subsequently to periodontal 

treatment [FMD=1.49% (95% CI 0.9–2.08, p < 0.0001)], and significant reductions of 

CRP at all time points compared with control, but no changes were detected in other 

anti-inflammatory cytokines or lipids (129).   

A number of limitations of the studies discussed above were identified, 

including the scarce number of studies carried out with a robust methodology reporting 

the effects of treatment of periodontitis on blood pressure levels and, particularly of 

those with reduction in blood pressure levels as the primary outcome. Nevertheless, the 

magnitude of the reduction in blood pressure levels observed following treatment of 

periodontitis is comparable to that observed when pharmacological and non-

pharmacological interventions (such as weight loss, salt reduction, or regular aerobic 

exercise) have been assessed (30, 130-132). These intriguing findings could translate 

into important changes in clinical practice. Taken together, the studies reviewed in 

this PhD suggest that successful treatment of periodontitis could support the 

management of hypertension and ultimately result in cardiovascular risk reduction 

through significant blood pressure levels lowering, possibly via decreasing systemic 

inflammatory biomarkers such as CRP, and 
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improvement in endothelial function, particularly of those with levels of blood pressure 

within the currently accepted guidelines for hypertension definitions (i.e. SBP ≥ 130/140 

and DBP ≥ 80/90 mm Hg) (129, 133).  

The effects of a reduction of CRP and blood pressure levels on cardiovascular 

risks have been comprehensively assessed. The CANTOS study evaluated the benefits of 

canakinumab, a monoclonal antibody targeting up-stream inflammatory pathways to 

achieve a target of CRP levels <2mg/L in patients with excess cardiovascular risk. A 31% 

decrease in mortality (all causes) and cardiovascular mortality was observed in those 

participants who achieved a reduction of systemic inflammation based on the prespecified 

target (134). Other studies assessed the effects in cardiovascular risk reduction of anti-

inflammatory drugs (colchicine in the COLCOT) and low dose immunosuppressants 

(methotrexate in the CIRT study) (135, 136). While the COLCOT study observed a 

significant reduction of ischemic cardiovascular event, the CIRT study failed to obtain a 

reduction in CRP or other inflammatory markers with no vascular benefit and greater side 

effects. This evidence would suggest that targeting inflammation could result in 

successful reduction of cardiovascular risk beyond optimal cardiovascular risk 

management (diet, cholesterol, blood pressure and so forth). A tight blood pressure 

control however involving both pharmacological and non-pharmacological strategies as 

well as precise assessment of the individual cardiovascular risk is essential to reduce 

cardiovascular illnesses and overall fatality in individuals with hypertension (137).  

Confirmation that successful management of periodontitis could improve 

systemic health outcomes and decrease blood pressure levels needs further investigation 

in future larger multicentre studies assessing the true benefits of effective periodontal 

treatment and maintenance of periodontal health on hard cardiovascular outcomes 

including in patients with hypertension.  

Causal link 

The epidemiological and interventional evidence gathered and evaluated as part 

of this PhD supports a consistent association between periodontitis and hypertension. 
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Nevertheless, to ascertain whether this relationship is casual in nature, adopting 

recognized criteria and processes could prove useful (138). Ultimately, 

performing randomised controlled trials could produce unbiased evidence on the causal 

nature of the association between periodontitis and hypertension. Over the last 15 years 

a similar but more sophisticated approach named mendelian randomization (MR) 

surfaced and has further been validated as a tool to ascertain the causal nature of 

exposure-outcome associations (139). 

In a recent investigation, data from these two experimental complementary 

approaches to test the causal association between periodontitis and hypertension 

was reported. A MR analysis and a 2-month follow-up RCT were performed. MR 

assessed single nucleotide polymorphisms (SNPs) linked to periodontitis in 

participants of the blood pressure Genome-Wide Association studies from the 

UK Biobank/International Consortium. A single-centre 2-month RCT 

included 101 hypertensive patients with periodontitis and evaluated the 

effects of intensive periodontal treatment on blood pressure levels as the primary 

outcome (140). Four SNPs in loci SIGLEC5, DEFA1A3, MTND1P5, and 

LOC107984137 (a proxy of periodontitis status) were linked to BP phenotypes. 

Additionally, at the 2-month follow-up the results from the interventional study 

revealed that intensive periodontal treatment resulted in a statistically 

significant reduction in SBP (-11.1 mm Hg; P<0.001)/DBP (8.3 mm Hg; 

P<0.001), endothelial function improvement, and reduction in inflammatory 

cytokines (IFN-c, IL-6, IL-17A, and TNF-a), and activated T-cell subsets 

when compared to participants in the control group. These results taken together 

would strongly suggest a causal link between periodontitis and hypertension. 

Nevertheless, this study is not exempt from limitations inherent to its design: on 

the one side, the specific genomic loci where heritability in periodontitis lies are still 

uncertain and hence it is unknown which SNPs are reliable proxy for 

periodontitis (141). On the other side, further studies are required to determine whether 

the BP reduction achieved at the 2-month evaluation is sustained beyond this short 

term follow-up.  
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Mechanisms supporting this association 

Several animal models and clinical studies have shed light on the plausible 

biological mechanisms that identify periodontitis as a possible risk factor for 

hypertension. It is acknowledged that inflammation derived by specific infections pose 

an additional risk for vascular inflammation and atherosclerosis (142, 143). Periodontitis, 

originated by predominantly Gram-negative bacteria, has been recently recognised as one 

of the possible extravascular inflammatory conditions that influences vascular risk (143). 

Therefore, it has been hypothesised that bacteraemia from oral microbiota and the 

periodontitis-derived immune-inflammatory burden mediate vascular dysfunction and 

atherosclerotic inflammation increasing the risk of hypertension through structural and 

functional vasculature changes.  

Aoyama and co-workers reported highly elevated periodontopathic bacteria (A. 

Actinomycetemcomitans and Prevotella Intermedia) from saliva and subgingival samples 

and their serum antibody titers in male patients with hypertension when compared to 

normotensive individuals or females (144).  

Periodontitis-derived elevation of systemic inflammatory markers such as CRP, 

IL1, IL6, IL17, TNF- α, and immunological dysfunction of different cells involved in the 

adaptative, and immune systems have been linked to the pathogenies of hypertension. 

Evidence from an experimental (rat animal model) and a human study on periodontal 

inflammation confirmed that it would trigger an exacerbated production of PMN in the 

bone marrow, with primed innate immunity amplifying the inflammatory response in the 

event of a subsequent infection (145). The authors described it as one of the mechanisms 

linking periodontitis with other systemic diseases. Immune activation to Porphyromonas 

gingivalis was observed in another rat animal study, whereby an elicited Th1 immune 

response to this periodontal pathogen led to vascular inflammation, endothelial 

dysfunction and a subsequent rise in blood pressure (146). A cohort study using computer 

imaging [18 F-fluorodeoxyglucose positron emission tomography/computed tomography 

(18F-FDG-PET/CT)] presented another possible pathway linking periodontal and arterial 

vascular inflammation through boosting haematopoietic progenitor cells in the bone 
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marrow (147). These authors observed a strong link between periodontitis and arterial 

inflammation, which was mediated by increased hematopoietic activity.  

Inflammatory processes can lead to the expression of adhesion molecules such 

as ICAM-1 and VCAM-1 by endothelial cells, which attract infiltration of leukocytes to 

the vasculature and are recognised markers for cardiovascular events involved in the 

pathology of hypertension (148). An animal model on ligature-induced periodontal 

inflammation revealed that periodontitis can also trigger activation and adhesion of 

monocytes/macrophages to endothelial cells, as observed through aortic activation of 

nuclear factor-κB, and VCAM-1 and TNF-α expression, which further amplify vascular 

inflammation (149). 

Oxidative stress has also been associated to the pathogenesis of cardiovascular 

diseases and hypertension among other systemic conditions (150). Inflammation and 

oxidative stress act synergistically contributing to renal and vascular derangements 

in hypertension (151, 152). Oxidative stress, with high levels of ROS and activation of 

enzymatic processes by neutrophils has also a crucial role in the pathogenesis of 

periodontitis, favouring periodontal tissue break down (153, 154). Moreover, periodontal 

diseases can also be a source of systemic oxidative stress. An experimental rat animal 

study using the ligature-induced periodontal model showed increased serum levels of 

reactive oxygen species and reduced NOS-3 (antioxidant molecule) expression (155). 

D’Aiuto and co-workers in a case-control and interventional study observed that patients 

with generalised severe periodontitis displayed higher serum levels of Diacron-reactive 

oxygen metabolites (D-ROM) and lower total anti-oxidant capacity than controls with an 

elevation of ROS and inflammatory markers shortly after periodontal treatment (108). 

Additionally, a recent systematic review on the impact of periodontal therapy on 

oxidative stress markers including mostly non-RCT in predominantly systemically 

healthy populations and with a varying follow-up period (6 weeks-6 months) showed a 

reduction of oxidative stress levels (8-hydroxydeoxyguanosine) and total antioxidant 

status increase after the periodontal therapy (as assessed in GCF, saliva and serum), which 

was comparable to those without periodontitis (156).  
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In addition to the redox imbalance in ROS, disturbances in reactive nitrogen 

species (NOS) such as nitric oxide (NO) have also been involved in vascular pathology 

(157). NO, produced by endothelial nitric oxide synthase (eNOS), is a free radical potent 

vasodilator which has an effect in blood pressure control through regulation of vascular 

tone in the arterial walls. Homeostatic regulation of NO signalling is essential to avoid 

cardiovascular imbalance, whereby an excess or loss of NO bioavailability can derive in 

endothelial dysfunction (151, 158, 159). Endothelial dysfunction promotes reduction of 

NO availability, which has been strongly related to hypertension (160). It has been 

postulated that NO homeostasis can be affected by the entero-salivary nitrate-nitrite-nitric 

oxide pathway by nitrate-reducing bacteria, with an important role of the oral microbiota 

in the pathogenesis of hypertension through alterations in nitrite and NO formation (161, 

162). A few studies have observed that using chlorhexidine mouthwashes that 

alter/eliminate nitrate-reducing bacteria in normotensive individuals with oral health led 

to SBP raise (163). Increased levels of NO have been reported in saliva of patients with 

periodontitis compared to periodontally healthy controls in some reports (164, 165), while 

others have described the opposite (166). Differences in the NO assessment method and 

factors influencing the methodology may be responsible for these differences. It seems 

that periodontal bacteria can affect NO availability and cause redox imbalances, which 

could represent another important mechanism justifying the increased BP levels observed 

in patients with periodontitis. 

A series of experimental studies have argued another possible route whereby gut 

dysbiosis is influenced by periodontal bacteria (through translocation from the oral to the 

gut compartment), stimulating metabolic endotoxemia with an increased on systemic 

biomarkers and metabolic derangement leading to systemic conditions (167-170). 

These experimental animal models and clinical studies above provided further 

insight to the epidemiological research findings and sum up current evidence supporting 

plausible mechanistic pathways linking periodontitis and hypertension. Additional 

studies are however warranted to further elucidate the exact mechanisms behind the 

association of periodontitis with blood pressure, with a focus on therapeutic approaches 

for the control of hypertension, periodontitis, and their complications. 
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Reverse causality 

This PhD focused on elucidating the relationship between periodontitis and 

hypertension, with periodontitis as the independent variable and hypertension as the 

outcome variable.  Nevertheless, it is acknowledged that the reverse might also possible, 

with hypertension conducive to periodontal inflammation.  

A study in rats with renovascular induced hypertension observed vascular changes 

in gingival tissues and less often in the periodontal ligament with proliferation of the 

intima thickness, elastic layers and reduction of the lumen (171). Other two studies 

showed that compared with normotensive rats, increased bone loss and exacerbated 

periodontitis was observed in naturally hypertensive rats with experimentally induced 

periodontitis (172, 173). Another experimental study in spontaneously hypertensive rats 

compared to normotensive animals with induced periodontitis observed elevated serum 

CRP and gingival neutrophils, TNF- α and higher level of induced nitric oxide synthase 

in the gingival tissues, suggesting that hypertension favours the gingival inflammatory 

process (174). It has been also hypothesised that damage of small arterioles in 

hypertension could potentially increase gingival bleeding beyond periodontal diseases.    

Alterations of the renin-angiotensin aldosterone (RAS) system in the gingival tissues 

may have an impact on periodontitis and vice versa. A rat animal model study 

showed that Angiotensin II and other peptides were produced in the gingival 

vasculature (175). A subsequent experimental study in rats and humans suggested that 

adjustments in the RAS in the gingival tissues could prevent progression of bone 

loss (176). Based on this experimental evidence could be deduced therefore that 

the association between periodontitis and hypertension could be bi-directional in 

nature with each disease affecting the other and viceversa. Further research with pre-

specified hypothesis should be performed to confirm or dispute these associations. 

Strengths and Limitations 

This doctoral thesis presented three comprehensive and complementary studies 

designed to elucidate the association between periodontitis and hypertension. A number 
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of strengths and limitations of each study design are stressed in all the three manuscripts 

herein presented.  

 

Commonly, heterogeneity was observed in case definitions and study populations 

for both, periodontitis, and hypertension. Difficulties in establishing periodontitis and 

hypertension diagnosis were confronted, which made it difficult to combine the data. 

Another limitation in all three research methodologies was the inability to account for 

other hypertension risk factors such as diet rich in salt, abdominal obesity, use of anti-

inflammatory medication, hormone treatments or immunosuppressants, and 

measurements of stress levels among others. Nevertheless, efforts were made to maintain 

consistency and robustness in each research methodology and to minimise bias. Several 

sensitivity analyses were performed in the three study designs to account for relevant 

factors and to minimise confounding.  

 

The research question for this PhD was set out to elucidate the association 

between periodontitis and hypertension including different methodologies. The findings 

were grounded on the appraisal of observational/interventional evidence (the systematic 

review) and on the analysis of previously existing data retrieved from: i. two large 

databases of population-based surveys (the cross-sectional study) and ii. a newly created 

database containing baseline information obtained from previously conducted 

interventional trials (the case-control study). It is nonetheless acknowledged that study 

designs involving cross-sectional, case-control and sub-analysis of previously existing 

data are subject to bias and encompass limitations insofar ascertaining causality (177). 

Nonetheless, the findings of this doctoral thesis provided evidence that strengthened 

periodontitis could be an overlooked risk factor for hypertension, identifying the basis for 

further research on the topic.  
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5. CONCLUSIONS 

 

Based on the findings from the studies conducted for this PhD, the following 

conclusions can be inferred:  

 

1. Periodontitis is associated with elevated blood pressure levels and an increased risk 

of hypertension. 

2. A linear association was observed: the more severe the periodontitis, the higher is the 

risk of hypertension.  

3. The effects of periodontal therapy upon reduction of SBP/DBP remains inconclusive. 

4. Periodontitis is linked to low-grade systemic inflammation (measured as CRP levels 

and WBC counts).  

5. Low-grade systemic inflammation could be a key mediator of the association.  

6. A greater proportion of undetected hypertension was observed in patients with 

periodontitis compared to those without periodontitis.  

7. Gingival inflammation per se is associated to elevated SBP. 

8. Longer and larger studies are needed however to determine whether periodontal 

treatment leading to a decrease in systemic inflammation, may represent a novel 

nonpharmacologic intervention in hypertension management that benefit patients in 

terms of CV health, ultimately resulting in reduced morbidity and mortality. Oral 

health professionals could play a pivotal role in helping the medical community 

detecting and tackling the burden and consequences of hypertension. 
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6. CONCLUSIONS IN SPANISH 

 

Las siguientes conclusiones se derivan de los estudios llevados a cabo en esta tesis 

doctoral: 

 

1. La periodontitis está asociada con niveles elevados de presión arterial y con un mayor 

riesgo de hipertensión.  

2. Se ha observado una relación lineal: cuanto más severa es la periodontitis, mayor es 

el riesgo de hipertensión.  

3. El tratamiento periodontal no ha conseguido demostrar una reducción de la presión 

arterial de manera consistente. 

4. La periodontitis está asociada a una elevación de los marcadores de inflamación 

sistémica (proteína C-reactiva y recuento de glóbulos blancos). 

5. La inflamación sistémica de bajo grado podría actuar como un mediador clave de la 

asociación.  

6. Se observó una mayor proporción de casos de hipertensión arterial no diagnosticada 

en pacientes con enfermedad periodontal en comparación con aquellos sin 

periodontitis.  

7. La inflamación gingival por si misma está asociada a la PAS. 

8. Se necesitan estudios con una mayor muestra y tiempo de seguimiento para 

determinar si el tratamiento periodontal, a través de una reducción de los marcadores 

de inflamación sistémica, podría representar una intervención no farmacológica en 

el control de la hipertensión, beneficiando la salud cardiovascular y con el fin último 

de reducir morbilidad y mortalidad. Los profesionales de la salud oral podrían jugar 

un papel crucial ayudando a la comunidad médica a detectar y controlar la 

hipertensión y sus consecuencias.  

 

 

 

 

 

 





 Clinical implications and 

further research 
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7. CLINICAL IMPLICATIONS AND FURTHER RESEARCH 

 

Successful clinical approaches to tackle periodontitis and hypertension would 

depend largely on raising awareness among physicians, oral health professionals, policy 

makers and the population as a whole in order to inform about this association and its 

common risk factors. These highly widespread conditions are generally preventable and 

prompt recognition is essential for effective therapies.  

 

Periodontitis remains poorly diagnosed among dental professionals, which has 

been one of the most common causes of professional litigation (178). Training the dental 

community in the screening and management of periodontal diseases has been the focus 

of the periodontal societies worldwide for several years. Similarly, several studies have 

shown that the medical community has varying levels of understanding of periodontal 

diseases and their effects beyond the oral cavity, pointing towards an overall need for 

further continuing medical education courses and involvement in multidisciplinary teams 

(179-181). A very recent study evaluated the validity of a predictive model for screening 

of periodontitis, based on risk factors such as age, gender, ethnicity, HbA1c and smoking 

habit, from the NHANES 2010-2012 database and suggested this could be used as a 

reliable screening tool for periodontitis in primary medical care settings with the purpose 

to facilitate referral to the dental setting of patients with a suspected periodontal diagnosis 

(182). Early diagnosis and management of gingivitis and periodontitis is essential to 

achieve oral health as this is amenable to prevention (183). A recent analysis of the 

economic burden of periodontitis in 2018 confirmed that it produced a loss of €149.52B 

and €122.65B in Europe and the USA, respectively (184). Data from a medical insurance 

database of the Dutch population showed that effective prevention and treatment of 

periodontitis was a very cost-effective treatment in managing medical related costs such 

as those from diagnosis, treatment and hospitalization in patients with type II diabetes 

(185). A further study completed using the NHANES 2009-2014 cross-sectional waves 

suggested that the treatment of periodontitis could be a cost-effective strategy in patients 

with type-II diabetes as to reduce oral health diseases burden with a reduction of tooth 

loss but also of microvascular complications and CVD in the US population (186).  
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Early detection of high blood pressure through screening programs has been 

suggested as a valuable tool in identifying those at risk of hypertension, leading to both 

preventive measures and early management to reduce morbidity and mortality and 

ultimately assisting to curve the social and economic burden of elevated blood pressure 

in any health system worldwide (2). Due to the high levels of undiagnosed hypertension 

observed in this PhD study, we suggest that development and implementation of 

hypertension screening systems in dental settings could be a valuable asset in assisting 

the management of hypertension. Hypertension screening should be performed with 

trained professionals, appropriate equipment, patient education and informed consent, 

along with good relationships between health professions (2). It is acknowledged that a 

white coat effect in dental settings could represent a major drawback for obtaining 

accurate blood pressure measurements (187). In order to overcome this limitation and to 

improve the validity of the screening methods by oral health professionals, it is important 

to develop hypertension screening protocols that include recognition of common risk 

factors, use of simple validated questionnaires and optimization of the blood pressure 

measurements (188). The following proposals could be considered: a) adopting current 

clinical guidelines for hypertension management (189), b) using standardized 

oscillometer devices for unsupervised blood pressure measurement (190) and c) set an 

appropriate timing for the recording during the dental visit where the patient is not 

anxious and local anaesthesia has not been administered (for instance at the end of a 

baseline clinical consultation).  

 

Oral health professionals could play a pivotal role in providing guidance not only oral 

health advice but also information for common risk factors such as to maintain a healthy 

and balanced diet with sugar, salt and fat restriction, smoking cessation, promoting 

regular physical activity, alcohol consumption reduction, and diabetes control (191). 

 

Further research should focus on a) the pathogenetic biological mechanisms that 

shape the relationship between hypertension and periodontitis, b) investigating the 

appropriateness and validity of hypertension screening in the dental setting and c). 

evaluating the impact and cost-effectiveness of the treatment of periodontitis as a novel 
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non-pharmacological intervention to reduce the risk of hypertension and related 

complications through well-powered randomised clinical trials.  

 

From a public health perspective, treatment of periodontitis and its possible effects 

on hypertension prevention and management can have profound implications for public 

health policies, including attention to the inclusion of oral health strategies in current 

systemic health schemes.  
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Abstract Recent evidence suggests a link between periodontitis (PD) and hypertension, but the nature of this association
remains unclear. The overall aim of this review was to critically appraise the evidence linking these two common
disorders. Systematic search was conducted for studies published up to December 2018. Prevalence of hyperten-
sion in patients with PD (moderate/severe groups) vs. those without PD (non-PD) was the primary outcome.
Additional outcomes included adjusted mean difference in systolic (SBP) and diastolic (DBP) blood pressure (BP)
levels in PD vs. non-PD, assessment of biomarkers in PD and hypertension, and BP changes after periodontal ther-
apy. From 81 studies selected, 40 were included in quantitative meta-analyses. Diagnoses of moderate-severe PD
[odds ratio (OR) = 1.22; 95% confidence interval (CI): 1.10–1.35] and severe PD (OR = 1.49; 95% CI: 1.09–2.05)
were associated with hypertension. Prospective studies confirmed PD diagnosis increased likelihood of hyperten-
sion occurrence (OR = 1.68; 95% CI: 0.85–3.35). Patients with PD exhibited higher mean SBP [weighted mean dif-
ference (WMD) of 4.49 mmHg; 95% CI: 2.88–6.11] and DBP (2.03 mmHg; 95% CI: 1.25–2.81) when compared with
non-PD. Lastly, only 5 out of 12 interventional studies confirmed a reduction in BP following periodontal therapy,
ranging from 3 to 12.5 mmHg of SBP and from 0 to 10 mmHg of DBP. PD is associated with increased odds of
hypertension (SORT C) and higher SBP/DBP levels. The evidence suggesting that PD therapy could reduce BP is in-
conclusive. Although additional research is warranted on this association, these results suggest that oral health
assessment and management of PD could not only improve oral/overall health and quality of life but also be of rele-
vance in the management of patients with hypertension.
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Keyword Hypertension • Periodontitis • Blood pressure • Inflammation • Periodontal diseases • Oral health •
Periodontal therapy

1. Introduction

Hypertension, defined as values >_140 mmHg systolic blood pressure
(SBP) and/or >_90 mmHg diastolic blood pressure (DBP), is the most
prevalent of all cardiovascular diseases (CVDs).1 Almost 45% of the
worldwide population is affected and the estimate increases steeping
with age.2 The incidence of adverse cardiovascular (CV) events such as
stroke, myocardial infarction, sudden death, heart failure, and peripheral
artery disease as well as of end-stage renal disease is strongly associated
with hypertension.3,4 According to the World Health Organization

(WHO) report in 2014, hypertension accounts for 51% of deaths from
stroke and 45% of overall CV mortality and this is true at all ages and in
all ethnic groups.2 Blood pressure values are an important predictor of
cardiovascular risk.5,6 Despite available treatments, essential hyperten-
sion remains poorly controlled with high rates of no treatment and un-
der-treatment.7 Hence, it is still one of the major modifiable risk factor
for CVDs that requires urgent management.8 Hypertension is a complex
multifactorial disease with no simple mechanism entirely explaining the
blood pressure rise.9 Endothelial dysfunction (as manifested by changes
in endothelin and nitric oxide), oxidative stress, and inflammation are
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.
implicated in the development of hypertension. Despite a prominent
role of the immune system being observed in experimental models10

and clinical studies11 studying the onset of hypertension, the exact mech-
anisms initiating these responses remain unclear.12

Periodontitis is a chronic multifactorial inflammatory disease caused by
a dysbiotic microflora and resulting in progressive destruction of the den-
tal surrounding tissues and leading to tooth loss. It is associated with mas-
ticatory dysfunction and negative impact on the patient’s quality of life.13

It is estimated that periodontitis affects over 50% of the worldwide popu-
lation and its severe form is considered the 6th most prevalent disease of
humankind.14,15 Periodontitis is a major public health problem that con-
siderably increases morbidity and costs of oral healthcare.16,17 There is
consistent observational evidence that periodontitis is associated with an
increased risk for future CVDs independent of traditional risk factors
such as smoking and obesity.17,18 The interplay between the bacterial bur-
den and host response is the most plausible biological mechanism linking
periodontitis to a number of chronic systemic diseases, such as diabetes
mellitus, CVDs, and neurological diseases such as Alzheimer.17,19,20 An ul-
cerated epithelial lining of the gingival pocket, subsequent to a local in-
flammatory response to the dental biofilm could amount to a sizeable
area in patients with generalized periodontitis.21 These patients often pre-
sent with systemic inflammation and endothelial dysfunction,22 which
improves following successful periodontal treatment.23

Several studies appear to support a relationship between severe peri-
odontitis and hypertension.24–27 Limited evidence also suggests that suc-
cessful periodontal treatment could improve arterial blood
pressure.28,29 However, little is still known about the direction and na-
ture of the association between these two conditions. The overall aim
was to conduct a robust critical appraisal of the evidence on the relation-
ship between periodontitis and hypertension. Specific research ques-
tions were designed based on the following PECO outline: Population:
Individuals >16 years old; Exposure: Presence of periodontitis with/with-
out treatment; Comparison: Individuals with no periodontitis; Outcome(s):
Any measure of prevalence and/or levels of hypertension and/or changes
in blood pressure following periodontal therapy. In this analysis we
addressed several key questions:

• Are patients with periodontitis more likely to have hypertension
(compared to those without periodontitis)?

• Is the degree of hypertension influenced by the severity and/or extent
of periodontitis (linear association)?

• Is the mean SBP/DBP higher in patients with periodontitis vs. those
without periodontitis?

• Does periodontal therapy modify the levels of blood pressure?

2. Methods

The systematic review protocol was registered in PROSPERO on 28/11/
2017 with ID: CRD42017081455. A PRISMA statement is attached to
follow the reporting of this systematic review (Supplementary material
online, Appendix S1).

2.1 Primary and secondary outcomes
The primary outcome of this systematic review was odds ratio (OR)/rel-
ative risk (RR) and confidence interval (CI) for hypertension in individuals
with periodontitis.

The secondary outcomes included prevalence of hypertension in
patients with periodontitis vs. patients without periodontitis as well as
prevalence of periodontitis in patients with or without hypertension;

reports of mean SBP/DBP levels in periodontally healthy and diseased
patients; systemic biomarkers associated with periodontitis and hyper-
tension and changes in BP measurements following periodontal therapy.

2.2 Inclusion/exclusion criteria
To obtain an estimate of the association between periodontitis and hy-
pertension, inclusion criteria were set to be broad and inclusive.
Prospective and retrospective studies were included (randomized con-
trolled trials, controlled clinical trials, cohort studies, case–control stud-
ies, and cross-sectional studies). Eligibility criteria included individuals
from age 16 years onwards, with periodontitis (chronic and/or aggressive
forms) considered as the exposure. Manuscripts including information
related to primary and secondary outcomes were included.

Case report, case series and reviews, and animal studies were ex-
cluded. Individuals under 16 years old and pregnant women were also
excluded. Lastly, studies that did not have any reports of the primary or
secondary outcomes were disqualified.

2.3 Search methods for identification of
studies
Five electronic databases were searched up to 10 December 2018 with
no year restrictions [Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE (OVID), EMBASE, Web of Science and Latin
American & Caribbean Health Sciences Literature (LILACS)]. The search
included no language restrictions and attempts were made to translate
non-English language manuscripts (if this was not possible then the rele-
vant evidence was excluded). In addition, SIGLE database was examined
for relevant unpublished trials. Performed detailed search strategies
deemed appropriate for each database using a combination of controlled
vocabulary (MeSH terms and free text terms). All terms are available in
the Supplementary material online, Appendix S2 Table).

MeSH terms in all trees and subheadings: ‘periodontal diseases’, ‘peri-
odontics’, ‘hypertension’, ‘blood pressure’.

Keywords: ‘periodont$’, ‘gingiv$’, ‘((blood or bleed$) adj4 prob$)’,
‘(ging$adj disease)’, ‘hypertens$’, ‘((elevat$or high$or rais$) adj3 (dia-
stolic or systolic or arterial or blood) adj pressure)’, ‘bloodpressure’.

Hand searching of bibliographies of papers and review articles re-
trieved articles not found through other search methods.

2.4 Data management
The eligibility assessment of titles and abstracts (when available) of all
reports identified were independently screened by two reviewers based
on inclusion/exclusion criteria (E.M.A. and J.S.). If agreement could not
be reached, the study was moved to the next stage and inclusion was
based on full text screening. Full reports were obtained and assessed in-
dependently and in duplicate (E.M.A. and J.S.) for studies seeming to
meet the inclusion criteria or for which insufficient information in the ti-
tle and abstract precluded to make a clear decision. Disagreements were
resolved by discussion and if necessary, a third reviewer was consulted
(F.D.). When authors were not reporting on an effect estimate they
were contacted to request additional information. Excel sheets were
created to document information regarding decision for included and
excluded articles. Kappa statistic was used to assess the agreement be-
tween the reviewers based on full text screening.

The main categories of data grouped according to study design and
reported in evidence tables were study characteristics data; population;
exposure (case definition for periodontitis); outcome (case definition for
hypertension); effect (OR/RR with CI); and publication conclusions.

2 E.M. Aguilera et al.
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Regarding the exposure, multiple case definitions for periodontitis

were found. A lack of consistent case definitions contributed to the diffi-
cultly in assessment and interpretation of the data retrieved. In order to
collate studies looking at similar definitions, results were therefore
grouped using two case definition thresholds: confident and non-
confident case definition of periodontitis based on the following criteria
(adapted from a previously reported definition).30

2.4.1 Confident case definition of periodontitis
The following criteria were considered as a confident case definition for
periodontitis: generalized chronic periodontitis (at least 30% sites with
CAL >_ 4 mm)31; at least two sites on different teeth with clinical attach-
ment level (CAL) 6 mm and at least one site with probing pocket depth
(PPD) 4 mm (CDC/AAP periodontitis definition)32; presence of proxi-
mal attachment loss of >3 mm in two or more non-adjacent teeth (sensi-
tive definition) or presence of proximal attachment loss of >5 mm in
>30% of teeth present33; at least five sites with CAL >_ 6 mm.34

2.4.2 Non-confident case definition of periodontitis
For non-confident case definition the following reported criteria were
considered: community periodontal index (CPI) score 3/4 in at least one
quadrant; ‘Alveolar bone loss’ without other measurements of PPD/
CAL; unclear diagnostic criteria for periodontitis.

2.4.3 Definition of hypertension
Regarding the outcome, hypertension was defined as SBP >_140 mmHg/
DBP >_90 mmHg or the use of anti-hypertensive medications.1,2

However, reports of BP levels and other cases definitions were also
documented for, such as self-reported hypertension and other thresh-
olds (high normal/pre-hypertension).

2.5 Assessment of bias individual studies
Quality assessment of all included studies was undertaken independently
and in duplicate by two reviewers as part of the data extraction process.
For bias assessment of randomized controlled trials, non-randomized
studies of interventions, and observational studies we used the revised
Cochrane tool (ROB-2.0 tool),35 the ROBINS-I tool,36 and the
Newcastle–Ottawa (NOS) tool,37 respectively.

2.6 Data synthesis
Descriptive statistics were performed to summarize the evidence re-
trieved and to determine the quantity of data, checking further for study
variations in terms of study characteristics and results. This assisted in
confirming the suitability of further synthesis methods.

Meta-analysis A was conducted and referred to the following primary
outcome: ORs for hypertension among people with or without a diagno-
sis of periodontitis. The ORs with adjustment for the confounding varia-
bles (i.e. age, gender, smoking, socioeconomic status, systemic disease,
medication, body mass index, etc.) was chosen with hypertension as the
dependent variable and periodontitis as the independent variable.
Pooled estimates of OR and corresponding 95% confidence intervals
were calculated for dichotomous data. In presence of significant hetero-
geneity (P < 0.1), the pooled estimates of effects were calculated using
random effects models rather than fixed effects models. Meta-analysis B
referred to the secondary outcome (mean SBP/DBP). The pooled mean
SBP/DBP difference and 95% confidence intervals were estimated for
continuous data. RevManVR 5.3 and JMPVR 13.0.0 were used for all the sta-
tistical analyses.

To evaluate whether the methodological quality of the included stud-
ies influenced the direction or the magnitude of the results, we per-
formed a separate sensitivity analysis by study design and either disease
severity or case definition (Figures 2 and 3C and Supplementary material
online, Appendix S5).

2.7 Publication bias
Possible publication bias was assessed for studies included in the differ-
ent meta-analyses A and B using the methods described by Begg et al.
and Egger et al.38,39

2.8 Heterogeneity
The significance of any discrepancies in the estimates from different trials
was assessed by means of Cochran’s test for heterogeneity and the I2 sta-
tistic. As alluded above, sensitivity analyses were also planned to explore,
quantify, and control for sources of heterogeneity between studies.

2.9 Strength of recommendation
The quality and strength of the evidence was assessed with The SORT
(Strength of Recommendation Taxonomy). The authors discussed the
outcomes of the systematic review, pertinent sources of evidence, clini-
cal recommendations, and future areas requiring research.40

3. Results

The electronic search from combination of all databases identified 5574
potentially relevant articles after removal of duplicates, resulting in 182
publications eligible for full text screening. Eighty-one publications met
inclusion criteria (Figure 1). The evidence tables created according to
study design, included the main study characteristics (Supplementary ma-
terial online, Appendix S3). The studies included in the systematic review
have been conducted in 26 different countries from all continents involv-
ing a large variety of different populations. Reviewers (E.M.A. and J.S.)
achieved an almost perfect agreement with 97.24%; Cohen’s k: 0.94.

A variety of case definition of periodontitis was identified (as shown in
evidence tables, Supplementary material online, Appendix S3). For hyper-
tension diagnosis, the studies generally reported more uniformed criteria
based on levels of SBP >_140mmHg and/or DBP >_90 mmHg or use of
anti-hypertensive medication.41 Nevertheless, some studies reported
lower cut offs for hypertension (i.e. SBP >_130mmHg and/or DBP
>_85 mmHg)42 or hypertension prevalence was based on medical
records, self-report, or national classification codes for disease. Similarly,
different methods for measuring blood pressure were described in the
studies included (Supplementary material online, Appendix S3). For addi-
tional or missing data, of all the authors contacted, only three provided
additional information regarding the direction of the association and/or
mean SBP/DBP following periodontal therapy.43–45

Study quality for observational studies as assessed by the Newcastle–
Ottawa scale varied across the studies, ranging from a score of 3/9 to 9/9
(Supplementary material online, Appendix S4). The assessment revealed
several potential sources of bias including the adequacy of case definition
for cases and controls, the representativeness of the cases, no appropri-
ate description of the sample size calculation, lack of adjustment for po-
tential confounders or inappropriate statistical test. The assessment of
randomized controlled trials with the Rob 2.0 tool revealed a low (five
studies) to high (two studies) risk of bias for the studies included
(Supplementary material online, Appendix S4). The main reasons for high
risk of bias in randomized controlled trials arose from the randomization
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process, blinding of participants and personnel. Study quality for
non-randomized trials revealed moderate and serious risk of bias for the
two studies assessed with the Robinson I tool (Supplementary material
online, Appendix S4).

3.1 Primary outcome
Twenty studies included in five meta-analyses (A) of cohort, cross-sec-
tional and case–control studies (Figures 2 and 3C and Supplementary

material online, Appendix S5) compared the odds of having hypertension
if an individual had periodontitis vs. periodontally healthy individuals us-
ing a periodontal case definition as the exposure measure.

Statistically significant heterogeneity was confirmed with a s2

test (ranging from 0.32 to 0.03), v2 test ranging from (ranging from
<0.00001 to 0.008), and I2 test (ranging from 63% to 92%) for the
different analyses completed. Due to this level of heterogeneity
observed in the studies, random effect meta-analysis was
performed.
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Figure 1 PRISMA flowchart. Flowchart of the study selection process. A systematic review yielded 9866 reports. After removal of duplicates and the ap-
plication of inclusion and exclusion criteria, 46 studies were included in two different meta-analyses. PubMed, Embase, Cochrane, Lilacs, Web of Science,
and manual search strategies are illustrated in Supplementary material online, Appendices S1 and S2.
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..Odds ratios ranged from 0.90 to 4.20 for all studies, depending on
case definition applied, severity of periodontitis and adjustment of the
models. Precision of the estimates in the studies varied considerably as
appreciated in the varying span of the confidence intervals. Two stud-
ies24,46 reported ORs for moderate to severe periodontitis separately
and one study47 reported OR for men and women also separately,
therefore these different ORs were included independently.

The analysis of three cohort studies predicted the occurrence of hy-
pertension (OR = 1.68; 95% CI: 0.85–3.35), but this was not statistically
significant (P = 0.14) (Supplementary material online, Appendix S5).
Three studies were excluded from this meta-analysis due to one of them
reported RR48 and the other two appeared to be duplicated data.45,49

Diagnosis of moderate-severe periodontitis in 15 cross-sectional and
case–control studies was associated with higher odds of hypertension
(1.22, 95% CI: 1.10–1.35), which was statistically significant (P = 0.0001)
(Figure 2). A meta-analysis of eight cross-sectional and case–control stud-
ies confirmed that patients with severe periodontitis had increased odds
(1.49, 95% CI: 1.09–2.50; P = 0.01) of diagnosis of hypertension (Figure
3A). Additionally, meta-analyses of studies according to confident vs.
non-confident case definitions of periodontitis were performed. Seven
studies with confident definition of periodontitis confirmed higher odds
of hypertension (1.53, 95% CI: 1.11–2.10; P = 0.009) compared to a
meta-analysis of eight studies with a non-confident definition of peri-
odontitis (1.33, 95% CI: 1.14–1.55; P = 0.003) (Figure 3B and C).

3.2 Secondary outcomes
3.2.1 Prevalence
Thirty studies reported prevalence of hypertension in patients with peri-
odontitis vs. patients without periodontitis or gingivitis (Supplementary
material online, Appendix S6). Twenty-five of these studies showed a
higher prevalence of hypertension in patients with a diagnosis of peri-
odontitis (range = 7–77%) vs. those without periodontitis (range = 4–
70%) and one study only confirmed higher prevalence in men.50 These
findings were not confirmed in four studies.51–54 In addition, a consistent

increased prevalence of periodontitis in patients with hypertension
(range = 29–61%) vs. those without hypertension (range = 17–39%) was
reported in all the seven publications that included this outcome
(Supplementary material online, Appendix S6).

3.2.2 Mean blood pressure (observational evidence)
Thirty-one studies reported average mean SBP/DBP in patients with
(range SBP = 113–172/DBP = 66–101 mmHg) and without periodontitis
(range SBP = 109–143/DBP = 65–94 mmHg) (Supplementary material
online, Appendix S7). The meta-analysis B, of mean SBP/DBP of 26 studies
was performed resulting in statistically significant heterogeneity, con-
firmed with a Tau-squared test (ranging from 14.38 to 2.92), v2 test rang-
ing from (<0.00001), and I2 test (ranging from 96 to 98%). Patients with
periodontitis exhibited higher SBP [weighted mean difference (WMD)
of 4.49 mmHg, 95% CI: 2.88–6.11; P < 0.00001] and DBP (WMD of
2.03 mmHg, 95% CI: 1.25–2.81; P < 0.00001) when compared with
patients without periodontitis (Figures 4 and 5).

3.2.3 Systemic biomarkers
Three studies were included in the review as reporting changes in sys-
temic biomarkers associated with hypertension and periodontitis.55–57

One study analysed serum levels of neutrophilic enzymes in 95
patients.55 They included a test group of patients with hypertension and
periodontitis and two control groups: a healthy group (without peri-
odontitis or hypertension) and a hypertensive group. The authors ob-
served that circulating levels of matrix metalloproteinases (MMP)-8,
MMP-9, myeloperoxidase and neutrophil elastase (NE) were increased
in patients with hypertension and periodontitis but not in the controls.
Another study examining the gingival crevicular fluid levels in patients
with hypertension (21 patients) and without hypertension (26 patients)
measuring levels of 8-isoprostane, interleukin (IL)-1B, monocyte chemo-
attractant protein (MCP)-1, tumour necrosis factor (TNF)a, C-reactive
protein (CRP), and MMP-8.56 They reported that independent of hyper-
tension present or absent, an increased level of these biomarkers was

Figure 2 Association between periodontitis (moderate to severe combined diagnosis) and hypertension (cross-sectional and case–control studies).
Summary Forrest plot for odds ratio of hypertension in relation to periodontitis diagnosis in cross-sectional and case–control studies (moderate to severe
combined diagnosis). The random effects model was used and the relative size of the data markers indicates the weight of the sample size from each study.
CI, confidence interval; IV, inverse variance; SE, standard error.
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.observed when patients had periodontal pockets. In addition, patients
with hypertension presented with almost twice as much periodontal
clinical attachment loss (CAL) as controls (Meanþ SEM in
HTN = 0.87 ± 0.13 vs. non-HTN = 0.49± 0.11). Albush et al.57 assessed
levels of vascular thrombotic markers in 40 hypertensive patients with
periodontitis. Platelet count, fibrinogen, Von Willebrand factor antigen
(vWF:Ag), and D-Dimer levels increased after 48 h of treatment (scaling
of the teeth including subgingival root debridement for half of the
patients and surgical periodontal therapy for the other 20) and de-
creased after 6 weeks (P < 0.05), with no significant differences between
groups (P > 0.05). Acute increase in endothelial-activation markers in-
cluding E-selectin, vWF, haemoglobin and haematocrit, D-dimer levels,
and neutrophils counts was also reported 24 h following periodontal
therapy in several publications.22,44,58 Reductions in inflammatory bio-
markers were observed in 11 interventional studies following periodon-
tal therapy.22,28,29,44,59–65

3.2.4 Mean blood pressure (interventional evidence)
The search located 12 interventional clinical trials reporting the effect of
periodontal therapy on blood pressure either as a primary65 or

secondary outcome (the remaining 11 studies) (see Supplementary ma-
terial online, Appendix S3 for a detailed description of the studies and
treatment modalities). Eight studies were RCTs, three were non-RCT,
and one was a pilot study. These studies comprised a varied sample of
individuals, including people medically healthy in six studies22,28,44,58,59,62

pre-hypertension,65 refractory hypertension,29 hypertension,59 meta-
bolic syndrome,63 coronary artery disease,60 and Type 2 diabetes.64 Five
of the 12 interventional studies included in the analysis confirmed a re-
duction in SBP following periodontal therapy (range = 3–12.5 mmHg),
and an inconsistent reduction of DBP (range = 0–10 mmHg).28,29,61,64,65

Six studies reported no changes in blood pressure measures following
non-surgical and/or surgical periodontal therapy44,58–60,62,63, however
only two studies out of these six reported actual blood pressure val-
ues59,60 and one author provided values upon request44. One study22

reported an increase in blood pressure in the test group 1 day after peri-
odontal therapy.

3.3 Publication bias
Study publication bias was examined using funnel plots for both meta-
analyses A and B (Supplementary material online, Appendix S8). Egger’s

Figure 3 (A–C) Association between periodontitis (severe, confident, and non-confident diagnosis) and hypertension. Subgroup analysis Forrest plots for
odds ratio of hypertension in relation to periodontitis status in cross-sectional and case–control studies. (A) Severe periodontitis only group adjusted. (B)
Analysis adjusted for confident definition of periodontitis as described in methods. (C) Analysis adjusted for non-confident definition of periodontitis as de-
scribed in methods. The random effects model was used and the relative size of the data markers indicates the weight of the sample size from each study. CI,
confidence interval; IV, inverse variance; SE, standard error.
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test was only calculated for the meta-analyses A of moderate to severe
periodontitis (Supplementary material online, Appendix S8). Visual as-
sessment of the Funnel of moderate to severe periodontitis revealed
studies were slightly skewed to the right, which was confirmed with the
Egger’s test showing a statistically significant difference (P = 0.0054); pub-
lication bias was therefore suspected in this analysis. Nevertheless, all
the other funnel plots for meta-analyses A displayed symmetrical appear-
ance. Similarly, visual assessment of the Funnel plots for mean SBP and
DBP analysis revealed symmetrical appearance. Egger’s test estimated
for meta-analyses B revealed a not statistically significant result
(P = 0.5582) for the mean SBP meta-analysis and a statistically significant
difference (P = 0.0224) for the mean DBP meta-analysis. On this basis,
publication bias was suspected in the mean DBP meta-analysis.

3.4 Reporting on strength of
recommendation
The quality, quantity, and consistency of the evidence from observational
and interventional studies on the relationship between periodontitis and
hypertension were thoroughly assessed for a SORT recommendation.
Accordingly, we conclude that diagnosis and treatment of periodontitis
is positively associated with hypertension (SORT C).40

4. Discussion

The results of this systematic review support a positive association be-
tween periodontitis and hypertension. Based on the quantitative analyses
of all studies included, patients with moderate to severe periodontitis

have greater (20%) odds of having hypertension when compared to
patients without periodontitis. In addition, a positive linear association
was observed, confirming that the more severe periodontitis is, the
higher the likelihood (49%) of having hypertension. This finding was fur-
ther corroborated, when the studies with a confident case definition for
periodontitis were analysed, confirming even greater odds (50%) of diag-
nosis of hypertension were found. The magnitude of association be-
tween periodontitis and hypertension reported in this review (OR 1.22–
1.53) is in agreement with that recently reported.27 In this recent review,
however, Martin-Cabezas et al. included observational studies without
specifying the exposure and outcome of the analysis. In the current sys-
tematic review, we also included three cohort studies66–68 confirming a
temporal association between periodontitis and incidence of hyperten-
sion although this was not statistically significant and we excluded a num-
ber of studies in this analysis in order to avoid bias due to suspected
duplication of data.

This systematic review also confirmed an increased prevalence of
periodontitis in patients with hypertension (as defined by SBP >_140 and
DBP >_90 mmHg). Clinical and experimental evidence suggest that this
direction of the association could be mediated through hypertension
causing microcirculatory changes in of the gingival tissue leading to is-
chaemia, increased inflammation, and/or altered microbial composition
of the dental biofilm.25,69,70 This finding combined with the increased
prevalence of hypertension in patients with periodontitis could be even
more significant within the context of the new revised guidelines issued
by the AHA for the definition of hypertension.71 A reduced threshold of
SBP/DBP for the case definition of hypertension was expressed (Stage 1
as SBP = 130–139/DBP = 80–89 mmHg, and Stage 2 agreeing to Stages 1

Figure 4 Periodontitis effect on systolic blood pressure (SBP). Summary Forrest plot for change in SBP in relation to periodontitis status in cross-sectional
and case–control studies. The random effects model was used, weighted mean difference (WMD) reported and the relative size of the data markers indi-
cates the weight of the sample size from each study. SE, standard error; IV, inverse variance; CI, confidence intervals.
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and 2 in the JNC 7 report; i.e. SBP >_ 140/DBP >_ 90 mmHg), which has
been reported in a recent cross-sectional study to double the prevalence
estimates of hypertension in countries like China and USA.72 This could
result in even greater odds of hypertension in patients with periodontitis
and vice versa. Future research should consider the impact of these
thresholds for case definition of hypertension in terms of increased prev-
alence and treatment thereof.

In this systematic review, for the first time, we attempted to provide
an estimate of the mean arterial BP in patients with periodontitis vs. con-
trols. Very interestingly, more than 80% of the included studies reporting
levels of blood pressure showed consistently increased levels of systolic
and diastolic BP in patients with periodontitis. Further, the exploratory
meta-analysis B revealed that patients with periodontitis showed a higher
WMD of 4.49 mmHg of SBP and of 2.03 mmHg of DBP. If confirmed in
long-term longitudinal studies, periodontitis could represent a novel
modifiable risk factor for hypertension at the same strength of diabetes
and smoking.73,74 However, as periodontitis, diabetes and hypertension
share common risk factors (such as aging, smoking, and disadvantageous
socioeconomic status, among others), residual confounding could affect
the magnitude of these associations. It is important to state that this asso-
ciation could also be driven by an association between arterial blood
pressure changes and other undetected sources/chronic infections.
Further research in identifying the interplay between triggers/bacterial
burdens in each individual and their relative contribution on blood pres-
sure is needed.

Raised arterial blood pressure observed in periodontitis could also ex-
plain the moderate but consistent higher risk of CV events (i.e. MI and
stroke) reported by several investigators in patients with periodontitis

when compared to controls.17 Indeed, an average increase of 5 mmHg of
SBP has been consistently associated with a 25% increased mortality
from ischaemic heart disease and stroke.75 These assumptions should all
be interpreted with caution because of the high heterogeneity observed
in the reported scientific evidence. In particular, varying case definitions
of periodontitis and hypertension could have undermined the validity of
these observations. Nevertheless, due to the high prevalence of both
conditions, the clinical implications for public health systems could be
very significant.

This systematic review also confirmed a potential positive effect of
treating periodontal inflammation on arterial blood pressure.
Inconclusive findings were identified in the selected studies, with only 5
out of 12 intervention trials showing a reduction of SBP/DBP in patients
with periodontitis.

Only one RCT was designed to address the question whether non-
surgical periodontal therapy could result in reduced arterial BP levels.65

These authors assessed changes in blood pressure as their primary out-
come following non-surgical periodontal therapy. They included 107
pre-hypertensive participants and reported an absolute difference of
SBP = 12.57 mmHg 95% CI: 10.45–14.69, P < 0.05 and of
DBP = 9.65 mmHg 95% CI: 7.06–12.24, P < 0.05 after periodontal ther-
apy. As treatment of hypertension has been repeatedly advocated as a
key intervention to improve general health, quality of life, and reduce CV
complications,76 periodontitis treatment could represent a novel non-
pharmacological therapy to prevent/help manage hypertension. A meta-
analysis of RCTs quantified a reduction of 25–30% of coronary heart dis-
ease events such as stroke and heart failure with a 10 mmHg reduction
in SBP or a 5 mmHg reduction in DBP following anti-hypertensive drug

Figure 5 Periodontitis effect on diastolic blood pressure (DBP). Summary Forrest plot for change in DBP in relation to periodontitis status in cross-sec-
tional and case–control studies. The random effects model was used, WMD reported and the relative size of the data markers indicates the weight of the
sample size from each study. SE, standard error; IV, inverse variance; CI, confidence intervals.
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..therapy.77 Future research should address the hypothesis of the treat-
ment of periodontitis could achieve similar reduction in arterial BP and
CV outcomes.

The identification of periodontitis as a possible risk factor for hyper-
tension could be explained by a number of plausible mechanisms
(Figure 6). Firstly, periodontitis is associated with systemic inflammation,
mediators of which, including CRP, IL-6; TNF-a can all affect endothelial
function. Clinical evidence suggests periodontitis affects systemic endo-
thelial function and in turn this could impact on hypertension. Our group
previously demonstrated that treatment of severe periodontitis
improves endothelial function by reduction in systemic inflammation in
patients with and without other comorbidities like diabetes.22,64

Secondly, some reports suggest possible direct effects of oral microbiota
related bacteraemia in mediating vascular dysfunction as well. Emerging
experimental animal evidence indicates that an immune response to a
common periodontal pathogen: Porphyromonas gingivalis (Pg) results in el-
evation of BP, vascular inflammation, and endothelial dysfunction.78

Another possibility may be that cells, including T cells, B cells, and mono-
cyte/macrophages, primed in inflamed periodontium may be more prone
to chemotactic recruitment to perivascular adipose tissue and adventitia,
a step that has been shown to precede development of vascular dysfunc-
tion, hypertension, and atherosclerosis.79,80 This review therefore raises
an important question regarding the causal nature of the association be-
tween periodontitis and hypertension.

Figure 6 Some pathways through which periodontitis could lead to hypertension and vascular dysfunction. Potential mechanisms causally linking peri-
odontitis with hypertension and vascular dysfunction. NO, nitric oxide; O-

2, S, superoxide; Th, T-helper cells; ROS, reactive oxygen species.
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4.1 Strengths and weaknesses
This systematic review was designed to comprehensively investigate
the possible role of periodontitis as a possible novel risk factor for hy-
pertension. A number of limitations however should be highlighted
starting with the limited value of systematic reviews of observational
studies for ascertaining causality.81 Moreover, observational studies
have intrinsic biases (mostly selection and information bias), hence
the results of this systematic review should be interpreted within the
context of the methodology used. Nevertheless, this review was
broad and inclusive of not only observational but also interventional
studies. Besides, because of the link between periodontitis and cardio-
metabolic risk factors,17,82 this review also included data from obser-
vational studies on MetS and CVD but the authors acknowledge that
some of the data may have been missed due to the difficulties in identi-
fying the outcomes within the published reports. Moreover, studies
looking at hypertension have inherent problem of the effect of blood
pressure measurement technique on the outcome as well as variable
degree of reporting of actual criteria of hypertension. Therefore, we
have focused on a clear definition of hypertension based mainly on
blood pressure values and anti-hypertensive medications. With the
exception of a single study29 most studies have used office rather than
ambulatory blood pressure; our quantitative analysis of the effect of
periodontitis on blood pressure values adds to the strength of the se-
lected evidence. This study was a pilot intervention trial including only
26 patients with refractory hypertension and periodontitis and the
effects of non-surgical periodontal therapy on both systolic and dia-
stolic blood pressure were of greater magnitude of those reported in
the other intervention studies. We urge caution in interpreting these
results especially in view of the limited sample size and inclusion crite-
ria adopted by the authors.29 Future intervention trials should all be
designed according to appropriate power calculation to determine
sample size and include ambulatory blood pressure levels.

One of challenges encountered was to establish the direction of as-
sociation when studies were included in the quantitative analyses (i.e.
dependent and independent variables in the model). This was mainly
due to unclear description in the published manuscripts. When a con-
sensus could not be achieved among the reviewers (E.M.A. and J.S.), a
third author was consulted (F.D.) or attempts were made to contact
the authors for clarification.43 Another important limitation of this
systematic review is the high level of heterogeneity in the case defini-
tions for both, periodontitis and hypertension.34,83 To overcome this,
data were further analysed according to an arbitrary level of confi-
dence in a given case definition of periodontitis. In fact, when an arbi-
trary confident diagnosis was confirmed, the observed magnitude of
association between periodontitis and hypertension was greater. The
lack of consistent measures of case definition and severity of peri-
odontitis in the retrieved evidence did not allow for a relevant analysis
of extent and severity of periodontitis with all endpoints of blood
pressure. We hope in the future reporting of periodontitis is more
consistent and allow for such analyses. Lastly, it has been reported
that anti-hypertensives such as calcium channel blockers can cause
gingival enlargement in 6.3–83% of patients,84 which should not be
confounded with periodontitis.

5. Conclusions

Periodontitis could be associated with increased risk of hypertension in a
linear fashion. Further, management of periodontitis could impact on the

management of hypertension. Our findings highlight the potential to im-
prove CV outcomes by addressing poor oral health in the general popu-
lation. Longer and larger studies are needed however to determine
whether periodontal treatment benefit patients in terms of CV health,
ultimately resulting in reduced morbidity and mortality.

Translational implications

• To raise awareness of the association between periodontitis and
hypertension.

• Patients with periodontitis should be informed by oral health profes-
sionals of the risk of developing hypertension.

• Oral health advice should be given to all patients with hypertension.
• Prevention and management of periodontitis improves oral/overall

health and quality of life and could prevent/improve hypertension.
• Larger observational studies should include internationally recognized

case definitions for periodontitis and hypertension.
• Larger and long-term RCTs with reduction of blood pressure as pri-

mary outcome should be performed.
• Patient reported outcome measures relevant to hypertension and

periodontitis should be included within future study designs.

Supplementary material

Supplementary material is available at Cardiovascular Research online.
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14Synthesis of results

Specify any assessment of risk of bias that may affect the cumulative evidence (such as publication bias,
selective reporting within studies)

15Risk of bias across studies

Describe methods of additional analyses (such as sensitivity or subgroup analyses, meta-regression), if
done, indicating which were pre-specified

16Additional analyses

Results

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram

17Study selection

For each study, present characteristics for which data were extracted (such as study size, PICOS, follow-up
period) and provide the citations

18Study characteristics

Present data on risk of bias of each study and, if available, any outcome-level assessment (see item 12).19Risk of bias within studies

For all outcomes considered (benefits or harms), present for each study (a) simple summary data for each
intervention group and (b) effect estimates and confidence intervals, ideally with a forest plot

20Results of individual studies

Present results of each meta-analysis done, including confidence intervals and measures of consistency21Synthesis of results

Present results of any assessment of risk of bias across studies (see item 15)22Risk of bias across studies

Give results of additional analyses, if done (such as sensitivity or subgroup analyses, meta-regression)
(see item 16)

23Additional analysis

Discussion

Summarise the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (such as health care providers, users, and policy makers)

24Summary of evidence

Discuss limitations at study and outcome level (such as risk of bias), and at review level (such as incomplete
retrieval of identified research, reporting bias)

25Limitations
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Table 1 (continued)

Reported
on page NoChecklist itemItem NoSection/topic

Provide a general interpretation of the results in the context of other evidence, and implications for future
research

26Conclusions

Funding

Describe sources of funding for the systematic review and other support (such as supply of data) and role
of funders for the systematic review

27Funding
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Medline Embase Central Web of Science Lilacs 
#1 exp periodontal diseases/ 
#2 periodont$.mp. 
#3 gingiv$.mp. 
#4 ((blood or bleed$) adj4 
prob$).mp. 
#5 (ging$ adj disease).mp. 
#6 exp periodontics/ 
#7 or/1-6 
#8 exp hypertension/ 
#9 exp blood pressure/ 
#10 hypertens$.mp. 
#11 ((elevat$ or high$ or rais$) 
adj3 (diastolic or systolic or 
arterial or blood) adj    
pressure).mp. 
#12 bloodpressure.mp. 
#13 or/8-12 
#14 7 and 13 
#15 exp animals/ not 
humans.sh. 
#16 14 not 15 

#1 periodont$.mp. 
#2 gingiv$.mp. 
#3 ((blood or bleed$) adj4 
prob$).mp. 
#4 (ging$ adj disease).mp. 
#5 exp periodontal disease/ 
#6 exp periodontics/ 
#7 1 or 2 or 3 or 4 or 5 or 6 
#8 hypertens$.mp. 
#9 ((elevat$ or high$ or rais$) 
adj3 (diastolic or systolic or 
arterial or blood) adj       
pressure).mp. 
#10 bloodpressure.mp. 
#11 exp hypertension/ 
#12 exp blood pressure/ 
#13 8 or 9 or 10 or 11 or 12 
#14 7 and 13 
#15 animal/ 
#16 human/ 
#17 15 not (15 and 16) 
#18 14 not 17 
#19 Clinical trial/ 
#20 Randomized controlled 
trial/ 
#21 Randomization/ 
#22 Single blind procedure/ 
#23 Double blind procedure/ 
#24 Crossover procedure/ 
#25 Placebo/ 
#26 Randomi?ed controlled 
trial$.tw. 
#27 Rct.tw. 
#28 Random allocation.tw. 

#1 MeSH descriptor: 
[Periodontal Diseases] explode 
all trees 
#2 MeSH descriptor: 
[Periodontics] explode all trees 
#3 periodont*  
#4 gingiv*  
#5 (blood or bleed*) next/4 
prob*  
#6 ging* next disease  
#7 #1 or #2 or #3 or #4 or #5 or 
#6  
#8 MeSH descriptor: 
[Hypertension] explode all trees 
#9 MeSH descriptor: [Blood 
Pressure] explode all trees  
#10 hypertens*  
#11 (elevat* or high* or rais*) 
next/3 (diastolic or systolic or 
arterial or blood) next pressure  
#12 bloodpressure 
#13 #8 or #9 or #10 or #11 or 
#12  
#14 #7 and #13  
 

# 1 (periodont*) 
# 2 (gingiv*) 
# 3 ((blood or bleed*) next/4 
prob*) 
# 4 (ging* next disease) 
# 5 #4 OR #3 OR #2 OR #1 
# 6 (hypertens*) 
# 7 (((elevat* or high* or rais*) 
next/3 (diastolic or systolic or 
arterial or blood) next 
pressure)) 
# 8 (bloodpressure) 
# 9 #8 OR #7 OR #6 
#10 #9 AND #5 
 
 
 

Subject descriptor: (periodontal 
diseases or periodontics) and 
(hypertension or blood 
pressure) 
 
Or 
 
Word: ((periodont$ or gingiv$ 
or ((blood or bleed$) and prob$) 
or (ging$ and disease)) and 
(hypertens$ or ((elevat$ or 
high$ or rais$) and (diastolic or 
systolic or arterial or blood) and 
pressure)) or bloodpressure) 
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#29 Randomly allocated.tw. 
#30 Allocated randomly.tw. 
#31 (allocated adj2 random).tw. 
#32 Single blind$.tw. 
#33 Double blind$.tw. 
#34 ((treble or triple) adj 
blind$).tw. 
#35 Placebo$.tw. 
#36 Prospective study/ 
#37 19 or 20 or 21 or 22 or 23 
or 24 or 25 or 26 or 27 or 28 or 
29 or 30 or 31 or 32 or 33 or 34 
or 35 or 36 
#38 Case study/ 
#39 Case report.tw. 
#40 Abstract report/ or letter/ 
#41 38 or 39 or 40 
#42 37 not 41 
#43 Clinical study/ 
#44 Case control study/ 
#45 Family study/ 
#46 Longitudinal study/ 
#47 Retrospective study/ 
#48 Prospective study/ 
#49 Randomized controlled 
trials/ 
#50 48 not 49 
#51 Cohort analysis/ 
#52 (Cohort adj (study or 
studies)).mp. 
#53 (Case control adj (study or 
studies)).tw. 
#54 (follow up adj (study or 
studies)).tw. 
#55 (observational adj (study or 
studies)).tw. 



#56 (epidemiologic$ adj (study 
or studies)).tw. 
#57 (cross sectional adj (study 
or studies)).tw. 
#58 or/43-47,50-57 
#59 42 or 58 
#60 18 and 59 
 

 
 



EVIDENCE TABLE FOR CROSS-SECTIONAL STUDIES 

Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Ahn et al., (2015) 
 
Korea 
 
The association of 
hypertension with 
periodontitis is 
highlighted in 
female adults: 
results from the 
fourth Korea 
national health and 
nutrition 
examination survey  
 

N=14,625 participants  
 
Age: >19 years.  
 
Gender: Female: 8,378, Male: 6,247 
 
Smoking status: reported as never or ever in lifetime 
 
Systemic health: Questionnaire + clinical examination 
by trained staff members 

CPITN score of 
3 or 4 

SBP ≥ 140 
mm Hg or 
DBP ≥ 90 mm 
Hg or taking 
antihypertensi
ve medication 

Periodontal disease was dependent 
variable  
 
PR= Prevalence Ratio= 1.1 (1.04–1.16)  
Trend p= 0.001  
 
38.4% of people with HT (≥90/140) 
(1984 people) had periodontitis (CPITN 
3/4) vs 35.2% (1820 people) without HT 
had periodontitis 

HT was associated 
with periodontitis in 
Korean female adults 
independent of 
known confounders  
 

Alade et al. (2018) 
 
Nigeria 
 
Association of 
Elevated C-
Reactive Protein 
with Severe 
Periodontitis in 
Hypertensive 
Patients in Lagos, 
Nigeria: A Pilot 
Study 
 
 

N: 50 hypertensive patients with chronic periodontitis  
 
Age: Mean age was 52.4 ± 6.96 years (range 37–73 
years) 
 
Gender: Female: 39, Male: 11  
 
Smoking status: Excluded smokers 
 
Systemic health: Not recorded other than 
hypertension 
 
Serum concentration of CRP was measured in 
milligrams per litre using the immunoturbidimetry 
method 

Periodontitis: At 
least one 
interproximal 
site with probing 
depth ≥4 mm 
 
Classification of 
moderate and 
severe 
periodontitis: 
CDC/AAP 
criteria (Page & 
Eke, 2007) 
 
Mild 
periodontitis: 
classified 
periodontitis that 
did not fit the 
first two 
categories into 
mild 
periodontitis 
 
 

Persistent 
blood pressure 
of SBP/DBP 
≥140/90 
mmHg. 
 
(Consecutive 
hypertensive 
patients who 
visited to the 
cardiology 
outpatient 
clinic) 

The median CRP levels of participants 
with mild, moderate, and severe chronic 
periodontitis were 1.0 (0.6, 2.2), 2.4 
(1.1, 4.8), and 4.1 (3.3, 9.4), 
respectively. The difference between 
the three groups was statistically 
significant (P = 0.006) 

There was a 
significant 
association between 
the severity of 
chronic periodontitis 
in the hypertensive 
individuals with 
elevated CRP levels. 
Thus, increased CRP 
levels in this category 
of hypertensive 
participants may 
place them at a 
higher risk for CVD, 
and this further 
highlights the need 
for better 
collaboration 
between physicians 
and dentists. 
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Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Al-Emadi et al., 
(2006) 
 
United States 
 
Systemic diseases 
among patients with 
and without alveolar 
bone loss  
 
 

N=460 adults 18 years. 
Mean age: 47 years,  
 
Gender: 52% women  
 
Smoking status: self-reported (yes/no) 
 
Systemic health: self-reported 

Radiographic 
assessment of 
bone loss:  
≥2.5 mm 
classified as 
moderate/sever
e periodontitis,  
<2.5 mm as 
no/mild 
periodontitis 
 
 

Self-reported 
systemic 
diseases from 
dental records 

OR= 4.2, 95% CI (2.2-8.1) risk of HT for 
patients with moderate to severe 
chronic periodontitis vs patients with no 
or mild periodontitis. Adjusted for age, 
gender, marital status, smoking history, 
and number of teeth present 
 
About 34% of subjects (n=72) with 
moderate to severe alveolar bone loss 
reported a history of hypertension, 
whereas fewer than 8% of patients 
(n=16) with no or mild alveolar bone 
loss reported having the disease 

Subjects with 
moderate to severe 
alveolar bone loss 
have an increased 
prevalence of 
systemic diseases, 
especially 
hypertension and 
diabetes mellitus  
 

Angeli et al., (2003) 
 
Italy 
 
Association 
Between 
Periodontal Disease 
and Left Ventricle 
Mass in Essential 
Hypertension 
 
 

N= 104 consecutive hypertensive subjects. None of 
the subjects had been previously treated or screened 
for hypertension.  
Mean age: 57± 10 years old 
 
Gender: 53% men 
 
Smoking status: reported but criteria to define 
smoking is not mentioned.  
Systemic health:  Patients with untreated HT  
 

CPITN HT 
SBP> 140 mm 
Hg and/or 
DBP> 90 mm 
Hg in 3 
different visits 
over 1 month  
 
 

-Logistic regression analysis: Body 
surface area, SBP/DBP, interventricular 
septum, LV posterior wall, LV internal 
diameter, relative wall thickness, and 
LV mass showed an association (all, 
p<0.05) with moderate-to-severe 
periodontal disease.  
-SBP relationship with moderate-severe 

periodontitis: =0.060 ±0.015, p≤0.0001 
-DBP relationship with moderate-severe 

periodontitis: =0.054 ± 0.02, p≤0.0001 

Findings suggest a 
direct association 
between severity of 
periodontitis and left 
ventricular mass in 
subjects with 
essential HT. 
Periodontal 
evaluation might 
contribute to refine 
cardiovascular risk 
assessment in HT 
 
 
 
 
 
 
 
 
 
 
 
 
 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Aoyama et al., 
(2017) 
 
Japan 
 
Specific 
periodontopathic 
bacterial infection 
affects hypertension 
in male patients 
with cardiovascular 
disease. 
 
 

N=611 patients with CVD  
Age: 61-80 years old.  
Mean age=70.7y in HT group vs 68.7 in non-HT group 
 
Gender: 34% of women in non-HT group and 24% in 
the HT group. 
 
Smoking status: obtained by interview 
 
Systemic health: Recorded 

Full mouth chart 
recorded. No 
diagnosis of 
periodontal 
disease 
established 

Physical 
examination 
but not 
specified case 
definition 

PPD of 71–80-year-old men with HT 
was deeper than that of non-HT 
subjects (as Fig. 1 in the manuscript). 
There was no statistical difference of 
CAL (Fig. 2)  
 
-OR periodontal bacteria AA in 
subgingival plaque→ HT 
AA: crude OR= 3.20, 95% CI (1.17–
8.74), p=0.0125 
Adjusted OR= 2.48 95% CI (0.89–
8.07), p= 0.0838 For diabetes mellitus, 
dyslipidaemia, obesity, and low-density 
lipoprotein cholesterol 
 
-OR periodontal bacteria PI in 
subgingival plaque→ HT 
Crude: OR=4.46 (1.30–15.3) p=0.005 
Adjusted: OR= 4.21 (1.38–18.4) 
P=0.0095 For diabetes mellitus, 
dyslipidaemia, and obesity 

Specific 
periodontopathic 
bacterial infection 
may affect HT in 
male CVD patients. 
Further investigations 
needed to reveal the 
detailed causal 
relationship 

Arowojolu et al., 
(2016) 
 
Nigeria 
 
An evaluation of the 
possible 
relationship 
between chronic 
periodontitis and 
hypertension  
 

N=100 subjects 
 
Mean age: 51 ± 13.6 years [20 – 88 years]. 
 
Gender: 45% male, male/female ratio of 1:1.2  
 
Smoking status: smokers were excluded from the 
study. 
 
Systemic disease recorded 
 
 

CPITN 
 
Simplified Oral 
Hygiene Index 
[OHI-S]  
 
 

Measured 
clinically and 
classified 
according to 
the 
recommendati
on by 
Chobanian et 
al., (2003) 

SBP Pearson correlation coefficient to 
worse CPITN: 0.143 (not statistically 
significant) 
 
DBP Pearson correlation coefficient to 
worse CPITN: 0.037 and not 
statistically significant 

In view of the 
significant 
relationship between 
the BP and the mean 
carotid artery intima 
media thickness, 
when compared with 
the OH status of 
respondents in this 
study, more 
emphasis should be 
laid on regular 
preventive dental 
visits as a way of 
decreasing 
cardiovascular health 
risk 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Benguigui et al., 
(2010) 
 
France 
 
Metabolic 
syndrome, insulin 
resistance, and 
periodontitis: a 
cross-sectional 
study in a middle-
aged French 
population  
 
 

N=255 participants of general population participating 
on national survey (MONA LISA) to estimate the 
prevalence of cardio-vascular risk factors 
 
-No periodontitis (N=54), age 53.0 ± 9.8, 21% males 
-Moderate periodontitis (N=102), age 59.6 ± 9.8, 
54.9% males 
-Severe periodontitis (N=99), age 58.9±8.2, 63.6% 
males 
 
Smoking status: smokers were divided into three 
categories: non-smokers, former, and current 
smokers. All smoking practices were considered 
(cigarettes, cigarillos, cigars, and pipe) 
 
Systemic health:  medical history recorded as per 
face-to face interview 

Page & Eke 
(2007)  
 
 
 

BP recorded 
with 
sphygmomano
meter Omrom 
705 
 
HT was 
defined as 

SBP 140 mm 

Hg or DBP90 
mm Hg or use 
of 
antihypertensi
ve drugs  
 
 
 

The prevalence of HT among 
participants defined as no periodontitis, 
moderate or severe periodontitis was 
14 (25.9%), 38 (37.2%) and 48 (48.5%) 
respectively p= 0.021 
 
Mean BP for non-periodontal patients:  
SBP 124.8mmHg ±16.7  
DBP 78.4mmHg ± 9.4  
 
Mean BP for periodontal patients:  
SBP 135.6 mm Hg ± 19.7  
DBP 83.0 mm Hg ±10.3  
 
Adjusted for confounders hypertension 
with moderate periodontitis OR= 0.83, 
95%CI (0.34–1.99) (Not statistically 
significant) 
 
HT with severe periodontitis OR= 1.22; 
95%CI (0.50–2.98) (not statistically 
significant) 

The data support the 
relationships 
between metabolic 
disturbances and 
periodontitis, with a 
central role of insulin 
resistance 
 

Beukers et al., 
(2017) 
 
The Netherlands 
 
 
Periodontitis is an 
independent risk 
indicator for 
atherosclerotic 
cardiovascular 
diseases among 
60174 participants 
in a large dental 
school in the 
Netherlands  
 
 

N= 60,174 individuals were identified from dental 
participants at ACTA in this time period (1998–2013).  
 
Age: > 36 years 
 
Gender: 49.2% of periodontitis patients and 45.4 of 
non-periodontitis patients 
 
Smoking status: 
Recorded as yes or no 
 
Systemic disease:  medical health questionnaire; this 
is verified by interview and entered into the electronic 
health record by the dental professional  
 
 
 
 

If at least one of 
the diagnostic 
and treatment 
codes for 
periodontitis 
(also 
corresponding to 
dental care 
insurance 
codes) was 
found in the 
electronic health 
record database 

Medical health 
questionnaire 

-12.3% of patients with periodontitis 
had HT versus 4.2% of non-
periodontitis patients. The difference 
and CI= 8.1% (7.4% to 8.7%)  
 
-After adjustment for the confounders 
(sex, SES, age at intake, smoking, 
diabetes mellitus, hypertension, 
hypercholesterolaemia), periodontitis 
remained independently associated 
with ACVD OR= 1.59; 95% CI (1.39 - 
1.81). With subsequent stratification for 
age and sex, periodontitis remained 
independently associated with ACVD 
 

This cross-sectional 
analysis of a large 
cohort in the 
Netherlands of 
60,174 participants 
shows the 
independent 
association of 
periodontitis with 
ACVD 
 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Buhlin et al., (2002) 
 
Sweden 
 
Oral health and 
cardiovascular  
disease in Sweden. 
Results of a 
national 
questionnaire 
survey 

N= 2,839  
Age: age groups (years)  
 
20–39= 1,215 (42.8%) 
40–59= 833 (29.4%) 
60–84= 791 (27.8%)  
 
Gender: 1,645 women (57.9%). 
 
Smoking status:  
Non-smoker, former, current smoker. 
 
Systemic health: 52 questions about the dental care 
insurance system, dental care habits, oral health, 
CVD and the socio-economic variables of income, 
education, profession and civil status 

Questionnaire 
based on the 
following 
questions: 
-Bleeding gums 
-Loose teeth 
-Denture 
- ‘‘Has 
somebody told 
you that you 
have deep 
pockets around 
your teeth?’’  

Concerning 
CVD, the 
participants 
were asked if 
they had had 
any type of 
CVD during 
the last 9 
years. If they 
answered 
‘‘yes’’, they 
were asked to 
specify the 
type 

Logistic regression: 
 
-Bleeding gums/hypertension: 
OR= 1.77 (1.26–2.48), p=0.001  
 
-Loose teeth/Hypertension: 
OR= 1.01 (0.62–1.65), p=0.96  
 
-Deep pockets: 
OR=1.20 (0.82–1.76), p=0.35  
 
-Dentures/Hypertension: 
OR=1.24 (0.84–1.84), p=0.28  
 
Adjusted for age, gender, smoking, 
income level, civil status and education 

This study shows an 
association between 
cardiovascular 
disease and bleeding 
gums, and presence 
of removable 
dentures. However, it 
does not indicate the 
nature of this 
association. More 
studies are needed to 
determine whether 
the relation between 
the two diseases is 
causal or only a co-
variation 

Goulart et al., 
(2017) 
 
Brazil  
 
Relationship 
between periodontal 
disease and 
cardiovascular risk 
factors among 
young and middle-
aged Brazilians. 
cross-sectional 
study  
 
 

N= 539 subjects without prior cardiovascular disease  
 
Gender: 82% male  
 
Mean age: 45 years ± 8.8 
 
Smoking status: checked by cardiologists as (never, 
former and current)  
 
Systemic disease: evaluation focusing on cardiologic 
assessment and clinical examinations  
 

Full mouth chart 
evaluation  
 
Diagnosis of 
periodontitis: 
defined as 
presence of four 
or more teeth 
with one or more 
sites with PPD ≥ 
4 mm and CAL 
≥ 3mm 
 

Use of 
medication to 
treat 
hypertension, 
and systolic 
BP ≥ 140 
mmHg, or 
diastolic BP ≥ 
90 mmHg  
 

42.6% of periodontitis patients (29) had 
hypertension vs 34.1% (93) of gingivitis 
patients and 28.8% (57) of patients with 
no periodontal disease.  
 
OR hypertension→Perio 
OR=1.35, 95% CI [0.69-2.66] p=0.39. 
Adjusted for age, sex, smoking, current 
alcohol consumption and oral hygiene 
 
Unadjusted OR=1.84, 95%CI [1.04-
3.26], p=0.04.  
 
A positive association with HT was 
found, but after multivariate 
adjustments this association was no 
longer significant. Some characteristics, 
including the distribution of CVRFs and 
age, may be associated with these 
disparities among studies 
 

This study not find 
any significant 
associations between 
cardiovascular risk 
factors and 
periodontal disease 
in this sample 
 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Chauhan et al., 
(2016) 
 
India 
 
Correlation of 
serum and salivary 
cytokines level with 
clinical  
parameters in 
metabolic syndrome 
with periodontitis  
 
 

N=1,222 
Age: Percentages given in age groups: 
A: Chronic PD MS (N=25)  
B: MS (N= 38);  
C: Chronic PD (N = 34),  
D: Control (N = 25)  
  
Gender: 54.91% male versus 45.09% female 
 
Smoking status: history of habit of smoking or 
chewing  
 
Systemic disease: recorded 
 

≥2 or more teeth 
with PPD ≥4 mm 
and CAL ≥ 4 
mm that bleed 
on probing (as 
per Armitage, 
1999) 

MetS 
according to 
the 
International 
Diabetes 
Federation 
(IDF) criteria 
for MS  
 

SBP/DBP (Mean±SD) for: 
 
-PD group: 126 ± 8.41/  
84 ± 8.7) 
 
-Control group: 125.36 ± 3.90/ 81.36 ± 
2.87) 

Pro-inflammatory 
marker TNF-α has 
correlation with 
clinical parameters in 
patients of MS having 
PD. The study 
suggests level of 
salivary TNF-α may 
be utilized as a 
surrogate marker of 
MS and PD 

Chen et al., (2016) 
 
China 
 
Metabolic syndrome 
and periodontal 
disease among 
civilian pilots 
 
 

N=303 civilian pilots 
 
Mean age: 34.92 ± 7.66 y  
 
Gender: Not mentioned. male? 
 
Smoking status: tobacco consumption recorded 
 
Systemic disease: 
Questionnaire and physical examination 

CPI  3 (WHO) High BP (SBP 

130 mm Hg 

or DBP  85 
mmHg)  
 

Significant correlation (0.42) found 
between BP and CPI  
(p < 0.05). 
 

The prevalence of 
MetS was sufficiently 
high to be a matter of 
medical concern, and 
was associated with 
PD among civilian 
pilots 
 

Choi et al., (2015) 
 
Korea 
 
Associations among 
oral hygiene 
behaviour and 
hypertension 
prevalence and 
control: the 2008 to 
2010 Korea 
National Health and 
Nutrition 
Examination Survey  
 

N= 19,560 adults 
 
Age: 9,801 men [19 - 91], 9,759 women [19-95]  
 
Smoking status:  
1) Non-smokers (never smoked or had smoked <100 
cigarettes in their lifetime) 
2) Ex-smokers. 
3) Current smokers. 
 
Systemic health: recorded 

The (WHO) 
community 
periodontal 
index (CPI)  
 

Hypertension 
was defined as 
an average BP 

140/90 mm 
Hg or the use 
of 
antihypertensi
ve medication 

The adjusted OR of HT prevalence was 
OR= 1.195, CI 95% (1.033 - 1.383) for 
individuals who brushed their teeth 
 
OR for HT as reported in Martin-
Cabezas, (2016). OR= 2.34, CI 95% 
(2.20-2.50) 

Individuals with poor 
OH behaviour are 
more likely to have a 
higher prevalence of 
HT, even before 
periodontitis is 
shown. OH behaviour 
may be considered 
an independent risk 
indicator for HT, and 
maintaining good oral 
hygiene may help to 
prevent and control 
HT  
 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Chrysanthakopoulo
s &  Chrysanthako-
poulos (2016) 
 
Greece 
 
Association 
between indices of 
clinically-defined 
periodontitis and 
self-reported history 
of systemic medical 
conditions 
 
 

N= 3,360 outpatients  

Age: 45–65 years  
Gender: 1,512 males and 1,848 females  
 
Smoking status: recorded 
 
Systemic health: patients completed a health 
questionnaire 

-Full mouth 
examination (6 
sites per tooth) 
-The severity of 
PPD and CAL 
was classified 
according to the 
term “clinically-
established 
periodontitis” 
and was given 
by two 
measures: 
number or 
percentage of 
one diseased 
site, with a PPD 
of ≥5 mm and 
CAL of ≥6 mm in 
two or more 
teeth 

Diagnosis of 
HT as per 
patient self-
reported 
questionnaire 

For PPD>5mm=  
-Unadjusted OR=0.192, 95% CI (0.12–
0.31) p=0.000 
-Adjusted OR= 1.268, 95% CI (0.85–
1.51) p=0.000  
 
For CAL>6mm= 
-Unadjusted OR= 0.039, 95% CI (0.02–
0.09) p=0.000 
-Adjusted age, sex, smoking: OR= 
1.472, 95% CI (0.58–3.76) p=0.000 
 
Regression analysis considers 
periodontal disease as dependent 
variable! 

The findings of the 
current research 
confirm the results of 
previous 
investigations 
showing that a 
number of systemic 
medical conditions 
are significantly 
associated with PPD 
or CAL.  
 
Significant 
associations were 
also observed 
between increased 
PPD/CAL and the 
occurrence of HT  
 

D’Aiuto et al.,  
(2008) 
 
US 
 
Association of the 
Metabolic 
Syndrome with 
Severe Periodontitis 
in a Large U.S. 
Population-Based 
Survey  
 
 

N=13,677 individuals.  

Age & Gender: As per groups 

 
-No periodontitis (N=11,758), age 38.7(37.8 –39.5), 
51.2% females 
-Moderate periodontitis (N=1,582), age 54.2(53.0 –
55.5), 40.0% females 

-Severe periodontitis (N=337), age 52.3(49.8–55.3), 

31.7% females 

 

Smoking: recorded 

 
Systemic health:   Data obtained from (NHANES III) 
conducted in 1988–1994 on a national probability 
sample of non-institutionalized, non-military American 
population  

Page & Eke, 
(2007) 
 
 

High BP (SBP: 
130 mm Hg or 
DBP: 85 mm 
Hg or on BP 
medication) 
 
 

-Moderate and severe periodontitis: 
higher prevalence of HT (51–56%, 95% 
CI 47– 64 vs. 27%, 95% CI 25–29) (all 
p=0.001), compared with those with no 
or mild periodontitis.  
 
-A 10% increase in the periodontal 
pocket extent with an OR of 1.13, 95% 
CI (1.03–1.24), p=0.05 for metabolic 
syndrome. Moreover, there was a 
positive association of each periodontal 
marker with each individual component 
of the metabolic syndrome (i.e. 
hypertension OR was approximately 
1.09 according to fig.1) even after 
adjusting for confounders. 

Severe periodontitis 
is associated with 
metabolic syndrome 
in middle-aged 
individuals. Further 
studies are required 
to test whether 
improvements in oral 
health lead to 
reductions in 
cardiometabolic traits 
and the risk of 
metabolic syndrome 
or vice versa 
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Desvarieux et al., 
(2010) 
 
US 
 
Periodontal bacteria 
and hypertension: 
the oral infections 
and vascular 
disease 
epidemiology study 
(INVEST)  
 
 
 
 
 

N= 653 patients  

Age ≥55 years old.  

Males were younger than female (67 ± 8 vs. 70 ± 9 

years, p<0.001)  

 

Gender: 60% females.  

 

Systemic health:  MH obtained through interview 

using standardized questions adapted from the 

Centers for Disease Control and Prevention 

Behavioral Risk Factor Surveillance System  

6 points PPD 
chart with a 
UNC15 probe 
+ up to 8 
subgingival 
plaque samples 
form the 2 most 
posterior teeth 
 
-Periodontitis 
defined as per:  
1. based on 
DC/AAP 
guidelines (Page 
&Eke, 2007): 
mild, moderate, 
severe. 
2.  Based on 
previous data 
from INVEST 
(Demmer et al 
2008): 
Periodontitis= % 

PD3mm 

BP and 
hypertension: 
1. SBP ≥140 
mmHg, 
DBP≥90 
mmHg or  
 
2. Taking 
antihypertensi
ve medication, 
or  
 
3. Self-
reported 
history  
 
2 BP 
measurements 
separated by 
15 min 
 
Biomarkers:  
CRP and WBC 
collected 

A) HT prevalence, (Demmer definition): 
mean SBP or mean DBP across tertiles 
of % PD≥3: 57%, 59% and 70% 
(p=0.004); 136, 138, 143 mm Hg (p= 
<0.0001); and 77, 77, 82 mmHg (p 
<0.0001), respectively.  
 
B) The prevalence of HT among 
participants defined as “healthy” or 
having either moderate or severe 
periodontitis was 72%, 58% and 66% (p 
for linear trend=0.64), respectively   
 
The OR of HT was 3.05, 95%CI [1.60-
5.82] times greater among participants 
in the third vs. first tertile of (bacterial) 
etiologic burden; after further 
adjustment for WBC and CRP, the OR 
increased to 3.93, 95%CI [1.76- 8.76] 

This data provided 
evidence of a direct 
relationship between 
the levels of 
subgingival 
periodontal bacteria 
and both SBP, DBP 
as well as HT 
prevalence 

Franek et al., (2009) 
 
Poland 
 
Association of 
chronic periodontitis 
with left ventricular 
mass and central 

blood pressure in 

treated patients with 
essential 
hypertension  
 

Periodontitis group (CPITN 3–4), N= 50 patients  
Gender: 23 men. 
Age= 51.4 ± 5.2 years,  
 
Non-periodontal cases (CPITN 1-2), N=49 patients,  
20 men, 49.3 ± 5.5 years. 
 
Smoking status and medical history: recorded 
including history of hypertension, medication, and 
nicotine use 

CPITN 
 
Severe perio (3-
4 CPITN) 
 
Non-moderate 
perio (1-2 
CPITN) 

-Office BP was 
recorded  
-Aortic BP and 
pulse wave 
velocity (PWV) 
were 
measured by a 
non-invasive 
automated 
device 
(Sphygmocor, 
Atcor Medical)  
 

CPITN 1-2 vs CPITN 3-4: 
SBP= 131±11 vs 128±9mm Hg, p=0.29; 
DBP= 85±10 vs 82 ± 7 mm Hg, p=0.12 
 
Aortic SBP: 
116±15 v 124±17mm Hg, p<0.05;  
Aortic DBP: 78±9 v 79±10 mm Hg, 
p=0.56 
 
Partial regression coefficient: 4.01, CI 
(0.27- 7.76), p=0.03:  an association 
has been found with the duration of HT 
and CPITN  

More severe forms of 
periodontitis are 
associated with 
increased CBP and 
LVM in patients with 
primary HT 
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Franek et al.,  (2010) 
 
Poland 
 
Blood pressure and 
left ventricular mass 
in subjects with type 
2 diabetes and 
gingivitis or chronic 
periodontitis  
 

N= 155 patients with Diabetes  

Age: mean age 61.1 ± 6.9 years,  
Gender: 67 F, 88 M 
Smoking: Excluded smokers 

Systemic health: Diabetes II was an inclusion criteria 

Full mouth exam 
(4 sites PPD) 
according to 
Offenbacher et 
al 2007 (5 sub-
classifications): 
1.BGI-H= 

PD3mm and 
BOP extent 
score <10%  
2.BGI-G= 

PD3mm and 
BOP extent 
score >10% 

3. PI=PD4 mm 

with BOP10%  

4. P2= PD4 
mm with BOP 

10%50% 

5. P3= PD4 
mm with BOP 

50% 

1- Office blood 
pressure 
 
2-Central 
blood pressure 

-Systemic BP (SBP/DBP): 
Healthy (H): 130±14/ 79±8 
Gingivitis (G): 136±12/ 79±7 
Periodontitis (PI): 140±11/ 84±7  
Differences statistically significant for 
SBP but not for DBP.  
 
-Central BP (SBP/DBP): 
Healthy: 116.2 [106.5-125.9]/ 76.1 
[70.9- 81.3]  
Gingivitis: 124.2 [121-127.3]/ 79.9 
[78.2-81.6] 
Periodontitis (PI): 131.8 [125.7- 137.9]/ 
84.6 [81.3- 87.8]  
Differences statistically significant for 
SBP and DBP. 

In subjects with type 
2 diabetes, 
periodontitis and 
gingivitis are 
associated with 
increased LVM and 
periodontitis is 
associated with 
increased central and 
systemic BP 

Fukui et al., (2012) 
 
Japan 
 
Periodontal Status 
and Metabolic 
Syndrome in 
Middle-Aged 
Japanese  
 
 

N=6,421patients  

Age: 34-77 years 
Gender: Different age range reported 
 
Smoking status: smoking habit, as a categorical 
variable was used in statistical analyses: 1) never 
smoker; 2) former smoker; 3) current light smoker 
(<20 pack-years); and 4) current heavy smoker (≥20 
pack-years)  
 
Systemic health: Each individual completed a self-
administered questionnaire in advance that included 
their lifestyle habits and systemic disease treatment 
status 
 
 

Periodontal 
condition based 
on the method 
of the Third 
National Health 
and Nutrition 
Examination 
Survey was 
examined 
(Brown et al. 
1996) 
 

High BP (≥130 
mmHg/85 
mmHg) 
 

Periodontal status was significantly 
associated with each component of 
MetS, and MetS itself (i.e. the 

percentage of patients with SBP130 or 

DBP 85 was 34.6% and 28.0% for 
moderate/severe vs non/mild 
periodontitis respectively (p=<0.0001) 
 
According to CAL, was 32.1% vs 27.9% 
for moderate/severe vs non/mild 
periodontitis respectively (p=<0.0001) 
 

The results of this 
study suggest that 
periodontal status, 
particularly in 
individuals suspected 
to have untreated 
periodontal infection 

indicated by 4 mm 
PD, is significantly 
associated with MetS 
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Furuichi et al., 
(2003) 
 
Japan 
 
Associations of 
periodontal status 
with general health 
conditions and 
serum antibody 
titers for 
Porphyromonas 
gingivalis and 
Actinobacillus 
actinomycetemcomi
tans 

N=1,314 

 

Age >40 years, 
 
Gender: 746 females, 568 males 
 
Smoking status: measured by questionnaires (pack-
years) 
 
Systemic health: collected by a team of medical 
doctors 

CPITN, IgG 
antibodies titers 
for Pg and Aa 

Measured  Mean SBP (mm Hg): 
CPITN: 134 ± 21.6 
CPTIN 3: 132.1 ± 21.5 
CPITN0/1/2: 132.2 ± 22.8 
No statistically significant differences 
among groups 
 
Mean DBP (mmHg): 
CPITN 4: 78.8 ± 10.8 
CPTIN 3: 77 ± 11.2 
CPITN0/1/2: 77.4 ±12 
No statistically significant differences 
among groups 
 
Simple regression: 
OR of HT→ perio:  
SBP:1.07 [0.94-1.23), p=0.3003 
DBP:1.19 [1.04-1.37], p=0.011 
 
Multiple regression 
OR of HT→ perio:  
SBP: 0.86 [0.70-1.05], p=0.144 
DBP: 1.27 [1.05-1.55], p=0.0167 

Significant 
associations between 
periodontal status 
and several health 
conditions were 
found in the adult 
population examined, 
including gender, 
smoking habit, 
diastolic blood 
pressure, white blood 
cell counts, CRP, and 
serum IgG antibodies 
to P. gingivalis 
fimbriae, IgG P. 
gingivalis whole cell, 
and IgG A. 
actinomycetemcomit
ans whole cell titers 

Gomes-Fihlo et al., 
(2016) 
Brazil 
 
 
Severity of 
periodontitis and 
metabolic  
syndrome: is there 
an association?  
 

N= 419 patients from the Diabetes and hypertensive 
treatment center.  

Mean age: 59 ±13.3 years [24-89] 
Gender:  259 females 
 
Smoking: questionnaire 
Systemic health: Questionnaire and clinical and oral 
examinations and lab test done 

Full mouth 
periodontal 
charting. 

Periodontitis: 4 

teeth with 1 
site with a PD 

4 mm, CAL 3 
mm, and BOP  
 
Severity as per 
Page & Eke, 
(2007) 
 
 

Measured with 
stethoscope 
 
  

SBP130 
mmHg 

DBP85 
mmHg  
 

Periodontitis and MetS adjusted OR= 
2.11, 95% CI (1.01-4.40), p= 0.05 
Adjustment for sex, age, household 
density, alcoholic beverage 
consumption, smoking habit, and CVD 
 
62.80% (91 patients) with periodontitis 
had HT versus 67.60% (184 patients) 
without periodontitis had HT p=0.32 
 
70.30% (102) patients with periodontitis 

had SBP130 vs 59.10% (162 patients) 
with non-periodontitis p=0.02 and 
49.70% (72 patients) with periodontitis 

had DBP85 vs 43.10% (118 patients) 
without periodontitis 

The results suggest 
that periodontitis is 
associated with 
MetS, and that MetS 
prevalence is related 
to severe 
periodontitis 
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Gordon et al. (2018) 
 
The US 
 
Association of 
clinical measures of 
periodontal disease 
with blood pressure 
and hypertension 
among 
postmenopausal 
women 
 
 
 

N: 1341 postmenopausal women  
 
Age: 66.7 (7.0) 
 
Smoking status: Reported as never, former or current.  
 
Systemic health: Assessed by questionnaire as part 
of WHI-OS or OsteoPerio study, Height and weight 
measured, BMI, medication via inventory 
 
 

Full mouth 
charting. PPD 
with Florida 
probe, CAL 
assessed with 
manual probe 
and bone loss 
with radiographs 
evaluation.  
 
CDC-AAP (Page 
& Eke, 2007) 
 
ACH loss 
(Alveolar crestal 
Height) 

BP measured 
twice on the 
same day. 
Hypertension 
was also 
defined if 
patient 
answered yes 
to HTN dx in 
questionnaire 
or was taking 
antihypertensi
ve medication 
 
 

16.2% of patients with severe 
periodontitis had hypertension versus 
26.2% with none or mild hypertension 
had Hypertension 
 
28.6% of patients with severe alveolar 
bone high loss had HT versus 23.1% of 
patients with no alveolar crestal height 
loss 
 
Alveolar crestal height (ACH) and 
gingival bleeding on probing were 
associated with higher SBP in crude but 
not multivariable adjusted models. 
 
Neither probing pocket depth (PPD) nor 
severity categories of periodontitis were 
associated with SBP: 
OR moderate perio→HT= 1.06 CI(0.80-
1.40) p.0.59 
OR severe perio→HT= 1.03 CI(0.71-
1.50) p. 0.88 

These results 
suggest that 
measures of oral 
health including CAL 
and number of teeth 
missing are 
associated with blood 
pressure in 
postmenopausal 
women. 

Gorska et al.,  
(2017) 
 
Poland 
 
Correlation between 
the state of 
periodontal tissues 
and selected risk 
factors for 
periodontitis and 
myocardial 
infarction  
 
 

N=417 patients hospitalized due to recent MI.  
 
Age: 25 - 69 years.  
 
Gender: 92 women 
 
Smoking status: current (smoking ≥10 cigarettes/day 
continuously for at least 5 years), smoking in the past 
and never;  
 
Systemic disease: checked by interview and recorded 

CPI index  
 
 

Arterial HT 
was defined as 
SBP ≥ 140 
mm Hg or 
DBP ≥ 90 mm 
Hg or use of 
antihypertensi
ve drugs.  
 

The percentage of pockets of PPD  
4mm was 29.3% ± 25.4 for people with 
HT vs 23.4% ± 21.9 for people without 
HT. 
 
Similarly, the mean PD was 3 ±1.1 for 
HT vs 2.8± 0.9 for non-HT 
 

The degree of 
severity of 
periodontal disease 
can impact 
hypertension and 
diabetes, which could 
potentially influence 
the occurrence and 
course of CVD 
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Han et al. (2018) 
 
Korea 
 
Clinical implication 
of fasting glucose 
and 
systolic/diastolic 
blood pressure on 
the prevalence of 
periodontitis in non‐
diabetic and non‐
hypertensive adults 
using nationally 
representative data 
 
 

N: 8,341 respondents without diabetes and 
hypertension of which (1968 had periodontitis) 
 
 
Age: >19 years old 
Periodontitis patients: 56.24 (1.17) years old 
No periodontitis patients: 44.65 (0.66) years old  
 
 
Smoking status: classified as current smokers and 
non-smokers 
 
 
Systemic health: Heath status of each participant was 
evaluated and measured. 

 Community 
Periodontal 
Index (CPI) 
(WHO) 
 
Periodontitis: 
CPI> 3 
 
Moderate 
periodontitis= 
CPI 3  
Severe 
periodontitis= 
CPI 4 

BP measured 
using 
sphygmomano
meter 
(Baumanomet
er; W.A. Baum 
Co., Inc., 
Copiague, NY, 
USA).  
SBP and DBP 
were 
performed two 
times with a 5-
min interval, 
and the 
average of the 
two 
measurements 
was used for 
the analysis. 
DX=SBP/DBP 
≥140/90 
mmHg or 
taking anti-HT 

-The mean blood pressure in perio vs 
non-perio was:  
 
SBP= 112.91±0.31 for perio patients 
versus 109.73±0.18 for non-perio; 
p<0.001 
 
DBP=74.01±0.22 for perio patients 
versus 91.66±0.15 for non-perio 
patients; p<0.001 
 
-Most adjusted OR: The ORs and 95% 
CIs for SBP of 90≤x<100= 1.116 
(0.591‐2.107) 
100≤x<110= 1.165 (0.624‐2.175) 
110≤x<120= 1.238 (0.673-2.278) 
120≤x<130= 1.008 (0.538-1.888) 
130≤x<140= 1.042 (0.545-1.993) 
Adjusted for:  Model 2 + number of 
natural teeth, frequency of tooth 
brushing per day, use of secondary oral 
products and duration of sleep 
adjusted. 

The association 
between fasting 
glucose/blood 
pressure and 
periodontitis was 
proven by multiple 
logistic regression 
analyses after 
adjusting for 
confounding factors 
among non-diabetic 
and non-hypertensive 
Korean adults. 

Han et al., (2010) 
 
Korea 
 
The association of 
metabolic syndrome 
with periodontal 
disease is 
confounded by age 
and smoking in a 
Korean population: 
the Shiwha– 
Banwol 
Environmental 
Health Study  

N=1,046 
Age:  42.3±12.2 (18 – 84) years.  
 
Gender: 457 men 
 
Smoking: Measured: over 20 packs in lifetime 
(yes/no) 
 
Systemic health assessment questionnaire 

CPI (WHO)  
Periodontitis 
(CPI 3 or CPI 4)  

 

HT (≥130/85 
mm Hg or on 
blood pressure 
medication). 

48.7% (131 patients) with CPI 3-4) had 
HT versus 51.3% (138 patients) with 
CPI 2-1 and HT 
 
MS was strongly associated with 
periodontitis (OR= 1.7, 95% CI= [1.22–
2.37], p=0.002 

Our results 
suggested that MS 
might be associated 
with periodontitis and 
the association was 
confounded by age, 
gender, and smoking. 
MS with high glucose 
and hypertension 
showed the higher 
impact on this link  
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Han et al., (2016) 
 
 
Korea  
 
Excessive 
consumption of 
green tea as a risk 
factor for 
periodontal disease 
among Korean 
Adults  
 

N=16,726 
Age/gender: 40.57 ± 0.26/male 45.7% (0.5) (non-
perio) 
Age/gender: 52.08 ± 0.31/male 59.4% (0.7) (perio) 
 
 
Smoking status: was defined according to self-
reported cigarette use and based on current smoking 
habits  
Systemic health: Questionnaire and clinical 
examination 
 
 
 
 
 
 
 

CPI on 10 
specific index 
teeth.  
A CPI of 3 or 4 
was considered 
as having 
periodontitis 
(moderate and 
severe 
periodontitis), 
respectively  

SBP ≥ 140 
mm Hg or 
DBP ≥ 90 
mmHg or 
taking 
hypertensive 
medication 

38.9% ± 0.9 of the patients with 
periodontitis had HT versus 20.8% ± 
0.5 of the non-periodontal patients had 
HT p<0.0001 

In conclusion, 
excessive 
consumption of green 
tea may be 
considered as a risk 
factor for periodontal 
disease among 
Korean adult 

Holmlund et al., 
(2006) 
 
Sweden 
 
Severity of 
periodontal disease 
and number of 
remaining teeth are 
related to the 
prevalence of 
myocardial 
infarction and 
hypertension in a 
study based on 
4,254 subjects  

N= 4,254 (3,352 patients  
referred to Gavle University perio department + 902 of 
general population) 
 
 
Periodontal severity index (PDSI):  
PDSI<1 (no disease): N = 510;  
PDSI 1-1.9 (mild): N = 201; 
PDSI 2-2.9 (moderate); N = 281;  
PDSI >2.9 (severe) N = 726 
 
Mean age: 53 ±14 years 
 
Gender: 2,388 females 
 
Systemic health and smoking: questionnaire about 
their medical history, medications, and smoking habits 

Full-mouth 
probing (4 
points)  

PPD 5 mm was 
regarded as 
diseased. Full-
mouth 
radiographs 
  
Periodontal 
severity index 
(PDSI) was 
calculated 
 

Self-reported 
questionnaire. 
HT was 
defined as 
drug treatment 
for HT  
 

Relationship between the prevalence of 
HT and periodontal bone loss: (OR= 
1.32, 95% CI [1.13–1.54], p<000.5)  
 
Relationship between number of 
diseased periodontal pockets and HT: 
OR= 1.01, 95% CI [1.01–1.02], 
p<0.0001 
 
 

Severity of 
periodontal disease 
was related to HT 
independent of age 
but to the prevalence 
of MI in middle-aged 
subjects only.  
Number of diseased 
pockets was 
significantly for HT 
only.  
Number of teeth 
associated with 
prevalence of MI 
independent of age 
(not HT). 
These data support 
the view that oral 
health is related to 
cardiovascular 
disease in a dose-
dependent manner 
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Iwashima et al 
(2014) 
 
Japan 
 
Additive interaction 
of oral health 
disorders on risk of 
hypertension in a 
Japanese urban 
population: the Suita 
Study  
 

N= 1,643 participants  
 
Mean age= 66.6 ± 7.9 y 
 
Gender: 43.4% of men  
 
Smoking status: recorded 
 
Systemic health: questionnaire on individual personal 
habits and present illnesses  
 

A modified 
CPITN (in 8 
designated 
molars; first and 
second molars 
and 2 incisors) 
Gingival 
bleeding 
Occlusal support 
or masticatory 
performance 
was recorded by 
means of the 
Eichner index  
 
 

Hypertension: 
SBP ≥140mm 
Hg and/or 
DBP ≥90 mm 
Hg, or use of 
antihypertensi
ve medication  
 

-Significantly worse CPITN in HT 
subjects, higher prevalence of gingival 
bleeding, lower tooth number, and 
worse Eichner index. After adjustment, 
no individual oral health markers were 
significantly associated with HT.  
-CPITN4 OR for HT= 
1.05, CI 95% [0.96-1.16], p=0.24 
adjusted for multivariable- model 
included age, sex, body mass index, 
diabetes, dyslipidaemia, eGFR, 
smoking 
-CPITN4 and BoP+ OR for HT= 
1.72 [1.17-2.50], p<0.01 adjusted for 
multivariable-model included age, sex, 
body mass index, diabetes, smoking, 
dyslipidaemia, eGFR 

There is an additive 
relationship between 
oral health disorders 
and risk of HT. Our 
results suggest that 
the existence of 
moderate or severe 
oral health 
disorders—that is, 
several concomitant 
oral health 
disorders—is 
associated with risk 
of HT 
 

Khocht et al., (2017) 
 
USA 
 
Gingival fluid 
inflammatory 
biomarkers and 
hypertension in 
African Americans  
 
 

N=21 subjects with HT and 26 non-HT group 
 
Mean age=  
52.3 ±1.7 in non-HT group vs  
52 ±1.9 in HT group 
 
Gender:  
30.8% of males in non-HT group vs 
23.8 % of males in HT group 
 
Smoking status: no cigarette smoking at least 6 
months prior to study 
 
Systemic health: free from other systemic illness. A 
comprehensive medical history interview was 
undertaken 

Full mouth 
assessment.  
 
Definition:  
Eke et al. 2012  
 
Gingival 
crevicular fluid 
(GCF) was 
collected non-
diseased sites 
and in diseased 
sites as having 
PD>4 mm with 
equivalent or 
greater CAL 

BP 
(Chobanian et 
al, 2003)  
 
HT: self-
reported, BP 
between 
140/90 and 
160/100 mm 
Hg  
  
GCF for: 8-
isoprostane, 
IL-1B, 
monocyte 
chemoattracta
nt, protein 1 
(MCP-1), 
TNFα 
CRP, MMP8  

-Regression analysis (adjusted for 
demographics, smoking, BMI, and 
plaque index) showed almost twice as 
much AL in hypertensive (HTN= 
0.87±0.13 as non-HTN subjects 
0.49±0.11). 
 
-Biomarker levels and TNFα rates as a 
function of HT and PD. Regression 
analysis (transformed data) showed 
higher rates of TNFα and higher levels 
of all other biomarkers in subjects with 
deep pockets (all p< 0.05).  
-In subjects with shallow pockets, higher 
levels of CRP were found in the GCF of 
HT people than normotensive subjects 
(p= 0.02).  
-Other biomarkers showed no 
statistically significant associations with 
HTN; however, their levels were 
significantly higher in subjects with deep 
pockets 
 

In conclusion, 
individuals with 
elevated blood 
pressure show 
heightened levels of 
2 inflammatory 
mediators in the 
gingival fluid 
collected from non-
diseased sites, which 
may exacerbate 
periodontal tissue 
damage 
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Koo et al. (2018) 
 
Korea 
 
Prevalence and 
Risk Factors for 
Periodontitis Among 
Patients with 
Metabolic 
Syndrome  
 
 
 

N: 13196  
 
Periodontitis group: 6598; mean age= 57.2±13.0 years 
old and 53% males 
 
Non-periodontitis group: 6598; mean age= 57.4±13.0 
years old and 51% males 
 
Smoking:  
Smoker= current smoker or >100 cigarettes in their 
whole life 
 
Systemic health: Assessed with questionnaire and 
clinical measurements.  

CPI (WHO)  
 
Periodontitis 
CPI=3/4 

SBP/DBP=  
≥140/90 
mmHg or 
taking 
antihypertensi
ve medication 

-Prevalence:  
 
Perio group had 43% of patients with 
hypertension) versus non-perio group 
40%; p <0.001 
 
-Mean BP : 
 
Perio group: 
SBP = 123.5±17.3  mm Hg  
DBP= 77.1±10.5 mm Hg 
 
Non-perio:  
SBP= 122.3±16.8 mm Hg p<0.001 
DBP= 76.8±10.2 mm Hg p=0.150 
 
-OR Metabolic syndrome→ Perio: 
OR=1.14 (95%CI: 1.03-1.27) with 1 
component 
OR=1.52 (95%CI: 1.13-2.05) with 5 
components 
(adjusted for sex, educational level, 
BMI, smoking, FPG level) 
 

Patients with Met 
Syndrome had 1.12-
fold increase higher 
risk of periodontitis 
than those without. 
The risk of 
periodontitis 
increased as the 
number of MS 
components 
increased.  

Kushiyama et al., 
(2009) 
 
Japan 
 
Relationship 
between metabolic 
syndrome and 
periodontal disease 
in Japanese adults 
 
 

N= 1,070 subjects 
 
Age > 40 years old 
 
Gender: 281 males 
 
Smoking status: former or current smoker 
 
Systemic disease: self-administered questionnaire  
 
 
 
 

CPI (WHO) 
 
Divided by (0-3) 
or 4 scores 
(periodontitis) 

HT: BP≥130/ 
85 mm Hg 

188/316 patients with CPI=4 vs 
325/754 patients with CPI code of 1-3 
had HT 
 
OR of HT→Perio: 
-Crude: OR=1.94 [1.49-2.53], p<0.001 
 
-Adjusted for age, gender, and smoking 
habits: OR=1.59 [1.20-2.11], p= 0.001 
 
 

This study supports 
the suspected but 
unproved relationship 
between metabolic 
syndrome and 
periodontal disease 
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Kwon et al., (2011) 
 
Korea 
 
 
The relationship 
between 
periodontitis and 
metabolic syndrome 
among a Korean 
nationally 
representative 
sample of adults  

N= 7,178 subjects 
 
Age: >19 years old 
 
Gender:  2694 males  
 
Smoking status: past, current or non-smoker 
 
Systemic disease: self-administered questionnaire  
 

CPI (WHO) 
 
Divided by (0-3) 
or 4 scores 

HT: BP≥ 
130/85 mm Hg 

OR HT→Perio= 1.12 [0.94–1.34] 
 
-Periodontitis patient had mean value of 
SBP= 120.12 [119.11– 121.14] and 
DBP= 76.94 [76.29– 77.58] vs 
-Non-periodontitis patients:   
SBP= 110.84 [110.15– 111.53] and 
DBP= 73.61 [73.07– 74.16]  
 
Prevalence:  1,167 patients (36.2% 
[33.9–38.6]) of periodontitis patients vs 
718 (18.5% [17.1–20.1]) of non-
periodontitis had HT 

MS is associated with 
periodontitis.  
 

Lysek et al., (2015) 
 
 
Poland 
 
Association 
between central and 
peripheral blood 
pressure and 
periodontal disease 
in patients with a 
history of 
myocardial 
infarction  
 

N= 99 patients (patients had had MI 6-18 months prior 
to study) 
 
Mean age= 60.5 ± 8.71 years.  
 
Gender: 71 men 
 
Smoking status:  considered smokers if they reported 
smoking at least cigarette during the month preceding 
the interview or had at least 10 ppm of carbon 
monoxide in exhaled air.  
 
Systemic health: data on the history of ischemic heart 
disease, drug use, demographic characteristics, and 
the presence of risk factors were collected by an 
interview using a standard questionnaire 
 
 

CPI HT was 
defined as 
peripheral BP 
≥140/90 mm 
Hg or higher 
and central 
BP≥130/90 
mm Hg, as per 
Cheng et al 
(2013) 
 
All participants 
took at least 1 
hypertensive 
drug 

-Central and peripheral BP increased 
with an increase of the CPI  
-After adjustment for covariates: 
Patients from the CPI  3+4 group were 
found to have almost 3 times higher 
odds of central BP of 130/90 mm Hg or 
higher OR=2.90, 95% CI [1.14–7.66] 
and more than 3 times higher odds of 
peripheral BP of 140/90 mmHg or 
higher OR 3.38, 95% CI [1.30–9.42] vs  
 
-Patients from the CPI 1+2 group.  
58.3% of people with CPI=3+4 had 
peripheral BP ≥140/90 mmHg versus 
25.5% of people with CPI=1+2 p<0.001 
also 62% of people with CPI=3+4 had 
central BP ≥130/90 mmHg versus 
31.4% of people with CPI=1+2 p=0.002 
 
-CPITN=3/4 had mean pSBP=144.8 ± 
21.68, cSBP=130.3 ± 20.55, 
pDBP=87.4 ± 12.48,  
cDBP=92.3 ± 12.49 
vs CPITN 1+2 pSBP=129.0±19.14, 
cSBP=116.3±17.19, pDBP=78.8   ± 
10.29, cDBP=80.6 ±11.01 p<0.001 

In conclusion, there 
is a similar 
association be- 
tween PD and central 
and peripheral BP. 
The association 
between PD and BP 
may partially ex- 
plain the CV risk 
related to chronic PD. 
High antibody titer 
against P.g. not 
related to central or 
peripheral BP 
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Machida et al., 
(2014) 
 
Japan 
 
 
 
Severe Periodontitis 
Is Inversely 
Associated with 
Coffee 
Consumption in the 
Maintenance Phase 
of Periodontal 
Treatment 

N= 430 patients with chronic periodontitis in the 
maintenance phase 
Mean age=66.4 ± 9.9y  
 
Gender: Males: 86 (20.8%); Females: 328 (79.2%) 
 
Smoking status: current, never and former. 
Systemic health: not mentioned how it was recorded, 
but data of diabetes, hypertension, dyslipidaemia and 
heart disease given  

Chronic 
periodontitis was 
defined as ≥1 
tooth site with 
PPD ≥4 mm  
 
6 points pocket 
chart recorded 
 
Periodontitis 
severity 
according to  
Page&Eke 
(2007)  

Not mentioned 
diagnosis or 
how it was 
recorded 
 

The presence of moderate/severe 
periodontitis was correlated with 
presence of HT (Adjusted OR = 1.99, 
95% CI (1.07-3.71), p< 0.05. 
 
With severe periodontitis:  
Adjusted OR = 2.46, 95% CI (0.82-
2.59), p= 0.196 
 
84 of moderate-severe periodontitis 
patients (28.7%) had HT vs 17 of non-
periodontitis or mild periodontitis 
(14.0%) had HT p=0.002 

There appears to be 
an inverse 
association between 
coffee consumption 
(≥1 cup/day) and 
prevalence of severe 
periodontitis in the 
maintenance phase 
of periodontal 
treatment  

Moghadam et al., 
(2016) 
 
Iran 
 
 
A Relationship 
between Tooth Loss 
and Periodontal 
Disease with 
Increased Blood 
Pressure in Adults: 
A Population-Based 
Study in Iran 

N= 700 adults  

Mean age=45.62 ±7.4 

Gender: 46.7% female vs 53.3% male 
 
Smoking status: the participants were categorized into 
five groups with respect to smoking (Volzke et al. 
2007) 
 
Systemic health: Systemic diseases were investigated 
(Questionnaire) 

Periodontal 
chart was 
completed for 
each person by 
one examiner.  
The number of 
natural teeth in 
both jaws was 
counted for each 
person.  
 
Patients were 
categorized in 
four groups: 
periodontitis, 
gingivitis, 
healthy, 
complete 
edentulism 
 
 
 

BP measured 
in clinical 
examination 
under 
standardised 
conditions 
(Stethoscope) 
 
BP≥140/90 
mmHg  
 

A positive and significant correlation 
was also observed between tooth loss 
and SBP 
  
Periodontal disease and BP: per unit 
change in periodontal disease from 
Class 1 to Class 4, SBP increased 
4.95mm Hg (p<0.001)  
 
In addition, per unit change in 
periodontal disease (from Class 1 to 
Class 4), DBP increased 3.03mm Hg (p 
<0.001) 
 
 

Total edentulism was 
in relation to 
increasing levels of 
SBP and DBP in the 
adult population 
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Morita et al., (2009) 
 
Japan 
 
Association 
between periodontal 
disease and 
metabolic syndrome 
 

N= 2,478 employees  
 
Mean age= 43.3 years old [24-60]  
Gender: 2,028 men 
 
Smoking status recorded 
Systemic health: Blood sample and clinical 
examination and systemic disease recorded 
 
 
 

(CPI) WHO 
 
Periodontitis: 
CPI=3/4 

BP≥130/85 
mmHg 
 

43.2% (277 subjects) with periodontitis 
had HT vs 30% (549 subject) without 
periodontitis had HT. 
 
OR=1.2 (1.0-1.5), p<0.01 
For HT→perio 

Our findings suggest 
an association 
between periodontal 
disease and 
metabolic syndrome 
in Japanese workers 
between the ages of 
20 and 60 years 
 

Nesbitt et al (2010) 
 
USA 
 
Association of 
periodontitis and 
metabolic syndrome 
in the Baltimore 
Longitudinal Study 
of Aging  
 
 

N= 190 people participating in the Baltimore 
Longitudinal Study of Aging. 
 
Gender: 112 men 
Mean age= 56.7 ± 13.3 (men) and 60 ± 12.1 
(women). 
 
Smoking status:  smoker/non-smoker 
 
Systemic health:  
Medical examination performed to ascertain the 
components of met syndrome 
 

Periodontal 
status was 
determined from 
pantomographic 
images taken as 
part of the 
dental 
examination.  
 
Participants 
were scored as 
having: 
-none or slight 
(1–2 mm),  
-moderate (3–4 
mm), or  
-severe (≥5 mm) 
alveolar bone 
loss based on 
radiographic 
assessment of 
crestal bone 
height 
(excluding 3rd 
molars) 
 
 
 

SBP and DBP 
values were 
defined by 
Kortokoff 
phases 
I and V 
 
BP measured 
with 
sphygmomano
-meter  
 

-Patients with severe bone loss had 
higher SBP=133.7 ± 22.8 than 
individuals with non-slight bone loss 
(SBP=123.8 ± 21.9), p=0.01; and 
DBP=79.8 ± 14.2 vs 78.1 ± 9.6, p=0.47 
 
-Logistic regression(periodontal 
disease/MetS components):  
 
-Adjusted for age, sex, race, and 
smoking status; participants with 
advanced alveolar bone loss were 
significantly more likely to exhibit high 
BP than those without periodontal 
disease: OR=2.12, 95% CI (0.9–4.8), 
p=0.07;  
 
-The adjusted OR for age, sex, race, 
smoking status and inflammation:  
OR= 1.97, 95% CI (0.9-4.5), p=0.1 

The association of 
alveolar bone loss to 
MetS is consistent 
with the hypothesis 
that destructive 
periodontal disease 
may contribute to the 
development of MetS 
and elevations in 
systemic 
inflammation. 
Longitudinal studies 
are necessary to 
clarify the role of 
periodontal disease 
in the development of 
MetS and conditions 
associated with 
chronic inflammation  
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Nesse et al., (2010) 
 
The Netherlands  
 
 
 
 
Increased 
Prevalence of 
Cardiovascular and 
Autoimmune 
Diseases 
in Periodontitis 
Patients: A Cross- 
Sectional Study 

N= 1,218 patients of which 
547= 320 controls (44% males, age=33±11) + 217 
periodontal patients (52% males, age=41±12) 
attending a dental clinic and  
671 patients (32% females, ag=49±11) attending two 
periodontal clinics 
  
 
Smoking: 31%, 28%,40% in controls, dental clinic and 
periodontal clinic successively  
 
Systemic health: extensively validated, self-reported 
health questionnaire. Answers were verified by 
experience physician regarding the presence or 
absence of cardiovascular or autoimmune diseases  

CPITN  
 

From health 
questionnaire 

Univariate unadjusted analysis:  
In the dental clinic and the periodontitis 
clinic the prevalence of HT was 
significantly higher in patients with 
periodontitis 13.4% (29 patients) 
compared to controls 5% (16 patients) 
(P <0.001)  
 
Results of logistic regression analysis: 
periodontitis did not predict the 
presence of the remaining diseases 
analysed in this study, OR of these 
diseases were not significantly 
increased, nor was periodontitis kept in 
the regression models predicting these 
diseases 

The increased 
prevalence of CV and 
autoimmune 
diseases among 
patients with 
periodontitis at- 
tending dental or 
periodontal clinics 
may, at least in part, 
be influenced by 
confounding. 
However, the 
increased prevalence 
of DM and RA in 
patients with 
periodontitis could 
not be explained by 
confounding  

Ollikainen et al., 
(2014) 
 
Finland 
 
Association 
between periodontal 
condition and 
hypertension in a 
non-smoking 
population aged 
30–49 years: results 
of the Health 2000 
Survey in Finland  
 
 
 

N= 1,296 
Mean age: 40 years old 
Gender: 42.3% men 
 
 
Smoking status: only non-smokers included  
 
Systemic health: recorded as per the national survey 
in Finland carried out 2000-2001 
 

When the 
number of teeth 
with deepened 
periodontal 
pockets was 
used as an 
explanatory 
variable in the 
regression 
models, it was 
categorized into 
five categories: 
0, 1–3, 4–6, 7–
11, and 12 or 
more teeth 
 

The criteria for 
HT: 
BP≥140/90 
mmHg or use 
of 
antihypertensi
ve medication  
 

-After adjusting for confounding factors, 
there were no consistent associations 
between the number or proportion of 
teeth with deepened (≥4 mm or ≥6 mm 
periodontal pockets, or the number of 
bleeding sextants and HT).  
OR (teeth with PPD ≥ 4 mm) → HT 
1.03, 95% CI (1.00-1.06) (unadjusted) 
 
-OR (teeth with PPD ≥ 4 mm) → HT= 
0.98, 95% CI (95-1.01) (adjusted for 
age, gender, educational level, body 
mass index, physical activity, alcohol 
consumption (g/week), and serum lipid 
composition (triglycerides, HDL, LDL) 
 
-OR (teeth with PPD ≥ 6 mm) → HT= 
1.16, 95% CI (0.98-1.38) (unadjusted) 
 
-OR (teeth with PPD ≥ 6 mm) → HT=  
1, 95% CI (0.97-1.04) (adjusted for 
same confounders as for PPD ≥ 4 mm 

Periodontal pocketing 
and gingival bleeding 
did not appear to be 
related to HT in non-
diabetic, non-
smoking individuals 
aged 30–49 years. 
Further studies using 
experimental study 
designs would be 
required to determine 
the role of infectious 
periodontal diseases 
in the development or 
progression of HT  
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Pietropaoli et al. 
(2018) 
 
US 
 
Poor Oral Health 
and Blood Pressure 
Control Among US 
Hypertensive Adults 
Survey 2009-2014 
 
 
 

N: 4095 (3626 taking medication for high BP (treated 
HTN)  and 460 were not taking medication (untreated 
HTN), of which 47.8% did not have periodontal 
disease and 52.2% had periodontal disease and.  
 
Age: reported according to no-periodontitis= 62.60 
(12.94) or mild= 57.32 (12.81) /moderate= 64.17 
(11.75)/ severe= 62.64 (10.53) p<0.001 
 
Gender: reported according to no-periodontitis= 
(39.9% men), mild=(45.7% men), moderate= (50.5% 
men), severe= (62.4% men) 
 
Smoking status: current/former or never smoker 
 
 
Systemic health: Assessed by questionnaire, 
anthropologic measurements taken.  

CDC/AAP (Eke 
et al. 2012) 

BP measured 
by trained and 
calibrated 
physicians 
using a 
mercury 
sphygmomano
meter 
according (3 
readings for 
each patients).  
 
HTN: 
According to 
the ACC/AHA 
2017 
guidelines 
SBP/DBP>130
/80mm Hg 
(Whelton et al. 
2017) 
 
 

Mean SBP for patients with: 
No-perio= 131.17 (19.54) 
Mild perio= 128.14 (19.19) 
Moderate perio= 133.56 (19.14) 
Severe perio= 134.35(21.32)  
 
Mean DBP for patients with: 
No-perio= 69.58(13.88) 
Mild perio= 72.90(12.37) 
Moderate= 69.67(14.32) 
Severe perio 71.10(14.73) 
 
Mean SBP was about 2.3 mmHg higher 
in treated hypertensive adults 
(n=1834;133.43±19.7 mm Hg) with 
periodontitis than those without the 
disease (n=1694; 131.17±19.5 mm Hg; 
p<0.001). Such difference increased to 
about 3 mm Hg after progressive 
adjustment (P<0.001)  
 
Perio disease→ Risk of unsuccessful 
HT treatment= OR=1.19 (0.91-1.54) 
p=0,205 (adjusted model for age, sex, 
ethnicity, BMI ranges, smoking status, 
HbA1C, total cholesterol, HDL 
cholesterol, triglycerides, creatinine, 
education and poverty level and CRP) 

A good periodontal 
health is associated 
with better SBP 
profile during 
antihypertensive 
therapy by about 2.3 
to 3 mmHg and with 
lower odds of 
treatment failure.  

Ribeiro et al., (2016) 
 
Brazil 
 
Association of 
dental infections 
with systemic 
diseases in 
Brazilian native 
indigenous: 
a cross-sectional 
study 

N= 225 indigenous  
 
Age: 19-77 years old 
 
Gender: Reported according to different analysis  
 
Smoking: information on nicotine dependence 
recorded. 
Systemic disease:   structured written questionnaire 
(demographics, socioeconomic & health-related  

-Full mouth 
charting 
-As per 
Figueredo et al 
(2013):  
Destructive PD  
 
-Severity: 
(Page & Eke 
2007)  

According to 
the AHA as 
follows: BP 

139/89 mm 
Hg; or non-HT 
SBP <139/89 
without the 
use of an 
antihypertensi
ve 
 

Individuals with destructive periodontal 
disease had a higher SBP (124± 20.34 
mm Hg) than those without destructive 
periodontal disease (117.52 ±16.54 mm 
Hg, p= 0.01). DBP =76.90 ± 14.99 for 
perio vs 75.1 ± 15.89 for non-perio, 
p=0.39 
 
51.9% of patients with destructive 
periodontal disease had HT vs 48.1% 
of patients with no destructive 
periodontal disease 

Dental infections 
were found to be 
associated with HT in 
the present 
population. Thus, 
patients diagnosed 
with HT should be 
referred for dental 
evaluation and vice 
versa 
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Rivas-Tumanyan et 
al., (2013) 
 
Puerto Rico 
 
 
 
Periodontal 
disease, 
hypertension and 
blood pressure 
among older adults 
in Puerto Rico 

N= 182 subjects from the Puerto Rican Elderly Dental 
Health Study (PREDHS) from an on-going 
representative cohort of Puerto Rican Elderly 
(PREHCO).  
 
Age:>70 years old 
 
Gender: men 
Smoking status: from the responses to the PREHCO 
study interview  
 
Systemic health:  
in-person interview on current oral health status, 
history of dental diseases and procedures  
 
 

Page & Eke 
(2007) severe 
periodontitis (≥2 
teeth with AL 
≥6mm and ≥1 
tooth with PD 
≥5mm)  
 
By dental 
examiners 
performing 
home visits 
 

BP ≥140/90 
mmHg 
 
Stages 
according to 
JNC7 report  
 
Stage 0 if 
SBP<140 and 
DBP<90;  
 
Stage 1 if 140 
≤ SBP<160 or 
90 ≤DBP < 
100;  
 
Stage 2 if 
SBP≥160 or 
DBP≥ 100)  
 
By dental 
examiners 
receiving 
training and 
calibration 

Several OR given according to different 
models and adjustments: 
1-No association between severe 
periodontal disease and history of HT 
diagnosis (OR=0.99, 95% CI (0.40–
2.48) 
 
2- Participants with severe periodontal 
disease had 2.93 times higher odds of 
having HT upon examination 
(multivariate-adjusted OR=2.93, 95% 
CI (1.25–6.84). The OR estimate for 
severe periodontal disease remained 
strong and statistically significant after 
additional adjustment for anti-
hypertensive medications; OR= 3.00, 
95% CI (1.28–7.03) or for number of 
teeth (model 4 OR=2.87, 95%CI (1.22–
6.74)  
 
3- 64% of the patients with severe 
periodontal disease had HT versus 
70% of patients without severe 
periodontitis. Additionally, 75% of 
patients with severe periodontitis 
presented with high BP vs 55% of those 
without severe periodontitis 

The results suggest 
that periodontitis may 
contribute to poor 
blood pressure 
control among older 
adults 
 

Shamsuddin et al., 
(2015) 
 
Malaysia 
 
Dental records 
taken 
retrospectively for 
the cross-sectional 
study. Sample size 
issues! 

N= 90 patients with chronic periodontitis. 
Age:   41-61 years old  
 
Gender: 56 males (62.2%) and 34 females (37.8%)  
Smoking status: 80% non-smokers according to 
records. 
 
Systemic health:  demographic and clinical from 
patients’ record 

Severity of CP 
was classified 
according to the 
(CAL) as mild 
CP if CAL=1-2 
mm, moderate 
CP if CAL=3-4 
mm and severe 

CP if CAL5 mm 

or more 
(Flemming, 
1999)  

As recorded in 
medical notes. 
underreported 
medical 
problems  

-The prevalence of HT in chronic 
periodontitis patients was 12.2%  
 
-No significant association between HT 
and severity of CP (p=0.229).  
 
-However, OR as reported by Martin 
Cabezas et al. 2016;  
 
OR=7.24, 95% CI (1.6-38.36) 

In conclusion, the 
prevalence of HT in 
chronic periodontitis 
patients was 12.2%. 
There was no 
significant 
association between 
HT and severity of 
CP (p=0.229)  
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Shimazaki et al. 
(2007) 
 
Japan 
 
Relationship of 
metabolic syndrome 
to periodontal 
disease in 
Japanese women: 
The Hisayama 
Study  
 
 

N= 584 patients 
 
Age:40-79 y  
 
Gender: All women 
 
Smoking status: current or past smoker 
 
Systemic health: self-administered questionnaire in 
advance that included a medical history of diabetes, 
hypertension, smoking, and medication use; the 
questionnaire was checked by trained nurses 

Mesio-buccal 
and mid- buccal 
sites for all of 
the teeth in 2 
quadrants  
randomly 
selected, one 
maxillary and 
one mandibular  
 
Divided in 2 
groups: < 2.0 
mm (N = 484, 
82.9% of all 
participants) and 

2.0 mm (N= 
100, 17.1%)  
 
And also divided 
by CAL: <3.0 
mm (N= 547), 

93.7% and  3.0 
mm (N = 37), 
6.3% 
 
 
 
 
 
 
 
 
 
 
 
 
 

Measured and 
HT: 
BP>130/85 
mm Hg 
 

-Mean SBP (CAL) 
CAL<3mm= 127.2 ± 20.6 mm Hg  

CAL3 mm= 131.1±22.8mm Hg  
-Mean DBP (CAL): 
CAL<3mm= 76.4 ± 10.4 mm Hg  

CAL3 mm= 76.1 ± 10.4 mm Hg  
-Prevalence according to PPD:  

53% of patients with PPD 2 mm had 
HT vs 41.9% with PPD<2mm 
OR: HT→perio Adjusted (age and 
smoking):  OR=1.5, 95% CI (0.9-2.3) 
not statistically significant 
OR: HT→ perio Unadjusted: OR=1.6, 
95% CI (1.0-2.4), p<0.05 
 
-Prevalence according to CAL:56.8% 

(21 patients) with CAL3mm had HT vs 
43% (235 patients) with CAL<3 had HT 
OR: HT→perio Adjusted (age and 
smoking):  OR=1.3, 95% CI (0.6-2.7) 
not statistically significant 
OR: HT→ perio Unadjusted: OR=1.7 
(0.9-3.4) not statistically significant 
 
 
 
 
 

These results 
indicate that MetS 
increases risk of 
periodontitis and 
suggest that people 
exhibiting several 
components of MetS 
should be 
encouraged to 
undergo a 
periodontal 
examination 
 



Author, year, 
country, title 

Population of study 
Periodontal 

criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 

RR, etc…) 
Publication 
conclusions 

Thanakun et al., 
(2014) 
 
Thailand 
 
Association of 
untreated metabolic 
syndrome with 
moderate to severe 
periodontitis in Thai 
population. 
 
 

N=125 participants  
 
 
Age: mean age (years)= 47.0 [42.0, 56.0] 
 
Gender: 53 (42.4%) males, 72 (57.6%) females 
 
Smoking status: measured (never, former, current) 
 
Systemic health: medical records and clinical 
assessment for glucose, HDL-C, waist circumference, 
etc.  

-Full mouth 
assessment (6 
sites)  
-Periodontitis 
according to 

AAP: CAL 3 

mm (moderate 
to severe 
periodontitis) 
 
Savage et al 

(2009): PPD 4 

mm 
 
 

Measured 
BP>130/85 
mm Hg  

-Mean (SBP/DBP), According to PPD:  
None/mild periodontitis: 120 (112-
130)/78 (72- 83); p=0.001 
Moderate/severe periodontitis: 133 
(118.8-140.3)/85.5 (78-91.3); p<0.0001 
 
-Mean (SBP/DBP): According to CAL: 
None/ mild periodontitis: 120 (111- 
130); 78 (73-82), p=0.04 
Moderate/ severe periodontitis:   
128 (117-139.3/82 (73- 89), p=0.04 
 
-SBP→moderate/severe perio:  
OR= 4.86, 95%CI (0.54-43.44) p=0.16 
 
-DBP→moderate/severe perio 
OR= 53.22, 95%CI (3.22-89.79) p=0.01 

There may be a 
relationship between 
untreated MetS and 
periodontitis in Thai 
people. Periodontal 
diagnosis should be 
regularly conducted 
in patients with MetS  
 

Tsakos et al., (2010) 
 
US 
 
Is periodontal 
inflammation 
associated with 
raised blood 
pressure? Evidence 
from a National US 
survey. 
 
 

N= 13,994 
Age: >17 years old 
Gender: 6617 men 
Smoking status:  
1) Current smokers (reporting current smoking of 
cigarettes, cigars and/or pipe);  
2) Non-smokers;  
3) Non-respondents.  
 
Systemic health: 
Collected data in relation to health status and 
diseases and possible confounders 
 

-Page et al 
(2007) case 
definition of 
periodontitis 
 
-Also continues 
periodontal 
measures on the 
extent and 
severity of the 
disease  
 
 

Presence of 
mean SBP at 
least 140 
mmHg and/or 
DBP at least 
90 mmHg and 
also including 
participants on 
antihypertensi
ve medication  
 

For a 10% greater extent of gingival 
bleeding, the average SBP was higher 
by 0.5 (0.3-0.6) mmHg.  
 
An OR of 1.1. for gingival bleeding and 
an OR 1.2NS (0.7–2.1) were obtained 
for diagnosis of HT after full adjustment.  
 
Dose response: individuals with 
moderate and those with severe 
periodontitis had higher SBP by 10.7 
(9-12.4) and 11.7 (8.6-14.7) mmHg, 
respectively, than individuals without or 
with mild periodontitis 

Gingival bleeding, a 
marker of current 
periodontal 
inflammation, was 
consistently and 
significantly 
associated with 
raised SBP and an 
increased odd of 
hypertension in the 
US adult population, 
even after adjusting 
for the effect of socio-
demographic, 
behavioural, and 
physiological factors 
and chronic diseases 
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Periodontal 
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Publication 
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Tu et al., (2013) 
 
Taiwan 
 
Relationship 
between metabolic 
syndrome and 
diagnoses of 
periodontal 
diseases among 
participants in a 
large Taiwanese 
cohort. 
 
 

N= 33,740  
 
Age:  

Gender: 18,469 women and 15,271 men. 

Smoking status: former or non-smoker 
 
Systemic health: check up by GP and recorded 

A tooth was 
diagnosed with 
periodontal 
diseases if 
presented with a 
combination of 
clinical signs, 
such as tooth 
mobility, gingival 
inflammation 
and periodontal 
pocketing 
 
Periodontitis 
group: people 
with at least one 
tooth with 
diagnosis of 
periodontitis 
 

-BP ≥130/85 
mmHg or 
treatment for 
hypertension 

Female participants in the periodontitis 
group had higher BP after adjusting for 
confounders.  
 
Male participants in the periodontitis 
group exhibited higher waist 
circumference, fasting glucose, 
postprandial glucose, HbA1c, TG and 
CRP level compared to the reference 
group and independent.  
 
Periodontitis group in women showed 
greater odds of HT: OR=1.33, 95%CI 
(1.23-1.43), p<0.001, than patients with 
gingivitis, whereas men showed an 
OR=1.009 (0.934–1.09), p= 0.813 

A small but 
statistically significant 
association between 
MetS and the 
diagnosis of 
periodontal diseases 
was found in 
Taiwanese women 
and a weaker 
association in 
Taiwanese men 
 

Umeizudike et al., 
(2016) 
 
Nigeria 
 
Periodontal subjects 
and its association 
with self-reported 
hypertension in 
non-medical staff in 
a university 
teaching hospital in 
Nigeria 
 

N= 276 subjects  
Mean age: 41.5 ± 8.9 [23-60] 

Gender: 147 (53% men)  

Smoking status: former or non-smoker 
 
Systemic health: check up by GP and recorded 

CPI (WHO) 
 
CPI 3-4: 
periodontitis 

Self-reported 24.4% of patients (33) with HT had 
periodontitis (CPI codes 3/4) versus 
12.1% (17 patients) who had no 
periodontitis (CPI codes 1/2) p=0.012 

Periodontal disease 
was highly prevalent 
in this study. Self-
reported HT was 
associated with 
periodontitis, older 
age, lower education 
and a positive family 
history. Periodic 
periodontal 
examination and 
regular blood 
pressure assessment 
for non-medical staff 
is recommended 
 
 



Author, year, 
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criteria 
Blood 

pressure (BP) 
Observed effect (expressed as OR, 
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Vieira et al., (2011) 
 
 
 
 
Brazil 
 
 
Severe periodontitis 
is associated with 
diastolic blood 
pressure 

elevation in 

individuals with 
heterozygous 
familial 
hypercholesterolemi
a: a pilot study  
 

N= 79 subjects with heterozygous familial 
hypercholesterolemia (hFH)  
 
Age: [17-80] years  
Gender: 31 males and 48 females  
 
 
Smoking status: not specified. 
 
Systemic health: exclusion criteria: previous 
cardiovascular events, diabetes mellitus, thyroid 
diseases, congestive heart failure, pregnancy, renal 
diseases, any current inflammatory disease, serum 
calcium disturbances, and use of antibiotics and lipid 
lowering drugs in the 3 months and 6 weeks, 
respectively, before the study 

-Severe perio: 

3 sites, not on 
same tooth, with 

CAL7 mm and 

1 interproximal 

site with PPD5 
mm 
-Non-severe 
perio group 
(moderate 

periodontitis): 3 
sites with CAL 

5 mm, not on 
the same tooth, 

and PPD 4mm 
-Gingivitis, and 
periodontal 
health (Bassani 
et al. 2007) 

BP was 
measured as 
previously 
recommended  
 
(Frohlich et al. 
1995)  
 

Severe perio= 41.8% (N = 33)  
Non-severe perio=58.2% (N= 46)  
 
The association between severe 
periodontitis and DBP was confirmed 
after adjustment for traditional 
atherosclerotic risk factors, i.e., TC, 
age, smoking, HDL-C, BMI, and BP 
 
Only the association between severe 
periodontitis and DBP (OR= 3.1, 95% 
CI (1.1-8.5); p= 0.03) was confirmed 
 

In individuals with 
hFH, severe 
periodontitis was 
associated with a 
higher DBP, which 
suggests that severe 
periodontitis, itself, 
may contribute to the 
increased 
cardiovascular risk 
profile in this 
population 
 

Yamori et al., (2011) 
 
Tanzania 
 
 
Hypertension, 
Periodontal 
Disease, and 
Potassium Intake in 
Non-smoking, Non-
drinker African 
Women on No 
Medication 

N= 81 Tanzanian women  
 
Age: 46–58 years  
range 
 
Gender: only women  
 
Smoking status: non-smokers 
 
Systemic health: not on any medication  

CPITN  
 

BP was 
measured 
using a 
centrally 
calibrated 
automatic BP 
measurement 
system used 
for the 
CARDIAC 
Study  
 

Severity of periodontitis was 
significantly correlated with  
SBP (r = 0.288, p=0.018)  
DBP (r = 0.293, p = 0.015)  
 
Severely hypertensive group 
(BP>180/110 mm Hg) had significant 
difference in the severity of periodontitis 
(CPITN, 2.82 ± 0.64 from normal to 
borderline hypertensive BP> 160/100) 
group (2.29 ± 0.61, p< 0.05) 
 

Potassium intake 
may be an important 
factor linking 
periodontitis and HT 
in middle-aged non-
smoking and non-
alcoholic women on 
no medication, 
although chronic 
inflammation such as 
periodontitis may 
cause HT through a 
more direct 
mechanism 
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(Megat Mohd 
Zainoddin, 2013) 
 
Malaysia  
 
 
Retrospective 
record review study 
performed at School 
of Dental Sciences, 
University Sains 
Malaysia  

N= 370 periodontal patients 
 
Mean age: 39.25 ±14.2 
 
 
Gender: 134 (36% male vs 236 (63% female) 
 
Smoking H: Only non-smokers included 
 
Systemic health: Recorded as per records of patients 
notes 

Severity of CP 
was classified 
according to the 
probing pocket 
depth (PPD) as  
 
Mild CP=  
PPD=3-4 mm 
 
Moderate CP= 
PPD=5-6 mm  
 
Severe CP= 
PPD >6 mm  

In this study, 
systemic 
diseases were 
also further 
divided into 
hypertension 
(HPT), 
diabetes 
mellitus (DM), 
and 
combination of 
both 
conditions 
 

76.9% (40 patients) of patients with 
chronic periodontitis had HT vs 23.1% 
(12 patients) of with gingivitis had HT 
 
Significant associations between 
chronic periodontitis and all systemic 
conditions (p< 0.001), diabetes mellitus 
(p= 0.012), hypertension (p< 0.001) and 
combination of diabetes mellitus and 
hypertension (p= 0.004) as determined 
by chi- square test.  
 
No significant association between 
perio severity and systemic conditions 

The prevalence of 
systemic conditions 
in patients with 
periodontal disease 
was 30.5% 
comprising more of 
HT and diabetes 
mellitus. This study 
found that systemic 
conditions were 
significantly 
associated with 
chronic periodontitis 
(p< 0.001) that may 
highlight the 
importance of the 
collaboration 
between medical and 
dental practitioners  



EVIDENCE TABLE FOR CASE-CONTROL STUDIES 

Author, year, 
country, title 

Population of study 
Periodontal 

criteria 

Blood 
pressure 

(BP) 

Observed effect (expressed as OR, RR, 
etc…) 

Publication 
conclusions 

Buhlin et al. (2003) 
 
Sweden 
 
Risk factors for 
cardiovascular 
disease in patients 
with periodontitis 

-Periodontitis group (N=50): 29 men, 21 women; 
mean age: 52.7 years [37–68]  
Smoking status: 20 patients were smokers (average 
13.4 ± 5.8 cigarettes/day)   
 
-Non-periodontitis group (N=47): 18 men, 36 women; 
mean age 50.2 years [36–70] 
Smoking status: 17 patients were smokers (13.4±5.8 
cigarettes/day)  
 
Systemic health: Patients with baseline high BP were 
excluded. No other CVD, infectious, or ongoing 
systemic disease at any point during study.   
 

Full mouth 

charting. PPD  
4mm considered 
disease 
 
Inclusion criteria 
for periodontitis: ≥ 
7 sites exhibiting 
at least 6 mm CAL 
 
DX give was 
periodontitis 
gravis: horizontal 
loss of supporting 

tissue by 1/3 of 

the root-length 
with BOP, 
furcation and/or 
IBD with pus 

BP 
measured 
throughout 
study 
 
Other 
measures: 
total 
cholesterol, 
HDL, CRP, 
IL-6, TNF -
receptor 1, 
elastase-
A1AT 
complex   
 

-Periodontitis group (mean ± SD): 
SBP = 135 ± 25mm Hg 
DBP = 79 ± 12mm Hg 
 
-Non-periodontitis group: 
SBP = 141 ± 25mm Hg  
DBP = 83 ± 11mm Hg  
 
Statistical difference between groups: not 
stated. 

Serological 
differences in 
subjects with 
periodontitis, some of 
which involve 
established risk 
factors for 
atherosclerosis, might 
provide insight into 
the reported 
epidemiological 
association between 
periodontitis and 
cardiovascular 
disease 

Engström et al. 
(2007) 

 
Sweden 
 
Association 
between high blood 
pressure and deep 
periodontal pockets 

N= 1,239 patients 
Age range: 35-65 years.  
Mean age:  
known HT and their referents: 54 years old;  
with previously unknown high BP and their referents: 
49 and 48 years old 
Gender: 51.8% were female 
 
Smoking (recorded by interview). Patients were 
classified as: never used tobacco, tobacco ex-user, 
current smoker, or moist snuff user.  
 
Systemic health (recorded by interview). 195 cases 
(with high BP) and 195 healthy referents  

Full mouth 

charting. PPD 5 
mm (excluding the 
third molars) 

BP 
measured 
throughout 
study. 
DBP> 90 
mm Hg and 
known HT 
patients 

Subjects with periodontal pockets had 
76% higher odds of being a case than 
those who had no pockets (adjusted OR 
1.76, 95% CI 1.14–2.72 for age, sex, 
smoking habits, snuff taking and number 
of erupted teeth)  

There was an 
association between 
diastolic BP and 
prevalent deep 
periodontal pockets. 
Whether the 
relationship is a 
causal one remains to 
be explored 
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Gorski et al. (2016) 
 
Poland 
 
The association 
between dental 
status and risk of 
acute myocardial 
infarction among 
poles: case-control 
study  
 

Cases= 134 patients hospitalized with acute MI under 
the age of 70 years.  
Mean age=54.3 ± 8.1years, 29 women, 105 men 
 
Controls= 155 patients drawn from general 
population with no MI history (age <70 years. Mean 
age= 54.9 ± 10 years. 94 women, 61 men 
 
 
Smoking status: patients classified in 3 groups: 

current smokers if they declared smoking 10 

cigarettes a day continually for  five years, past 
smokers and never smokers.  
 
Systemic disease: social and medical history taken. 
Physical examinations performed by a single 
cardiologist  

(1) The severity of 
periodontitis 
classified in 
accordance with 
Page & Eke 
(2007) 
 
(2) The extent of 
periodontitis 
determined on the 
basis of the 
percentage of 
sites with CAL ≥ 3 
mm (Arbes Index)  

Arterial HT 
was defined 
as SBP 
≥140 mm Hg 
or DBP ≥ 90 
mm Hg 
 
 

-The extent of periodontitis was 
significantly associated with the risk of 
acute MI even after adjusting for age, sex, 
tobacco smoking, hypertension, diabetes, 
BMI, education and income (OR = 2.4, 
95% CI = 1.1-5.2); p = 0.0203) 
 
-The severity of periodontitis was 
associated with MI after adjusting for age 
and sex (OR = 2.0, 95% CI = 1.2–3.5; 
p=0.0109), but not after adjusting for the 
other above-mentioned risk factors 
 
-59.5% (90 people) with extensive 
periodontitis had HT vs 44.5% (61 people) 
without periodontitis p=0.0105.  
-63.6 % (75 people) with severe 
periodontitis had HT versus 44.7% (76 
people) with no severe periodontitis 
P=0.0016 

This study proves the 
positive association 
between periodontitis 
and acute MI in 
Poles. This 
association seems to 
be stronger with 
regard to the extent 
rather than to the 
severity of 
periodontitis  

Houcken et al. 
(2016) 
 
Netherlands 
 
 
Arterial stiffness in 
periodontitis 
patients and 
controls. A case–
control and pilot 
intervention study 
 
 
 
 
 
 
 

N: 109 patients total 
 
Cases (patients with periodontitis) = 57 patients 
Mean age: 46.6 years old ± 8.4, 33 males 
 
Controls (non-periodontitis) = 48 patients 
Mean age 45.5 years-old ± 6.6, 25 males 
 
Smoking: recorded 
 
Systemic disease: Healthy individuals. Excluded 

patients with any given disease or chronic medical 

condition (including diabetes mellitus, rheumatoid 
arthritis, bacterial infections, severe hypertension 
(4160 systolic and/or 4110 diastolic mm Hg) and body 
mass index (BMI) 435 or if they took any anti-
inflammatory drugs or antibiotics or were o18 years of 
age or pregnant 

Tonetti &Caffley, 
(2005) proximal 
attachment loss of 
≥ 3 mm in ≥ 2 
non-adjacent 
teeth with BOP 

Measured 
with 
Tensiomed 
Kft twice and 
a mean 
score used 

The mean SBP/DBP: 
 
For periodontal patients: 
119.9±14.7/75.0±11.7  
 
For controls: 
123.5±13.6/78.5±9.1 

It can be concluded 
that periodontitis is 
associated with 
increased arterial 
stiffness. This 
confirms with a new 
parameter the 
association of 
periodontitis with 
ACVD. 
Although periodontal 
treatment did not 
lower arterial stiffness 
significantly, a 
modest reduction of 
SBP after 6 months 
was observed 
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Jaramillo et al. 
(2017) 
 
Colombia 
 
Association of 
metabolic 
syndrome and 
chronic 
periodontitis in 
Colombians  

Case-control  
 
Population:  
 
Cases: 431 periodontitis patients, 259 females 
(60.1%), median age:  48 (27–84).  
 
Controls: 220 healthy-gingivitis control, 157 females 
(63.6%); median age: 45 (28–69).  
 
Smoking status: Current smoking measured (yes/no) 
 
Systemic disease: questionnaire and clinically 
measured 

Page & Eke 
(2007) 

BP ≥130/85 
mmHg 

HT present in: 
20% of cases (86 people) with periodontal 
disease and 10.5% of controls (23 people)  
p=0.002 
 
Median SBP= 116.5 mm Hg (80-170) in 
controls versus 120 mm Hg (90-200) in 
cases p=0.012.  
 
Median DBP= 78 mm Hg (50-110) in 
controls versus 80 mm Hg (50-112) in 
cases p=0.128 

The study confirmed 
the positive 
association between 
MetS and 
periodontitis, being 
glucose sensitivity the 
strongly associated 
component 
 

Kumar et al. (2016) 
 
India 
 
Association of 
chronic 
periodontitis with 
metabolic 
syndrome: A cross- 
sectional study 

N= 259 
Mean age: 39.06 years in cases vs. 37.9 in controls 
Gender: male 46.9% cases vs. 58.9% controls 
Smoking status: current tobacco consumers: 14.6% 
cases vs. 11.6% controls 
 
Systemic health: Assessment of metabolic syndrome 
criteria 
 
Cases:130 periodontal patients 
Controls: 129 non-periodontal patients 

Full mouth 
charting (4 sites 
per tooth (mesio-
buccal, buccal, 
distobuccal, and 
lingual) 
 
Diagnosis of 
moderate/ severe 
periodontitis: 
Armitage, (1999) 
and Flemming, 
(1999) 
Moderate chronic 
periodontitis: At 
least 20 teeth and 
more than 30% of 
sites with CAL= 
3–4 mm  
Severe chronic 
periodontitis: 30% 
of sites with CAL 
≥5 mm  

BP ≥130/85 
mmHg 

15.4% (20) of cases (periodontitis) versus 
13.2% (17) of controls (non-periodontitis); 
p=0.741 
 
Mean SBP/DBP higher in cases 
(125.77/82.99 mm Hg, compared with 
control (122.81/81.3 mm Hg) 
 
Results were not statistically significant 

The results of this 
study suggest that 
there is a strong 
association between 
chronic periodontitis 
and MeS 
 
The association was 
independent of the 
various potential 
confounding risk 
factors affecting the 
chronic periodontitis 
such as age, sex, 
residential 
background, and 
tobacco consumption 
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Marjanovic  
& Buhlin (2013) 
 
Sweden 
 
Periodontal and 
systemic diseases 
among Swedish 
dental school 
patients – A 
retrospective 
register study  
 
 

Cases: periodontal patients (N= 325), 
mean age: 61.7 years-old, 
gender: even group, 
smoking status: 51.5% were smokers 
 
Controls: non-perio (N=149), mean age: 56.2 years-
old, gender: 63.8% female rate, smoking status: 
63.8%. 
 
Smoking status: (EFFICA database) 
Smokers: currently smoking 
Non-smokers: never smokers or quit ≥5 years ago 
 
Systemic health:  amnestic data regarding age, 
gender, tobacco use, periodontal disease diagnosis 
and the patient’s medical records were obtained from 
the dental charts 

Armitage, (1999)  Self-
reported 
medical 
information 
obtained 
from the 
dental charts 

23.7% (77 patients) with periodontitis had 
HT vs 12.1% (18 patients) with no 
periodontitis had HT 
 
An association between periodontitis and 
all CVDs in general. OR= 1.79 (95% CI 
1.12–2.86)  

This study found that 
patients with 
periodontitis 
presented with more 
systemic diseases, 
such as CVD and 
diabetes mellitus than 
control patients. 
However, no 
association was 
found between 
periodontitis and 
respiratory diseases. 
At the present time, 
the reasons for the 
associations or lack 
of association are 
unknown 

Turkoglu et al. 
(2014) 
 
Turkey 
 
 
Evaluation of 
systemic levels of 
neutrophilic 
enzymes in 
patients with 
hypertension and 
chronic 
periodontitis 

N=95 patients (43 males and 52 females, aged 33 to 
75 years; mean age: 50.9 – 9.7 years). Divided in 3 
groups: healthy controls (29), HT control (32), HT 
with CP (34) 
 
Age:  
1- 43±8 years-old, 2- 52±8 years-old, 3- 55±7 years 

old 
Gender: males/females 
1- 13/16, 2- 13/19, 3- 17/17 

 
A total of 95 patients Smoking: smoker (≥,5 cigarettes 
day, non-smoker (never smoked, former smoker (had 
quit) 
 
Systemic health: Exclusion criteria: having systemic 
disease, such as type 1 or type 2 diabetes, 
rheumatoid arthritis, autoimmune diseases, and liver 
disorders 

Armitage, (1999)  BP≥140/90 
mm Hg or 
taking 
antihyperten
sive 
medication 
for at least 2 
years 

Levels of neutrophilic enzymes MMP-8, 
MMP-9, MPO, and neutrophil elastase 
(NE) in circulation were increased in 
patients with hypertension and CP 

 

The presence of HT 
along with CP has a 
considerable effect on 
serum neutrophilic 
enzyme levels, 
except TIMP-1. 
However, the levels 
of these enzymes do 
not seem to be 
affected by the 
presence of HT only. 
Further studies 
including patients 
who have only CP 
might help illuminate 
the effect of CP on 
these enzymes in 
patients with HT 
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Vidal et al. (2011) 
 
Brazil  
 
Higher prevalence 
of periodontitis in 
patients with 
refractory arterial 
hypertension: a 
case–control study  
 
 
 

N= 137 
Cases: 70 patients (with primary refractory HT) 
Mean age: 55.2 ± 9.2 years  
Gender: Male 34.3% 
Smoking status: 37% were smokers 
 
Controls:  67 non-HT subjects 
Mean age: 50.0 ± 7.2 years 
Gender: Male 34.3% 
Smokers: 27% were smokers 
 
Systemic disease:  All case and control patients were 
from a low social economical class  
 

Severe 
periodontitis 
(Preshaw, 2009):  

5 sites with 

CAL6 mm  

 
Generalized 
chronic 
periodontitis 
(Armitage, 1999): 

 30% of the sites 

with CAL 4 mm 
 

Refractory 
HT BP 
>140/ 90 
mm Hg, 
even when 
the patient is 
engaged in 
a treatment 
program and 
uses three 
or more 
classes of 
anti-
hypertensive 
drugs 
including a 
diuretic 

-44.3% and 26.9% had generalized 
chronic periodontitis in the case and 
control groups, respectively (p< 0.05), 
while 61.4% and 28.4% of the patients 
were diagnosed as severe chronic 
periodontitis in the case and control 
groups (p< 0.05)  
 
-The results of this study showed that the 
OR for the association between arterial HT 
and severe chronic periodontitis and 
generalized chronic periodontitis were  
(OR= 4.04, 95% CI (1.92; 8.49) and OR= 
2.18, 95% CI (1.04; 4.56), respectively 
 
-Gender, race, diabetes, alcohol drinking 
problems, and smoking were not 
significant risk indicators for this sample 

Severe and 
generalized chronic 
periodontitis seem to 
play a role as risk 
indicators for HT 
patients 
 



EVIDENCE TABLE FOR COHORT STUDIES  

Author, year, 
country, title 

Population of study 
Periodontal 

criteria 

Blood 
pressure 

(BP) 
Observed effect (expressed as OR, RR, etc…) 

Publication 
conclusions 

Hujoel et al. (2000) 
 
United States 
 
Periodontal 
disease and 
coronary heart 
disease risk 
 
 

N=8,032 from NHANES I 
Age: 25-74 years  
 
Periodontitis patients (N=1,859): 52.4 ± 0.5 years old 
Gingivitis (N=2,421): 43.0 ± 0.4 years old 
Healthy periodontium (N=3752): 42 ± 0.5 years old 
 
Smoking history: duration in years and packs per day/ 
packs-years reported 
 
Systemic health: baseline information included medical 
examination, a standardized medical and dental 
examination, lab test and 24-h dietary recall 
 
Cohort: Up to 10 years 

Russel 
Periodontal 
index 
 
4 levels defined, 
and dose-
response 
relationships 
evaluated 

Measured in 
the clinical 
examination
s but no 
diagnosis 
given 

SBP mean ± SE:  
-Periodontitis patients: 139.9± 0.7 mmHg 
-Healthy patients: 127.5 ± 0.6 mmHg 
p<0.005 
 
DBP mean ± SE: 
-Periodontology patients: 85.5 ± 0.4 mm Hg 
-Healthy patients: 80.1 ± 0.3 mmHg 
p<0.005 

This study did not 
find convincing 
evidence of a 
causal 
association 
between 
periodontal 
disease and CHD 

Inoue et al. (2005) 
 
Japan 
 
Association of 
periodontitis with 
increased white 
blood cell count 
and blood 
pressure  
 

N= 364 
Mean age: 39.8 ± 11.1 years [20 -59 years].  
 
Gender: 271 (74.5%) were male  
 
Smoking status: recorded in the medical examination. 
 
Systemic health: health screening performed by the 
Japan Preventive Medicine Association. Medical 
examination, medical interview, medical history and 
laboratory tests 
 
 
Cohort: 1 year 
 
 

CPITN  
 

Measured in 
the right arm 
using a 
normal 
mercury 
sphygmoma
nometer in 
accordance 
with the 
guideline of 
the health 
screening  
 

-Four subjects (7.3%) with periodontitis and 16 
subjects (5.2%) without periodontitis had current 
history of treated HT 
 
-SBP differences between groups (patients with 
periodontitis vs no-periodontitis): 8 mm Hg 
(unadjusted), 6.1 mm Hg (adjusted 1), and 6 mm 
Hg (adjusted 2) at baseline, and 6.2, 4.2 and 3.7 
mmHg at follow-up, respectively.  
 
-DBP difference between groups (patients with 
periodontitis vs no periodontitis): 4.9 mm Hg 
(unadjusted), 3.6 mm Hg (adjusted 1), and 3.4 
mm Hg (adjusted 2) at baseline, and 5.1, 3.7 
and 3.7 mmHg at follow-up, respectively 
Results were all statistically significant except 
adjusted 1 and 2 for SBP 
 
 
 

Periodontitis is 
associated with 
increased BP and 
WBC count. This 
finding may 
provide one 
underlying 
pathway linking 
periodontitis and 
CVD.  
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Kawabata et al. 
(2016) 
 
Japan 
 
Relationship 
between pre-
hypertension/ 
hypertension and 
periodontal 
disease  

N= 2,588 students 
Age: 18.2 ± 0.7 years [18–27] 
 
Gender: 1,278 males, 1,310 females 
Smoking status recorded (current/past/ never)  
 
Systemic health: the participants included in the study 
had no self-reported history of HT and no medication 
history  
 
Cohort: 3 years  

-CPI  
 
-Percentage of 
BOP (Furuta et 
al 2011) 
 
-Levels of dental 
plaque and 
calculus were 
assessed using 
the simplified 
oral hygiene 
index (Greene et 
al 1964) 

-HT was 
defined by 
SBP≥140 
mm Hg or 
DBP≥90 mm 
Hg 
 
-Pre-
hypertension 
was defined 
by SBP= 
120–139 mm 
Hg or DBP= 
80–89 mm 
Hg  

-Normal BP patients: the risk of having pre-HT/ 
HT after 3 years was not significantly associated 
with PPD≥ 4 mm (OR=0.95 (0.54–1.56); p=0.83) 
or with ≥ 4 mm and BOP ≥ 30% at baseline (OR: 
0.93 [0.51–1.70]; p=0.82) 
 
-Participants with pre-HT at baseline, the risk of 
HT was significantly associated with periodontal 
disease defined as the presence of both probing 
pocket depth (PPD) ≥ 4 mm and BOP ≥ 30% at 
baseline (OR: 2.74 (1.19–6.29); p= 0.02)  
 
-The risk of pre-HT was not associated with 
presence of periodontal disease (OR= 0.93 
(0.51–1.70); p = 0.82) 

In the short-term 
prospective 
cohort study, a 
significant 
association 
between 
presence of 
periodontal 
disease and HT 
was observed in 
Japanese 
university 
students 

Lee et al. (2015) 
 
Korea 
 
Association of 
lifestyle-related 
comorbidities with 
periodontitis.  
A nationwide 
cohort study in 
Korea  
 
 

N= 1,025,340 people (representing 2% of the total 
population)  
Age: all ages recorded in the screening 
 
Gender: 321,103 (31.3%) were diagnosed with 
periodontitis, consisting of 158,303 males (49.3%) and 
162,800 females (50.7%).  
 
Smoking status: recorded (national survey) 
 
Systemic health: recorded (national survey) 
  
Cohort study (2002-2013). Samples analysed 
retrospectively 
 
 
 
Cohort: 11 years 

-Periodontitis 
defined as: 
acute (K052), 
chronic (K053), 
periodontosis 
(K054), other 
periodontal 
disease (K055), 
and unspecified 
periodontal 
disease (K056).  
 
-Inclusion 
criteria based on 
criteria of the 
AAP as well as 
ICD-10 
classification 
criteria 
 
 

Diseases 
were 
diagnosed 
using the 
Korean 
Classificatio
n of Disease, 
sixth edition 
(KCD-6) 

The lifestyle related comorbidities (LCs) with 
periodontitis’ group comprised 253,538 patients 
and had an overall prevalence rate of HT 
(43.9%),  
 
-Association of Lifestyle-Related Comorbidities: 
HT with Periodontitis: 
 
Univariate analysis: OR=1.96 95% CI (1.94 – 
1.98) 
 
Multivariate analysis:  OR=1.07 95% CI (1.05 – 
1.08) 

Periodontitis is 
significantly and 
positively 
correlated with 
LCs (except for 
myocardial 
infarction) after 
adjusting for 
confounding bias. 
In particular, 
lifestyle-related 
diseases, erectile 
dysfunction, and 
osteoporosis 
seem to be 
intimately related 
to periodontitis 
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Lee et al. (2017) 
 
Korea 
 
Association 
between 
periodontal 
disease 
and non-
communicable 
diseases 
A 12-year 
longitudinal health-
examinee cohort 
study in South 
Korea 
 
 
 
 
 

N=354,850  
Periodontal disease (PD): 200,026 patients, healthy 
oral status 154,824. 
Age >40 years old (group ages recorded). 
 
Gender: 199,886 men (56.3%) and 154,964 women 
(43.7%) 
 
Smoking status (questionnaire): not smoking or had 
smoked fewer than 100 cigarettes were classified as 
non-smokers, while the other subjects were classified 
as smokers.  
 
Systemic health:  
As per NHIS–HEC (a self-reported questionnaire, 
anthropometric measurements, and blood laboratory 
measurements) 

Cohort study= Data collected for 12 years (2002-2013) 
from National Health Insurance Service (NHIS) and 
NHIS-Health Examinee Cohort 
 
Cohort: 12 years 

Page & Eke 
(2007)by a 
general dentist 
or a periodontitis 
in the biannual 
NHIS 
programme.  
 

HT (Korean 
Classificatio
n of 
Diseases, 
6th revision 
[KCD-6], 
codes I10 
and I15; 
correspondin
g to the 
International 
Classificatio
n of Disease, 
10th revision 
[ICD-10], 
codes I10 
and I15)  

 

-Univariate logistic regression analysis 
(unadjusted) showed: Perio→ HT (OR=0.95, 
95% CI (0.93–0.96), p <0.001) 
 
-In the multivariate logistic regression analysis 
with adjustment for sex, age, household income, 
insurance status, residence area health status, 
and smoking status, PD was significantly 
positively related to HT (OR = 1.04, 95% CI 
(1.01–1.07), p<0.014) 

This study has 
demonstrated that 
the presence of 
PD is associated 
with a significantly 
elevated risk of 
NCDs in the 
Korean adult 
population, 
especially 
obesity, 
osteoporosis, and 
angina pectoris. 
Additional studies 
are required to 
confirm this 
association and to 
establish in detail 
the role of the 
inflammatory 
pathway in the 
pathogenesis of 
periodontitis as a 
triggering and 
mediating 
mechanism 

Morita et al. (2010) 
 
Japan  
 
A cohort study on 
the association  
between 
periodontal 
disease and the  
development of 
metabolic 
syndrome  
 
 

N=1,023 industrial workers in whom all components of 
MetS were within the standard values at baseline in 
2002.  
Mean age: 37.3 years 
 
Gender: 727 males, 296 females 
 
Smoking status: questionnaire 
Systemic health: the health habits described by Belloc 
and Breslow (1972) were surveyed using a self-
completed questionnaire.   
 
Cohort: 4 years 
 

CPI 

CPI codes 2 
(without a 
periodontal 
pocket)  

CPI code 3 
(periodontal 

pocket 4 mm) 

BP 
measured: 
automatic 
haemomano
meter while 
patients 
were sitting. 
 
HT  

SBP 130 
mm/Hg  

DBP  85 
mm/Hg  

The indices of obesity, HT, lipid abnormality, and 
hyperglycaemia were positive after 4 years in 73  
(7.1%), 140 (13.7%), 69 (6.7%), and 10 (1.0%) 
subjects, respectively. The positive conversions 
of hypertension and lipid abnormality after 4 
years were significantly associated with the 
presence of periodontal pockets.  
 
OR of non-hypertensive becoming hypertensive 
in the patients with periodontal pockets was 
(OR=1.5, 95%CI 1.0-2.3)  

The presence of 
periodontal 
pockets was 
associated with a 
positive 
conversion of 
MetS 
components, 
suggesting that 
preventing 
periodontal 
disease may 
prevent MetS 
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Morita et al. (2016) 
 
Japan 
 
Association 
between the 
duration of 
periodontitis and 
increased 
cardiometabolic 
risk factors: 
a 9-year cohort 
study 
 
 
 
 

N= 572 adult industrial workers  
 
Mean age 37.4 years 
 
417 men and 155 women 
 
Smoking status checked by a questionnaire  
 
Systemic health: BP, BMI, triglycerides, HDL 
cholesterol, and fasting blood glucose levels were 
measured 
 
 
 
Cohort: 9 years 

CPI (10 
representative 
teeth in 6 
sextants were 
examined by a 
dental hygienist 
under the 
supervision of 
dentists) 
 
Non-
periodontitis: 

CPI 2 
 
Periodontitis: 

CPI 3 

BP 
measured in 
a sitting 
position 
using an 
automatic 
haemomano
meter.  

Hypertensio
n: SBP of 

130mmHg 
or DBP of 

85 mmHg  

-At baseline, 89 participants (15.6%) had 
periodontal pockets, and 483 (84.4%) did not 
have periodontal pockets 
 
-HT in patients with cumulative duration of 
periodontal pockets for ≤5 years (OR=1.5, 95% 
CI= (0.9–2.4), and OR=2.2, 95% CI (1.1–4.3) in 
group ≥6 years, compared to the group without 
periodontal pockets. Differences were 
statistically significant in the group with a 
cumulative duration of periodontal pockets for ≥6 
years (P < 0.05) 
 
-Adjustments were made for age, sex, cigarette 
smoking, alcohol consumption, and maintenance 
of a healthy body weight 

CP was 
significantly 
associated with 
having 
cardiometabolic 
risk factors during 
the 9-year 
observation 
period, 
suggesting that 
the risk of 
cardiometabolic 
disease might 
increase in 
people who have 
untreated 
periodontitis  

Rivas-Tumanyan 
et al. (2012) 
 
United States 
 
Periodontal 
disease and 
incidence of 
hypertension in 
the health 
professionals 
follow-up study  
 
 

N=31,543 participants of the Health Professionals’ 
Follow-Up Study (HPFS) prospective cohort.  
 
This sample contributed to 466,514 person-years 
during 20 years of follow-up (1986-2006).  
 
Age: male health professionals (dentists, pharmacists, 
optometrists, podiatrists, osteopaths and veterinarians) 
age 40–75  
 
Smoking status: information on smoking was 
summarized in the comprehensive smoking index (CSI)  
Systemic health:  validity of self-reported diabetes, 
physical activity, weight, alcohol, diet and supplement 
intake measures in this cohort have been 
demonstrated previously 
 
 
 
Cohort: 20 years 

Self-reported 
periodontal 
disease  
 

Self-reported 
HT  
 

After adjusting for risk factors, we did not 
observe a significant association between 
periodontal disease diagnosis at baseline and 
the risk of incident HT (RR = 1.04, 95% CI 
[0.98–1.1]).  
Results were similar for the analysis on 
periodontal disease during follow-up (RR = 1.01, 
95% CI [0.96–1.05]).  
 
There was no evidence for a dose–response 
relation between the periodontal bone loss 
severity level (no, mild, moderate, severe, as 
reported on the 1996 questionnaire), and HT 
(p=0.65); however, there was limited power for 
this analysis. Compared with men reporting no 
periodontal bone loss, those with severe 
periodontal bone loss had a RR= 1.02, 95% CI 
(0.77–1.35) for incident HT 
 

We did not 
observe an 
association 
between 
periodontal 
disease 
measures and 
incident 
hypertension in 
this cohort of 
middle-aged men.  
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Touminen et al. 
(2003) 
 
Finland 
 
Oral health 
indicators poorly 
predict coronary 
heart disease 
deaths  
 
 

N=6,527 men and women from a nationally 
representative sample who participated in the health 
examination with a dental check 
 
Gender: 3,091 men 
 
Age: >30 years old (30-69) 
  
Smoking status: recorded as current smokers, quitters, 
or never-smokers.  
 
Systemic health: recorded, interview and health 
examination 

Modified 
Periodontal 
Treatment Need 
System (PTNS) 
(Johansen et al 
1973).  
 

HT: 
BP≥170/100 
mm Hg or 
taking 
continuous 
medication 
for HT 

Prevalence of HT in men>6 mm pockets 
(759):16.3% vs 11.8% and 10.7% for 4-6 mm 
pockets (1,272) or none (487 subjects) 
respectively (p<0.01). 
 
Prevalence of HT in women>6 mm pockets 
10.4% vs 10.5% and 12.8% for those with 4-6 
mm pockets (1,152) or none (816 subjects) 
respectively. The Differences not statistically 
significant.  
 
OR=1, 95%CI [0.6-1.6] perio→Cardiovascular 
heart disease mortality 
Adjusted for age, other oral health indicators, 
level of education, hypertension, 
hypercholesterolemia, smoking, and diabetes 

The associations 
between oral 
health indicators 
and CHD are 
mostly explained 
by confounding 
factors, 
particularly those 
relating to health 
behaviour.  
 



 

EVIDENCE TABLE FOR INTERVENTIONAL STUDIES 

Author, year 
country, title 

Study 
design 

Population characteristics Intervention Follow-up Impact of periodontal 
therapy on BP levels 

Impact of periodontal 
therapy on biomarkers 

Seinost et al., 
(2005) 
 
Austria 
 
Periodontal 
treatment 
improves 
endothelial 
dysfunction in 
patients with 
severe 
periodontitis. 

Interventional 
study  
(non-RCT) 

N: 60 individuals  
 
Groups: 
-30 individuals with severe PD 
(defined as 6 teeth with pocket 
depth N5 mm and loss of 
attachment of z3 mm in 3 
aspects of each involved tooth) 
 
-31 control (no periodontal 
disease)  
 
MH: Otherwise healthy (HT was 
an exclusion criteria) 
 

-Test Group:  OH 
instructions, multiple 
supra-gingival cleaning, 
NST completed in two 
session, 7 days of 
amoxicillin plus clavulanic 
acid and metronidazole 
 
-Control Group; No 
intervention 

3 months No changes in blood pressure 
 
There was no statistically 
significant change in SBP (P = 
0.68) and DBP (P = 0.2) at 
follow-up. 
 
Measurements not shown in the 
manuscript, requested 
information to the authors by 
email but no reply obtained 
 

Patients with periodontitis 
had significantly higher 
baseline levels of ESRs and 
concentrations of C-reactive 
protein than did controls. 
 
CRP concentrations 
significantly decreased and 
there was a trend toward a 
reduction in ESRs 

D’Aiuto et al., 
(2006)  
 
United Kingdom 
 
 
 
 
Periodontal 
infections cause 
changes in 
traditional and 
novel 
cardiovascular 
risk factors: 
results from a 
randomized 
controlled 
clinical trial 

RCT N:40 individuals with chronic 
generalized PD (defined as 50% 
of dentition with PPD>4 mm and 
with documented radiographic 
alveolar bone loss)  
 
Groups:  
-Standard periodontal therapy 
(SPT)= 20 individuals 
 
-Intensive therapy (IPT)= 20 
individuals 
 
MH: Otherwise healthy 

SPT: One single session 
of NST 
 
IPT: One single session 
of NST and LDA 
(minocycline 
microspheres) 

1, 2, 6 
months  

Reduction in SBP in the IPT 
group after 2 months but back 
to baseline parameters at 6 
months: 
(135±14mmHg→129±17mmHg) 
P=0.04 
 
A mean difference of 7±3 mm 

Hg in SBP (95% CI 1-12, P = 

.0211) for IPT with respect to 
SPT was observed at 2 months, 
which was greater for smokers: 
(14±5 mm Hg 95% CI 3-25, P = 
0.0124) 
 
No effect on DBP at 2 or 6 
months: 
86±11→85±12→86±13  
P=0.888 

IPT patients significant 
decreased in inflammatory 
markers (CRP, IL-6, WBC) at 
1 and 2 months, and in lipid 
markers scores (TC and 
HDL-C) at 2 to 6 months after 
treatment compared with 
SPT 
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Therapy 

Biomarkers 

Tonetti et al., 
(2007) 
 
United Kingdom 
 
 
 
 
 
Treatment of 
periodontitis and 
endothelial 
function 

RCT N: 120 individuals with 
generalized severe PD ((probing 
pocket depths of >6 mm and 
marginal alveolar bone loss of 
>30%) with 50% or more of their 
teeth affected). 
 
Groups: 
-59 test 
-61 control  
 
MH: Otherwise healthy 

-Test group 
OHI, single session of 
NST+ LDA (microspheres 
of minocycline) and 
extraction of hopeless 
teeth 
 
-Control group 
OHI, single session of 
supra-gingival scaling 
and polishing 

Day 1, 7, 
30, 60,180 

Mean difference in SBP/DBP in 
the test group versus control 
(Day 1). 
 
SBP= 4.60 mm Hg (1.07 to 
8.13) p=0.01 
 
DBP= 2.95 mm Hg (0.42 to 
5.49) p=0.02 
 
Both values increased, No 
effect after 6 months. 
 
 

Levels of CRP protein, IL-6, 
and the endothelial-activation 
markers soluble E-selectin 
and von Willebrand factor 
and neutrophils were 
significantly higher in the test 
than control groups at day 1 
 
CRP levels and neutrophil 
counts were decreased 6 
months after the 
administration of the therapy 
in both treatment groups 

Higashi et al., 
(2008) 
 
Japan 
 
 
 
 
 
Periodontal 
infection is 
associated with 
endothelial 
dysfunction in 
healthy subjects 
and 
hypertensive 
patients 

RCT Protocol 1: 
N: 52 individuals  
 
Groups: 
-32 individuals with PD 
(ascertained by self-reported 
questionnaire) randomly 
allocated to periodontal therapy 
(16) or no intervention (16) 
-20 healthy controls 
(periodontally and systemically) 
 
MH: Otherwise healthy 
 
Protocol 2: 
N: 64 individuals  
 
Groups:  
-26 individuals with PD randomly 
allocated to periodontal therapy 
(17) or no intervention (9) 
-38 periodontally-healthy 
individuals 
 
MH:  CAD patients with HT 
 
 

Protocol 1+ 2: 
 
-Periodontal therapy 
group: OHI, NST and 4-7 
days of systemic 
antibiotic and mouthwash 
for 24 weeks  
 
- Control Group, and no 
intervention group did not 
receive periodontal 
therapy 
 
 

Protocol 1: 
 
24 weeks 
 
Protocol 2: 
 
24 weeks 

Changes in BP in treated 
patients were not statistically 
significant: 
 
Protocol 1:  
Before ttx: 
SBP:115.1±10.9  
DBP: 66.1± 7.4  
 
After ttx: 
SBP: 114.6±10.4  
DBP: 67.4±7.9  
 
Protocol 2:  
Before ttx: 
SBP: 140.1 ± 20.3  
DBP: 89.2±14.1 
 
 
After ttx: 
SBP: 141.3±21.4  
DBP: 88.7±13.7 
 

Protocol 1&2:   
-Serum concentrations of IL-
6 and hs-CRP, indices of 
systemic inflammation, were 
significantly higher in patients 
with periodontitis than in 
healthy subjects.  
 
- The 24 weeks of treatment 
significantly decreased 
serum concentrations of IL-6 
and hs-CRP. Periodontitis 
therapy did not alter other 
parameters (i.e. BP 
measurement) 
 
- Periodontal therapy 
improves endothelial function 
through an increase in NO 
bioavailability  
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Higashi et al. 
(2009) 
 
Japan 
 
 
 
 
Oral infection-
inflammatory 
pathway, 
periodontitis, is 
a risk factor for 
endothelial 
dysfunction in 
patients with 
coronary artery 
disease 

RCT N: 101 patients with coronary 
artery disease randomly 
allocated to treatment or control 
 
Groups: 
- 48 individuals with chronic PD 
(self-reported questionnaire and 
confirmed with oral examination: 
Defined as the presence of at 
least 2 teeth with probing pocket 
depth ≥4 mm and with 
attachment loss ≥3 mm) 
 
- 53 controls (no periodontitis) 
 
MH: Coronary artery disease 

-Periodontal individuals 
randomly allocated to 
periodontal therapy that 
was NST and 4 to 7 days 
of antibiotic and 
mouthwash for 24 weeks 
(24) or no intervention 
(24) 
 
- Control Group 
No periodontal treatment 
 
 
Both groups: Intra-arterial 
infusion of acetylcholine 
(ACh) and to sodium 
nitroprusside (SNP) 
before periodontal 
therapy in 48 patients 
with periodontitis and 53 
control patients, and in 24 
patients who were treated 
periodontitis and 24 
untreated patients before 
and after 24 weeks of 
follow- up 
 

24 weeks Changes in blood pressure 
were not statistically significant: 
 
Test:  
Before ttx: 
SBP: 141.3±20.2 
DBP: 82.5±13.3 
 
After ttx: 
SBP: 140.3 ± 19.3 
DBP: 80.7 ± 12.9 
 
Control:  
Before ttx: 
SBP: 141.3 ± 19.8  
DBP: 82.3 ± 12.7 
 
 
After ttx: 
SBP: 140.8 ± 19.1  
DBP: 81.9 ± 12.1 
 
 

-Serum concentrations of IL-
6 and hs-CRP, were 
significantly higher in patients 
with periodontitis than in 
patients without periodontitis  
 
-In patients with periodontitis 
who received treatment, IL-6 
and hs-CRP. 
Periodontal therapy did not 
alter other parameters 
 
-In the untreated periodontitis 
group, the baseline clinical 
characteristics were similar at 
0 and 24 weeks of follow-up 
 

Graziani et al., 
(2010) 
 
Italy 
 
 
 
Systemic 
inflammation 
following non‐
surgical and 
surgical 
periodontal 
therapy 

Interventional 
study (Non-
RCT) 

N: 14 individuals with 
generalised severe chronic PD 
(defined according to Armitage, 

1999: PPD 5 mm on at least 
30% of their dentition) 
 
 
Groups: 
Only one group 
No control group 
 
MH: Otherwise healthy 
 

OHI, 
SRP in 2 visits within 24 
hours, 
Widman flap procedure 
180 days after completion 
of NST  

Day 1, 7, 
30,90,180, 
181, 187, 
200, 201, 
207, 270 

The authors reported non-
specific changes in arterial BP 
were observed after both non- 
surgical and surgical 
periodontal therapy (as per the 
Fig. 3 a and b included in their 
manuscript) 
 

CRP and Serum Amiloid A 
underwent marked increased 
24 h following NST and 
periodontal surgeries 
 
D-dimer levels increased 
drastically 24 h after NST 
 
  
 



Author, year 
country, title 

Study 
design 

Population characteristics Intervention Follow-up Impact of periodontal 
Therapy 

Biomarkers 

Taylor et al., 
(2010) 
 
Australia 
 
 
 
The effect of 
initial treatment 
of periodontitis 
on systemic 
markers of 
inflammation 
and 
cardiovascular 
risk: a 
randomized 
controlled trial 

RCT N: 125 individuals with PD 
(defined as ≥6 sites with PPD ≥5 
mm and CAL ≥2 other than the 
third molars)  
 
 
Groups:  
Randomly allocated to  
-test (61) 
-control group (64) 
 
MH: Otherwise healthy 

-Test 
OHI, 
Extractions of hopeless 
teeth, 
NST 
 
- Control 
Dental extractions to 
alleviate pain. No 
periodontal treatment 

3 months No changes in BP reported in 
the manuscript. However, 
authors provided further 
information:  
 
Test: 
Before treatment: SBP= 
135.98± 24,09. DBP= 84,32 ± 
12,74 (mean ±SD) 
After treatment: SBP= 135,08 ± 
19,19. DBP= 84,86 ± 10,47 
(mean ± SD) 
 
Control: 
Before treatment: SBP= 
139.47± 22,99. DBP= 85,52 ± 
10,55 (mean ±SD) 
After treatment: SBP= 134,21 ± 
20,02. DBP= 83,70 ± 11,39 
(mean ± SD) 
 
   
 

-Fibrinogen showed a 
statistically significant 
decrease from pretreatment 
to post-treatment levels 
within the intervention group 
 
- The mean levels of CRP, 
PAI-1, and vWF showed a 
tendency to be lower in the 
intervention group, but this 
did not reach significance 
 
-Hemoglobin, hematocrit and 
mean cholesterol level 
showed a statistically 
significant increase in the 
intervention group in 
comparison to the control 
group over the duration of 
the study 

Lopez et al., 
(2012) 
 
Chile 
 
Effects of 
periodontal 
therapy on 
systemic 
markers of 
inflammation in 
patients with 
metabolic 
syndrome: a 
controlled 
clinical trial 
 

RCT N: 165 individuals with PD 
(defined as the presence of ≥ 4 
teeth with ≥1 site with PPD ≥4 
mm and concomitant CAL ≥3 
mm) 
 
Groups:  
 
-Experimental treatment group 
(ETG)= 82 
 
-Control group (CTG)= 83  
 
MH: MetS 

-ETG received plaque 
control and NST plus 
amoxicillin and 
metronidazole  
 
-CTG received plaque 
control instructions, 
supragingival scaling, 
and two placebos. 

12 months Authors reported no statistically 
significant difference between 
treatment groups in the levels 
of BP but no mean values were 
reported in the manuscript  
 
Requested authors to send 
mean values but not reply 
 
 

-CRP levels decreased with 
time and that this reduction 
was significant at 9 (P = 
0.024) and 12 (P = 0.001) 
months in both groups, 
without difference between 
the groups 
 
-Fibrinogen levels 
significantly decreased in the 
ETG at 6 and 12 months but 
not in the CTG.  
 



Author, year 
country, title 

Study 
design 

Population characteristics Intervention Follow-up Impact of periodontal 
Therapy 

Biomarkers 

Vidal et al., 
(2013) 
 
Brazil 
 
 
 
Non-surgical 
periodontal 
treatment 
reduces 
cardiovascular 
risk in refractory 
hypertensive 
patients: a pilot 
study  
  

Interventional 
study (Non-
RCT) 

N: 26 patients diagnosed with 
generalised chronic PD (defined 
according to Armitage, 1999: 

PPDs) 5 mm on at least 30% of 
their dentition) 
 
Groups: 
Only one group 
No control groups 
 
MH: Refractory hypertension 
 
* Blood pressure was assessed 
using an ambulatory blood 
pressure monitoring 
device (TM 2430®, A&D, Santa 
Clara, CA, USA). 

-Oral hygiene instructions 

-NST at sites with PPD  
4 mm, no time limit  

6 months A significant reduction in the 
median values of SBP (of 12.5 
mmHg) and DBP (of 10 mm 
Hg)  
 
Baseline: 
SBP: 175 (38.8)  
DBP: 105 (21.3) 
 
After 6-months:  
SBP: 157.5 (40) 
DBP: 95 (11.3) 
 

-A significant reduction in the 
mean values of LVM and 
PWV was observed.  
 
-The median values of the 
inflammatory markers, CRP, 
IL-6 and fibrinogen were 
significantly reduced 6 
months after periodontal 
treatment. 

Albush et al. 
(2013)  
 
 
Syria  
 
 
 
Effect of surgical 
and non-surgical 
periodontal 
debridement on 
vascular 
thrombotic 
markers in 
hypertensives  

Interventional 
prospective 
pilot study 
(Non-RCT) 

N: 40 individuals with moderate 
to severe periodontitis defined as 
≥4 teeth with ≥1 site with PPD ≥4 
mm and/or CAL ≥3 mm. 
 
Groups:  
-NST group: 20 individuals 
(PPD=4‐6 mm):  
 
-Surgical group: 20 individuals 
(PPD>6mm):  
 
MH: HT under control with 
different antihypertensive 
medication, non- smokers  
 
 

NST group (PPD=4‐6 
mm): Received 1 session 
of full mouth debridement 
with ultrasonic and 
curettes under LA. 
 
-Surgical group 
(PPD>6mm): 1 session of 
supragingival 
debridement and 
Modified Widman Flap. 
 
 
-Blood samples taken at 
baseline (16 h fasting 
prior to test), 48 h and 6 
weeks post-treatment.  

6 weeks  Blood pressure measured at 
baseline but not after treatment  
 
Biomarkers: Platelets, Fib 
levels, DD levels and vWF:Ag 
measured.  

-No statistically significant 
differences in vascular 
thrombotic markers between 
the two groups at baseline, 
(P > 0.05).  
-Platelets count, Fib levels 
and DD levels increased 
after 48 h of treatment in 
both groups and decreased 
after 6 weeks (P < 0.05), with 
no significant differences 
between the two groups at 
both time intervals, (P > 0.05)  
-vWF:Ag activity increased 
significantly in both groups 
after 48 h (P < 0.05) and it 
decreased after 6 weeks 
retaining higher values in 
comparison to baseline with 
no significant differences 
between groups at both time 
intervals, (P > 0.05).  
 



Author, year 
country, title 

Study 
design 

Population characteristics Intervention Follow-up Impact of periodontal 
Therapy 

Biomarkers 

Houcken et al. 
(2016) 
 
Amsterdam 
 
 
 
 
Arterial stiffness 
in periodontitis 
patients and 
controls A case-
control and pilot 
intervention 
study 

Pilot 
intervention 
study 

N:45 patients with PD out of 109 
that participated in the cross-
sectional study 
 
Groups: 
Only one group with PD (defined 
as Tonetti &Caffley, 2005= 
proximal attachment loss of ⩾ 3 
mm in ⩾ 2 non-adjacent teeth 
with bleeding on probing) 
 
 
MH: Healthy otherwise 

Treatment:  
OHI + NST in 2 sessions 
 
Twenty patients 
(randomly assigned) 
received a systemic 
antibiotic therapy 
adjunctive to the scaling 
and root planning 
(combination of 
Amoxicillin 375mg t.i.d. 
and Metronidazole 
500mg t.i.d. for 7 days). 

6 months SBP was significantly reduced 
6-months after periodontal 
therapy 119.8±14.6 to 
116.9±15.1mmHg (p=0.04) 
after adjustment for potential 
cofounders. 
 
 
DBP: 74.9 ± 11.8 at baseline → 
73.1 ± 10.6 6-months after 
therapy (p=0.05) after 
adjustment for potential 
cofounders. 
 
 
For the parameters SBP, DBP 
and heart rate no other results 
than those presented were 
obtained if subgroups for 
antibiotics usage were analysed 
 

Plasma lipid markers (total 
cholesterol, HDL, LDL and 
triglycerides) were assessed. 
 
From the biochemical 
analyses it was clear that the 
periodontal treatment neither 
affected levels of total 
cholesterol nor LDL or HDL 
and triglycerides 

Zhou et al., 
(2017) 
 
China 
 
 
Effect of 
intensive 
periodontal 
therapy on blood 
pressure and 
endothelial 
microparticles in 
patients with 
prehypertension 
and 
periodontitis: a 
randomized 
controlled 

RCT N: 95 patients with PD (Page & 
Eke, 2007) 
 
Groups: 
Randomly assigned to test and 
control groups  
 
-Control treatment group (CTG): 
47 
-Intensive treatment group (ITG): 
48 
 
MH: Pre-hypertension 
(SBP/DBP= 120–139/80–89 mm 
Hg) 

-Intensive treatment 
group (ITG): OHI, NST+ 
locally delivered   
minocycline 
hydrochloride ointment 
(once a week for 4 
weeks). Additionally, 
teeth that could not be 
saved were extracted. 
 
-Control - treatment 
group only supragingival 
ultrasonic scaling and 
polishing at baseline.  
 

6 months Mean BP was markedly 
reduced in the ITG compared to 
the CTG = (absolute difference 
SBP/DBP: 12.57 mm Hg/9.65 
mm Hg, 95% CI: 10.45 to14.69 
and 7.06 to 12.24; P <0.05).  
 

-Periodontal treatment 
lowered the levels of EMPs. 
 
-Endotelial microparticles 
(EMPs) = absolute difference 
between ITG and CTG= 
581.59/μl; 95% CI: 348.12 to 
815.06 /μl; P <0.05 
 
-hs-CRP and IL-6 levels were 
significantly lower in the ITG 
than the CTG  6 months after 
intensive periodontal 



 

Author, year 
country, title 

Study 
design 

Population characteristics Intervention Follow-up Impact of periodontal 
Therapy 

Biomarkers 

D’Aiuto et al., 
(2018) 
 
The UK 
 
Systemic effects 
of periodontitis 
treatment in 
patients 
with type 2 
diabetes: a 12 
month, single-
centre, 
investigator-
masked, 
randomised trial 

RCT N: 264 individuals with 
moderate-severe PD (≥20 
periodontal pockets with probing 
pocket depths of >4 mm and 
marginal alveolar bone loss of 
>30%), and at least 15 teeth  
 
Groups: 
-133 test (IPT) 
-131 control (CPT)  
 
MH: Type 2 diabetes (WHO) 
 
Exclusion criteria were 
uncontrolled systemic diseases 
other than diabetes (cardio 
vascular diseases [including 
hypertension]  

IPT= Initial single session 
of whole mouth scaling of 
the root surfaces. 2 
months after patients with 
(plaque scores of ≤20%) 
and at least one PPD⩾6 
mm had periodontal 
surgical therapy followed 
by repeated scaling every 
3 months 
 
CPT= cleaning and 
polishing the part of the 
tooth that is visible above 
the gingiva of all dentition 
at the same timepoints 
as the IPT group (after 
baseline and at 2, 6, 9, 
and 12 months after the 
completion of the first 
session of periodontal 
therapy) 

12 months  Mean changes in blood 
pressure between the two 
groups were not statistically 
significant.  
 
IPT: mean SBP(SD)/DBP(SD):  
Baseline: 135(16)/ 82(10) 
 
Mean SBP[SE]/DBP[SE]: 
2M:131[1.4]/80[0.9] 
6M: 131[1.4]/81[0.8] 
12M: 130 [1.4]/79[0.9] 
 
CPT (mean SBP/DBP):  
Baseline: 136(17)/ 83 (9) 
 
Mean SBP[SE]/DBP[SE]:  
2M: 132[1.4]/80[0.9] 
6M: 133[1.4]/80[0.8] 
12M: 133[1.4]/81[0.9] 

HBA1C, CRP were 
significantly lower in the IPT 
group than in the CPT group 
at 2 months, 6 months, and 
12 months 
 
TNFα was significantly lower 
in the IPT group than in the 
CPT group at 2 months and 
12 months 
 
Soluble E-selectin and P-
selectin were significantly 
lower in the IPT group than in 
the CPT group at 6 months  
 
Patients in the IPT group had 
greater FMD at 6 months and 
12 months than patients in 
the CPT group 



RISK OF BIAS ASSESSMENT FOR ALL THE STUDIES DESIGNS 
 

Study (first 
author) 

Study 
design 

Selection Comparability Outcome/Exposure Total 
numbe

r of 
stars 
(maxi
mum 

9) 

Repres
entativ
eness 
of the 

sample 

Sample 
size 

Non-
respondents 

Ascertainme
nt of 

exposure 

Based on 
design and 

analysis 

Assessment of 
outcome Statistical test 

Ahn et al. 2015 Cross-
sectional * * * * ** * * 7 

Al-Emadi et al. 
2006 

Cross-
sectional 

  *  * ** * * 6 

Angeli et al. 2003 Cross-
sectional 

  *  * *   * 4 

Aoyama et al. 2017 Cross-
sectional 

 *  *  *  **  * 6 

Arowojolu et al. 
2016 

cross-
sectional 

  *  * * * * 5 

Benguigui et al. 
2010 

Cross-
sectional *  *  *  * ** *  * 8 

Beukers et al. 2017 cross-
sectional * * *  ** * * 7 

Buhlin et al. 2002 Cross-
sectional *  *    ** *  * 6 

Carvahlo-Goulart et 
al. 2017 

cross-
sectional 

   * *  * 3 

Chauhan et al. 
2016 

Cross-
sectional *  * *   * 4 

Chen et al. 2016 Cross-
sectional *   * **  * 5 

Choi et al. 2015 Cross-
sectional * * * *  ** * 7 

Chrysanthakopoulo
s & 

Chrysanthakopoulo
s (2016) 

Cross-
sectional *  * * ** *  * 7 

D'Aiuto et al. 2008 Cross-
sectional *  *  *  * ** ** * 9 
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Study (first 
author) 

Study 
design 

SELECTION Comparability Outcome/Exposure Total 
numbe

r of 
stars 
(maxi
mum 

9) 

Repres
entativ
eness 
of the 

sample 

Sample 
size 

Non-
respondents 

Ascertainme
nt of 

exposure 

Based on 
design and 

analysis 

Assessment of 
outcome Statistical test 

Desvarieux et al. 
2010 

Cross-
sectional *  *  *  * ** ** * 9 

Franek et al. 2009 Cross-
sectional *   * * ** ** * 8 

Franek et al. 2010 Cross-
sectional *   * * ** ** * 8 

Fukui et al, 2012  Cross-
sectional *  * * **  *  6 

Furuichi et al. 2003 Cross-
sectional *   * * ** ** * 8 

Gomes-Fihlo et al. 
2016 

Cross-
sectional * * * * ** ** * 9 

Gorska et al. 2017 Cross-
sectional *  * *   * 4 

Han et al. 2010 Cross-
sectional * * * * ** * * 7 

Han et al. 2016 Cross-
sectional * * *   ** * * 7 

Holmlund et al., 
2006 

Cross-
sectional *   *  * ** * * 6 

Iwashima et al, 
2014  

Cross-
sectional *  * *  * ** ** * 9 

Khocht, 2017  Cross-
sectional *   * ** ** * 7 

Kushiyama et al. 
2009 

Cross-
sectional *   * * ** ** * 8 

Kwon et al. 2011 Cross-
sectional *  *  * * ** ** * 9 

Lysek et al. 2016 Cross-
sectional 

  * * ** ** * 7 

Machida et al. 2014 Cross-
sectional  

*  *  ** 
 
 
 

* 5 
  



Study (first 
author) 

Study 
design 

SELECTION Comparability Outcome/Exposure Total 
numbe

r of 
stars 
(maxi
mum 

9) 

Repres
entativ
eness 
of the 

sample 

Sample 
size 

Non-
respondents 

Ascertainme
nt of 

exposure 

Based on 
design and 

analysis 

Assessment of 
outcome Statistical test 

Moghadam et al. 
2016 

Cross-
sectional * * *  **  * 6 

Morita et al. 2009 Cross-
sectional *   * * ** ** * 8 

Nesbitt et al. 2010 Cross-
sectional 

  * * ** * *  6 

Nesse et al., 2010  Cross-
sectional *   * *  *  4 

Ollikainen et al., 
2014  

Cross-
sectional *  *  *  * * ** * 8 

Ribeiro et al. 2016 Cross-
sectional *  *  * * ** * * 8 

Rivas-Tumanyan et 
al., 2013  

Cross-
sectional *   * * ** ** * 8 

Shamsuddin et al., 
2015  

Cross-
sectional * * * *  *   5 

Shimazaki et al. 
2007 

Cross-
sectional *   * * ** * ** 8 

Thanakun et al 
.2014 

Cross-
sectional *   * * ** ** * 8 

Tsakos et al. 2010 Cross-
sectional * * * * * ** * 8 

Tu et al, 2013  Cross-
sectional *  *  * *  ** ** * 9 

Umeizudike et al. 
2016 

Cross-
sectional 

  * * ** * ** 7 

Vieira et al., 2011  Cross-
sectional 

  * * ** ** * 7 

Yamori et al. 2011 Cross-
sectional 

  * *  ** * 5 

Zainoddin et al, 
2013  

Cross-
sectional 

  * *  *   3 



Study (first 
author) 

Study 
design 

SELECTION Comparability Outcome/Exposure Total 
numbe

r of 
stars 
(maxi
mum 

9) 

Repres
entativ
eness 
of the 

sample 

Sample 
size 

Non-
respondents 

Ascertainme
nt of 

exposure 

Based on 
design and 

analysis 

Assessment of 
outcome Statistical test 

Gordon et al. 2018 Cross-
sectional * * *  * ** * * 8 

Alade et al. 2018 Cross-
sectional   * * **  * 5 

Han et al. 2018 Cross-
sectional * *  * * ** * * 8 

Koo et al. 2018 Cross-
sectional * * * * ** * * 8 

Pietropaoli et al. 
2018 

Cross-
sectional * *  * ** ** * 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Study (first 
author) 

Study 
design 

Case 
definiti

on 
adequa

te? 

Repres
entative
ness of 

the 
cases? 

Selection of 
controls? 

Definition of 
controls? 

Based on 
design and 
analysis? 

Ascertainment of 
exposure 

Same 
metho
d for 

ascerta
inment 

for 
cases 
and 

control
s 

Non-
respo
nse 
rate 

Total 
Numb
er of 
stars. 
(maxi
mum 

9) 

Buhlin et al. 2003 Case-control *   * ** * * * 7 

Engström et al. 
2007 Case-control * * * * ** * * * 8 

Gorski et al. 2016 Case-control * * * * ** * * * 9 

Houcken et al. 2016 Case-control  * * * * ** *   7 

Jaramillo et al 2017 Case-control *  * *  * * * 6 

Kumar et al. 2016 Case-control *  *   *   3 

Marjanovic et al., 
2013  Case-control *  * * ** *  * 7 

Turkoglu, 2014  Case-control  * *  * * * * * 7 

Vidal et al. 2011 Case-control *     * ** *   * 6 
 
 
 
 
 
 
 
 
 
 

          



 

Study (first 
author) 

Study 
design 

Repres
entativ
eness 
of the 

expose
d 

cohort 

Selectio
n of the 

non-
expose

d 
cohort 

Ascertainment 
of exposure 

Demonstratio
n outcome of 
interest not 
present at 

start of study  

Based on the 
design or 
analysis 

Assessment of 
outcome 

Was 
follow-

up 
long 

enoug
h for 
outco
me to 
occur 

Adeq
uacy 

of 
follo
w-up 
cohor

ts 

Total 
Numb
er of 
stars. 
Maxim
um 9 

Hujoel et al. 2000 Cohort * * * * ** * **  8 

Inoue et al. 2005 Cohort * * *  ** *   6 

Kawabata et al., 
2016  Cohort   * * * ** *   * 7 

Lee et al., 2015  Cohort * * * * ** * * * 9 

Lee et al. 2017 Cohort * * * * ** * * * 9 

Morita et al, 2010  Cohort  * * * ** *   * 7 

Morita et al. 2016 Cohort  * * * ** * *  7 

Rivas-Tumanyan et 
al., 2012  Cohort   *     **   *   4 

Touminen et al. 
2003 Cohort * * * * ** * *  

8 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 

          



 
 
 
 
 
 
 
 
 
 

Study (first 
author) 

Study 
design 

Bias arising from 
the randomization 

process 

Bias arising 
from the 
intended 

interventions 

Bias due to 
missing 

outcome data 

Bias in 
measurement 

of the outcome 

Bias in the 
selection of the 
reported result 

  
Overall risk of 

bias 

 

 

D’Aiuto et al., 2006 RCT Low Low Low Low Low Low  

Higashi et al., 2008  RCT High Some concerns  Low High Some concerns High  

Higashi et al., 2009 RCT Some concerns Some concerns High Some concerns Low High  

Lopez et al. 2012 RCT Low Low Low Low Low  Low  

Taylor et al. 2010 RCT Low Some concerns Low Low Low Some concerns  

Tonetti et al. 2007 RCT Low  Low  Low  Low Low  Low  

Zhou et al. 2017 RCT Low  Low  Low Low Low Low  

D’Aiuto et al. 2018 RCT Low Low Low Low Low Low  



 
 
 
 
 
 
 
 

Study (first author) Study design 

Pre-intervention At intervention Post-intervention 

Overall 
risk of 
bias Confounding Selection of 

participants 

Classification 
of 

interventions 

Deviation 
from intended 
interventions 

Missing 
data 

Measurement 
of outcome 

Selectio
n of the 
reported 

result 

Albush et al. 2013 Interventional 
Non-RCT Serious Moderate Moderate Low Moderate Moderate    Low Serious 

Graziani et al. 2010 

Interventional 
pilot one 
group only 
study 

Study design not subjected to bias assessment  

Seinost et al., 2005 Interventional Moderate Low Low Low Moderate Low Low Moderate 

Vidal, 2013 
Interventional 
prospective 
cohort study 

Study design not subjected to bias assessment  

Houcken et al. 2016 

Cross 
sectional pilot 
interventional 
one group 
study 

Study design not subjected to bias assessment  
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AUTHOR/YEAR PREVALENCE OF HYPERTENSION IN PATIENTS WITH AND WITHOUT 
PERIODONTITIS 

Al-Emadi et al. 
2006 

About 34% of subjects (n=72) with moderate to severe alveolar bone loss reported a 
history of hypertension, whereas fewer than 8% of patients (n=16) with no or mild 
alveolar bone loss reported having the disease 

Desvarieux et al., 
2010 

The prevalence of hypertension among participants defined as “healthy” or having 
either moderate or severe periodontitis was 72%, 58% and 66% (p for linear 
trend=0.64), respectively   

Inoue et al., 2005 Four subjects (7.3%) with periodontitis and 16 (5.2%) subjects without periodontitis 
had current history of treated hypertension 

Lysek et al. 2016 58.3% of people with CPI=3+4 had peripheral BP ≥140/90 mmHg versus 25.5% of 
people with CPI=1+2 p<0.001 also 62% of people with CPI=3+4 had central BP 
≥130/90 mmHg versus 31.4% of people with CPI=1+2 p=0.002 

Machida et al, 
2014 

84 of moderate-severe periodontitis patients (28.7%) had HT vs 17 of non-
periodontitis or mild periodontitis (14.0%) had HT p=0.002 

Marjanovic et al., 
2013 

23.7% (77 patients) with periodontitis had HT vs 12.1% (18 patients) with no 
periodontitis had HT 

Nesse et al., 2010 In the dental clinic and the periodontitis clinic the prevalence of HT was significantly 
higher in patients with periodontitis 13.4% (29 patients) compared to controls 5% (16 
patients) (P = 0.001)  

Rivas-Tumanyan 
et al., 2013 

64% of the patients with severe periodontal disease had HT versus 70% of patients 
without severe periodontitis. Additionally, 75% of patients with severe periodontitis 
presented with high blood pressure vs 55% of those without severe periodontitis  

Shamsuddin et 
al., 2015 

12.2% of patients with periodontitis had HT 

Megat Mohd 
Zainoddin, 2013 

76.9% (40 patients) of patients with chronic periodontitis had HT vs 23.1% (12 
patients) of with gingivitis had HT 

Benguigui et al. 
2010 

The prevalence of HT among participants defined as no periodontitis, moderate or 
severe periodontitis was 14 (25.9%), 38 (37.2%) and 48 (48.5%) respectively p= 0.021 

D'Aiuto et al., 
2008 

Among individuals with moderate and severe periodontitis, there was a higher 
prevalence of HT (51–56%, 95% CI 47– 64) vs individuals with no or mild periodontitis 
(27%, 95% CI 25–29) 

Fukui et al, 2012 The percentage of patients with HT was 34.6% and 28.0% for moderate/severe vs 
non/mild periodontitis respectively (p=<0.001). According to CAL, was 32.1% vs 
27.9% for moderate/severe vs non/mild periodontitis respectively (p=<0.001) 

Gomes-Fihlo et al. 
2016 

62.80% (91 patients) with periodontitis had HT versus 67.60% (184 patients) without 
periodontitis had HT p=0.32 
Nevertheless, when BP was measured, 70.30% (102) patients with periodontitis had 
SBP³130 vs 59.10% (162 patients) with non-periodontitis p=0.02 and 49.70% (72 
patients) with periodontitis had DBP³85 vs 43.10% (118 patients) without periodontitis 

Gordon et al. 
2018 

16.2% of patients with severe periodontitis had HT versus 26.2% with none or mild 
periodontitis had HT 

Han et al. 2010 48.7% (131 patients) with CPI 3-4 had HT versus 51.3% (138 patients) with CPI 2-1 
and HT 

Han et al. 2016 38.9%(0.9SD) of the patients with periodontitis had HT versus 20.8%(0.5SD) of the 
non-periodontal patients had HT p<0.0001 

Jaramillo et al. 
2017 

20% of cases (86 people with periodontitis) had HT versus 10.5% of controls (23 
people with no periodontitis) P=0.002 

Koo et al. 2018 43% of patients with periodontitis had HT versus 40%  of non-perio group p <0.001 

Kumar et al. 2016 15.4% (20) of cases (periodontitis) versus 13.2% (17) of controls (non-periodontitis) 
p=0.741 

Kwon et al. 2011 36.2% (33.9–38.6) of patients with periodontitis (1167) had HT vs 18.5% (17.1–20.1) 
of non-periodontitis (718) had HT 

Morita et al. 2009 43.2% (277 subjects) with periodontitis had HT versus 30% (549 subject) without 
periodontitis had HT 

Morita et al. 2010 23.4% (48 patients) of patients with pockets developed HT vs 11.3 % (92 patients) 
without pockets developed HT 

Shimazaki et al. 
2007 

56.8% (21 patients) with CAL>3mm had HT vs 43% (235 patients) with CAL<3 had 
HT 
53% of patients with PPD ³2 mm had HT vs 41.9% of patients with PPD<2mm 

Beukers et al. 
2017 

12.3% of patients with periodontitis had HT versus 4.2% of non-periodontitis patients. 
The difference and CI= 8.1% (7.4% to 8.7%)  
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Goulart et al. 2017 42.6% of periodontitis patients (29 patients) had HT vs 34.1% (93 patients) of gingivitis 
patients vs 28.8% (57patients) of patients with no periodontal disease  

Gorski et al. 2016 59.5% (90 people) with extensive periodontitis had HT vs 44.5% (61 people) with no 
extensive periodontitis p=0.0105. Additionally, 63.6 % (75 people) with severe 
periodontitis had HT versus 44.7% (76 people) with no severe periodontitis P=0.0016 

Touminen et al. 
2003  

Prevalence of HT in men with more than 6 mm (759) pockets was 16.3% vs 11.8% 
and 10.7% for those with 4-6 mm (1272) pockets or none (487 subjects) respectively. 
The differences were statistically significant p<0.01 
Prevalence of HT in women with More than 6 mm (424) pockets was 10.4% vs 10.5% 
and 12.8% for those with 4-6 mm (1152) pockets or none (816 subjects) respectively. 
The differences were not statistically significant  

Ribeiro et al. 2016 51.9% (28 patients) of individuals with destructive periodontal disease had HT vs 
48.1% (26 patients) of patients with no destructive periodontal disease 

Umeizudike et al. 
2016 

24.4% (33 patients) of patients with Periodontitis (CPI codes 3/4) had HT versus 
12.1% (17 patients) who had no periodontitis (CPI codes 1/2) had HT  

 
 Prevalence of hypertension in patients with/without periodontitis 

 
 

AUTHOR/YEAR 
 

PREVALENCE OF PERIODONTITIS IN PATIENTS WITH AND WITHOUT 
HYPERTENSION  

Ahn et al. 2015 38.4% of people with HT (≥90/140) (1984 people) had periodontitis (CPITN 3/4) vs 
35.2% (1820 people) without HT had periodontitis  

Aoyama et al. 2017 PPD of 71–80-year-old men with HT was deeper than that of non-HT subjects. There 
was no statistical difference of CAL  

Choi et al, 2015 42.4% (SE=1) of subjects with HT had periodontitis (CPI 3/4) vs a 23.9% (SE=0.7) 
of non-HT patients had periodontitis 

Gorska et al. 2017 29.3% ± 25.4 of patients with HT had PPD≥4mm vs 23.4% ± 21.9 who didn’t have 
HT had PPD≥4mm 

Iwashima et al, 
2014 

23.5% of people with HT had a CPITN4 versus 16.8% of the people that were not 
HT, and this figure was statistically significant 

Vidal et al., 2011 44.3% and 26.9% had generalized chronic periodontitis in the refractory arterial HT 
and control groups, respectively (P < 0.05), while 61.4% and 28.4% of the patients 
were diagnosed as severe chronic periodontitis in the refractory arterial HT and 
control groups (P < 0.05) 

Engstrom et al., 
2007 

57.1% of patients with high DBP had periodontal pockets vs referents (No high DBP) 
that had periodontal pockets 42.6% p<0.05. Additionally, 54.7% of known HT 
patients had pockets vs 38.9% of referents that didn't this was not statistically 
significant 
 

Prevalence of periodontitis in patients with/without hypertension 



Author/ year 
Periodontitis Periodontally healthy 

p value 
periodontitis vs. 
no periodontitis 

Expla-
nation 

N  SBP±SD DBP±SD N  SBP±SD DBP±SD SBP DBP 
Angeli et al., 
2003 15 172±16 101±11 7 143±22 94±5 p<0.01 p<0.0

5 
Mean ± 

SD 
Benguigui et 
al. 2010 99 136±19.7 83±10 54 125±16.7 78.4±9.4 0.002 0.023 Mean ± 

SD 
Buhlin et al., 
2003 50 135±25 79±12 46 141±25 83±11 N/A N/A Mean ± 

SD 
Chauhan et 
al. 2016 25 126±8.41 84±9 34 125±3.9 81.4±2.87 NS NS Mean ± 

SD 
Desvarieux 
et al., 2010 248 141 81 53 141 76 0.26 0.001 Mean 

only 

D'Aiuto et al., 
2008 337 

130 
(126.9–
132.3) 

76.9 
(75.2–78.6) 11758 

119 
(118.2–
119.7) 

73.6 
(73.2–4.0) N/A N/A Mean 

(CI) 

Franek et al. 
2009 50 128±9 82±7 49 131±11 85±10 0.29 0.12 Mean ± 

SD 
Franek et al. 
2010 22 145±11 84±7 14 130±14 79±8 <0.005 0.03 Mean ± 

SD 
Furuichi et 
al. 2003 N/A 134±21.6 78.8±11 N/A 132±22.8 77.4±12 NS NS Mean ± 

SD 
Gorski et al. 
2016 119 138±19.1 80.8±10 170 129±18.4 80.6±10.9 0.002 0.727 Mean ± 

SD 
Han et al. 
2018 1968 113(0.31) 74(0.22) 6373 110(0.18) 72.3(0.15) <0.001 <0.00

1 
Mean 
(SE) 

Higashi et al., 
2008 32 115±10.2 66.1±7 20 115±9.7 65.6±7 NS NS Mean ± 

SD 
Higashi et al., 
2008 26 141±18.1 89.8±12 38 139±17.5 88.9±11.9 NS NS Mean + 

SD 
Higashi et al., 
2009 48 141±17.6 82.4±12 53 140±16.8 82.7±10.9 NS NS Mean + 

SD 
Houcken et 
al. 2016 57 120±14.7 75±12 48 124±13.6 78.5±9.1 NS NS Mean + 

SD 
Hujoel et al. 
2000 1859 140 (0.7) 86.5 (0) 3752 128 (0.6) 80.1±0.3 <0.005 <0.00

5 
Mean 
(SE) 

Inoue et al., 
2005 55 127±1.8 74.9±1 309 121±0.8 71.5±0.5 0.003 0.017 Mean ± 

SD 
Inoue et al., 
2005 55 127±2 79.3±2 309 123±0.8 75.6±0.6 0.81 0.02 Mean ± 

SD 
Jaramillo et 
al. 2017 431 120 

[90-200] 80 [50-112] 220 117 
[80-170] 

78 
[50-110] 0.012 0.128 Median 

[range] 
Koo et al. 
2018 6598 124±17.3 77.1±10.5 6598 122±16.8 76.8±10.1 <0.001 0.15 Mean 

±SD 
Kushiyama 
et al. 2009 316 130 

[89-188] 
76 

[40-100] 754 124 
[80-187] 

72 
[39-108] <0.001 <0.00

1 
Median 
[range] 

Kumar et al. 
2016 130 126±17.1 83±9 129 123±13.8 81.3±8.36 0.126 0.127 Mean ± 

SD 

Kwon et al. 
2011 3127 

120 
(119.11– 
121.14) 

76.9 
(76.29– 
77.58) 

3709 
111 

(110.15– 
111.53) 

73.6 
(73.07– 
74.16) 

N/A N/A Mean 
(CI) 

Lee et al. 
2017 

2000
26 126±17.4 79.5±12 154824 128±18.8 79.4±11.8 <0.001 0.334 Mean ± 

SD 
Lysek et al. 
2016 48 145±21.5 87.4±12 51 129±19.1 78.8±10.3 0.001 0.001 Mean ± 

SD 
Morita et al. 
2009 641 123±17.2 79.3±12 1837 118±16 75.2±12.1 <0.01 <0.01 Mean ± 

SD 

Nesbitt et al, 
2010 43 134±22.8 79.8±14 157 124±21.9 78.1±9.6 0.01 0.47 Mean ± 

SD 
Pietropaoli et 
al. 2018 417 134+21.3 71.1±14.7 1734 131±19.5 69.6±13.9 <0.001 0.031 Mean ± 

SD 
Ribeiro et al. 
2016 90 124±20.3 76.9±15 135 118±16.5 75.1±15.9 0.01 0.39 Mean ± 

SD 
Shimazaki et 
al. 2007 37 131±22.8 76.1±10 547 127±20.6 76.4±10.4 NS NS Mean ± 

SD 

Thanakun et 
al. 2014 58 

133 
(118.8, 
140.3) 

85.5 
(78.0, 91.3) 67 

120 
(112.0, 
130.0) 

78 
(72, 83) 0.001 <0.00

1 

Median 
(1st, 3rd 
quartile) 
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Tu et al, 2013 5650 122±16.3 71.7±10 9870 118±16.3 69.7±10.1 N/A N/A Mean ± 
SD 

Tu et al, 2013 4377 127±14.9 75.6±10 8638 126±14.6 75.4±9.96 N/A N/A Mean ± 
SD 

Vieira et al., 
2011 33 121±17.3 80.6±9 46 120±15.1 76.5±8.24 0.88 0.03 Mean ± 

SD 
 



Publication bias (Meta-analyses A): OR for hypertension in patients with Periodontitis 
 
 

Funnel Plot (a) and Egger’s test (b) for Cross-sectional and Case-control Studies (Moderate-severe 
adjusted): 

a)                                                                                b) 

  
 

 

Funnel Plot for Cross-sectional and Case-control Studies (Severe only adjusted) (a) and (Confident case 
definition adjusted) (b): 

a)                                                                   b) 

 
 

Funnel Plot for Cross-sectional and Case-control Studies (Non-confident case definition adjusted) (a) 
and (Cohort studies) (b): 

a)                                                                 b) 
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Publication bias (Meta-analyses A): OR for hypertension in patients with Periodontitis 

 
Funnel Plot for all studies showing mean SBP in patients with periodontitis versus patients without 

periodontitis: 

  
 

Funnel Plot for all studies showing mean DBP in patients with periodontitis versus patients without 
periodontitis: 
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Poland; University College London, London, UK).
Is systemic inflammation a missing link between
periodontitis and hypertension? Results from two
large population-based surveys. J Intern Med 2020;
https://doi.org/10.1111/joim.13180

Objective. The primary objective was to investigate the
relationship between periodontitis and hypertension
in two independent large surveys. The secondary
objective was to ascertain whether systemic inflam-
mation had a mediation effect in the association.

Methods. This cross-sectional study analysed repre-
sentative samples of the US (n = 3460; NHANES
2009/10) and Korean (n = 4539; 2015 KNHANES
VI-3) populations. The association between peri-
odontitis (exposure), hypertension (outcome) and
inflammatory markers [C-reactive protein (CRP)
and white blood cell counts (WBC)] (mediators)
was assessed using multivariate linear and logistic
regression models and mediation analysis.

Results. Participants with periodontitis were more
likely to have hypertension (NHANES: OR = 1.3,
95% CI: 1.0–1.6, P = 0.025; KNHANES: OR = 1.2,
95%CI: 1.0–1.4, P = 0.041) and actual systolic blood
pressure ≥ 140 mmHg (NHANES: OR = 1.6, 95% CI:
1.1–2.3, P < 0.001; KNHANES: OR = 1.3, 95% CI :
1.0–1.6, P < 0.031) than those without the disease.
These associations were independent of age, gender,
BMI, education level, smoking, alcohol consumption,
creatinine, physical activity, presence of other comor-
bidities and confirmed in participants not taking
antihypertensivemedications.Diagnosisofperiodon-
titis was directly associated with WBC (in both
surveys: NHANES: b � SE = 0.3 � 0.1, P < 0.004;
KNHANES: b � SE = 0.3 � 0.1, P < 0.001) and with
CRP levels (in one survey: NHANES:
b � SE = 0.1 � 0.03, P < 0.007; KNHANES:
b � SE = 0.1 � 0.04,P > 0.213).Mediationanalyses
confirmed that CRP acted as a mediator in the
association between periodontitis and hypertension
in both populations (mediated effect: NHANES:
b � SE = 0.010 � 0.003, P < 0.001; KNHANES:
b � SE = 0.003 � 0.001, P = 0.015). WBC acted as
a mediator in the KNHANES (mediated effect:
b � SE = 0.004 � 0.001, P = 0.004) whilst in the
NHANES, its effect was dependent of CRP inclusion
in the model (mediated effect WBC + CRP:
b � SE = 0.002 � 0.001, P = 0.001).

Conclusions. Thesefindings suggest thatperiodontitis is
closely linked to hypertension and systemic inflam-
mation is, in part, a mediator of this association.

Keywords: CRP, high blood pressure, hypertension,
leucocytes, periodontitis, systemic inflammation.
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What is already known about this subject?

Consistent evidence suggests a direct relationship
between periodontitis and hypertension. Poor oral
health is linked to greater systemic inflammation
and increased odds of hypertension. A linear asso-
ciation between systolic blood pressure and various
oral health indices confirm these findings.

What does this study add?

Periodontitis increases the odds of hypertension by
20-60% in two large populations and systemic
inflammation as assessed by peripheral levels of
CRP and WBC acts as a biological mediator of this
association.

How might this impact on clinical practice?

Oral health promotion could result in reduced
systemic inflammation and it may represent a novel
nonpharmacological intervention in hypertension
management and its complications.

Introduction

Hypertension is a complex multifactorial disorder.
Its prevalence exceeds 31% worldwide with more
than 1.13 billion people affected [1]. Elevated blood
pressure (BP) is strongly linked to cardiovascular
complications, increasing morbidity and mortality
[2]. Experimental and observational evidence sup-
ports a prominent role of systemic inflammation
both in the initiation and in the progression of
hypertension [3]. The management of this condi-
tion, however, is still a challenge and it represents
an increasing burden for society.

Periodontitis is one of the most common inflamma-
tory disorders worldwide with >46% of adults in the
United States diagnosed with the disease [4]. Strong
evidence supports the role of a dysbiotic dental
biofilm in the development of periodontitis. Further,
a cluster of modifiable risk factors is shared
between periodontitis and leading noncommunica-
ble diseases (NCDs) (cardiovascular diseases, can-
cer, chronic respiratory diseases and diabetes) [5].

Patients with periodontitis exhibit not only gingival
inflammation but also endothelial dysfunction,
increased bacterial burden (endotoxins and

exotoxins dissemination), metabolic dysregulation
and systemic inflammation [6-9]. A bidirectional
link has been proposed between periodontitis and
other metabolic disorders such as metabolic syn-
drome and diabetes [10, 11].

Hypertension has been linked to periodontitis but
evidence from intervention trials is limited [12]. A
possible causal relationship between these two
conditions has been proposed recently using Men-
delian randomization. This analysis confirmed a
link between genetic variants linked to periodontitis
and elevated BP phenotypes in a large UK popula-
tion study [13]. The exact mechanisms mediating
this association remain unknown raising the ques-
tion of whether inflammation or bacterial burden
could play a prominent role. Given that systemic
inflammatory biomarkers such as C-reactive pro-
tein (CRP) and leucocyte counts have been corre-
lated with both periodontitis and hypertension, we
hypothesized that systemic inflammation could be a
mediator between the two diseases. Therefore, con-
firmation of this association in large independent
studies with a focus on mediators needs to be
unravelled prior to undertaking interventional trials
investigating the treatment of periodontitis as a
target nonpharmacological treatment for hyperten-
sion. Accordingly, the primary aim of this study was
to investigate the association between periodontitis
and hypertension using two representative surveys
of the US and Korean populations. The secondary
aim was to ascertain the role of systemic inflamma-
tion in mediating this association.

Material and methods

Two population-based surveys were analysed and
hereby reported in compliance with the Strength-
ening the Reporting of Observational studies in
Epidemiology (STROBE) guidelines (Supplemental
checklist).

Survey designs and study populations

Databases obtained from the US [2009/2010
National Health And Nutrition Examination Survey
(NHANES)] and Korean [2015 VI-3 Korean National
Health And Nutrition Examination Survey
(KNHANES)] open repositories shared similar study
design (stratified, multistage cluster probability
sampling survey) [14, 15], and they were con-
ducted by the statistical division of the National
Centers for Disease Control and Prevention in the
United States and Korea, respectively. The study
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was conducted in accordance with the 1975 Dec-
laration of Helsinki and participants provided
written consent. These survey waves were selected
for this study as were the first ones containing a
detailed periodontal examination, measurements
of average BP, serum concentrations of high-sen-
sitivity CRP (hs-CRP) and white blood cell counts
(WBC).

Exclusion criteria used in the final sample analysis
were (i) age < 30 years in the NHANES (N = 6451)
and age < 19 years in the KNHANES (N = 1345) as
no periodontal data were collected for younger
individuals; (ii) pregnancy (NHANES, N = 23;
KNHANES, N = 29); (iii) lack of data on hs-CRP
(NHANES, N = 137; KNHANES, N = 243); (iv) lack
of data on BP (NHANES, N = 123; KNHANES,
N = 29); and (v) lack of periodontal data for any
other reasons (NHANES, N = 343, KNHANES,
N = 792). From a total of 10 537 participants in
the NHANES 2009/2010 and 6977 in the
KNHANES VI-3, the final samples included in this
analysis were of 3460 and 4539 participants,
respectively. These populations refer to a repre-
sentative sample of just over 128 millions of US
and 33 millions of Korean citizens.

We extracted data on socio-demographic, healthy
lifestyle behavioural factors, anthropometric mea-
surements, medical history, oral examination,
mean BP and biochemical parameters (Table S1).

Blood pressure measurements

In both cross-sectional studies, sitting BP was
measured using a standardized protocol [16].
Average measurements of systolic and diastolic
arterial pressure (SBP and DBP) were obtained
from three consecutive readings. Participants were
then categorized as normal, prehypertensive and
hypertensive according to the Joint National Com-
mittee 7 guidelines [17]. Further, hypertension was
defined as values of SBP ≥ 140 mmHg or
DBP ≥ 90 mmHg or the use of antihypertensive
medication [18]. The number of participants taking
antihypertensive medications was also calculated.

Periodontal examination and dental exposure variables

The analysis was conducted using both established
case definitions and continuous measures (full-
mouth indices) of periodontitis. However, different
protocols were used. In the NHANES, a full-mouth
periodontal assessment was carried out at six sites

per tooth and periodontitis (exposure) was defined
asmild, moderate or severe [19]. Continuous aggre-
gate dental variables (number and percentage of
sites) were then created to indicate (a) the extent of
periodontal lesions with probing pocket depths
(PPD) of ≥4 mm, ≥5 mm, ≥6 mm and (b) the extent
of loss of periodontal tissue attachment (AL) of
≥3 mm, ≥4 mm, ≥5 mm, ≥6 mm as previously
described [20].

In the KNHANES study, participants presenting
with community periodontal index (CPI) scores of 3
and 4 (at least in one sextant) were defined as
having worse periodontal status, whereas those
presenting scores of 0, 1 and 2 represented con-
trols with better periodontal status. Continuous
measures of periodontal lesions were then created
as follows: (a) CPI cumulative score (the sum of
only CPI scores of 3 or 4 of all sextants) and (b) CPI
continuous score (sum of all CPI scores of all
sextants) as previously described [21].

Laboratory analysis

Biochemical parameters were retrieved from both
surveys including plasma glucose (mg dL�1), insu-
lin levels (uIU mL�1), glycated haemoglobin [HbA1c
(%)], total cholesterol (mg dL�1), high- and low-
density lipoprotein cholesterol levels [HDL and LDL
(mg dL�1)], triglyceride levels (mg dL�1), creatinine
(mg dL�1), hs-CRP (mg dL�1) and WBCs
(thous lL�1)].

Statistical analysis

Data analyses were performed with STATA version
15.0 (StataCorp, College Station, Tex, USA) and R
Software (version 3.5.2). Continuous variables are
reported as mean � standard error (SE), whereas
categorical variables are expressed as percentages.
Simple differences between participants with or
without periodontitis were assessed by indepen-
dent t-test (for continuous variables) or chi-square
test (for categorical variables). Normality assump-
tions were checked, and a logarithmic transforma-
tion of hs-CRP was used for parametric analyses.
Different measures of oral disease exposure (cate-
gorical and continuous) were adopted to test the
association between periodontal status and BP.
Further, circulating levels of WBC and hs-CRP
were used as biomarkers of systemic inflammation
and possible mediators of the association between
periodontal status and hypertension. Univariate
analyses were performed for all continuous
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variables comparing the groups of participants
with periodontitis/worse periodontal status and
the rest of the study sample. All those variables
with statistically significant associations were then
used in the multivariate models.

Multivariate logistic regression models were cre-
ated to test potential associations between peri-
odontitis case definitions or continuous measures
of periodontal lesions with hypertension,
SBP ≥ 140 mmHg or hs-CRP > 2mg L�1 as out-
come variables. Multivariate linear regression
models were then constructed to investigate the
association between periodontal (both categorical
and continuous) and arterial BP (mean SBP/DBP)
variables. Similar analyses were performed with
hs-CRP and WBC values (exposures) and hyper-
tension (as categorical or continuous outcomes).
Odds ratios (ORs) and 95% confidence intervals
(CI) were calculated as well as b coefficient with
standard errors. A fully adjusted model (Model 1)
included age, gender, ethnicity, smoking, educa-
tion level and chronic medical conditions as covari-
ates (as previously reported) in both surveys [18].
In addition to these, body mass index (BMI),
alcohol consumption, creatinine and physical
activity were included in the multivariable models
of the KNHANES survey (as they all presented
univariate association with the outcome variables).

Sensitivity analyses in the subgroup of partici-
pants not taking antihypertensive medications
were also performed (Model 2) (NHANES,
N = 2486; KNHANES, N = 3270).

Structural equation modelling (SEM) was then
used to estimate whether the association between
periodontitis and hypertension was mediated by
WBC or CRP using R Software [22]. Four different
and prespecified routes were used as follows: direct
(route 1) and indirect (route 2, 3, 4) mediation
effects with their 95% CI were estimated:

Route 1: Periodontitis (exposure) ? Hyperten-
sion (outcome).

Route 2: Periodontitis (exposure) ? WBC (me-
diator) ? Hypertension (outcome).

Route 3: Periodontitis (exposure) ? Log CRP
(mediator) ? Hypertension (outcome).

Route 4: Periodontitis (exposure) ? WBC (me-
diator) ? Log CRP (mediator) ? Hypertension
(outcome).

Results

Characteristics of study populations

Participants with periodontitis were predominantly
men (NHANES, 60%; KNHANES, 57%), older than
50 years of age, increased number of current
smokers (NHANES, 52% vs 36%; KNHANES, 23%
vs 15%), of lower education background and higher
prevalence of diabetes (NHANES, 12% vs 6%;
KNHANES, 10% vs 5%) than participants without
periodontitis (Table 1). Almost a doubled preva-
lence of hypertension (NHANES, 42% vs 25%;
KNHANES, 39% vs 19%) and antihypertensive
medication (NHANES, 31% vs 19%; KNHANES,
25% vs 12%) were observed in patients with
periodontitis. Similarly, participants with peri-
odontitis had higher values of SBP (6.4 mmHg
higher in NHANES and 7.3 mmHg higher in
KNHANES) than survey participants without peri-
odontitis. In the NHANES survey, Mexican and
non-Hispanic black presented with the greatest
prevalence of periodontitis. Lastly, when other
traditional cardiovascular risk factors were
assessed, patients with periodontitis exhibited
greater values of glucose, triglycerides, hs-CRP
and WBC in both surveys when compared to those
without periodontitis, with BMI being higher in
periodontitis patients only in KNHANES (all
P < 0.001).

Logistic regression analyses

Multiple logistic regression models confirmed that
amongst participants with periodontitis and worse
periodontal status, the adjusted odds of hyperten-
sion were 1.3 (95%CI 1.0–1.6) in the NHANES and
1.2 (95%CI 1.0–1.4) in the KNHANES populations,
respectively (Table 2). Greater odds of hyperten-
sion in patients with periodontitis and worse peri-
odontal status (CPI 3-4) were observed in the
subgroup of participants not taking antihyperten-
sive medications (NHANES: OR = 1.4, 95%CI 1.0–
1.8, N = 2486; KNHANES: OR = 1.3, 95%CI 0.9–
1.7, N = 3270). Similar associations were found
between diagnosis of periodontitis and worse peri-
odontal status (CPI 3-4) and SBP ≥ 140 values in
both populations (NHANES: OR = 1.6, 95%CI 1.2–
2.1; KNHANES: OR = 1.3, 95%CI 1.0–1.6) with
greater odds in participants with more severe
periodontitis. These findings were consistent in
those participants not taking antihypertensive
medications (Model 2) although the estimates were
smaller than those observed in the whole sample
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(Table 2). Indeed, NHANES participants with sev-
ere periodontitis also presented with more than
twice increased likelihood of SBP ≥ 140 mmHg in
model 1 (OR = 2.5 95%CI 1.7–3.6) and model 2
(OR = 2.3 95%CI 1.4–3.6), respectively (Table 2).

When hs-CRP or WBC was introduced as indepen-
dent exposure variables, the odds of hypertension
and SBP ≥ 140 mmHg ranged from 1.0 to 1.4 in
the US and from 1.0 to 1.1 in the Korean survey.
Only some continuous measurements of periodon-
titis (mean PPD and mean CAL) were associated
with greater odds of hypertension,
SBP ≥ 140 mmHg and of hs-CRP ≥ 2 mg L�1 in
the fully adjusted model and in those participants
not taking antihypertensive medications (Fig-
ure 1).

Linear regression analyses

Linear regression analyses confirmed that peri-
odontitis (assessed both as categorical and as
continuous variables) was associated with mean

SBP. These findings were confirmed in the sub-
group of participants not taking antihypertensive
medications in the US survey (Table 3). In the
Korean survey, the cumulative CPI score was
consistently associated with SBP and DBP and
this was also confirmed in participants not taking
BP medications. Higher WBC counts were associ-
ated with mean SBP in both surveys, whilst higher
hs-CRP levels were associated with SBP and DBP
only in the US study (Table 3). Further, we
observed a negative association between DBP and
the number or percentage of gingival sites with
attachment loss of ≥3 mm and of sites with probing
depth ≥ 6 mm in the NHANES (model 2) and with
the cumulative CPI score in the KNANES (models 1
and 2) (Table 3). Lastly, both US and Korean
participants with severe periodontitis or worse
periodontal status (CPI 3-4) exhibited greater sys-
temic inflammation as assessed by hs-CRP serum
levels and by WBC when compared to those with-
out periodontitis or better periodontal status (CPI
0-2) and this difference was independent of other
common confounders (Table 4).

Table 2. Multiple logistic regression models of hypertension and SBP ≥ 140 mmHg according to periodontal variables or
systemic inflammation (hs-CRP/WBC levels)

Survey

Exposure:

Periodontal variables

Hypertension SBP ≥ 140 mmHg

Model 1 OR

(95% CI)

Model 2 OR

(95% CI)

Model 1 OR

(95% CI)

Model 2 OR

(95% CI)

NHANES Periodontitis 1.3 (1.0–1.6)* 1.4 (1.0–1.8)* 1.6 (1.2–2.1)** 1.6 (1.1–2.3)*

Mild 1.4 (0.8–2.2) 1.1 (0.5–2.6) 1.1 (0.6–2.0) 1.1 (0.4–2.8)

Moderate 1.2 (1.0–1.6) 1.4 (1.0–2.0) 1.5 (1.1–2.0)* 1.6 (1.0–2.4)*

Severe 1.3 (0.9–1.7) 1.6 (1.2–2.4)** 2.5 (1.7–3.6)*** 2.3 (1.4–3.6)**

KNHANES CPI 3–4 vs CPI 0–2 1.2 (1.0–1.4)* 1.3 (0.9–1.7) 1.3 (1.0–1.6)* 1.4 (1.0–1.9)*

CPI continuous 1.03 (0.9–1.1) 1.1 (0.9–1.2) 1.1 (1.0–1.2)* 1.1 (1.0–1.2)*

CPI cumulative 0.9 (0.9–1.0) 1.0 (0.9–1.0) 1.0 (0.9–1.0) 1.0 (0.9–1.0)

Exposure:

Systemic inflammation

NHANES Hs-CRP (log) 1.4 (1.3–1.5)*** 1.3 (1.1–1.4)** 1.2 (1.1–1.3)** 1.2 (1.0–1.4)

WBC 1.1 (1.0–1.1)** 1.1 (1.0–1.2) 1.0 (1.0–1.1) 1.0 (0.9–1.1)

KNHANES Hs-CRP (log) 1.1 (1.0–1.2) 1.1 (0.9–1.3) 1.1 (0.9–1.2) 1.0 (0.9–1.2)

WBC 1.1 (1.02–1.1)** 1.1 (1.01–1.2)* 1.0(1.0–1.1) 1.0 (0.9–1.1)

CI, confidence interval; CPI, Community Periodontal Index; Hs-CRP, high-sensitivity c-reactive protein (logarithm);
KNHANES, Korea National Health and Nutrition Examination Survey; NHANES, National Health and Nutrition
Examination Survey; OR, odds ratio; SBP, systolic blood pressure; WBC, white blood cell counts.
Model 1 (population sample: 3460 NHANES; 4539 KNHANES): (NHANES): Age, gender, ethnicity, smoking, education
level, chronic medical condition; (KNHANES): age, gender, BMI, education level, smoking, diabetes, alcohol consumption,
creatinine, physical activity, chronic medical conditions.
Model 2 (population sample: 2486 NHANES; 3270 KNHANES): Not taking antihypertensive medication.
Bold values highlighting statistically significant results.
***P < 0.001; **P < 0.01; *P < 0.05.
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Mediation analyses

The association between periodontitis and hyper-
tension (categorical) was mediated by CRP
(b � SE = 0.010 � 0.003; P < 0.001) in the
NHANES dataset, whilst WBC
(b � SE = 0.001 � 0.001; P = 0.221) was only an
indirect mediator of the association (indirect route
linked to hs-CRP) (Model A, unadjusted) (Fig. 2a
and Table S2). When repeating the same analysis
in the KNHANES database, both hs-CRP
(b � SE = 0.003 � 0.001; P = 0.015) and WBC
(b � SE = 0.004 � 0.001; P = 0.004) acted as
mediators of the association between worse peri-
odontal status and hypertension (Fig. 2b and
Table S2). Models B, D, C replicated these results
when the analyses applied for continuous peri-
odontal (PPD, CAL in NHANES and CPI continuous
in KNANES) and BP (SBP) variables, in both
adjusted and unadjusted models (Table S2).

Discussion

The analysis of two of the largest population
surveys with available dental and general health
data demonstrated that both categorical and

continuous measures of periodontitis were consis-
tently associated with hypertension and SBP inde-
pendent of other common cardiovascular risk
factors. Participants in theUnitedStateswith severe
periodontitis had higher odds for SBP ≥ 140 mmHg
when compared to participants without periodonti-
tisandallfindingswereconfirmedinparticipantsnot
taking antihypertensive medications. Systemic
inflammation defined by two commonly measured
biomarkers (hs-CRP andWBC) was not only associ-
ated independently with periodontitis, SBP and
diagnosis of hypertension but acted as a modest
mediator of these associations.

This analysis confirmed that participants with
periodontitis have a 20-60% greater chance of
presenting also a concomitant diagnosis of hyper-
tension and a 10% to 2.5 times greater chance of
SBP ≥ 140 mmHg. This is consistent with previous
studies reporting that patients with periodontitis
have on average 4.5 higher mean SBP (95% CI:
2.88–6.11) than participants without periodontitis
[12]. In the present study, a higher mean SBP of
6.4 mmHg (NHANES, 95%CI 5.3–7.4) and of
7.2 mmHg (KNHANES, 95%CI 6.1–8.4) were
observed when participants with periodontitis were

Hypertension   Hs-CRP >2mg/L

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

SBP ≥140 mm Hg

T:Figure 1 Multiple logistic regression model of hypertension, SBP ≥ 140 mmHg and hs-CRP > 2 mg L�1 according to
continuous periodontal variables (NHANES database only). NHANES, National Health and Nutrition Examination Survey;
OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; hs-CRP, high-sensitivity C-reactive protein (logarithm);
N, number; AL, attachment level; PPD, probing pocket depth. Model 1 (population sample: 3460 NHANES): Age, gender,
ethnicity, smoking, education level, chronic medical condition. Model 2 (population sample: 2486 NHANES): Not taking
antihypertensive medication. ***P < 0.001; **P < 0.01; *P < 0.05.
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Table 3. Linear regression models of SBP and DBP according to periodontal variables or systemic inflammation (hs-CRP or
WBC levels)

Survey

Exposure:

Periodontal variables

SBP DBP

Model 1 ß � SE Model 2 ß � SE Model 1 ß � SE Model 2 ß � SE

NHANES Case Definition (vs non perio)

Periodontitis 1.7 � 0.7* 1.5 � 0.7* �0.1 � 0.4 �0.5 � 0.4

Mild �0.2 � 1.0 �0.4 � 1.2 0.7 � 0.6 0.6 � 0.7

Moderate 1.7 � 0.6** 1.6 � 0.7* �0.4 � 0.4 �1.0 � 0.5

Severe 4.9 � 1.3** 4.7 � 1.6* �0.2 � 0.7 �0.5 � 0.8

Continuous variable

AL (mean) 1.3 � 0.4** 1.6 � 0.5** �0.1 � 0.2 �0.2 � 0.3

N sites with AL ≥ 3 mm 0.1 � 0.04** 0.03 � 0.01* �0.01 � 0.01 �0.01 � 0.0*

N sites with AL ≥ 4 mm 0.1 � 0.1** 0.1 � 0.02** �0.02 � 0.02 �0.02 � 0.02

N sites with AL ≥ 5 mm 0.1 � 0.03* 0.1 � 0.03* 0.01 � 0.01 �0.01 � 0.01

N sites with AL ≥ 6 mm 0.1 � 0.1* 0.1 � 0.1* 0.02 � 0.02 0.02 � 0.02

% of sites with AL ≥ 3 mm 7.7 � 2.5** 5.6 � 2.0* �1.8 � 1.4 �3.8 � 1.5*

% of sites with AL ≥ 4 mm 11.5 � 3.5** 9.6 � 2.9** �1.7 � 1.6 �3.1 � 2.0

% of sites with AL ≥ 5 mm 16.0 � 5.4* 13.1 � 5.4* 0.8 � 2.2 �1.5 � 2.9

% of sites with AL ≥ 6 mm 23.8 � 8.5* 19.5 � 8.9* 4.5 � 3.7 0.8 � 4.5

PPD (mean) 2.3 � 0.6** 1.1 � 0.7 0.01 � 0.4 �0.6 � 0.4

N sites with PPD ≥ 4 mm 0.1 � 0.01** 0.01 � 0.01 0.01 � 0.02 �0.01 � 0.01

N sites with PPD ≥ 5 mm 0.2 � 0.1** 0.1 � 0.1 0.01 � 0.02 �0.1 � 0.02

N sites with PPD ≥ 6 mm 0.3 � 0.1 0.1 � 0.1 �0.01 � 0.02 �0.1 � 0.02*

% of sites with PPD ≥ 4 mm 16.3 � 4.0** 7.0 � 3.7 0.9 � 2.9 �4.4 � 2.3

% of sites with PPD ≥ 5 mm 32.0 � 9.1** 17.6 � 8.5* 0.7 � 4.7 �8.6 � 4.5

% of sites with PPD ≥ 6 mm 44.2 � 22.6 21.3 � 21.7 �1.5 � 5.7 �16.5 � 6.7*

KNHANES CPI 3–4 vs CPI 0–2 0.7 � 0.5 0.4 � 0.6 0.7 � 0.4 0.2 � 0.5

CPI continuous 0.3 � 0.2 0.2 � 0.2 0.2 � 0.1 0.1 � 0.1

CPI cumulative 0.1 � 0.03* 0.1 � 0.04* �0.1 � 0.1** �0.1 � 0.1*

Exposure:

Systemic Inflammation

NHANES hs-CRP (log) 1.2 � 0.2*** 1.3 � 0.3*** 0.7 � 0.2** 0.7 � 0.2*

WBC 0.5 � 0.1** 0.6 � 0.2** �0.03 � 0.1 0.1 � 0.2

KNHANES hs-CRP (log) 0.4 � 0.2 0.4 � 0.3 0.1 � 0.2 0.1 � 0.2

WBC 0.5 � 0.1*** 0.7 � 0.2*** 0.3 � 0.1** 0.5 � 0.1***

AL, attachment loss; CPI, Community Periodontal Index; DBP, diastolic blood pressure; hs-CRP, high-sensitivity c-
reactive protein (logarithm); KNHANES, Korea National Health and Nutrition Examination Survey; NHANES, National
Health and Nutrition Examination Survey; PPD, probing pocket depth; SBP, systolic blood pressure; SE, standard error;
WBC, white blood cell counts.
Model 1 (Population sample: 3460 NHANES; 4539 KNHANES): (NHANES): Age, gender, ethnicity, smoking, education
level, chronic medical condition; (KNHANES): Age, gender, BMI, education level, smoking, diabetes, alcohol consumption,
creatinine, physical activity, chronic medical conditions.
Model 2 (population sample: 2486 NHANES; 3270 KNHANES): Not taking antihypertensive medication.
Bold values highlighting statisticaly significant results.
***P < 0.001; **P < 0.01; *P < 0.05.
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compared to those without the disease. The mag-
nitude of this association could have important
public health implications if we consider that high
sodium intake with the diet is linked to a 6.0mmHg
higher average SBP [23]. Further, SBP is a strong
independent risk predictor for coronary heart dis-
ease events, stroke, heart failure and end-stage
renal disease [24, 25].

Negligible associations of measures of periodontitis
with DBP have been reported [20, 26]. Interestingly,
we observed a negative linear association between
two measures of continuous disease and DBP in
both datasets. This observation has not been
reported previously, and it seems to be in contrast
with the findings related to SBP. At this stage, it is
speculative to suggest a biological explanation of
these findings. Authors consider important the role
of residual confounding from other traditional risk
factors variables (i.e. age, gender, ethnicity) as the
estimates of association between DBP and some of
the continuous measures of periodontitis tended to

be greater in multivariate fully adjusted models.
DBP is not considered on its own as a strong
predictor for CVD events [27, 28], and the role of
inflammation on affecting this measure of blood
pressure is unclear. Further research should be
conducted to ascertain the degree of association
between diastolic pressure and periodontal inflam-
mation as well as investigate potential biological
mechanisms linking them.

When comparing the findings between the two
surveys, a stronger association of categorical and
continuous variables of periodontitis and gingival
inflammation with hypertension and SBP was
observed in the US dataset when compared with
the Korean data survey. Similar findings were
found for the association between biomarkers of
inflammation (CRP and leucocytes counts) with
measures of arterial blood pressure. Whilst the two
sample populations present ethnic and socio-eco-
nomic differences including a higher proportion of
current smokers, adiposity and chronic medical

Table 4. Linear regression model of CRP and WBC according to periodontal variables

Survey Exposure: Periodontal variables Unadjusted ß � SE Model 1 ß � SE

hs-CRP (log)

NHANES Periodontitis 0.2 � 0.01*** 0.1 � 0.03**

Mild 0.3 � 0.1** 0.1 � 0.1

Moderate 0.2 � 0.1** 0.1 � 0.02

Severe 0.3 � 0.1** 0.3 � 0.1**

KNHANES CPI 3-4 vs CPI 0-2 0.3 � 0.04*** 0.1 � 0.04

CPI continuous 0.1 � 0.01*** 0.03 � 0.01*

CPI cumulative 0.02 � 0.01*** 0.01 � 0.01***

WBC

NHANES Periodontitis 0.3 � 0.1** 0.3 � 0.1**

Mild 0.4 � 0.1* 0.3 � 0.1*

Moderate 0.1 � 0.1 0.1 � 0.1

Severe 0.8 � 0.2** 0.7 � 0.1***

KNHANES CPI 3-4 vs CPI 0-2 0.4 � 0.1*** 0.3 � 0.1***

CPI continuous 0.2 � 0.02*** 0.1 � 0.03***

CPI cumulative 0.02 � 0.01*** 0.02 � 0.01***

CPI, Community Periodontal Index; Hs-CRP, high-sensitivity C-reactive protein (logarithm); KNHANES, Korea National
Health and Nutrition; Examination Survey; NHANES, National Health and Nutrition Examination Survey; SE, Standard
Error; WBC, White Blood Cell Counts.
Model 1 (population sample: 3460 NHANES; 4539 KNHANES): (NHANES): Age, gender, ethnicity, smoking, education
level, chronic medical condition; (KNHANES): Age, gender, BMI, education level, smoking, diabetes, alcohol consumption,
creatinine, physical activity, chronic medical conditions.
Bold values highlighting statistically significant results.
***P < 0.001; **P < 0.01; *P < 0.05.
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conditions in the US population, authors believe
that the different clinical measures of periodontitis
recorded in the surveys could influence the results
of the analyses.

A recent intervention study assessing the impact of
periodontitis treatment on arterial blood pressure
confirmed a substantial reduction of SBP after
2 months (mean difference of 11.1 mmHg) [13].
This preliminary evidence suggests that periodon-
tal treatment could represent a novel nonpharma-
cological intervention for hypertension of similar
magnitude of other lifestyles adjustments (weight
loss, increasing physical activity, salt or alcohol
intake reduction or smoking cessation) with an
average reduction of SBP ranging from 4.6 to
6.4 mmHg [29-31]. However, larger and longer
RCTs are needed.

Several lines of evidence now implicate inflamma-
tion in the development and progression of vascu-
lar diseases. For the last 3 decades, inflammation
has been recognized as a common denominator of
early vascular dysfunction, leading onto the devel-
opment of atheroma and vascular complications
[32]. Recent proof-of-concept evidence suggests
that targeting upstream inflammation by selective
drugs results in reduced morbidity and mortality
[33]. This could also be applicable in hypertension.
Experimental and human studies have docu-
mented several pathways by which elevated inflam-
matory markers such as CRP and circulating
leucocytes are associated with an increased risk
of incident hypertension including a derangement
of the renin–angiotensin system, increased oxida-
tive stress and downregulation of nitric oxide
leading to increased endothelial stiffness and dys-
function [34]. A recent review identified a number
of potential sources of extravascular inflammation
including periodontitis as a potential factor influ-
encing vascular risk [32]. It is now well docu-
mented that patients with periodontitis have
elevated levels of CRP and WBC [7, 35].

In the mediation analysis, our findings suggest
that CRP and WBC mediate partly the association
between periodontitis and hypertension, although
the effect is rather modest in nature (only 2% of the
association explained by the model for the Korean
survey whilst up to 7% in the US survey). Similar
findings were recently reported for CRP (5.4%),
WBC (4.2%) and ferritin (10.2%) as mediators of
the total association between a continuous mea-
sure of periodontitis and high/uncontrolled BP

Periodontal
index

Hypertension

Log
C-Reactive

Protein

White
Blood cell counts

0.224 (p = 0.003)

0.285 (p < 0.001)

0.012 (p < 0.001)

0.015 (p < 0.001)

0.193 (p < 0.001)

0.
23

7
(p

 <
 0

.0
01

)

NHANES

K-NHANES

(a)

(b)

Figure 2 Mediation analysis model. (a) NHANES. Media-
tion models of periodontitis, inflammation and hypertension
(unadjusted) in NHANES (N = 3460): Route 1: Direct effect
(0.150;P < 0.001) of periodontitis (exposure) towardshyper-
tension (outcome). Route 2: Indirect effect (0.342; P < 0.001)
ofperiodontitis (exposure) towardsWBC(mediator) isshown,
but no effect (0.004; P = 0.193) is observed in the last step of
the model from WBC (mediator) towards hypertension (out-
come). Route 3: Indirect effect (0.18; P < 0.001), of periodon-
titis (exposure) is observed towards Log CRP (mediator) and
an effect (0.054; P < 0.001), from Log CRP (mediator)
towards hypertension (outcome). Route 4: Indirect effect
(0.342; P < 0.001) of periodontitis (exposure) towards WBC
(mediator) and an effect (0.105; P < 0.001) from WBC
towards Log CRP (mediator) and an effect (0.054;
P < 0.001) from the Log CRP (mediator) towards hyperten-
sion (outcome). (b) K-NHANES. Mediation models of peri-
odontitis, inflammation and hypertension (unadjusted) in K-
NHANES (N = 4539): Route 1: Direct effect (0.193;
P < 0.001) of periodontal index (exposure) towards hyper-
tension (outcome). Route 2: Indirect effect (0.285; P < 0.001)
ofperiodontal index (exposure) towardsWBC (mediator), and
an effect (0.015; P < 0.001) from WBC (mediator) towards
hypertension (outcome). Route 3: Indirect effect (0.224;
P = 0.003), of periodontal index (exposure) is observed
towards Log CRP (mediator) and an effect (0.012;
P < 0.001), from Log CRP (mediator) towards Hypertension
(outcome). Route 4: Indirect effect (0.285; P < 0.001) of
periodontal index (exposure) towards WBC (mediator) and
an effect (0.237; P < 0.001) from WBC towards Log CRP
(mediator) and an effect (0.012; P < 0.001) from the Log CRP
(mediator) towards hypertension (outcome).
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(≥130/80 mmHg) [36]. An alternative pathway
implicated in hypertension and cardiovascular
injury relates to the activation of innate and
adaptive immune cells such as monocyte/macro-
phages, and B and T lymphocytes [37]. Damage-
activated molecular patterns from the vasculature
and pathogen-activated molecular patterns from
opportunistic diseases such as periodontitis can
exacerbate the inflammatory cascade by activation
of Th1 and Th17 lymphocytes, with kidneys and
vasculature injuries aggravating a pro-hyperten-
sive status, which results in progressive raised BP
[38, 39].

Our analyses point perhaps towards a more promi-
nent role of the gut and oral microbiome and their
dysbiosis on hypertension [40]. Periodontal patho-
gens may well play a role influencing the gut
microbiome as well as exerting a direct vascular
effect. Swallowing Gram-negative oral bacteria or
their end-products may trigger metabolic endotox-
emia and systemic inflammation contributing to
cardio-metabolic disorders [41]. Lastly, experimen-
tal studies confirmed that periodontal bacteria can
cause lower nitric oxide bioavailability and vascu-
lar dysfunction [42] and patients with periodontitis
exhibit less nitrate-reducing bacteria [43]. These
novel mechanistic hypotheses warrant further
investigation.

Cross-sectional designs preclude any inference on
a possible temporal and/or causal association
between periodontitis and hypertension. In the
attempt of mitigating this limitation, we performed
the analysis in two large surveys as to identify
common patterns of association and minimizing
spurious findings. Two different periodontal
assessments and case definitions were adopted in
each survey which could be considered a limitation
but could also show that the association remains
significant irrespectively. Whilst in the NHANES, a
recognized case definition was used [19], in the
Korean survey a simplified clinical index (CPI) was
selected, which is known to have risks of overes-
timation of the extent but underestimation of the
prevalence of periodontitis [44]. In the attempt to
overcome some of these limitations, we included a
panel of measures of periodontal lesions to detect
whether simple categorical associations were repli-
cated when using other exposure variables.
Another limitation to consider is the effect of
antihypertensive medications on gingival inflam-
mation and increased probing depths as well as on
the overall association between periodontitis and

hypertension [45]. Sensitivity analyses were there-
fore performed by repeating the models in the
group of participants not taking antihypertensive
medications. We cannot, however, exclude that our
analyses missed some common risk determinants
for hypertension (abdominal obesity, salt intake,
use of anti-inflammatory drugs, hormone treat-
ments and stress) as well as unmeasured con-
founders associated with both periodontitis and
hypertension (residual confounding). Future mech-
anistic and clinical studies should investigate
further the role of periodontal-driven systemic
inflammation and microbial burden as a risk factor
for the development and management of hyperten-
sion and its complications.

Conclusion

Periodontitis is closely linked to hypertension and
low-grade systemic inflammation could be a key
mediator in the association. Further interventional
studiesareneededtoascertainwhether thetreatment
of periodontitis, leading to a decrease in systemic
inflammation, may represent a novel nonpharmaco-
logic intervention in hypertension management.
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Table S1: Variables description for Korean and American databases 
 

VARIABLES 
 

KOREAN (DESCRIPTION) METHOD AMERICAN (DESCRIPTION) METHOD 

Socio-
demographic 

Age (ODV) Years old upon examination Examination Years old upon examination Examination 

Gender (ODV) (female/male) Examination (female/male) Examination 

Education level 
(MDV in 
NHANES to 
match 
KNHANES 
description) 

Below graduate Questionnaire <9th grade Questionnaire 

Primary school graduate 9th-11th grade 

High school graduate High school 

College or higher College or above, some 
college or AA degree  

Health 
lifestyle 
behaviour 

Smoking  
(NCV) 

Smokers:  
Currently smoking and 
smoking >100 cigarettes in 
their whole life. 

Questionnaire Smokers:  
Currently smoking and 
smoking >100 cigarettes in 
their whole life . 

Questionnaire  

Alcohol 
consumption 
(NCV) 

Alcohol consumers: 
Participants that have drunk 
alcohol ≥2 times/week in one 
year 

Questionnaire Alcohol consumers: 
Participants that have drunk 
alcohol ≥2 times/week in one 
year 

Questionnaire  

Physical 
activity (NCV) 

Middle strength = if 1-9 days 
per month 

Questionnaire Middle strength= if 2 days per 
week/1-9 per month 

Questionnaire 

Anthropo- 
metric 
measurement 

BMI (ODV) Calculated using the formula 
weight divided by the square 
of height (Kg/m2) 

Measured 
following 
standardized 
protocols 

Calculated using the formula 
weight divided by the square 
of height (Kg/m2) 

Measured 
following 
standardized 
protocols  

Systemic 
health 

Chronic 
conditions 
(NCV) 

At least one of the following 
included: stroke, myocardial 
infarction, angina, rheumatoid 
arthritis, kidney failure and 
asthma 

Questionnaire At least one of the following 
included: diabetes, asthma, 
psoriasis, gout, congestive 
heart failure, coronary heart 
disease, angina heart attack, 
stroke, emphysema, thyroid, 
bronchitis, liver and cancer. 

Questionnaire 

Diabetes 
(ODV) 

Fasting plasma glucose ≥126 
mg/dL, or medical diagnosis of 
diabetes by a trained medical 
professional, or medicated for 
diabetes (hypoglycaemic 
agents or insulin injections) 

Laboratory 
analysis, medical 
diagnose or 
questionnaire 

Presence or absence in 
Questionnaire 

Questionnaire 

BP 
measurement 

SBP (mmHg) 
(ODV) 

3 consecutive BP 
measurements after 6 min 
resting time and in the sitting 

Examination 3 consecutive BP 
measurements in the sitting 
position were obtained by 

Examination 



DBP (mmHg) 
(ODV) 

position were obtained by 
trained professionals 

trained professionals 

Hypertensive 
status 

Hypertension 
(ODV in 
KHANES, NCV 
in NHANES) 

SBP ≥140 mmHg or DBP ≥90 
mmHg or taking 
antihypertensives 

Defined according 
to JNC 7 
(Chobanian et al. 
2004) 

SBP ≥140 mmHg or DBP ≥90 
mmHg or taking 
antihypertensives 

Defined according 
to JNC 7 
(Chobanian et al. 
2004) 

Normal BP 
(ODV in 
KHANES, NCV 
in NHANES) 

SBP <120 mmHg and DBP 
<80 mmHg 

SBP <120 mmHg and DBP 
<80 mmHg 

Pre-HTN 
(ODV in 
KHANES, NCV 
in NHANES)  

SBP ≥120 mmHg but <140 
mmHg or DBP ≥80 mmHg but 
<90 mmHg 

SBP ≥120 mmHg but <140 
mmHg or DBP ≥80 mmHg but 
<90 mmHg 

Anti-HTN 
medication 
(ODV) 

Those participants currently 
taking anti-hypertensive 
medication 

Questionnaire Those participants now taking 
medication for high blood 
pressure 

Questionnaire 

Mean SBP>140 
mm Hg (NCV) 

Mean SBP≥140 mmHg 
regardless of diagnosis of 
HTN or taking 
antihypertensives  

Extracted from 
database 

Mean SBP≥140 mmHg 
regardless of diagnosis of 
HTN or taking 
antihypertensives 

Extracted from 
database 

Laboratory 
analysis 

Glucose 
(mg/dL)  
(ODV) 

Glucose level in serum Hitachi 7600 
Automatic 
Analyser 

Glucose level in serum Hitachi Modular P 
Chemistry 
Analyzer  

Insulin 
(uIU/mL) 
(ODV) 

Insulin level in serum 1470 WIZARD 
gamma counter 
immunoradiometri
c assay 

Insulin level in serum Human Insulin 
Immunoassay 
Using ROCHE 
ELECSYS 2010 

HbA1C(%) 
(ODV) 

HbA1C level in serum Tosoh G8 high-
performance liquid 
chromatography 

HbA1C level in serum G7 
Glycohemoglobin 
Analyzer 

Total 
cholesterol 
(mg/dL) 
(ODV) 

Total cholesterol in serum Hitachi 7600 
Automatic 
Analyser 

Total cholesterol in serum Beckman 
Synchron LX20 

HDL (mg/dL) 
(ODV) 

HDL in serum Hitachi 7600 
Automatic 
Analyser 

HDL in serum Roche/Hitachi 
Modular P 
Chemistry 
Analyzer 

LDL (mg/dL) 
(ODV) 

LDL in serum Hitachi 7600 
Automatic 
Analyser 

LDL in serum Roche/Hitachi 
Modular P 
Chemistry 



Analyzer 

Triglycerides 
(mg/dL) 
(ODV) 

Triglycerides in serum Enzymatic method Triglycerides in serum Beckman UniCel® 
DxC800 Synchron 

hs-CRP 
(mg/dL) 
(ODV) 

Hs-CRP in serum Tosoh G8 high-
performance liquid 
chromatography 

hs-CRP in serum Siemens/Behring 
Nephelometer II 
Analyzer System 
(BNII) 

WBC 
(thous/μL) 
(ODV) 

WBC in serum Laser flow 
cytometry using a 
Sysmex XE-
2100D 

WBC in serum The Coulter HMX 
Hematology 
Analyzer  

Creatinine 
(mg/dL) 
(ODV) 

Creatinine in serum Hitachi 7600 
Automatic 
Analyser 

Creatinine in urine sample Beckman UniCel® 
DxC800 Synchron 

Periodontal 
measurement 

Periodontitis 
KNHANES-> 
(ODV)= 
CPI score; 
(NCV)= 
CPI cumulative 
and CPI 
continuous. 
 
NHANES-> 
(ODV=CDC/AA
P definition, 
Severe/modera
te/mild 
periodontitis)  

Community Periodontal Index 
(CPI) ≥ 3 or 4 (high 
periodontal inflammation) 
 
On six sites (mesio-buccal, 
mid-buccal, disto-buccal, 
mesio-lingual, mid-lingual and 
disto-lingual) per tooth using 
ten index teeth (#17, #16, #11, 
#26, #27, #46 and #47, #31, 
#36, #37). In absence of any 
index tooth, the adjacent 
remaining tooth in that sextant 
was examined and the highest 
score was recorded for that 
sextant 
 

Trained dentists 
assessed the 
periodontal status 
using CPI probe 
with a 0.5-mm ball 
tip through a 
walking probe 
method.  
- CPI scores: 
0 = normal 
periodontal tissue;  
1 = gingival 
bleeding on 
probing; 
2 = presence of 
calculus;  
3 = probing pocket 
depth 4-5 mm;  
4 = probing pocket 
depth ≥6 mm 
 
Inter-examiner 
reliability:  
Kappa value= 0.84 
(Cheongwongun, 
2016) 

-Severe periodontitis: 
≥ 2 interproximal sites with ≥ 
6mm attachment loss (AL) 
(not on the same tooth) 
AND AL and 1 or more 
interproximal site with Probing 
depth (PD)  ≥5 mm  
-Moderate periodontitis: ≥ 2 
interproximal sites with ≥ 4mm 
AL (not on the same tooth) 
OR ≥ 2 interproximal sites with 
PD ≥5 mm (also not on the 
same tooth) 
-Mild periodontitis: 
≥ 2 interproximal sites with ≥ 
3mm AL AND or ≥ 2 more 
interproximal sites with ≥4 mm 
PD (not on the same tooth) or 
1 site with ≥ 5 mm (Eke et al. 
2012) 
 
-Continuous measurements:  
The extent of periodontal 
pockets (PPD) of ≥ 4mm, 
≥5mm, ≥6 mm (number and 
percentage of sites) and b) 
extent of loss of periodontal 
attachment (AL) of ≥3mm, ≥ 4 

-Trained dental 
hygienists carried 
out full mouth 
examination 
 
-Population: adults 
≥30 yrs with 1 or 
more natural teeth. 
Third molars 
excluded 
 
-Bleeding or 
probing and 
furcations not 
registered 
 
Inter-examiner 
reliability: Kappa 
value= 0.70 
and 0.71 for the 
two examiners 
(Eke et al. 2015) 
 



 
 
 
 
 
 
 

ODV: Original database variable. As per definition in each specific database. 
MDV: Modified database variable. Variable modified in order to group similar individuals in different databases. 
NCV: Newly created variable based on information provided in each database. 
NHANES, National Health and Nutrition Examination Survey; KNHANES, Korea National Health and Nutrition Examination Survey; BP, Blood Pressure; SBP, Systolic Blood 
Pressure; DBP, Diastolic Blood Pressure; HTN, Hypertension; JNC 7, Joint National Committee 7; BMI, Body Mass Index; HbA1c, Glycohemoglobin A1c; HDL, High-Density 
Lipoprotein; LDL, Low-Density Lipoprotein; hs-CRP, High Sensitivity C-reactive Protein; WBC, White Blood Cells. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mm, ≥5mm, ≥6mm (number 
and percentage of sites). 

CPI cumulative 
score 

Sum of CPI scores of all 
sextants >2 
 

This variables was 
created to assess 
the extent and 
severity of 
periodontitis 

N/A 
 

N/A 

CPI continuous 
score 

Sum of CPI scores of all 
sextants 



Table S2 (Models A,B,C, D): Mediation analyses.  
 
Model A   
(Unadjusted) 

Mediator 1: CRP Mediator 2: WBC Mediators: CRP +WBC 

NHANES Effect 
Estimate 

SE 95% CI p-value Effect 
Estimate 

SE 95% CI p-value NHANES Effect 
Estimate 

SE 95% CI p-
value 

a (exposure  
mediator) 

0.189 0.043 (0.106, 
0.273) 

<0.001 0.342 0.096 (0.155, 
0.529) 

<0.001 a (exposure  
mediator 1) 

0.342 0.096 (0.155, 
0.529) 

<0.001 

 
b (mediator  
outcome) 

0.053 0.006 (0.04, 
0.065) 

<0.001 0.004 0.003 (-0.001, 
0.010) 

0.193 b1 (mediator 1 
 mediator 2) 

0.105 0.007 (0.090, 
0.119) 

<0.001 

b2 (mediator 2  
outcome) 

0.054  0.007 (0.041, 
0.067) 

<0.001 

c (total effect) 0.160 0.016 (0.128, 
0.192) 

<0.001 
 

0.160  0.016 (0.128, 
0.192) 

<0.001 c (total effect) 0.160 0.016 (0.128, 
0.193) 

<0.001 

c’ (direct effect) 0.150 0.016 (0.118, 
0.182) 

<0.001 0.158 0.016 (0.126, 
0.191) 

<0.001 c’ (direct effect) 0.150  0.016 (0.118, 
0.182) 

<0.001 
 

ab (mediated 
effect) 

0.010 0.003 (0.005, 
0.015) 

<0.001 
 

0.001 0.001 (-0.001, 
0.003) 

0.221 ab1,2 (mediated 
effect) 

0.002 0.001 (0.001, 
0.003) 

0.001 

ab/c (percentage 
mediated) = % 

0.067 0.019 (0.030, 
0.104) 

<0.001 
 

0.008 0.007 (-0.005, 
0.022) 

0.228 ab1b2/c 
(percentage 
mediated) = % 

0.013 0.004 (0.004, 
0.021) 

0.003 

K-NHANES Effect 
Estimate 

SE 95% CI p-value Effect 
Estimate 

SE 95% CI p-value K-NHANES Effect 
Estimate 

SE 95% CI p-
value 

a (exposure  
mediator) 

0.224 0.076 (0.075, 
0.372) 

0.003 0.285 0.058 (0.170, 
0.399) 

<0.001 a (exposure  
mediator 1) 

0.285 0.058 (0.170, 
0.339) 

<0.001 

b (mediator  
outcome) 

0.013 0.003 (0.007, 
0.019) 

<0.001 0.015 0.004 (0.007, 
0.023) 

<0.001 b1 (mediator 1  
mediator 2) 

0.237 0.020 (0.198, 
0.276) 

<0.001 

b2 (mediator 2  
outcome) 

0.012 0.003 (0.005, 
0.018) 

<0.001 

c (total effect) 0.196 0.015 (0.166, 
0.225) 

<0.001 0.196 0.015 (0.166, 
0.225) 

<0.001 c (total effect) 0.192 0.015 (0.163, 
0.222) 

<0.001 

c’ (direct effect) 0.193 0.015 (0.163, 
0.222) 

<0.001 0.191 0.015 (0.162, 
0.221) 

<0.001 c’ (direct effect) 0.190 0.015 (0.160, 
0.219) 

<0.001 

ab (mediated 
effect) 

0.003 0.001 (0.001, 
0.005) 

0.015 0.004 0.001 (0.001, 
0.007) 

0.004 ab1,2 (mediated 
effect) 

0.001 0.00 (0.000, 
0.001) 

0.004 

ab/c (percentage 
mediated) = % 

0.015  0.006 (0.003, 
0.028) 

0.017 0.022 0.008 (0.007, 
0.037) 

0.005 ab1b2/c 
(percentage 
mediated) = % 

0.004 0.001 (0.001, 
0.007) 

0.006 

NHANES: Exposure: CDC/AAP definition of periodontitis (categorical); Outcome: Hypertension (categorical) 
KNHANES: Exposure: CPI-3/4 threshold for periodontitis (categorical); Outcome: Hypertension (categorical) 
 



Model B   
(Unadjusted) 

Mediator 1: CRP Mediator 2: WBC Mediators: CRP + WBC 

NHANES1 Effect 
Estimate 

SE 95% CI p-value Effect 
Estima
te 

SE 95% CI p-value NHANES1 Effect 
Estimate 

SE 95% CI p-value 

a (exposure  
mediator) 

0.166 0.034 (0.100, 
0.232) 

<0.001 0.426 0.075 (0.278, 
0.573) 

<0.001 a (exposure  
mediator 1) 

0.426 0.075 (0.0278, 
0.573) 

<0.001 

b (mediator  
outcome) 

0.941 0.244 (0.463, 
1.418) 

<0.001 -0.003 0.109 (-0.218, 
0.211) 

0.975 b1 (mediator 1 
 mediator 2) 

0.104 0.007 (0.089, 
0.118) 

<0.001 

b2 (mediator 2 
 outcome) 

0.996 0.250 (0.505, 
1.487) 

<0.001 

c (total effect) 4.600 0.482 (3.665, 
5.545) 

<0.001 4.600 0.482 (3.655, 
5.545) 

<0.001 c (total effect) 4.646 0.485 (3.696, 
5.595) 

<0.001 

c’ (direct effect) 4.444 0.483 (3.498, 
5.390) 

<0.001 4.602 0.484 (3.652, 
5.551) 

<0.001 c’ (direct effect) 4.480 0.484 (3.531, 
5.429) 

<0.001 

ab (mediated 
effect) 

0.156 0.051 (0.056, 
0.257) 

0.002 -0.001 0.047 (-0.093, 
0.090) 

0.975 ab1,2 (mediated 
effect) 

0.044 0.014 (0.017, 
0.071) 

0.002 

ab/c 
(percentage 
mediated) = % 

0.035 0.012 (0.011, 
0.060) 

<0.001 0.000 0.01 (-0.020, 
0.019) 

0.975 ab1,2/c 
(percentage 
mediated) = % 

0.010 0.003 (0.003, 
0.016) 

0.003 
 

NHANES2 Effect 
Estimate 

SE 95% CI p-value Effect 
Estima
te 

SE 95% CI p-value NHANES2 Effect 
Estimate 

SE 95% CI p-value 

a (exposure  
mediator) 

0.086 0.018 (0.052, 
0.121) 

<0.001 0.174 0.039 (0.097, 
0.251) 

<0.001 a (exposure  
mediator 1) 

0.174 0.039 (0.097, 
0.251) 

<0.001 

b (mediator  
outcome) 

0.855 0.240 (0.384, 
1.326) 

<0.001 -0.016 0.107 (-0.227, 
0.194) 

0.878 b1 (mediator 1 
 mediator 2) 

0.104 0.007 (0.090, 
0.119) 

<0.001 

b2 (mediator 2 
 outcome) 

0.913 0.247 (0.429, 
1.397) 

<0.001 

c (total effect) 3.478 0.249 (2.991, 
3.966) 

<0.001 3.478 0.249 (2.991, 
3.966) 

<0.001 c (total effect) 3.498 0.249 (3.01, 3.987) <0.001 

c’ (direct effect) 3.405 0.249 (2.917, 
3.893) 

<0.001 3.481 0.249 (2.993, 
3.970) 

<0.001 c’ (direct effect) 3.419 0.249 (2.930,3.908) <0.001 

ab (mediated 
effect) 

0.074 0.026 (0.024, 
0.124) 

0.004 -0.003 0.019 (-0.040, 
0.034) 

0.878 ab1,2 (mediated 
effect) 

0.017 0.006 (.005, 0.028) 0.005 

ab/c 
(percentage 
mediated) = % 

0.022 0.008 (0.006, 
0.037) 

0.005 -0.001 0.005 (-0.011, 
0.010) 

0.878 ab1,2/c 
(percentage 
mediated) = % 

0.005 0.002 (0.001, 
0.008) 

 

0.007 

K-NHANES Effect 
Estimate 

SE 95% CI p-value Effect 
Estima

te 

SE 95% CI p-value K-NHANES Effect 
Estimate 

SE 95% CI p-value 

a (exposure  0.032 0.007 (0.017, <0.001 0.042 0.006 (0.031, <0.001 a (exposure  0.042 0.006 (0.031, <0.001 



mediator) 0.046 0.053) mediator 1) 0.053) 

b (mediator  
outcome) 

0.407 0.114 (0.182, 
0.631) 

<0.001 0.529 0.149 (0.238, 
0.820) 

<0.001 b1 (mediator 1 
 mediator 2) 

0.233 0.020 (0.194, 
0.273) 

<0.001 

b2 (mediator 2 
 outcome) 

0.344 0.116 (0.117, 
0.572) 

0.003 

c (total effect) 0.611 0.053 (0.506, 
0.715) 

<0.001 0.611  0.053 (0.506, 
0.715) 

<0.001 c (total effect) 0.592 0.054 (0.486, 
0.697) 

<0.001 

c’ (direct effect) 0.598 0.053 (0.493, 
0.702) 

0.001 0.588 0.054 (0.483, 
0.693) 

<0.001 c’ (direct effect) 0.581 0.054 (0.476, 
0.686) 

<0.001 

ab (mediated 
effect) 

0.013 0.005 (0.004, 
0.022) 

0.006 0.022 0.007 (0.009, 
0.036) 

0.001 ab1,2 (mediated 
effect) 

0.003 0.001 (0.001, 
0.006) 

0.007 

ab/c 
(percentage 
mediated) = % 

0.021 0.008 (0.006, 
0.037) 

0.008 
 

0.038 0.013 (0.013, 
0.063) 

0.003 ab1,2/c 
(percentage 
mediated) = % 

0.006 0.002 (0.001, 
0.010) 

0.010 

NHANES1: Exposure: mean probing pocket depth (mean PPD); Outcome: mean SBP 
NHANES2: Exposure: mean clinical attachment level (mean CAL); Outcome: mean SBP 
K-NHANES: Exposure: CPI-continuous; Outcome: mean SBP 
 
 
 
 
Model C   
(Adjusted) 

Mediator 1: CRP Mediator 2: WBC Mediators: CRP +WBC 

NHANES Effect 
Estimate 

SE 95% CI p-value Effect 
Estimate 

SE 95% CI p-value NHANES Effect 
Estimate 

SE 95% CI p-value 

a (exposure  
mediator) 

0.189 0.043 (0.106, 
0.273) 

<0.001 0.342 0.096 (0.155, 
0.529) 

<0.001 a (exposure  
mediator 1) 

0.342 0.096 (0.155, 
0.529) 

<0.001 

 
b (mediator  
outcome) 

0.039 0.006 (0.028, 
0.050) 

<0.001 0.008 0.003 (0.002, 
0.013) 

0.004 b1 (mediator 1  
mediator 2) 

0.105 0.007 (0.090, 
0.119) 

<0.001 

b2 (mediator 2  
outcome) 

0.037 0.006 (0.026, 
0.049) 

<0.001 

c (total effect) -0.091 0.021 (-0.131,-
0.051) 

<0.001 -0.103 0.021 (-0.144, -
0.062) 

<0.001 c (total effect) -0.092 0.021 (-0.132, 
-0.052) 

<0.001 

c’ (direct effect) -0.098 0.021 (-0.139, -
0.058) 

<0.001 -0.106 0.021 (-0.147, -
0.064) 

<0.001 c’ (direct effect) -0.099 0.021 (-0.139, 
-0.059) 

<0.001 

ab (mediated 
effect) 

0.007 0.002 (0.004, 
0.011) 

<0.001 0.003 0.001 (0.000, 
0.005) 

0.024 ab1,2 (mediated 
effect) 

0.001 0.000 (0.00, 
0.002) 

0.002 

ab/c (percentage 
mediated) = % 

-0.075 0.025 (-0.125, -
0.026) 

0.003 -0.024 0.012 (-0.047, -
0.001) 

0.037 ab/c (percentage 
mediated) = % 

-0.013 0.005 (-0.024, 
-0.003) 

0.009 

K-NHANES Effect 
Estimate 

SE 95% CI p-value Effect 
Estimate 

SE 95% CI p-value K-NHANES Effect 
Estimate 

SE 95% CI p-value 



a (exposure  
mediator) 

0.224 0.076 (0.075, 
0.372) 

0.003 0.285 0.058 (0.170, 
0.399) 

<0.001 a (exposure  
mediator 1) 

0.285 0.058 (0.170, 
0.399) 

<0.001 

b (mediator  
outcome) 

0.008 0.003 (0.002, 
0.014) 

0.006 0.008 0.004 (0.000, 
0.015) 

0.050 b1 (mediator 1  
mediator 2) 

0.237 0.020 0.198, 
0.276) 

<0.001 

b2 (mediator 2  
outcome) 

0.008 0.003 (0.002, 
0.014) 

0.014 

c (total effect) 0.155 0.015 (0.126, 
0.184) 

<0.001 0.155 0.015 (0.126, 
0.184) 

<0.001 c (total effect) 0.154 0.015 (0.125, 
0.183) 

<0.001 

c’ (direct effect) 0.154 0.015 (0.125, 
0.183) 

<0.001 0.153 0.015 (0.124, 
0.182) 

<0.001 c’ (direct effect) 0.152 0.015 (0.123, 
0.181) 

<0.001 

ab (mediated 
effect) 

0.002 0.001 (0.000, 
0.004) 

0.044 0.002 0.001 (0.000, 
0.005) 

0.069 ab1,2 (mediated 
effect) 

0.001 0.000 (0.000, 
0.001) 

0.031 

ab/c (percentage 
mediated) = % 

0.012 0.006 (0.000, 
0.024) 

0.049 0.014 0.008 (-0.002, 
0.030) 

0.077 ab/c (percentage 
mediated) = % 

0.003 0.002 (0.000, 
0.006) 

0.036 

NHANES: Exposure: CDC/AAP definition of periodontitis (categorical); Outcome: Hypertension (categorical) 
KNHANES: Exposure: CPI-3/4 threshold for periodontitis (categorical); Outcome: Hypertension (categorical) 
Adjusted for (NHANES): Age, gender, ethnicity, smoking, education level, chronic medical condition; (KNHANES): Age, gender, BMI, education level, smoking, diabetes, 
alcohol consumption, creatinine, physical activity, chronic medical conditions 

 
 
 
 

Model D   
(Adjusted) 

Mediator 1: CRP Mediator 2: WBC Mediators: CRP + WBC 

NHANES1 Effect 
Estimate 

SE 95% CI p-
value 

Effect 
Estimate 

SE 95% CI p-
value 

NHANES1 Effect 
Estimate 

SE 95% CI p-value 

a (exposure 
 mediator) 

0.086 0.018 (0.052, 
0.121) 

<0.001 0.174 0.039 (0.097,0.251) <0.001 a (exposure 
 mediator 

1) 

0.174 0.039 (0.097, 
0.251) 

<0.001 

b (mediator 
 outcome) 

0.733 0.225 (0.292, 
1.175) 

0.001 0.151 0.101 (-0.0406, 
0.348) 

0.134 b1 (mediator 1 
 mediator 

2) 

0.104 0.007 (0.090, 
0.119) 

<0.001 

b2 (mediator 2 
 outcome) 

0.692 0.232 (0.238, 
1.145) 

<0.001 

c (total 
effect) 

2.168 0.289 (1.601, 
2.735) 

<0.001 2.068 0.290 (1.499, 
2.637) 

<0.001 c (total effect) 2.149 0.290 (1.581, 
2.718) 

<0.001 

c’ (direct 
effect) 

2.105 0.290 (1.537, 
2.673) 

<0.001 2.042 0.291 (1.472, 
2.612) 

<0.001 c’ (direct 
effect) 

2.089 0.290 (1.521, 
2.658) 

<0.001 

ab (mediated 
effect) 

0.063 0.023 (0.018, 
0.109) 

0.007 0.026 0.019 (-0.010, 
0.063) 

0.155 ab1,2 
(mediated 

0.013 0.005 (0.002, 
0.023) 

0.015 



effect) 

ab/c 
(percentage 
mediated) = 
% 

0.030 0.012 (0.006, 
0.054) 

0.013 0.013 0.009 (-0.005, 
0.031) 

0.168 ab1,2/c 
(percentage 
mediated) = 
% 

0.006 0.003 (0.001, 
0.011) 

0.023 

NHANES2 Effect 
Estimate 

SE 95% CI p-
value 

Effect 
Estimate 

SE 95% CI p-
value 

NHANES2 Effect 
Estimate 

SE 95% CI p-value 

a (exposure 
 mediator) 

0.166 0.034 (0.100, 
0.232) 

<0.001 0.426 0.075 (0.278, 
0.573) 

<0.001 a (exposure 
 mediator 

1) 

0.426 0.075 (0.278, 
0.573) 

<0.001 

b (mediator 
 outcome) 

0.706 0.225 (0.266, 
1.147) 

<0.001 0.138 0.101 (2.897, 
4.700) 

<0.001 b1 (mediator 1 
 mediator 

2) 

0.104 0.007 (0.089, 
0.118) 

<0.001 

b2 (mediator 2 
 outcome) 

0.671 0.231 (0.505, 
1.487) 

<0.001 

c (total 
effect) 

3.894 0.459 (2.994, 
4.739) 

<0.001 3.857 0.458 (2.959, 
4.766) 

<0.001 c (total effect) 3.864 0.461 (3.696, 
5.595) 

<0.001 

c’ (direct 
effect) 

3.776 0.460 (2.875, 
4.678) 

<0.001 3.798 0.460 (2.897, 
4.700) 

<0.001 c’ (direct 
effect) 

3.752 0.461 (3.531, 
5.429) 

<0.001 

ab (mediated 
effect) 

0.117 0.044 (0.031, 
0.204) 

0.008 0.059 0.044 (-0.028, 
0145) 

0.183 ab1,2 
(mediated 
effect) 

0.030 0.012 (0.003, 
0.016) 

0.003 

ab/c 
(percentage 
mediated) = 
% 

0.031 0.013 (0.006, 
0.056) 

0.013 0.015 0.012 (-0.008, 
0.039) 

0.195 ab1,2/c 
(percentage 
mediated) = 
% 

0.008 0.003 (0.001, 
0.014) 

0.017 

K-NHANES Effect 
Estimate 

SE 95% CI p-
value 

Effect 
Estimate 

SE 95% CI p-
value 

K-NHANES Effect 
Estimate 

SE 95% CI p-value 

a (exposure 
 mediator) 

0.032 0.007 (0.017, 
0.046) 

<0.001 0.042 0.006 (0.031, 
0.053) 

<0.001 a (exposure 
 mediator 

1) 

0.042 0.006 (0.031, 
0.053) 

<0.001 

b (mediator 
 outcome) 

0.237 0.111 (0.019, 
0.455) 

0.033 0.298 0.144 (0.015, 
0.580) 

0.039 b1 (mediator 1 
 mediator 

2) 

0.233 0.020 (0.194, 
0.273) 

<0.001 

b2 (mediator 2 
 outcome) 

0.344 0.116 (0.117, 
0.572) 

0.003 

c (total 
effect) 

0.494 0.052 (0.391, 
0.596) 

<0.001 0.494 0.052 (0.391, 
0.596) 

<0.001 c (total effect) 0.591 0.054 (0.485, 
0.696) 

<0.001 



c’ (direct 
effect) 

0.486 0.053 (0.383, 
0.589) 

<0.001 0.481 0.053 (0.378, 
0.584) 

<0.001 c’ (direct 
effect) 

0.581 0.054 (0.476, 
0.686) 

<0.001 

ab (mediated 
effect) 

0.007 0.004 (0.000, 
0.015) 

0.056 0.013 0.006 (0.000, 
0.025) 

0.047 ab1,2 
(mediated 
effect) 

0.010 0.002 (0.007, 
0.013) 

<0.001 

ab/c 
(percentage 
mediated) = 
% 

0.015 0.008 (-
0.001, 
0.032) 

0.064 0.026 0.014 (-0.001, 
0.053) 

0.058 ab1,2/c 
(percentage 
mediated) = 
% 

0.006 0.002 (0.001, 
0.010) 

0.010 

NHANES1: Exposure: mean probing pocket depth (mean PPD); Outcome: mean SBP 
NHANES2: Exposure: mean clinical attachment level (mean CAL); Outcome: mean SBP 
K-NHANES: Exposure: CPI-continuous; Outcome: mean SBP 
NHANES: Adjusted for: Age, gender, ethnicity, smoking, education level, chronic medical condition; KNHANES: Adjusted for: Age, gender, BMI, education level, smoking, 
diabetes, alcohol consumption, creatinine, physical activity, chronic medical conditions 
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Association Between Periodontitis and Blood 
Pressure Highlighted in Systemically Healthy 
Individuals
Results From a Nested Case-Control Study

Eva Muñoz Aguilera , Jean Suvan , Marco Orlandi , Queralt Miró Catalina , Jose Nart , Francesco D’Aiuto

ABSTRACT: Recent evidence suggests hypertension and periodontitis are closely linked but limited data is available on the 
nature of the association. We aimed to investigate the relationship between periodontitis and mean arterial blood pressure 
in a sample of otherwise systemically healthy individuals. A case-control study including 250 cases (participants with 
periodontitis) and 250 controls (without periodontitis) was designed from a register of clinical trials conducted between 
2000 and 2018 in a university setting. Cases were age, sex, and body mass index balanced with controls. Linear, logistic 
regression, and mediation models were planned to test the association between various periodontal measures and arterial 
blood pressure. We further investigated the role of systemic inflammation assessed by hs-CRP (high-sensitivity C-reactive 
protein) and white cell counts. Cases presented with 3.36 mm Hg (95% CI, 0.91–5.82, P=0.007) higher mean systolic 
blood pressure and 2.16 mm Hg (95% CI, 0.24–4.08, P=0.027) higher diastolic blood pressure than controls. Diagnosis 
of periodontitis was associated with mean systolic blood pressure (β=3.46±1.25, P=0.005) and greater odds of systolic 
blood pressure ≥140 mm Hg (odds ratio, 2.3 [95% CI, 1.15–4.60], P=0.018) independent of common cardiovascular risk 
factors. Similar findings were observed when continuous measures of periodontal status were modeled against systolic 
blood pressure. Measures of systemic inflammation although elevated in periodontitis were not found to be mediators of the 
association between periodontitis and arterial blood pressure values. Periodontitis is linked to higher systolic blood pressure 
in otherwise healthy individuals. Promotion of periodontal and systemic health strategies in the dental and medical setting 
could help reduce the burden of hypertension and its complications. (Hypertension. 2021;77:1765–1774. DOI: 10.1161/
HYPERTENSIONAHA.120.16790.) • Data Supplement

Key Words: blood pressure ◼ cardiovascular diseases ◼ hypertension ◼ inflammation ◼ periodontitis

Elevated arterial blood pressure (BP) increases the 
risk of complications from cardiovascular diseases 
(CVD), such as stroke and myocardial infarction, 

with >7.6 million deaths accounted for every year and 
143 million disability-adjusted life-years.1 It is estimated 
that >30% of the overall population suffers from hyper-
tension, and this estimate increases with age.2 A 15% 
to 50% of individuals, however, are unaware they are 
affected by hypertension,3 whereas many of those with 
a established diagnosis fail to achieve an optimal BP 
control despite their prescribed medications.2 The bur-
den and cost of hypertension remain high for any given 

society. Inflammation is considered an important driver of 
vascular dysfunction and implicated in the development 
and progression of hypertension.4,5

Periodontitis is a common inflammatory disease 
caused by a dysbiotic biofilm and affecting the soft and 
hard tissues around teeth.6 It is a chronic disease, usu-
ally spanning over decades of an individual’s life and 
is characterized by gingival inflammation with associ-
ated alveolar bone loss which, if not arrested, will ulti-
mately lead to tooth loss. Almost 750 million people 
(aged 15–99 years) worldwide present with moderate 
to severe symptoms of periodontitis7; plus the disease 

mailto:f.daiuto@ucl.ac.uk


PE
RI

OD
ON

TIT
IS

Muñoz Aguilera et al Periodontitis and Hypertension

1766  May 2021 Hypertension. 2021;77:1765–1774. DOI: 10.1161/HYPERTENSIONAHA.120.16790

is linked to social inequality and it negatively affects 
patients’ quality of life.8

Recent evidence suggests a possible causal link 
between periodontitis and hypertension.9 Patients with 
periodontitis often present with higher arterial BP val-
ues and a 30% to 70% higher chance to also present 
with hypertension,10 especially when there is active 
gingival inflammation (ie, with gingival bleeding).11 
Longitudinal and large interventional studies confirm-
ing the nature of this association and the exact patho-
genetic mechanisms are scarce.

The aim of this study was to investigate the associa-
tion between diagnosis of severe periodontitis and arterial 
BP in a sample of otherwise healthy participants (with-
out a confirmed diagnosis of hypertension). The primary 
objective was to assess office BP values in patients with 
periodontitis (cases) compared with controls (participants 
without periodontitis) and whether a linear relationship 
exists between measures of periodontitis extent/severity 
with BP values and whether basic measures of systemic 
inflammation mediate any association. Furthermore, the 

prevalence of undiagnosed hypertension between cases 
and controls was explored.

MATERIAL AND METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design and Population
A nested case-control study was designed, including partic-
ipants recruited at the University College London Eastman 
Dental Institute between the years 2001 and 2018. All par-
ticipants provided written informed consent at the time of 
study participation including use of data for future analy-
ses. Seventeen clinical trials with the same inclusion cri-
teria (severe periodontitis) or control (no periodontitis) 
and full-mouth periodontal assessment and arterial BP 
measurements (same recording protocol) were screened 
for inclusion in this analysis. This study was approved by 
the local UCL Research Ethics Committee (Project ID: 
16989/001).

Sample Inclusion Criteria
Cases were individuals ≥18 years old who had been diag-
nosed with generalized severe periodontitis (defined as ≥50% 
of the teeth with probing pocket depths [PPD] of ≥5 mm and 
≥30% marginal alveolar bone loss) and referred to the peri-
odontal unit for management of their condition.12 All partici-
pants were otherwise systemically healthy (no other systemic 
condition, as per medical history assessment/interview) and 
had not undertaken periodontal therapy within 6 months of the 
specific study assessment.

Controls were individuals ≥18 years old attending the same 
hospital without a diagnosis of periodontitis (recruited from 
other dental units but with no active dental infections) who were 
equally systemically healthy (no other systemic condition, as per 
medical history assessment/interview).

Sample Exclusion Criteria
Possible participants were excluded from this study if present-
ing with any of the following: (1) active infectious diseases, 
such as hepatitis, HIV, or tuberculosis, (2) any confirmed sys-
temic diseases including diabetes, kidney, liver, cardiovascular 
diseases, hypertension, cancer, or on any chronic medication, 

Nonstandard Abbreviations and Acronyms

BMI body max index
BP blood pressure
CVD cardiovascular diseases
DBP diastolic BP
FMBS full-mouth gingival bleeding
HDL high-density lipoprotein
Hs-CRP high-sensitivity C-reactive protein
IL interleukin
LDL low-density lipoprotein
PPD probing pocket depths
SBP systolic BP
TNF tumor necrosis factor
WBC white blood cell counts

Novelty and Significance

What Is New?
• The link between periodontitis and high blood pressure 

was confirmed in systemically healthy individuals.

What Is Relevant?
• Individuals with periodontitis but otherwise healthy 

presented with higher mean systolic blood pressure/
diastolic blood pressure and odds of systolic blood 
pressure >140 mm Hg.

• Bleeding gums was associated with higher mean sys-
tolic blood pressure.

• Undetected hypertension was a common finding 
among the participants in this study.

Summary
The risk of elevated blood pressure was highlighted 
in systemically healthy patients with periodontitis. Oral 
health professionals could play a crucial role in assist-
ing in the screening and management of hypertension.
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(3) pregnant or breastfeeding, and (4) taking nonsteroidal 
anti-inflammatory drugs on a regular basis or taking antibiotics 
within 3 months of assessment.

Periodontal Examination
Periodontal assessment used a standardized protocol carried 
out by calibrated examiners, as previously described.12 Baseline 
data on full-mouth periodontal assessment was retrieved for 
all participants. Case definition of periodontitis was confirmed 
against the latest validated classification.6 The full-mouth dental 
plaque and full-mouth gingival bleeding (FMBS) scores were 
recorded and the following thresholds for localized (FMBS 
10%–29%) and generalized gingival bleeding (FMBS >30%) 
were adopted. Periodontitis case definition was of generalized 
severe/stage III/IV periodontitis.6 Continuous measures of 
severity and extent of periodontitis were created as follows: (1) 
the extent of periodontal pockets with PPD of ≥4 mm, ≥5 mm, 
≥6 mm (number and percentage of sites) and (2) extent of loss 
of periodontal attachment levels (clinical attachment level) of ≥3 
mm, ≥4 mm, ≥5 mm, ≥6 mm (number and percentage of sites).

BP Assessment
Office BP measurements were obtained following a standard-
ized protocol using an Omron device M5-1 (HEM-757A-E) by a 
trained person and recorded in triplicate for each participant, as 
previously described.13 The patients were advised not to exer-
cise, smoke, or consume any caffeine during the 30 minutes 
before their appointment. Upon arrival, the measurements were 
recorded after the patients were seated for 5 min and relaxed, 
with the back resting on the chair and the arm on a desk at the 

level of the right atrium. Average of the systolic and diastolic 
arterial pressure (systolic BP [SBP] and diastolic BP [DBP]) 
readings taken to the nearest value were obtained and used as 
continuous variables. Unconfirmed hypertension diagnosis was 
evaluated applying diagnostic thresholds of the US (values of 
SBP ≥130 mm Hg or DBP ≥80 mm Hg) and European (values 
of SBP ≥140 mm Hg or DBP ≥90 mm Hg) guidelines.14,15

Additional Variables
Socio-demographics information (age, sex, ethnicity), health 
lifestyle behavior (smoking, physical activity [frequency of 
weekly sessions of being active through walking, cycling, sports, 
and recreation]), and family history of cardiovascular diseases 
(whether or not any family member had heart or vascular dis-
ease) were retrieved from the medical history questionnaires. 
Anthropometric measurements (body max index: BMI) were 
collected by trained staff using a standard protocol.12 Fasting 
venous blood samples were collected and analyzed for white 
blood cell (WBC) counts, hs-CRP (high-sensitivity C-reactive 
protein), total cholesterol, LDL and HDL (low- and high-density 
lipoprotein), glucose and triglycerides using standard biochem-
istry procedures and as previously described.12

Statistical Analysis
A sample size calculation confirmed that a minimum of 248 
participants per group was required to detect a difference of 
3.5 mm Hg in mean SBP between cases and controls, with an 
SD of 12 mm Hg, to achieve a power of at least 90% assuming 
an alpha of 0.05.

Figure. Study flow chart diagram.
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Cases and controls were balanced based on age ±3years, 
sex, and BMI (Figure).16 All data were checked for errors, 
entered in a single dataset, and analyzed using SPSS (ver-
sion 25), STATA (version 15), and R Software (version 3.5.2). 
Descriptive statistics (comparisons between continuous vari-
ables used independent t test/Mann-Whitney and between 
categorical variables used χ2 test) was used to compare gen-
eral variables and arterial BP levels between cases and con-
trols. Multivariate linear regression analysis was performed to 
investigate potential associations between (1) periodontitis 
(categorical and continuous definitions) or systemic markers of 
inflammation (ie, hs-CRP and WBC) as exposures and mean 
SBP and DBP as outcomes, (2) periodontitis (exposure) and 
systemic markers of inflammation (outcome). Age, BMI, sex, 
ethnicity, smoking, physical activity, and family history of CVD 
were used as confounders in each model. Similarly, multivariate 
logistic regression analysis was carried out to test the odds of 
the following categorical outcome variables: (1) SBP≥140, (2) 
SBP≥130, (3) DBP≥90, (4) DBP≥80 mm Hg, and undiagnosed 
hypertension defined as (5) per European guidelines14 (SBP/
DBP≥140/90 mmHg) and (6) as per US guidelines15 (SBP/
DBP≥130/80 mmHg) in relation to the different exposure vari-
ables, that is, periodontitis diagnosis (categorical yes/no), hs-
CRP, and WBC. β coefficients and odds ratios with 95% CIs 
were calculated in unadjusted (model 1) and adjusted models 
including age, BMI, sex, ethnicity, smoking, physical activity, and 
family history of CVD (model 2). A P value of ≤0.05 was con-
sidered statistically significant. Mediation analyses of systemic 
inflammatory markers were performed if a positive association 
between CRP or WBC variables with periodontitis and SBP/
DBP were found in linear/logistic regression models. Two dif-
ferent and prespecified routes were used; direct (route 1) and 
indirect (route 2) mediation effects with their 95% CI were 
estimated: route 1: periodontitis (exposure)→hypertension 
(outcome). Route 2: periodontitis (exposure)→WBC or hs-CRP 
(mediators)→hypertension (outcome).

RESULTS
Sample median age [interquartile range] was 35 [12] 
years with no substantial differences observed between 
cases (35 [9] years) and controls (34 [14] years; 
P=0.345). Similar sex (P=0.929) and BMI (P=0.209) 
distributions were confirmed between cases and controls. 
Higher number of current smokers, with predominant 
Black/Afro-Caribbean participants, reporting less physi-
cal activity and a higher percentage of family history of 
CVD were observed in cases when compared with con-
trols. Participants with periodontitis exhibited increased 
glucose, LDL, CRP, and WBC levels but lower HDL val-
ues when compared with controls (all, P<0.01; Table 1).

Higher mean differences in SBP (3.36 mmHg [95% 
CI, 0.91–5.82], P=0.007) and DBP (2.02 mm Hg [95% 
CI, 0.24–4.08], P<0.027) were observed in cases when 
compared with controls.

A 14% of cases presented with SBP≥140 mm Hg 
versus a 7% of the controls (P=0.021). Similarly, >43% 
of the cases presented with DBP≥80 mm Hg versus 
34% of the controls (P=0.035). The percentages of 

cases with SBP≥130 mm Hg or DBP≥90 mm Hg were 
greater than for the controls but not statistically signifi-
cant (Table 1). Overall a 15.6% of the whole study partic-
ipants presented with values of SBP/DBP in the range 
of hypertension (European definition): 17.2% of the 
cases and 14% of the controls (P=0.324) and a 45.6% 
(American definition): almost 50% of cases and a 41.6% 
of controls (P=0.073; Table 1).

Linear regression analysis confirmed an association 
between case definition of periodontitis (categorical) and 
higher mean SBP after adjusting for common risk fac-
tors (β±SE=3.46±1.25, P=0.005, model 2) and to DBP 
(β±SE=2.16±0.98, P=0.027, model 1; Table 2). Greater 
severity of periodontitis as assessed by mean clinical 
attachment level, PPD, and FMBS were associated with 
higher mean SBP (models 1 and 2) and with higher 
mean DBP (model 1; Table 2). A similar linear associa-
tion between different thresholds of periodontal lesions 
(PPD thresholds) and SBP (models 1 and 2) were noted 
but for different threshold of clinical attachment level, 
this was only seen in model 1 (Table 2). Periodontitis 
(categorical and continuous variables) was associated 
with higher CRP (model 1) and WBC (model 1 and 2) 
levels (Table 2). Similarly, periodontitis (categorical) was 
associated with higher odds of SBP≥140 mm Hg (odds 
ratio, 1.98 [95% CI, 1.10–3.65], P=0.023, model 1; odds 
ratio, 2.31 [95% CI, 1.17–4.67], P=0.018, model 2) and 
DBP≥80 mm Hg (odds ratio, 1.47 [95% CI, 1.03–2.12], 
P=0.035, model 1; Table 3). No significant association 
was found with SBP≥130 mm Hg, DBP≥90 mm Hg, or 
Hypertension definition according to European or Ameri-
can guidelines.

When CRP and WBC were modeled as exposure vari-
ables, no associations were observed with SBP or DBP 
(Tables 2 and 3). Lastly, an association between SBP 
and increasing FMBS irrespective of periodontal diagno-
sis was observed in the multivariate fitted model for SBP 
according to bleeding status (Table 4). Participants with 
generalized bleeding presented with a 5 mm Hg greater 
SBP than those with healthy gums (95%CI, 8.22–1.91, 
P=0.002; Table 4).

Mediation analyses confirmed that WBC did not act 
as a mediator of the association between periodonti-
tis (categorical) and SBP (continuous) in either in the 
unadjusted (β±SE=−0.00±1.21; P=0.994) or the fully 
adjusted (β±SE=−0.03±0.21; P=0.900) models (route 
2; Tables S1 and S2 in the Data Supplement). Similar 
results were observed when the model was replicated for 
continuous periodontal (FMBS, clinical attachment level, 
PPD) and categorical BP (SBP≥140 mm Hg) variables.

DISCUSSION
The results of this study showed that systemically healthy 
individuals with periodontitis (cases) presented with 
higher mean SBP and DBP than participants without 
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Table 1. Main Characteristics of Participants

Variables
Overall  
(500)

Controls  
(Non-periodontitis; 
250)

Cases  
(Periodontitis;  
250) P value

Categorical N (%)

 Sex (%female)* 263 (52.6) 132 (52.8) 131 (52.4) 0.929

 Smoking

  Non-smoker 290 (58.0) 175 (70.0) 115 (46.0) <0.001

  Current smoker 96 (19.2) 34 (13.6) 62 (24.8) <0.001

  Ex-smoker 114 (22.8) 41 (16.4) 73 (29.2) <0.001

 Ethnicity

  White 299 (59.8) 177 (70.8) 122 (40.8) <0.001

  Asian 94 (18.8) 44 (17.6) 50 (20.0) <0.001

  Black-African 47 (9.4) 16 (6.4) 31 (12.4) <0.001

  Black-Caribbean 41 (8.2) 8 (3.2) 33 (13.2) <0.001

  Other 19 (3.8) 5 (2.0) 14 (5.6) <0.001

 Physical activity

  Daily 62 (12.4) 39 (15.6) 23 (9.2) <0.001

  > twice a week 178 (35.6) 118 (47.2) 60 (24.0) <0.001

  Once a week 63 (12.6) 30 (12.0) 33 (13.2) <0.001

  < once a week 27 (5.4) 4 (1.6) 23 (9.2) <0.001

  Never/rarely 170 (34.0) 59 (23.6) 111 (44.4) <0.001

 Family history of CVD 156 (31.2) 67 (26.8) 89 (35.6) 0.034

 SBP≥140 mm Hg 54 (10.8) 19 (7.6) 35 (14.0) 0.021

 DBP≥90 mm Hg 57 (11.4) 28 (11.2) 29 (11.6) 0.888

 SBP≥130 mm Hg 138 (27.6) 65 (47.1) 73 (52.9) 0.424

 DBP≥80 mm Hg 195 (39.0) 86 (34.4) 109 (43.6) 0.035

 Hypertension definition (European guidelines) 78 (15.6) 35 (14.0) 43 (17.2) 0.324

 Hypertension definition (American guidelines) 228 (45.6) 104 (41.6) 124 (49.6) 0.073

 Localized gingivitis (FMBS 10%–29%) 176 (35.2) 143 (57.2) 33 (13.2) <0.001

 Generalized gingivitis (FMBS≥30) 252 (50.4) 40 (16.0) 212 (84.8) <0.001

Continuous: mean (SD) or median [IQR]

 Age, y* 35 [12] 34 [14] 35 [9] 0.345

 BMI, kg/m2* 24.01 [5.11] 23.75 [4.92] 24.42 [5.18] 0.209

 SBP, mm Hg 122.39 (14.05) 120.70 (12.59) 124.07 (14.33) 0.007

 DBP, mm Hg 77.02 (10.9) 75.94 (10.76) 78.10 (11.10) 0.027

 Glucose, mmol/L 1.4 [2.09] 1.2 [1.1] 1.6 [3.30] <0.001

 Total cholesterol, mmol/L 5.05 [1.30] 5.01 [1.30] 5.10 [1.21] 0.091

 HDL, mmol/L 1.56 (0.43) 1.64 (0.42) 1.49 (0.44) <0.001

 LDL, mmol/L 2.96 (0.83) 2.83 (0.84) 3.09 (0.79) <0.001

 Triglycerides, mmol/L 1.3 [1.49] 1.2 [1.10] 1.3 [2.10] 0.133

 Hs-CRP, mg/L 1.7 [2.39] 1.38 [2.47] 1.86 [2.37] 0.008

 WBC, 1000/μL 5.93 [2.20] 5.58 [1.99] 6.36 (2.26) <0.001

 PPD 2.56 [1.95] 1.99 [0.43] 3.94 [1.24] <0.001

 CAL 2.74 [2.24] 2.02 [0.47] 4.26 [1.52] <0.001

 FMBS 30.65 [26.74] 15.45 [15.27] 53.66 (33.37] <0.001

 FMPS 50.28 [39.38] 49.15 [40.78] 51.11 [39.43] 0.166

BMI indicates body mass index; CAL, clinical attachment level; CVD, cardiovascular diseases; DBP, diastolic blood pressure; FMBS, full-
mouth gingival bleeding score; FMPS, full-mouth dental plaque score; HDL, high-density lipoprotein; Hs-CRP, high-sensitive C-reactive 
protein; IQR, Interquartile range; LDL, low-density lipoprotein; PPD, probing pocket depth; SBP, systolic blood pressure; and WBC, white 
blood cells.

*Cases and controls groups balanced according to age, sex, and BMI.
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periodontitis (controls). Cases presented with more than 
twice higher likelihood of SBP≥140 mm Hg and almost 
50% higher odds of DBP≥80 mm Hg than the controls.

A recent systematic review confirmed a 4.5 mm Hg 
SBP and 2.5 mm Hg DBP greater arterial BP values in 
the general population (including participants with and 
without other comorbidities).10 In a previously reported 
age- and sex-matched case-control study looking at 

the association of periodontitis, systemic inflammation, 
and endothelial function, greater differences in SBP (7 
mm Hg) and CRP (1.3 mg/L) levels between the cases 
and controls were observed.17

Elevated BP remains the main risk factor for heart 
failure, atrial fibrillation, chronic kidney disease, heart 
valve diseases, aortic syndromes, and dementia, in addi-
tion to coronary heart disease and stroke.18 It is now 

Table 2. Linear Regression Models of SBP, DBP and hs-CRP, WBC According to Various Indices of 
Periodontitis or Systemic Inflammation

Linear regression models

Exposure: periodontitis

SBP DBP

Model 1 β±SE Model 2 β±SE Model 1 β±SE Model 2 β±SE

Categorical variable

 Cases vs controls (perio vs non perio) 3.36±1.25* 3.46±1.25* 2.16±0.98† 1.48±1.04

Continuous variables

 CAL (mean) 1.51±0.42‡ 0.89±0.42† 0.69±0.33† 0.14±0.35

 No. of sites with CAL ≥3 mm 0.03±0.01* 0.02±0.01 0.02±0.01 0.0002±0.01

 No. of sites with CAL ≥4 mm 0.04±0.01* 0.02±0.01 0.02±0.01 0.004±0.01

 No. of sites with CAL ≥5 mm 0.04±0.01* 0.02±0.01 0.02±0.01 0.006±0.01

 No. of sites with CAL ≥6 mm 0.06±0.02* 0.03±0.02 0.03±0.02 0.004±0.01

 % of sites with CAL ≥3 mm 0.06±0.02* 0.03±0.02 0.02±0.02 -0.006±0.01

 % of sites with CAL ≥4 mm 0.06±0.02* 0.03±0.02 0.03±0.02 0.003±0.02

 % of sites with CAL ≥5 mm 0.07±0.02* 0.04±0.02 0.03±0.02 0.01±0.02

 % of sites with CAL ≥6 mm 0.10±0.03* 0.05±0.03 0.04±0.03 0.01±0.02

 PPD (mean) 1.86±0.52‡ 1.51±0.5* 0.81±0.41† 0.32±0.44

 No. of sites with PPD ≥4 mm 0.04±0.01* 0.03±0.01† 0.02±0.01 0.008±0.01

 No. of sites with PPD ≥5 mm 0.05±0.02* 0.04±0.02† 0.02±0.01 0.01±0.01

 No. of sites with PPD ≥6 mm 0.08±0.02* 0.06±0.02* 0.03±0.02 0.01±0.02

 % of sites with PPD ≥4 mm 0.07±0.02* 0.05±0.02† 0.03±0.02 0.01±0.02

 % of sites with PPD ≥5 mm 0.07±0.03* 0.06±0.03† 0.03±0.02 0.01±0.02

 % of sites with PPD ≥6 mm 0.12±0.04* 0.10±0.04* 0.05±0.03 0.02±0.03

 FMBS (mean) 0.09±0.02‡ 0.07±0.02* 0.04±0.02† 0.02±0.02

Exposure: systemic inflammation SBP DBP

Model 1 β±SE Model 2 β±SE Model 1 β±SE Model 2 β±SE

 Hs-CRP 0.22±0.19 0.18±0.17 0.24±0.15 0.21±0.14

 WBC 0.17±0.38 0.61±0.34 0.25±0.30 0.44±0.28

Exposure: periodontitis Hs-CRP (log hs-CRP) WBC (log WBC)

Model 1 β±SE Model 2 β±SE Model 1 β±SE Model 2 β±SE

Categorical variable

 Cases vs controls (perio vs nonperio) 0.24±0.08* 0.01±0.09 0.08±0.23‡ 0.08±0.02*

Continuous variables

 CAL (mean) 0.083±0.029* 0.040±0.032 0.022±0.008* 0.023±0.008*

 PPD (mean) 0.112±0.036* 0.05±0.04 0.031±0.01* 0.029±0.01*

 FMBS (mean) 0.004±0.002† 0.002±0.002 0.002±0.000‡ 0.001±0.000*

Model 1: Unadjusted. Model 2: age, BMI, sex, ethnicity, smoking, physical activity, family history of CVD. Β indicates beta coeffi-
cient; CAL, clinical attachment level; DBP, diastolic blood pressure; FMBS, full-mouth gingival bleeding score; Hs-CRP, high-sensitive 
C-reactive protein; PPD, probing pocket depth; SBP, systolic blood pressure; and WBC, white blood cells.

*P<0.01.
†P<0.05.
‡P<0.001.
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understood that biologically normal BP levels are lower 
than what previously fell within a normal range.15 The 
observed differences of SBP/DBP between cases and 
control in this study could be clinically relevant and might 
represent an overlooked mechanism linking periodontitis 
with increased future CVD risk.19

In agreement with previous studies,20,21 this study 
showed that irrespective of periodontal status, bleed-
ing gums was associated with SBP. Similarly, a more 
recent secondary analysis of NHANES (III also reported 
a 2.6 mm Hg higher mean SBP for gingivitis, also inde-
pendently associated with 40% greater odds of high/
uncontrolled BP.11 Bleeding gums, the earliest sign of 

periodontal diseases, has also been linked to increased 
systemic biomarkers and vascular changes.22,23 Self-
report of bleeding gums is an easy measure of periodon-
tal inflammation for both patients and clinicians and it 
could represent a valuable parameter in routine BP 
screening protocols.

Several mechanisms underlying the links between 
gingival diseases and hypertension have been proposed 
with dysbiotic subgingival microbiome triggering low-
grade systemic inflammation and oxidative stress rep-
resenting the main pathways.24 Periodontitis patients 
express not only increased local and systemic inflam-
matory markers, such as CRP, TNF (tumor necrosis 

Table 3. Multiple Logistic Regression Models of SBP≥140 mm Hg, DBP≥90 mm Hg, SBP≥130 mm Hg, 
DBP≥80 mm Hg and Hypertension Definitions according to Periodontitis Diagnosis, hs-CRP and WBC

Multiple logistic models

Exposure: periodontitis SBP≥140 mm Hg DBP≥90 mm Hg
Hypertension definition 
(European)

Model 1 OR (95% CI) 1.98 (1.10–3.65)* 1.05 (0.59–1.81) 1.28 (0.78–2.08)

Model 2 OR (95% CI) 2.31 (1.17–4.67)* 1.05 (0.55–1.98) 1.24 (0.71–2.18)

Exposure: Hs-CRP

 Model 1 OR (95% CI) 0.98 (0.89–1.08) 0.97 (0.88–1.08) 0.97 (0.88–1.05)

 Model 2 OR (95% CI) 0.95 (0.84–1.06) 0.97 (0.86–1.09) 0.95 (0.85–1.05)

Exposure: WBC

 Model 1 OR (95% CI) 1.00 (0.84–1.18) 0.92 (0.78–1.10) 0.97 (0.84–1.13)

 Model 2 OR (95% CI) 1.05 (0.87–1.27) 0.97 (0.80–1.17) 1.02 (0.87–1.20)

Exposure: periodontitis SBP≥130 mm Hg DBP≥80 mm Hg Hypertension definition 
(American)

 Model 1 OR (95% CI) 1.17 (1.17–1.73) 1.47 (1.03–2.12)* 1.38 (0.97–1.96)

 Model 2 OR (95% CI) 1.26 (0.78–2.00) 1.20 (0.78–1.84) 1.23 (0.81–1.88)

Exposure: Hs-CRP

 Model 1 OR (95% CI) 1.02 (0.96–1.08) 1.06 (0.99–1.12) 1.06 (0.99–1.13)

 Model 2 OR (95% CI) 1.02 (0.96–1.08) 1.06 (0.99–1.12) 1.06 (0.99–1.27)

Exposure: WBC

 Model 1 OR (95% CI) 1.00 (0.89–1.13) 1.04 (0.93–1.16) 1.03 (0.93–1.15)

 Model 2 OR (95% CI) 1.06 (0.93–1.21) 1.08 (0.96–1.22) 1.09 (0.97–1.23)

Model 1: unadjusted. Model 2: age, BMI, sex, ethnicity, smoking, physical activity, family history of CVD. BMI indicates body mass index; 
CVD, cardiovascular diseases; DBP, diastolic blood pressure; Hs-CRP, high-sensitive C-reactive protein; OR, odds ratio; SBP, systolic 
blood pressure; and WBC, white blood cells.

*P<0.01.
†P<0.05.
‡P<0.001.

Table 4. Multivariate Fitted SBP According to Bleeding Status

Bleeding status (irrespective 
of periodontitis) N (%) SBP Mean (SD)

Multiple comparisons ∆SBP (95% CI) P value

Gingival health Localized bleeding
Generalized 
bleeding

Gingival health (FMBS<10%) 72 (14.4) 118.71 (11.23) …   

Localized bleeding 
(10%>FMBS≤30%)

176 (35.2) 121.92 (14.68) 3.21 (6.61–0.20) 
P=0.065

…  

Generalized bleeding 
(FMBS≥30%)

252 (50.4) 123.77 (14.16) 5.06 (8.22–1.91) 
P=0.002

1.85 (4.65–0.94) 
P=0.192

…

∆SBP indicates mean difference in SBP; FMBS, Full-mouth gingival bleeding score; and SBP, systolic blood pressure.
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factor)-α, neutrophilic enzymes, WBC, and disparity in 
T-cell subtypes, but also neutrophil dysfunction, which 
are all mechanisms resulting in vascular changes and 
endothelial dysfunction.19,25,26 The presence of periodon-
tal pathogens has been linked to hypertension in epi-
demiological studies.27 Preclinical evidence originated 
by experimental animal models, including immunizations 
with Porphyromonas gingivalis lysate and lipopolysac-
charide-endotoxin from other gram-negative bacteria, 
caused prolonged T-cell activation and elicited increased 
levels of CRP, TNF-α, and IL (interleukin)-1β, resulting in 
increased BP.28 Interaction between oral-gut microbiome 
can also contribute to amplification of inflammation and 
metabolic changes.29 Recent evidence implicates oral 
bacteria in the nitrate-nitrite-nitric oxide (NO) pathway 
and pathogenesis of hypertension,30 with high concen-
trations of nitrite-reductase bacteria increasing systemic 
NO and having an effect of lowering SBP.31

In the current study, hs-CRP/WBC as a proxy of sys-
temic inflammation was associated with periodontitis but 
not with SBP/DBP. Additionally, WBC did not show a 
mediation effect between periodontitis and BP. These 
results are in partial disagreement with a recent analysis 
of cross-sectional data, based on national health surveys 
in US and Korea, where a 2% to 7% mediating effect 
of WBC and CRP was observed when examining the 
association between periodontitis and hypertension.32 
A possible explanation for these differences relates to 
an overall younger population of this study sample (35 
years old) versus 51 and 46 years old in the American 
and Korean populations, and possibly due to the sys-
temically healthy status of this sample, when compared 
with representative samples of those populations, includ-
ing systemic conditions. Nevertheless, an association of 
arterial BP with both continuous and categorical mea-
sures of periodontitis in younger and systemically healthy 
individuals strengthens the evidence in favor of a causal 
association between the two diseases.24

A recent Mendelian Randomization analysis and 
results from a short-term pilot randomized controlled 
clinical trial on periodontal treatment of resistant hyper-
tensive patients corroborate these findings.9 Single 
nucleotide polymorphisms in genes SIGLEC5, DEFA1A3, 
MTND1P5, and LOC107984137 loci in Genome-wide 
association studies (GWAS) linked to periodontitis, 
and BP phenotype were discovered and a noticeable 
reduction in SBP/DBP, endothelial function as well as 
inflammatory cytokines and activated T-cell subsets 
was observed 2 months following the treatment. Simi-
larly, another randomized controlled clinical trial with 6 
months follow-up on a prehypertensive population also 
observed a significant reduction in SBP/DBP following 
nonsurgical periodontal treatment.33 Oral health promo-
tion strategies such as tooth brushing twice daily has 
demonstrated very effective not only in managing and 
preventing most common oral conditions34 but also in 

providing a powerful and affordable tool for hypertension 
control.35 Notably, a 14% reduction in cardiovascular 
events has been observed with a 4.4 mm Hg reduction 
in SBP.36 Preliminary evidence suggests that periodon-
tal treatment in patients with type 2 diabetes, a common 
comorbidity, could result in substantial long-term reduc-
tion of medical-related costs for healthcare systems.37 
Thus, given the importance of nonpharmacological and 
pharmacological BP-lowering strategies in decreasing 
CVD risk and mortality,38 larger multicenter randomized 
controlled clinical trials and health-economic analyses 
are warranted to further investigate the benefits of peri-
odontal treatments on BP prevention and control.

Elevated BP is usually asymptomatic and best 
detected in screening programs or opportunistic mea-
surements of BP, which confirm that a worryingly high 
number of individuals (>50%) is unaware of a possible 
diagnosis of hypertension.39 The presented study con-
firmed that a 15% to 45% of the sample could exhibit 
undetected hypertension (depending on whether a 
European or US guideline definition was used), with 
54% to 55% of these having periodontitis. In a recent 
cross-sectional study on the association of periodontitis 
and hypertension, a 15.9% of the study sample pre-
sented with undiagnosed high BP (based on a single 
office measurement), of which a 62.5% had periodon-
titis.40 These data confirm that programs of hyperten-
sion screening in the dental settings should not be 
underestimated.

Although this study improves the understanding of 
the association between periodontitis and arterial BP, 
it is recognized some limitations exist. The study design 
and analysis may have introduced some bias namely 
through selection and assessment biases.41 Furthermore, 
in this study we did not account for other factors that 
might have impacted BP, such as abdominal obesity, salt 
intake, use of anti-inflammatory drugs, hormone treat-
ments, or stress as well as additional oral diseases (ie, 
caries). Future analyses should focus on existing or new 
epidemiological evidence (longitudinal studies) where 
all possible confounders are appropriately considered. 
Nevertheless, this study benefits from a robust research 
methodology in assessing the exposure (periodontitis) 
and outcome (BP), and sufficient statistical power could 
have counteracted some of the limitations.42 Further-
more, using a balanced study design through matching 
for common confounders of arterial BP facilitated analy-
sis of comparable groups.43

Conclusions
This study expands current knowledge on the associa-
tion between periodontitis and elevated BP, pointing at 
the importance of this link in the generally healthy popu-
lation. Oral health professionals could play a pivotal role 
in helping the medical community detecting and tackling 
the burden and consequences of hypertension.
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Perspectives
Periodontal treatments could be well-tolerated novel 
nonpharmacological interventions for the manage-
ment of hypertension. Particularly so when patients are 
informed that periodontal treatment could be beneficial 
not only for their oral health but also for their general 
health and wellbeing in return. Thus, future directions 
and broad implications of this work will involve liaison of 
dental and medical health professionals with the follow-
ing objectives:

1. Raising awareness of the increased risk for high 
BP among individuals with periodontal diseases.

2. Implementing hypertension screening systems by 
dental professionals and prompt referral to general 
practitioners.

3. Implementing periodontal disease screening sys-
tems by medical professionals and referral to den-
tal practitioners.

4. Providing advice for common risk factors: Healthy 
diet, smoking cessation, promoting physical activity, 
alcohol reduction, and diabetes management.

5. Early diagnosis and management of gingivitis 
and periodontitis. Effective prevention and treat-
ment of these conditions is very cost-effective 
and has shown an effect in reduction of systemic 
markers of inflammation and improvement in 
endothelial function.

6. Future research will involve larger multicenter ran-
domized controlled clinical trials to test the effects 
on periodontal treatment on BP levels.
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Association between periodontitis and blood pressure highlighted in systemically healthy individuals.  
Results from a nested case-control study. Supplementary Tables S1 and S2 
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Table S1: Mediation analysis: periodontal inflammation measurements (exposure),  
mean SBP (outcome), WBC (mediator). 

Exposure 
definitions 

WBC Mediator 
(Model 1) 

WBC Mediator  
(Model 2) 

Perio vs non-
perio 

Effect 
Estimate 

SE 95% CI 
p-

value 
Effect 

Estimate 
SE 95% CI 

p-
value 

a (exposure  
mediator) 

0,561 0,146 (0,27; 0,85) <0,001 0,561 0,146 (0,27; 0,85) <0,001 

b (mediator  
outcome) 

-0,00 0,38 (-0,75; 0,74) 0,994 -0,05 0,38 (-0,79; 0,70) 0,900 

c (total effect) 3,361 1,26 (0,92; 5,80) 0,007 2,71 1,30 (0,16; 5,26) 0,037 

c’ (direct effect) 3,363 1,26 (0,88; 5,84) 0,008 2,73 1,32 (0,15; 5,32) 0,038 

ab (mediated 
effect) 

-0,00 1,21 (-0,42; 0,42) 0,994 -0,03 0,21 (-0,44; 0,39) 0,900 

ab/c(percentage 
mediated) = % 

0,00 0,06 (-0,12; 0,12) 0,994 -0,01 0,08 (-0,16; 0,14) 0,899 

Mean PPD 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure  
mediator) 

0,199 0,06 (0,08; 0,32) 0,001 0,199 0,06 (0,08; 0,32) 0,001 

b (mediator  
outcome) 

-0,027 0,38 (-0,76; 0,71) 0,943 -0,067 0,38 (-0,80; 0,67) 0,859 

c (total effect) 1,857 0,51 (0,85; 2,86) <0,001 1,577 0,55 (0,50; 2,65) 0,004 

c’ (direct effect) 1,862 0,52 (0,84; 2,81) <0,001 1,590 0,55 (0,50; 2,67) 0,004 

ab (mediated 
effect) 

-0,005 0,07 (-0,15; 0,14) 0,943 -0,013 0,07 (-0,16; 0,13) 0,860 

ab/c(percentage 
mediated) = % 

-0,000 0,04 (-0,08: 0,08) 0,942 -0,008 0,05 (-0,10; 0,08) 0,859 
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FMBS, Full mouth gingival bleeding score; CAL, Clinical attachment level; CI, Confidence interval; PPD,  
Probing pocket depth; SBP, Systolic blood pressure; SE, Standard error, and WBC, White blood cells. 
Model 1: Unadjusted 
Model 2: Adjusted for Age, BMI, gender, ethnicity, smoking, physical activity, family history of CVD 
 

Mean CAL 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure  
mediator) 

0,144 0,05 (0,05; 0,24) 0,003 0,144 0,05 (0,05; 0,24) 0,003 

b (mediator  
outcome) 

-0,008 0,38 (-0,74; 0,73) 0,982 -0,047 0,038 (-0,78; 0,69) 0,902 

c (total effect) 1,512 0,41 (0,69; 2,32) <0,001 1,270 0,45 (0,39; 2,15) 0,005 

c’ (direct effect) 1,513 0,42 (0,69; 2,33) <0,001 1,277 0,45 (0,39; 2,16) 0,005 

ab (mediated 
effect) 

-0,001 0,05 (-0,11; 0,10) 0,982 -0,007 0,05 (-0,11; 0,10) 0,902 

ab/c(percentage 
mediated) = % 

-0,001 0,03 (-0,07; 0,07) 0,982 -0,005 0,04 (-0,08; 0,08) 0,901 

Mean FMBS 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure  
mediator) 

0,010 0,00 (0,00; 0,01) <0,001 0,010 0,00 (0,00; 0,01) <0,001 

b (mediator  
outcome) 

-0,074 0,38 (-0,81; 0,66) 0,844 -0,134 0,38 (-0,87; 0,60) 0,721 

c (total effect) 0,097 0,02 (0,05; 0,14) <0,001 0,088 0,02 (0,04; 0,13) <0,001 

c’ (direct effect) 0,097 0,02 (0,05; 0,14) <0,001 0,089 0,02 (0,04; 0,14) <0,001 

ab (mediated 
effect) 

-0,001 0,00 (-0,01; 0,01) 0,844 -0,001 0,00 (-0,01; 0,01) 0,722 

ab/c(percentage 
mediated) = % 

-0,01 0,04 (0,01; 0,06) 0,843 -0,014 0,04 (-0,09; 0,06) 0,719 
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Table S2: Mediation analysis: periodontal inflammation measurements (exposure),  
SBP ≥140 mm Hg (outcome), WBC (mediator). 
 

Exposure 
definitions 

WBC Mediator 
(Model 1) 

WBC Mediator  
(Model 2) 

Perio vs non-
perio 

Effect 
Estimate 

SE 95% CI 
p-

value 
Effect 

Estimate 
SE 95% CI 

p-
value 

a (exposure  
mediator) 

0,561 0,14 (0,27; 0,85) <0,001 0,561 0,15 (0,27; 0,85) <0,001 

b (mediator  
outcome) 

-0,003 0,01 (-0,02; 0,01) 0,688 -0,003 0,01 (-0,01; 0,01) 0,713 

c (total effect) 0,064 0,03 (0,01; 0,12) 0,020 0,068 0,03 (0,01; 0,12) 0,018 

c’ (direct effect) 0,066 0,03 (0,01; 0,12) 0,019 0,070 0,03 (0,01; 0,13) 0,017 

ab (mediated 
effect) 

-0,002 0,00 (-0,01; 0,01) 0,690 -0,002 0,00 (-0,01; 0,01) 0,714 

ab/c(percentage 
mediated) = % 

-0,03 0,07 (-0,17; 0,11) 0,686 -0,025 0,07 (-0,16; 0,11) 0,711 

Mean PPD 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure  
mediator) 

0,199 0,06 (0,08; 0,32) 0,001 0,199 0,06 (0,08; 0,04) 0,001 

b (mediator  
outcome) 

-0,004 0,01 (-0,02; 0,01) 0,604 -0,004 0,01 (-0,02; 0,01) 0,648 

c (total effect) 0,040 0,01 (0,02; 0,06) <0,001 0,044 0,01 (0,02; 0,07) <0,001 

c’ (direct effect) 0,041 0,01 (0,02; 0,06) <0,001 0,044 0,01 (0,02; 0,07) <0,001 

ab (mediated 
effect) 

-0,001 0,00 (-0,00; 0,00) 0,608 -0,001 0,00 (-0,00; 0,00) 0,651 

ab/c(percentage 
mediated) = % 

-0,021 0,04 (-0,10; 0,06) 0,605 -0,02 0,04 (-0,09; 0,06) 0,648 
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FMBS, Full mouth gingival bleeding score; CAL, Clinical attachment level; CI, Confidence interval; PPD, 
Probing pocket depth; SBP, Systolic blood pressure; SE, Standard error, and WBC, White blood cells.  
Model 1: Unadjusted.  
Model 2: Adjusted for Age, BMI, gender, ethnicity, smoking, physical activity, family history of CVD 

Mean CAL 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure 
mediator) 

0,144 0,05 (0,05; 0,24) 0,003 0,144 0,05 (0,05; 0,24) 0,003 

b (mediator 
outcome) 

-0,004 0,01 (-0,02; 0,01) 0,641 -0,00 0,01 (-0,20; 0,01) 0,691 

c (total effect) 0,032 0,01 (0,01; 0,05) <0,001 0,036 0,01 (0,02; 0,05) <0,001 

c’ (direct effect) 0,033 0,01 (0,01; 0,05) <0,001 0,036 0,01 (0,02; 0,06) <0,001 

ab (mediated 
effect) 

-0,001 0,00 (-0,00; 0,00) 0,645 0,000 0,00 (-0,00; 0,00) 0,694 

ab/c(percentage 
mediated) = % 

-0,017 0,04 (-0,09; 0,05) 0,642 -0,013 0,03 (-0,08; 0,05) 0,692 

Mean FMBS 
Effect 

Estimate 
SE 95% CI 

p-
value 

Effect 
Estimate 

SE 95% CI 
p-

value 

a (exposure 
mediator) 

0,010 0,00 (0,00; 0,01) <0,001 0,010 0,00 (0,00; 0,01) <0,001 

b (mediator 
outcome) 

-0,005 0,01 (-0,02; 0,01) 0,563 -0,005 0,01 (-0,02; 0,01) 0,586 

c (total effect) 0,002 0,00 (0,00; 0,00) <0,001 0,002 0,00 (0,00; 0,00) <0,001 

c’ (direct effect) 0,002 0,00 (0,00; 0,00) <0,001 0,002 0,00 (0,00; 0,00) <0,001 

ab (mediated 
effect) 

0,000 0,00 (0,00; 0,00) 0,568 0,000 0,00 (0,00; 0,00) 0,590 

ab/c(percentage 
mediated) = % 

-0,024 0,04 (-0,11; 0,06) 0,563 -0,022 0,04 (-0,10; 0,06) 0,586 
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