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Abstract: Periodontal Disease is an inflammatory process affecting the Periodontium, the tissue that surrounds
and supports the teeth. The process usually starts with an inflammatory process of the gum (gingivitis) but it
may progress with an extensive involvement of the gum, as well as the periodontal ligament and the bone
surrounding the teeth resulting in substantial bone loss. Current evidence suggested that there is a potential
correlation between increased blood pressure and periodontitis. However there are only limited cross sectional
studies are emerging now to associate the relation between the hypertension, periodontitis, gingivitis and
healthy gingiva. This study is basically done to evaluate the relation between hypertension, periodontitis
gingivitis and healthy gingiva.
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INTRODUCTION periodontitis i.e. they have increased number of pockets

Periodontal    disease,    the    most   prevalent severity and antihypertensive treatment.
diseases  throughout  the  world  [1] and are
predominantly    caused     by     gram   –negative Evidence Associated Between Periodontitis and
anaerobic  bacteria  present  on  the  tooth root surfaces Hypertension: The study population consists of 31,543
as a biofilm. participants of the Health  Professionals'  Follow-Up

Periodontal disease has recently drawing increased Study (HPFS) prospective cohort who were 40–75 years
attention because of its potential relationship with old  at   baseline,   had  no  prior  hypertension  history
cardiovascular disease, as a chronic inflammatory and had  complete baseline information on oral health.
condition  linked   with   systemic  markers of The information regarding periodontal disease,
inflammation and endothelial dysfunction [2]. hypertension was recorded biennially. The criteria’s
Hypertension  is  also  prevalent   affecting   30  % of included were age, calendar time, race, comprehensive
adults  and  is  a  major  cause  of  cardiovascular smoking, diabetes, alcohol consumption, family history of
morbidity  and  mortality.  This  two  condition  seems to hypertension, BMI, Physical activity, diet pattern
be  unrelated  to  each  other.  There  are upcoming multivitamin, calcium & Vitamin D intake.
studies  showing  a strong relation between The Results found that 10,828 individuals out of
cardiovascular  disease and periodontitis. The 31543 showed hypertension over 20 yrs of  age.  Follow
relationship may be either a direct through adverse up after, adjusting  for  potential  confounders,  we  did
systemic ramification including inflammatory not observe significant associations between incident
generalization [3, 4]. There are also some studies have hypertension and periodontal disease at baseline (relative
been focused on antihypertensive treatment and risk (RR) = 1.04; 95% confidence interval (CI): 0.98–1.10),
periodontitis [5] stating that patients under periodontitis during follow-up (RR = 1.01; 95% CI:
antihypertensive treatment show positive effects on 0.96–1.05), tooth loss during follow-up (RR = 1.03; 95% CI:

and there is a linear trend between periodontal disease
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0.98–1.09), or when comparing men with 0–10 teeth to men velocity were as indices of atherosclerosis. They divided
with 25 teeth at baseline (RR = 1.05; 95% CI: 0.91–1.21). patients into 2 groups according to the level of serum
Participants reporting severe periodontal bone loss had a antibody against Pg: higher or  equal  to  the  median
RR for incident hypertension of 1.02 compared to those (high Pg serum antibody group) and lower than
without bone loss (95% CI: 0.77–1.35). median(lower Pg serum antibody group).There was no

They did not observe an association between difference in use of anti hypertensive agents between the
periodontal disease measures and incident hypertension two groups. The composite risk periodontal score
in this cohort of middle-aged men [7]. In one of the study (P=0.0003), systolic BP (P=0.030), diastolic
BP is checked 2 times point one year apart was performed BP(P=0.038),Pulse Pressure(P=0.050) and mean
in a study of 364 apparently healthy but predominantly BP(P=0.055) were higher in Pg antibody group than in the
male young individuals, that’s applied a case definition of lower Pg antibody group. An elevated antibody level
periodontitis [8].The affected subjects compared to against Pg indicates advanced periodontal disease and
controls has shown higher diastolic blood pressure and suggests advancement of atherosclerosis and
a least trend for higher systolic blood pressure at the two hypertension [10].
visits though hypertension prevalence did not differ.

In a large Swedish population study a through Role of Inflammation in Periodontitis: Inflammation is
periodontal examination including an x-ray was performed your body's natural reaction to invasion by an infectious
in a total over 4200 adult participants of a wide range. agent, toxin or physical, chemical or traumatic damage.
There was an association between periodontitis and One purpose of inflammation is to protect the site of an
hypertension prevalence was noted. Age stratification injury. During inflammation it fights with the disease and
revealed that the findings remain significant in subjects protects the body with the normal immune response and
over 60 years of age [5]. certain metabolic progress. When the duration is short it

The conclusion was derived from 653 patients of oral does not cause any problem but when it is long term
infections an vascular disease epidemiological study process it causes constant damage. Inflammation is
(INVEST) on multiethnic cohort concluded that there is a therefore acting as a “double edge sword” as this
direct assessment of subgingival periodontal bacterial adaptive response becomes maladaptive after a chronic
burden and its relation to blood pressure. There was an time. In blood vessels inflammation increases vascular
increased percentage of sites per mouth with 3 mm or permeability and alters the cytoskeletal elements in the
more the probing depth was associated with the higher endothelial cells, disrupting endothelial function in
diastolic blood pressure. After adjustment of the controlling vascular health.
confounding factors such as cardiovascular risk factors, Over a past 3 decade’s vascular inflammation as a
inflammatory markers and non causative bacteria, the mechanism participates as a progression of hypertension.
highest compared with lowest of etiological bacterial Recent evidence supported that hypertension in the
burden was associated with the four fold risk of Okamoto spontaneous hypertensive rat (SHR) may be the
hypertension. Men are affected twice more than the result of autoimmune disorder. To test this hypothesis
women. Some putative and beneficial bacteria were found SHRs were given chronic immunosuppressive therapy
to be absent and inverse associated with hypertension. (cylophosphamide). The development of hypertension
This findings suggested that there was diverse mixture of was studied in SHRs receiving cyclophosphamide
periodontal bacteria may have a different impact on Blood beginning at the age of 3 wks. The arterial pressure of the
pressure [9]. cyclophosphamide-treated SHRs was significantly lower

Yohsuke Hanaoka et al. 2013 investigated that than that of untreated control SHRs once the rats were 8
periodontal disease and serum antibody level associated wk old and this reduction in blood pressure was
with hypertension. 127 patients were studied (93 men and maintained for the duration of treatment. Also the effect
34 women, mean age 68±9 years) who were admitted with of chronic immunosuppressive therapy on the
ischemic heart disease in their institution. The Periodontal maintenance of spontaneous hypertension was
risk scores were calculated. The level of serum antibodies determined by beginning treatment in 16-wk-old SHRs.
against porphyromonas gingivalis (Pg) was measured. Arterial blood pressure was significantly less than that of
Pulse pressure, mean blood pressure (BP) and pulse wave untreated   control    SHRs    after    2    wks    of  treatment.
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According to the Tail cuff measurements, the level of molecule-1 (VCAM-1) and  intercellular  adhesion
hypertension in SHRs rats was reduced by approximately molecule -1(ICAM) are expressed by the endothelial cells.
to 50% following 6weeks of immunosuppressant therapy. Their expression are up regulated in response to
The mean arterial blood pressure was significantly inflammatory insult [14]. Increased expression of these
reduced after 3 weeks to 158 ± 5.0 mm Hg in adhesion molecules on endothelial cells is a common
immunosuppressed SHRs n=10 compared with 175± 2.6 process in response to the inflammation [15]. VCAM-1 &
mmHg in control SHRs (n=7). Cylophosphamide treatment ICAM-1 are the important risk markers for cardiovascular
did not have any significant effect on blood pressure of events. VCAM-1 and ICAM-1 mediate leukocytic binding
Wistar or Wistar–Kyoto rats or on the development or to the endothelial lining. Increased leukocytic infiltration
maintenance of deoxycorticosterone acetate and production of cytokines exaggerate oxidative stress
hypertension. The results indicated that chronic immune and inflammation, eventually causing a disturbance to the
suppression attenuates hypertension in Okamoto SHR. normal endothelial function in regulating BP.
These results support the hypothesis that spontaneous
hypertension may be due in part of auto  immune  disorder Evidence Associated Between Hypertension and
[10]. Then Norman et al demonstrated that the Periodontitis: Hypertension is a major global health
development of hypertension was delayed by correcting problem affecting individuals.  The  population seems to
the immune balance state in SHR. They found that be increasing to 1.56 billion by the year 2025 [16].
immunological dysfunction is one of the key etiologies of Hypertension is defined when a patient has a elevated
hypertension [11]. systolic BP greater than 140mm Hg and or diastolic BP

Dzielak noted inflammatory involvement in greater than 90 mmHg [17]. Patients with systolic BP
hypertension by observing alternations in serum ranging between 120mmHg and 139 mmHg and /or
immunoglobulin levels both in patients and laboratory diastolic BP of 80mm Hg to 89mmHg is called as Pre
animals and there was an interaction in the inflammatory Hypertensive.
cells both in patients and laboratory animals. Furthermore Oral Biofilm consist of more than 700 species found
the interaction between inflammatory cells and endothelial to be in the oral cavity [18, 19]. They are in a wide range.
cells was increased in hypertensive patients [12]. A Biofilm community comprises of bacterial micro

The overall concept of inflammation and the immune colonies, an extracellular slime layer, fluid channels and a
response to vascular damage in hypertensive patients has primitive communication system. The Extra cellular slime
thrown light on the scientist to undergo various research layer is a protective barrier that  surrounds  the
based on the Periomedicine mushroom-shaped micro colonies from antibiotics,

Periomedicine: A broad term that defines a rapidly of fluid  channels   penetrate   extracellular  slime layer.
emerging branch of Periodontology focusing on the The biofilm are protected by  antimicrobials.  Dental
wealth of new data establishing a strong relationship Biofilm release variety of biological products including
between the periodontal health or disease and systemic bacterial lipopolysaccharides, chaemotatic peptides,
health or disease [13]. protein toxins and organic acids [20]. The production of

Role of Inflammation: Inflammation plays a central role. Interleukin-1 beta (IL-1 ), Interleukin (IL-6), Interleukin -
The endothelial cells form a inner surface of artery resist 8(IL-8) and tumour necrotic factor –alpha (TNF- ) are
adhesion by circulating leukocytes. Exposure to risk triggered the response to the stimuli of dental biofilm.
factor affects this homeostasis. Smoking hypertension, These active products are responsible for periodontal
obesity, insulin resistance hyperglycemia promotes tissue destruction.
endothelial expression of circulating leukocytes Recent evidences supported that there is a strong
attachment. Vascular adhesion molecule bind monocyte relation   between     hypertension    and   periodontitis.
& T lymphocyte found in early atherosclerotic plaque. The patients with hypertension showing more significant
Certain Inflammatory adhesion molecules are  involved  in detrimental periodontal Status[21,22]. The table below
the pathogenesis of hypertension and predictive of showing the significant association between
further cardiovascular events. Vascular adhesion hypertension and periodontitis.

antimicrobials and host  defense  mechanisms.  A  series

Proinflammatory prostaglandin and cytokines such as
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Studies Showing Significant Association Between Hypertension an Periodontitis
Study Year Country studied Sample size Type of study Findings Adjusted for
Ogawa et al. [23] 1998 Japan 2000 Cross-sectional Hypertensive subjects had higher CPITN None
Angeli et al. [24] 2003 Italy 104 Cross-sectional  SBP with  periodontitis severity None
Taguchi et al. [25] 2004 Japan 98 Cross-sectional  SBP (),

 DBP (), Obesity, hypercholesterolemia,
hypertension in subjects with missing hypertriglyceridemia
teeth (OR: 3.59; CI: 1.1–11.7)

Inoue et al. [26] 2005 Japan 364 Cross-sectional Periodontitis associated with  BP and Age, gender, BMI,smoking, drinking,
(2 time points) WBC count hypertension, DM, WBC count

Holmlund 2006 Sweden 4254 Cross-sectional Periodontal pocket related to hypertension Age, gender, number of teeth,
et al. [5] (Retrospective) (), smoking

 periodontitis severity with hypertension
(OR: 1.32; CI: 1.13–1.54; )

D'Aiuto 2006 England 40 Prospective 7±3 mmHg of SBP after 2 months of None
et al. [27] intervention intensive treatment

randomized
controlled trial

Völzke 2006 Germany 4185 Cross-sectional  SBP () and OR: 1.91 (CI: 1.21–3.02; ) Age, BMI, education, smoking, diet,
et al. [28] (SHIP) for hypertension in male with 0–6 DM, antihypertensive medication

teeth compared to fully dentate
Engström 2007 Sweden 390 Cross-sectional DBP associated with deep periodontal Age, gender, tobacco use,
et al. [29] pockets number of teeth
Völzke et al. [30] 2007 Germany 1913 Cross-sectional  SBP (female: 11.7 mm Hg; male: None

(SHIP) 5.7 mmHg) in edentulous compared to
fully dentate

Franek et al. [31] 2009 Poland 99 Cross-sectional Periodontitis severity associated with Age, gender, BMI, hypertension
central BP and pulse pressure () duration, smoking, number of

drugs taken
Fujita et al. [32] 2009 Japan 54551 Cross-sectional Female (OR: 1.52; CI: 1.14–2.03;); Age, BMI, smoking, alcohol,

data male (OR: 1.24; CI: 1.06–1.45;) for walking time
hypertension in no brushing compared
to brushing after every meal

Nesse et al. [33] 2010 The Netherlands 1208 Cross-sectional  hypertension prevalence in periodontitis None
subjects compared to controls ()

de Oliveira 2010 Scotland 11869 Cross-sectional  hypertension prevalence in subject with None
et al. [34] (Scottish Health rare teeth brushing ()

Survey)
Morita et al. [35] 2010 Japan 1023 Prospective Periodontal pocket associated with Age, gender, smoking, regular exercise,

cohort hypertension (OR: 1.5; CI: 1.0–2.3) eating between meals, healthy body
weight

Franek et al. [36] 2010 Poland 155 Cross-sectional Periodontitis severity associated with Age, gender, BMI, hypertension and
central SBP () & DBP () insulin treatment

Tsakos et al. [37] 2010 United States of 11948 Cross-sectional  SBP () Age, gender, BMI, ethnicity, CRP,
America data (NHANES OR: 1.1 (CI: 1-1.1;) for hypertension creatinine, Na /K  ratio, chronic+ +

III) in  10% gingival bleeding conditions, smoking, alcohol,
education, income

Desvarieux 2010 United States 653 Cross-sectional  SBP & DBP Age, gender, BMI, race, education,
et al. [38] of America data (INVEST) OR: 3.13 (CI: 1.62–6.03; ) for smoking, DM, LDL-C, HDL-C,

hypertension when etiological bacterial nonetiological periodontal
burden is high bacteria

Zhang et al. [39] 2011 Xinjang Uygur 1415 Cohort Periodontitis associated with Age, gender, BMI, waist circumference,
hypertension (OR: 1.75; CI: 1.30–2.36;) glycometabolism disorder,

hyperlipidemia, chronic kidney
disease
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Vidal et al. [40] 2011 Brazil 137 Case-control Hypertension associated with severe Gender, race, DM, alcohol, smoking
chronic periodontitis (OR: 4.04; CI:
1.92–8.49), with generalized chronic
periodontitis (OR: 2.18; CI: 1.04–4.56)

Peres et al. [41] 2012 Brazil 1720 Cross-sectional Edentulous subjects had a SBP Age, gender, BMI,  education, income,
8.3 mmHg (CI: 0.1–16.7) higher than smoking, alcohol, DM, leisure physical
those with 10 or more teeth in both activity, use of dental prosthesis,
dental arches self-rated health status

Rivas-Tumanyan 2013 Puerto Rica 182 Cross-sectional Periodontitis severity associated with Age, gender, smoking, drinking
et al. [42] high BP (OR: 2.93; CI: 1.25–6.84)

OR: 4.20 (CI: 1.28–13.80) restricted to
those with hypertension history and/or
taking antihypertensive medications

Symbolsindicate: :increased; :decreased.

BMI: Body mass index; CI: confidence interval; CPITN: community periodontal index of treatment needs; CRP: C-reactive
protein; DBP: diastolic blood pressure; DM: diabetes mellitus; HDL-C: high-density lipoprotein cholesterol; INVEST:
Oral Infections and Vascular Disease Epidemiology Study; LDL-C; low-density lipoprotein cholesterol; NHANES:
National Health and Nutrition Examination Survey; OR: odds ratio; SADHS: South African Demographic and Health
Survey; SBP: systolic blood pressure; SHIP: Study of Health in Pomerania; WBC: white blood cell.

Possible Linking Pathway Showing Association Between Hypertension and Periodontitis:

1. Proposed pathophysiology link of periodontitis to hypertension. In periodontitis, a series of alterations have been
documented that are associated with a) the periodontal bacterial load and transient bacteremia, b) the subsequent
immune response, c) a systemic inflammatory generalization, d) glucose and lipid metabolism and can all contribute
to a pathogenetic substrate for an increase in blood pressure. In the whole process, common risk factors may
interfere, thus enhancing the association as well as the clinical extent of the two disorders. WBC, white blood cells;
CRP, C-reactive protein; IL-6, interleukin-6; TNF-_, tumor necrosis factor-a; vWf, von Willebrandfactor; PAI-1,
plasminogen activator inhibitor -1; RAS, renin–angiotensin system.

Alternation in BP regulatory components such as the Role of C Reactive Protein in Hypertension: Inflammation
central and peripheral nervous system, the circulating and is the important marker for all the cardiovascular events
tissue renin angiotensin mechanism, the kidney and and C - reactive protein is the most important circulating
complex feedback loops have been investigated as the marker which emerged as a independent determinants for
substrate for the development of hypertension [43]. cardiovascular   events.   Various   experimental   data  and
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investigation showed that CRP is most important for associated and CRP strongly associated with
arterial stiffness showing specific interaction between hypertension  risk. In models simultaneously examining
CRP and blood pressure. IL-6 and CRP, only CRP remained strongly associated

There are numerous cross sectional studies showing with an increased risk of hypertension.
association between inflammatory markers and measures
of arterial stiffness. Oxidative Stress: ROS (REACTIVEOXIDATIVE STRESS)

Studies done by Mattace Raso FU in 2010 examined such as superoxide anions and hydrogen peroxides are
the association of between inflammatory markers and chemically reactive molecules. They damage the cellular
arterial stiffness they prospectively examined the components including, nucleic acids and proteins. ROS
association of high specificity C reactive protein with are formed as a natural bi products during physiological
incident isolated systolic hypertension as a model of processes in cell membrane, mitochondria and
arterial  stiffness  in  a  large  population  based  study. endoplasmic reticulum. In addition ROS can be generated
The study included 1637 apparently healthy participants from tobacco, pollutants drugs and ionizing radiation.
from the Rotterdam study, Mean age include 64+/-6.4 However excessive production of ROS leads to oxidative
yrs.252  participants  developed systolic hypertension. stress with an increase in formation of free radicals as well
The results were supporting the role of C reactive protein as decrease in antioxidants.
in development of isolated systolic hypertension in Studies have shown that periodontitis induces
apparently healthy older adults. excessive production of ROS in periodontal tissues and

Sesso et al 2003 did a study to examine whether C- thus suggesting that oxidating stress is suggested to be
reactive protein levels, a marker of systemic inflammation involved in the pathogenesis of periodontal destruction.
are associated with the incident of hypertension. The Oxidative stress in turn is implicated in the development
study designed as a cohort study in 1992 of 20 525 female of hypertension, since reactive oxygen species may be
US health professionals aged 45 years or older who regarded as mediators of vasoconstriction and vascular
provided baseline blood samples with initially a normal inflammation and bioavailability of nitric oxide is strongly
levels of BP systolic BP <140 mm Hg and diastolic BP <90 related to the redox state [44].
mm Hg and no history of hypertension or
antihypertensive medications) and then followed up for a CONCLUSION
median of 7.8 years for the development of incident
hypertension. Plasma C-reactive protein levels were There are numerous cross sectional studies showed
measured and baseline coronary risk factors were positive results in association between hypertension and
collected. They concluded that C-reactive protein levels periodontitis. However there is no causal relation to show
are associated with future development of hypertension, strong relationship. Further studies should be conducted
which suggests that hypertension is in part an to show us a better understanding between hypertension
inflammatory disorder. and periodontitis. However some studies showed

Sesso et al. 2007 examined interleukin(IL-6) and C- elevated blood pressure in periodontitis patients
reactive protein in a case control study of 400 women prevention approaches should include the controlling of
developing  hypertension   and  an  equal  number of blood pressure in the management of periodontitis
age-matched normotensive control subjects during 10 patients. Oral health programme should be emphasized in
years of follow-up as part of the Women's Health Study. the preventive measure.
All of the women initially had no hypertensive blood
pressure values and no history of diagnosis or treatment. REFERENCES
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