Journal of M & i

Cardiology & Cardiovascular Therapy
ISSN: 2474-7580

- b
. Junlper
J key to the ReL:EI;IrscmERrE

Research Article
Volume 16 Issue 3 - October 2020
DOI: 10.19080/J0CCT.2020.16.555940

J Cardiol & Cardiovasc Ther
Copyright © All rights are reserved by Jing Guan

Is periodontitis associated with raised
blood pressure or hypertension? Evidence
from the National Health and Nutrition Examination
Survey (NHANES), 2001-2002

Jing Guan'¥, Jian-Long Zhai? Hao-Gong Wang? and Chao Liu*

IStomatology Division, Hebei General Hospital, Shijiazhuang, China

2Heart Center, Hebei General Hospital, Shijiazhuang, China

3Stomatology Hospital, Hebei Medical university, Shijiazhuang, China

*The First Cardiology Division, The First Hospital of Hebei Medical University, Shijiazhuang, China
Submission: September 17, 2020; Published: October 19, 2020

*Corresponding author: Jing Guan, Stomatology Division, Hebei General Hospital, 348 Heping west Road, Shijiazhuang, Hebei Province, China

Abstract

Introduction: There is incomplete and inconclusive evidence for the correlation between periodontitis and blood pressure, particularly
from large national epidemiological studies. The aim of this cross-sectional study was to assess the relationship between periodontitis and
blood pressure and hypertension in people in USA, and to analyze confounding factors in both of them.

Materials and Methods: We analyzed data from the National Health and Nutrition Examination Survey (NHANES) from 2001 to 2002 on
6617 men and 7377 women who received a periodontal examination and a blood pressure measurement. We analyzed blood pressure in both a
continuous format and a binary variable for case definition of hypertension. Periodontitis was defined by clinical measures of attachment level
(AL), probing depth (PD), and probing bleeding (PB), which estimated further the severity of periodontitis. Relationships between periodontitis
and blood pressure were analyzed before and after adjustment for confounding factors.

Results: Gender difference was found between systolic blood pressure (SBP) and diastolic blood pressure (DBP), hypertension and non-
hypertension, periodontitis and non-periodontitis. The prevalence of hypertension and periodontitis varied among different age groups. There
was a slight link between blood pressure and periodontitis before and after adjusting for gender and age.

Conclusion: We did observe the relationship between periodontitis and blood pressure. We also found that some other risk factors, such as
gender and age, influenced the development and progress of both blood pressure and periodontitis.
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Introduction
left untreated, it leads to deterioration of the supportive tissue of

the teeth and eventually to tooth loss. Nevertheless, periodontitis
seemingly affects more than just the supporting tissues of the
teeth.

Periodontitis is a highly-prevalent chronic inflammatory
condition of the tissues that affects the supporting structures
of the teeth, including the periodontal ligament, cementum

and the alveolar bone [1,2]. It is featured with a chronic
Hypertension is the most prevalent of all cardiovascular

diseases (CVDs) affecting about 30-40% of adults [5], and is one

compounded infection, which is caused by several microbial
agents [3]. Periodontal disease is a chronic infection that has

been documented to insult over 50% of the general population
[3]. Severe generalized periodontitis affects 5% to 15% of any
population worldwide and is a major cause of tooth loss [4]. If

of the main issues of hospitalization and morbidity worldwide.
Hypertension is considered as a condition of dynamic interaction
between diverse genetic, physiological, environmental and
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psychosocial factors [6]. In addition, hypertension seems to
be involved in 50% of the deaths due to CVDs [5]. It is a strong
risk factor for stroke and CVDs, and is closely associated with
endothelial dysfunction [7], and along with other factors
promotes the atherosclerotic process. In addition to many dietary
and lifestyle factors including smoking and alcohol consumption
[8], chronic inflammation has played a role in the etiology of
hypertension [9].

To date, the evidence for the association between periodontitis
and blood pressure is incomplete and inconclusive, especially from
large national epidemiological studies. Even after adjusting for the
effect of socio-demographic, behavioral and physiological factors,
and chronic diseases, gingival bleeding was consistently and
significantly associated with raised SBP and an higher prevalence
of hypertension in the US adult population [10]. This cross-
sectional study assessed the relationship between periodontitis
with arterial blood pressure in people aged 15 years and over
in USA. We analyzed data from NHANES from 2001 to 2002 on
2664 men and 2774 women who received both a periodontal
examination and conventional blood pressure measurements.
Blood pressure was analyzed in both a continuous format and a
binary variable for case definition of hypertension. To definite
periodontitis and its severity, we use the case definitions for
periodontitis developed by the Centers for Disease Control and
Prevention (CDC) and the American Academy of Periodontology
(AAP) in 2003 [11]. The aim of this study was to investigate the
relationship between periodontitis and its severity with blood
pressure and hypertension. Periodontitis significantly related
with SBP and DBP, even after adjusting for the effect of major
confounding factors, for instance, gender, age, race, and marital
status. In the long run, this relationship might play a positive role
in clinical practice and public health strategies.

Materials and Methods

In this study, we evaluated the association between
periodontitis and hypertension and blood pressure, and potential
confounding factors about periodontitis and blood pressure were
also analyzed. Data for this study was from NHANES from 2001
to 2002, supported by United States Department of Health and
Human Services, Centers for Disease Control and Prevention, and

National Center for Health Statistics.
Data Collection

Examination Data was collected by the Mobile Examination
Center (MEC). The qualifications for MEC laboratory, physician,
dental, and health technician staffwere described in the component
training manuals. All MEC staff completed the requirements for
safety, subject privacy and confidentiality, and cardiopulmonary
resuscitation training. In addition, all staff completed component
specific training to learn the standardized NHANES protocol for
each of the components they performed. The health technicians,
for example, performed multiple procedures and were expected
to maintain their skill levels on each component.

Quality Control during Data Collection

The quality of data in this survey is controlled by an
intense training period for the dental teams with calibration of
dental examiners prior to the beginning of the survey, periodic
monitoring and recalibration of dental examiners, and periodic
retraining of dental teams. The reference examiner will visit
each team three times per year to observe field operations and
to replicate 20-25 dental examinations during each visit. The
purpose of these “expert replications” is to determine if the field
examiners are maintaining the examination standards achieved
during training and to measure the degree of deviation, if any,
from those standards. If the inter-rater correlation is not within
acceptable limits, retraining is conducted on site and future
monitoring of the field examiner intensified. An annual retraining
session for each dental examiner also is conducted by the reference
examiner to reinforce existing protocols and to accommodate
protocol updates as needed. Approximately 10% of examined
participants are asked to return for a replicate exam. The purpose
of these “repeat exams” is to monitor internal consistency within
examiners regarding the data collection process.

Survey Staff

The oral health exam is performed by trained dentists who
hold a state dental license in a U.S. jurisdiction. One of up to seven
trained oral health recorders is paired with a dentist to form a
dental examination team. Two teams function independently
throughout the data collection period. All oral health exam data
are collected in the mobile examination center. Oral health data
obtained during the home interview are collected by trained
interviewers. Interview and examination protocols are discussed
in detail in the NHANES Oral Health Home Interview and Exam
Training Manuals.

Sample Selection

Participants aged 2 years and older who do not meet any
of the exclusion criteria are eligible. A positive response to any
of the following medical health-screening questions asked of
participants aged 13 years or older will exclude them from the
periodontal and root caries assessments. Participants aged 13-15
years must have a health proxy signed by a parent/guardian to
participate in the oral health examination. The medical health-
screening questions are matched as follow: 1) Has a doctor or
dentist ever told you that you must always take antibiotics (e.g.
penicillin) before you get a dental checkup or care? 2) Do you have a
heart problem (specifically, congenital heart murmurs, heart valve
problems, congenital heart disease, or bacterial endocarditis)? 3)
Do you have rheumatic fever? 4) Kidney disease requiring renal
dialysis? 5) Hemophilia? 6) Pacemaker or automatic defibrillator
or artificial material in your heart veins or arteries?

Hypertension Assessment

Blood pressure of the upper arm was measured by trained
and calibrated physicians using a mercury sphygmomanometer
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according to standardized BP measurement protocols [12]. The
subject was asked to sit down for at least 5 min before blood
pressure was measured. The measurement was repeated twice,
and an interval of 2 minutes between each time. A third or fourth
measure was taken if blood pressure values had great variation.
Three or four readings for the SBP and DBP were taken in the
examination centre and the measurement referred to the average
of these readings. Hypertension was defined by SBP 2140 mmHg
or DBP 290 mmHg.

Periodontal Examination

Periodontal measures were assessed on randomly assigned
half-mouths, one upper quadrant and one lower quadrant selected
at the beginning of the examination. For periodontitis, clinical

Table 1: The definition and severity of periodontitis case.

measures of AL, PD, and PB were obtained. Three interproximal
sites were used (mid-facial, mesio-facial, and distal) to determine
disease status; AL and PD were rounded up to the nearest
millimeter. Severe periodontitis was defined as the presence of
2 or more interproximal sites with = 6 mm AL (not on the same
tooth) and 1 or more interproximal site(s) with = 5 mm PD.
Moderate periodontitis was defined as 2 or more interproximal
sites with = 4 mm clinical AL (not on the same tooth) or 2 or more
interproximal sites with PD = 5 mm, also not on the same tooth.
Mild periodontitis was defined as = 2 interproximal sites with 2
3 mm AL and 2 2 interproximal sites with = 4 mm PD (not on the
same tooth) or 1 site with 2 5 mm. Total periodontitis was the
sum of severe, moderate, and mild periodontitis [11] (Table 1).
Non-periodontitis was defined as the conditions except all above.

AL? (not on the same tooth) PD" (not on the same tooth, except for severe case)

Depth (mm) Site Depth (mm) Site
Non <3 Or <4 <2
>4 22

Mild >3 22 And
>5 >1
Moderate 24 22 Or =5 22
Severe 26 22 And =5 =1

aAttachment level. ® Probing depth.

Potential Confounding Factors and Other Factors

This survey also collected possible confounders in relation to
periodontitis and blood pressure, as well as socioeconomic and
demographic background. This included variables on gender, age,
race, military status, country of birth, citizenship status, annual
household income, annual family income, pregnancy status,
weight, heart rate, pulse type, and each reading and average value
of SBP and DBP.

Statistical Analyses

All statistical analyses were carried out using Statistical
Package for Social Sciences (SPSS 23.0) with a significance level
of 5% (P < 0.05). Age, heart rate, total number of people in the
household,AL, PD, BOP, SBP, andDBP were expressed by means
and standard deviation, and comparisons between groups
performed using Student’s t test. Gender, race, military status,
country of birth, citizenship status, education level, marital status,
annual household income, annual family income, pulse type were
presented by frequency distribution, and comparisons between
groups performed using chi-squared test. Linear regression
models were used for both SBP and DBP measured continuously
and logistic regression models for HBP. Two models of logistic
regression test were performed to assess the association of age
with hypertension and periodontitis. Any statistically significant
association was also confirmed in the subgroup of participants.

Subgroup analyses were performed by sex and age. From the initial
sample of 10478 dentate participants, periodontal examination
was not carried out on 3348 participants. Furthermore, 495
participants had missing data in relation to other variables used
in the analysis; therefore regression analyses models were based
on 6635 dentate participants.

Results

The total sample comprised 7130 participants. The average
SBP and DBP were not obtained from 359 participants. 1279
participants did not complete periodontal measurement. Hence,
5492 effective values were finally analyzed.

Analysis of Blood Pressure

The average SBP was 120.2 (95% confidence interval 119.4,
120.9) mmHg for menand 116.2 (115.4,116.9) mmHg for women.
The respective figures for DBP were 69.6 (69.1, 70.1) mmHg for
men and 67.5 (67.1, 67.9) mmHg for women (Table 2). When
we used independent-samples t test to analyze influence factors
of blood pressure, there were also statistical differences in the
mean SBP and DBP by military status, citizenship status, annual
household income, pregnancy status, and ethnicity. Furthermore,
compared with participants who smoked in the past 30 minutes,
those who did not smoke had lower SBP. Participants with regular
pulses had lower SBP than irregular ones. There were statistical
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significances for SBP and DBP among different races, education
levels, marital status, and age groups (younger than 40-year,
40-year to 60-year, older than 60-year) (Table 3). In different
pulse groups (less than 60, 60 to 100, more than 100), there

were differences in SBP, but not in DBP. In the unadjusted linear
regression models referring to the whole population, age had
statistically significant association with SBP and DBP.

Table 2: Weighted distribution of blood pressure (BP) and periodontitis by gender and age.

Gender

Age group

Male (n=2645%)

Women(n=2789%)

Yong-age(n=3379%)

Mid-age(n=1195%)

Eld-age(n=814%)

Average SBP(mmHg) | 120.2(119.6-120.9) | 116.2(115.4-116.9) 111.1(110.8-111.5) 123.6(122.6-124.6) 1371'221;’)5'9'
A;‘E;?riel{z;} 69.6(69.1-70.1) 67.5(67.1-67.9) 65.1(64.7-65.5) 76.6(76.0-77.2) 71.1(70.2-71.9)
Hypertension® (%) |  23.0(21.5-24.5) 22.2(20.8-23.7) 5.3(4.6-6.1) 32.9(30.5-35.4) 58.2(55.3-61.0)
Periodontitis<(%) 21.0(19.5-22.4) 15.7(14.5-17.0) 9.1(8.1-10.0) 25.3(23.0-27.5) 35.7(33.0-38.5)
Non (%) 79.0(77.6-80.5) 84.3(83.0-85.5) 90.9(90.0-91.9) 74.7(72.5-77.0) 64.3(61.5-67.0)

Mild (%) 43(3.6-5.0) 3.7(3.0-4.3) 2.9(2.3-3.4) 7.0(5.7-8.3) 3.8(2.7-4.9)
Moderate (%) 14.4(13.1-15.6) 10.8(9.7-11.9) 5.5(4.8-6.3) 15.8(13.9-17.7) 27.7(25.1-30.3)

Severe (%) 2.3(1.8-2.8) 1.2(0.9-1.6) 0.7(0.4-1.0) 2.5(1.6-3.3) 43(3.1-5.4)

a\Weighted number of persons with available data. "Definition of hypertension, see the text. °Periodontitis variable refers to percentages with no-
mild, moderate and severe periodontitis (for definitions of diagnoses, see the text).

Table 3: Other significant risk factors of hypertension and periodontitis.

Military status

Pregnancy status

Marital status

Veteran(n=648a)

Non-veter-

Pregnan-

Non-pregnan-

Married(n=2580a)

Otherd(n=3204a)

an(n=4357a) cy(n=305a) cy(n=2134a)
Average SB- 107.6(106.4-
132.9(131.4-134.5) | 123.8(123.1-124.4 114.3(113.6-115.0 126.5(125.7-127.3 119.8(119.1-120.5
) ( ) ( ) o) ( ) ( ) ( )
A DB-
;‘E:i;g) 74.4(73.4-75.4) 71.2(70.8-71.6) 59.6(58.2-60.9) 69.1(68.6-69.6) 733 (72.8-73.7) 68.0 (67.5-68.5)

Hypertension® (%)

42.1 (38.3-45.9)

24.9 (23.6-26.2)

1.3 (0.0-2.5)

12.1 (10.7-13.4)

31.2 (29.4-32.9)

17.5 (16.2-18.8)

Periodontitis(%)

31.8 (28.2-35.3)

19.4 (18.2-20.6)

10.8 (7.3-14.2)

11.7 (10.3-13.1)

22.8 (21.2-24.4)

15.8 (14.6-17.1)

aWeighted number of persons with available data. ®Definition of hypertension, see the text. °Periodontitis variable refers to percentages with no-
mild, moderate and severe periodontitis (for definitions of diagnoses, see the text).“Other marital statuses consist of widowed, divorced, separated,

never married, living with partner.
Analysis of Periodontitis

According to the aforementioned case definition of
periodontitis, the total sample consisted of 4595 non-periodontitis
participants, 213 mild periodontitis participants, 598 moderate
periodontitis participants, 86 severe periodontitis participants.
Male group had higher prevalence of periodontitis than female
group (Table 2). The same difference was between no/mild
periodontitis group and moderate/severe periodontitis group.
The prevalence of periodontitis were different among different
age groups. Before adjustment, there was a weak positive linear
association between age and periodontitis prevalence. The
same association was between no/mild periodontitis group
and moderate/severe periodontitis group. In all age groups, the
prevalence of moderate periodontitis was higher than that of mild
and severe periodontitis. Veteran group had higher prevalence
of periodontitis than non-veteran group. The prevalence of
periodontitis differed among different marital status groups, and

married group was obviously higher than other marital groups.
However, widowed and divorced groups were obviously higher
than other groups. There was no difference in periodontitis
prevalence between pregnancy group and non-pregnancy group
(Table 3).

Association of Blood Pressure and Periodontitis

Participants with periodontitis had higher SBP by 8.97 (95%
CI: 7.54-10.41) and higher DBP 3.96 (95% CI: 3.04-4.88) mmHg.
Furthermore, compared to no or mild periodontitis participants,
moderate or severe periodontitis participants had higher SBP by
10.17 (95% CI: 8.49-11.85) and higher DBP 3.66 (95% CI: 2.61-
4.71) mmHg. Participants with periodontitis had higher prevalence
of hypertension than those with non-periodontitis (OR=2.91;
95% CI: 2.54-3.35). The same difference was observed between
no/mild periodontitis group and moderate/severe periodontitis
group (OR=3.34; 95% Cl: 2.88-3.89). According to aforementioned
analysis, we concluded that the important common factors of
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blood pressure and periodontitis were age, and gender. After
adjusted for age and gender, we observed a significant difference
between periodontitis and non-periodontitis (RR=1.46; 95% CI:
1.24-1.71). The same difference was observed between no/mild
periodontitis and moderate/ severe periodontitis (RR=1.56;
95% CI: 1.30-1.86). However, after dividing the subjects into
three age groups (<40, 40 to 60, and >60 years) and correcting
for gender and age, a significant difference about prevalence of
hypertension was only seen in the middle-aged group (40 to 60
years). Introducing age, sex, and pulse times as possible effect
modifiers did not result in a significantly better regression model,
or in significant regression coefficients of these effect modifiers.

Discussion

Up to date, though restricted evidence, there has been
generally but not completely supportive of an existing association
between periodontitis, BP and possibly hypertension [10,13].
The present study also show the similar relationship between
periodontitis, blood pressure, and hypertension.

The results of this study showed that there was a relationship
between hypertension with gender and age. Male participants had
higher SBP and DBP than female participants. However, adjusted
for age, we found that the prevalence of hypertension of male was
higher than female in low age group (<40 years); the prevalence of
hypertension of male was lower than female in high age group (>60
years); and there was no significant difference between male and
female about hypertension prevalence in middle age group. This
phenomenon was in accordance with Dubey’s findings [14]. They
found that gender has an important influence on blood pressure,
with premenopausal women having a lower arterial blood
pressure than age-matched men. Compared with premenopausal
women, postmenopausal women have higher blood pressure. Sex
hormones may modulate blood pressure. There are also some
social and behavior factors that might result in difference of blood
pressure between male and female, but effective evidences are
quite limited. The prevalence of hypertension differed among
differentage groups, and was positively related with age. The cause
of hypertension in older patients is incompletely clear, however,
there are several pathophysiologic factors as follows: lifestyles,
increased relative central adiposity with aging, atherosclerosis
and other aging effects on the carotid and aortic baroreceptor
sensitivity, impaired ability to excrete sodium, decreased vascular
beta-adrenergic vasodilatation function, impaired endothelium-
mediated vasorelaxation, increased rigidity and decreased
compliance of large vessels, and hyaline degeneration within
media of precapillary arterioles [15].

Our study also showed other possible factors, such as military
status, citizenship status, annual household income, pregnancy
status, and ethnicity. Some changes occur in the early period of
pregnancy, including increased maternal plasma volume, cardiac
output and heart rate, and decreased maternal systemic vascular,

resistance and arterial blood pressure [16]. These changes are due
to stimulation of the renin-angiotensin-aldosterone system [17].
In addition, the structural changes of maternal cardiovascular
system also occur during pregnancy [18]. Therefore, pregnancy
participants had higher prevalence of hypertension than non-
pregnancy ones, just as what we observed. As for other factors, we
need more evidence to explain.

The results of our study showed that the prevalence of
periodontitis of male had higher than female, and the same
difference was between no/mild periodontitis and moderate/
severe periodontitis. Women matched for body shape with men
had worsened periodontal measures and inflammation, however,
these women did not lose more teeth [19]. Another study showed
that due to adiposity and subclinical inflammation, men had
higher prevalence of tooth loss than women. After adjusting for
demographics, socioeconomic status, and oral health behaviors,
type 2 diabetes was significantly related with moderate-severe
periodontitis in male, but not in female. Body mass index and the
use of mouthwash were possible reasons for the sex difference.
However, a review of the results of various studies showed that
the prevalence of aggressive periodontitis in most populations
was similar in gender groups, and only a few studies reported
gender differences in disease prevalence [20].

In our study, the prevalence of periodontitis varied and was
related linearly with age. Mean AL increased linearly with age,
but mean PD was constant across age groups in both populations
[21]. An early research concluded that when good oral hygiene was
maintained, the effect of age on the progression of periodontitis
was considered negligible [22]. According to the National Health
and Nutrition Examination Surveys (NHANES) 1999-2004, Jung
Ki Kim found that African Americans had a faster progression
of oral health problems with age [23]. On account of common
confounding factors, it is difficult to estimate the relationship of
periodontitis and age.

The results of our study showed that prevalence of
periodontitis varied with military status, marital status, but not
with pregnancy status. Age greater than 30, smoking, male sex, and
Filipino racial background were risk indicators for the presence
of moderate or advanced periodontitis, and possibly resulted in
higher periodontitis prevalence in military participants [24].
Marital status has a limited impact on periodontal health, but may
have a greater impact on several systemic conditions, especially
in widowed, divorced, or never married women [25]. Our study
also found that compared to other marital status, widowed
and divorced groups had significantly higher prevalence of
periodontitis. However, married group also had higher prevalence
of periodontitis than other marital groups, which was further
needed to analyze. Compared with pregnancy, the prevalence
of periodontitis decreased from 66.7% to 33.3% after delivery.
Pregnancy may be related with an increased risk of periodontal
disease, but not in accordance with our study.
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In the present study, participants of periodontitis had higher
SBP and DBP, and had higher prevalence of hypertension, even
after adjusted for age and gender. Evidence up to date though
restricted has been generally but not globally supportive of an
existing association between periodontitis, BP and possibly
hypertension. A recent large study was performed on data derived
from the 3rd National Health and Nutrition Examination Survey
(NHANES III) on almost 12,000 adult dentate participants to
examine associations between periodontal disease measures and
BP levels, by applying an extensive adjustment process [17]. Mean
SBP was reported higher among participants with moderate or
severe periodontitis compared to mild disease, in almost all age
groups. A positive linear relationship between SBP and increased
severity of periodontitis was further identified in middle-aged
subjects. After adjusting for age, sex and ethnicity, a 10% rise in
extent of gingival bleeding, attachment loss and pocket depth
were associated with a 0.7, 0.2 and 0.6 mmHg elevation in SBP
respectively. Quite unexpectedly, the fully adjusted model of the
study revealed a consistent association of SBP and hypertension
only with gingival bleeding, a marker of acute periodontal
inflammation. Moreover, only in men was there a clear linear
trend between periodontitis severity and hypertension risk
[10]. However, the advantage of our study is the definition of
periodontitis case and the comparison of between all levels of
periodontitis with blood pressure and hypertension. A case-
control study from Brazil showed that arterial hypertension was
significantly associated with severe chronic periodontitis and
generalized chronic periodontitis, and the OR for them were 4.04
and 2.18, respectively [26]. Periodontitis is related with increased
BP and WBC count [27]. The WBC count, SBP, and SBP were
higher in subjects with periodontitis than in subjects without
periodontitis, both at baseline and follow-up. Another study also
showed that there was an association between DBP and prevalent
deep periodontal pockets.

Although the causal relationship between periodontitis and
hypertension may be difficult to prove, there are several potential
pathophysiologic mechanisms that could explain the association
between periodontitis and hypertension. 1) Inflammatory and
Biologic Pathways: Population studies and experimental data have
implicated diverse inflammatory mediators in the development of
hypertension [28,29]. Many researches showed that inflammatory
markers were found raised in periodontitis patients [30-32]. The
possible inflammatory factors, which have been observed, consist
of WBC, CRP, IL-6, TNF-a, E-selectin, vWf, PAI-1, and fibrinogen.
2) Endothelial Dysfunction: Periodontal disease may contribute
to endothelial dysfunction, and management of oral health could
improve endothelial function [33]. Periodontitis is associated with
endothelial dysfunction in subjects with hypertension, through a
decrease in NO bioavailability and that systemic inflammation
may be a cause of endothelial dysfunction leading to raised blood
pressure [34]. The increase of other endothelial factors was
also observed in several studies [12,35,36]. 3) Oxidative Stress:

An imbalance between peroxidants and antioxidants results in
oxidative stress, which causes the development of hypertension
[37]. Another study showed that periodontitis-induced lipid
peroxidation in the aorta may be involved in early atherosclerosis
[38]. 4) Local bacteria, Bacteremia and Immune Response:
Periodontal pathogens are able to invade gingival tissues and
promote transient bacteremia [39]. Periodontal microbes may
invade the arterial wall and colonize atherosclerotic plaques
[40], which could result in raised blood pressure. 5) Interaction
Among Insulin Resistance, Diabetes, Metabolic Syndrome: there
was evidence to support the relationships between metabolic
disturbances and periodontitis, where insulin resistance play
a central role [41]. Recent meta-analysis showed evidence for
an association between metabolic syndrome and periodontitis
[42]. Furthermore, individuals with metabolic syndrome are
more likely to suffer from periodontitis than individuals without
this condition. Insulin resistance and oxidative stress seem to be
common elements present in metabolic syndrome, periodontitis,
cardiovascular disease and hypertension [43,44].

On the contrary, there are also some evidences to object to
correlation between periodontitis and hypertension. An analysis
of data derived from the national Health 2000 Survey in Finland
showed that both the number of teeth with deepened and the
number of bleeding sextants were not consistently associated
with hypertension after adjusting for confounding factors [45].
A follow-up study about the Health Professionals indicated
that an association between periodontal disease measures and
incident hypertension in middle-aged men was not observed [46].
Furthermore, a recent systematic review concluded that there
was still no high-quality evidence that periodontal disease was
associated with hypertension [47]. The associations found were
from observational studies, but randomized trials did not show
convincingly that periodontal therapy has a beneficial effect on
hypertension.

We  realized that study is based on
anepidemiological investigation and therefore cannot indicate or

our

support a causal relationship between periodontitis and blood
pressure or hypertension. Indeed, reverse causality whereby
hypertension leads to periodontitis cannot be excluded. We
have no data on risk factors for hypertension other than age
and gender. Therefore, adjustment for other risk factors, such as
diabetes, smoking, hyperlipidemia, and social status, could not be
performed. It is obvious that conclusive evidence on the different
mechanisms is beyond the remit of this study and randomized
controlled trials are required for that purpose. Further studies
are necessary to evaluate a possible causal relationship between
periodontitis and arterial hypertension.

This was a cross-sectional study performed in a retrospective
fashion and, therefore, suffered from inherent limitations.
However, this could only impair the power of the study to

disclose relationships but not induce false positive findings.
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The strength of the study is that specialists in periodontology
diagnosed all subjects, and AL and PD are the main factors for
categorizing the severity of periodontal disease. The results
of our study were based on data from the National Health and
Nutrition Examination Survey, which had a large sample and
high population representation. In our study, we used clinically
measured BP, both as a continuous variable and in a binary format
in terms of hypertension. The definition of periodontitis and its
severity was authoritative and commonly accepted. Furthermore,
we adjusted for a number of risk factors for blood pressure
that referred to different characteristics (socio-demographic,
behavioral, physiological, chronic conditions). Apart from the
statistical significance of the association, attention should also be
paid to its magnitude and clinical significance.

Conclusion

Gender, age, military status, and marital status are possible risk
factors for both periodontitis, blood pressure, and hypertension.
We did observe the relationship between periodontitis, blood
pressure and hypertension. Further studies are needed to identify
confounding factors and evaluate causal relationship between
periodontitis and hypertension.
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