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ABSTRACT

ARTICLE INFORMATION

Background/Aim: It is well known that Periodontal Disease (PD)
is a risk factor for diverse systematic diseases and disorders,
such as Cardiovascular  Disease, Diabetes Mellitus (DM),
pulmonary diseases such as Chronic Obstructive Pulmonary Disease,
Hypertension (HT), several types of Cancer, etc. The aim of the
current case-control study was to examine the possible role of
PD indices as risk factors of developing Hypertension in an adult
population in Greece.

Material and Method: The research sample consisted of 158 males
and 146 females, aged 45 to 75 years. 98 participants suffered from
HT-case group, and 196 concerned the healthy ones-control group.
PD clinical indices investigated were collected via a modified
standardized questionnaire and an oral tissue clinical examination.
Periodontal condition comprised the following clinical variables,
probing pocket depth (PPD), clinical attachment loss (CAL),
plaque index (PII), and gingival index (GI). Univariate and logistic
regression models adjusted for possible confounders were applied
for data analysis.

Results: Statistical analysis revealed that advanced age (p=0.062,
OR=1.457, 95% CI=0.8652.314), smoking (p= 0.032, OR=2.117,
95% CI= 1.022-3.167), increased BMI (p=0.058, OR= 1.429,
95% CI=0.995-2.518), presence of DM (p=0.000, OR=2.270, 95%
CI=1.146-4.231), family history HT presence (p=0.036, OR=2.076,
95% CI=1.058-3.289), gingival inflammation (GI) (p=0.049, OR=
1.814, 95% CI= 1.019-3,123), and plaque accumulation (PII)
(p= 0.032, OR= 2.090, 95% CI=1.105-3.583) were statistically
significantly associated with the risk of developing HT.

Conclusions: The present case-control study recorded positive
associations of advanced age, smoking, increased BMI, presence of
DM and HT family history, gingival inflammation (GI), and dental
plaque accumulation (PII) with HT development.
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INTRODUCTION

Hypertension (HT) is a worldwide public health, and
a significant risk factor for Cardiovascular Disease
(CVD), increases all-cause morbidity and mortality [1],
and is responsible for 10.4 million deaths each year
[2]. A rate of 33% worldwide suffers from HT, and
premature deaths attributed to HT increased by 56.1% in
the past decade[3]. The American College of Cardiology/
American Heart Association guidelines in 2017 declared
that the overall crude prevalence of HT in American adults
was assessed to be 45.6% [4]. It is also estimated that
more than 30% of the overall population suffers from
HT, and this assessment increases with age [5]. A ratio
between 15% and 50% of individuals are not aware that
are affected by HT [6], whereas many of those with a
confirmed diagnosis are not able to control their blood
pressure despite their prescribed medications [5]. Raised
arterial blood pressure increases the risk of CVD, and
complications such as stroke and myocardial infarction
[7], as more than 7.6 million deaths accounted for every
year and 143 million disability-adjusted life-years [8]. HT
also consists a serious problem for social resources and a
significant economic burden on society [9].

HT etiology still remains indistinct despite the fact that
a large amount of epidemiological and clinical researches
have been carried out [10]. It has been detected that
gut microbiota consists a critical environmental factor
for HT occurrence and progression [11]. However, it
remains unclear whether other microbial flora types such
as oral microbiota also plays an essential role in HT
etiopathogenesis [12]. Inflammation is regarded an
important factor of vascular dysfunction and is involved in
the HT development and progression [13].

Periodontal Disease (PD) consists a wide spectrum of oral
diseases with high prevalence globally [14]. Especially,
periodontitis is the 6" most prevalent disease in the world,
affecting about 50% of the population [15]. Despite the fact
of its high prevalence, periodontitis is not taken seriously
enough in an early period, and many patients requesting
for treatment are in advanced stages of the disease.
Approximately 11% of the world population suffers from
severe form of periodontitis [16], whereas almost 750
million individuals, aged 15-99 years, worldwide suffer
from moderate to severe periodontitis [17].

Periodontitis as a chronic inflammatory disease caused
by a dysbiotic biofilm and affects the periodontal tissues
around teeth [18]. In addition, oral dysbiosis is also
associated with systemic disease and disorders [19].
To be more specific, the disease is associated with
periodontal microbiota dysbiosis [20] and host immune
response dysregulation [21]. Periodontal  dysbiosis

expresses the conversion from a symbiotic to a dysbiotic
microbial micro-environment, resulting in the transition
from a periodontal healthy status to an inflammatory
one [22]. Moreover, genetic and host immunological
mechanisms seem to play an essential role in periodontitis
pathogenesis [23].Periodontal infection does not affect
only oral health but is also associated with a number of
systemic diseases and disorders as more than 50 systemic
diseases have been linked with PD [24].

Specific periopathogens, such as Porphyromonas,
Treponema, Eubacterium,Campylobacter, and Tannerella,
great levels in periodontitis
locations, whereas other species, such as Actinomyces,
Neisseria, Corynebacterium,Veillonella, and Rothia, were
highly dominant in the healthy gingival sulcus [25].
Porphyromonas  gingivalis, Treponema denticola, and
Tannerella forsythia, known as the red-complex may
play a critical role during the transition from periodontal
health to disease [26].

have Dbeen detected at

The disease is characterized by a systematic chronic
low-grade infection burden. Evidencebased data has
recorded that periodontitis is also a risk factor involved
in  multiple systemic CVDs, such as HT, Diabetes
Mellitus (DM), and stroke [27,28]. As mentioned CVDs
are the major public health problems in both developed
and developing countries [7]. CVD risk is increased in
periodontitis patients [16], whereas there is a consistent
association between oral health status and CVD [29].

Poor oral hygiene and PD, gingivitis and periodontitis,
have been associated with the risk of HT [29-33], and
diverse studies have found a significant positive
association between PD and HT [34,35]. Moreover, recent
evidence suggests a possible causal association between
periodontitis and HT [33]. Periodontitis patients often have
higher arterial blood pressure values and a ratio between
30% and 70% higher possibility to also suffer from HT
[35], especially in case that active gingival inflammation
is present, e.g. gingival bleeding [36]. Cross-sectional
studies have recorded that PD patients have higher blood
pressure, and that more increased blood pressure levels
have been detected in patients with more severe PD [37].
In addition, it has been observed that a comprehensive
PD treatment decrease blood pressure [10]. To be more
specific, blood pressure reduction has been associated
with the Probing Pocket Depth (PPD) decrease, as PPD
reduction leads to periodontal status
finding that suggests a causal association between PD
and HT [33]. On the contrary, similar studies have led
to controversial outcomes [35], whereas other studies
showed no association [38-40].

improvement,

The mentioned controversial outcomes could be attributed
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to the weakness or non-existence of an association
between periodontal status and blood pressure or obvious
HT, possible differences between study populations as
regards to its characteristics, and variation in how
confounders have been controlled for. Smoking is a
known confounding factor and a common risk factor for
several diseases, such as CVDs [41-43], different types of
cancer [44] and oral diseases, PD in particular [45,46].
The fact that smoking is a risk factor for periodontitis and
a number of systemic diseases creates problems when
examining PD-systemic disease associations. However,
large interventional and longitudinal surveys confirming
the nature of the mentioned association and the exact
pathogenetic mechanisms have not been carried out.

The oral-gut microbial transmission role in systemic
diseases has been investigated. Recent data suggested
that oral microbes translocate to and then colonize in
the intestine and that the oral cavity is considered as an
endogenous reservoir for gut micobiota [47]. Moreover, a
raised ectopic oral microbes colonization in the gut has
been associated with diverse diseases, such as cirrhosis
[48], theumatoid arthritis[49], inflammatory bowel disease
[50], and Alzheimer’s Disease [51]. However, it is unclear
whether oral-gut microbial transmission plays a crucial
role in HT development. A possible biological mechanism
for the mentioned association is that the inflammatory
mediators released into the local periodontal tissues could
enter the blood circulation and contribute to a systemic low-
grade chronic inflammation which has been associated
with an increased risk for CVD [52]. This is mainly
attributed to the low-grade systemic chronic inflammation
which is characterized by increased levels of interleukin-6
(IL-6), C-reactive protein (CRP), and fibrinogen [53].

In Greece, no previous epidemiological studies have been
carried out for examining the possible association between
PD indices and risk of HT developing. The aim of the
current case-control survey was to investigate the possible
relationship between PD variables, and risk of developing
HT in a sample of Greek adults.

MATERIALS AND METHODS
Study Design And Population Sample

The study sample consisted of 294 individuals, 158
males and 136 females, 45 to 75 years old, and was carried
out between March and December 2024. The study size
was assessed according to HT [54] prevalence and the
EPITOOLS guidelines (https://epitools.ausvet.com.au)
determined with 95% Confidence Interval (CI) and
desired power 0.8. Age group assessment of was based on
the World Health Organization (WHO) recommendations
for evaluating periodontal status incidence [55]. The

sample was consisted of 98 individuals suffered from
HT-Cases and 196 healthy ones-Controls.

The participants were outpatients of a pathology clinic
(50%) and patients of two private practices, one dental
(25%) and one medical (25%). This sample selection was
applied in order to create a possible representative study
sample, without possible selection biases.

Cases and Controls Inclusion and Exclusion

Criteria

The selection criteria of the participants comprised anumber
of more than 15 teeth and periodontitis from stage I to IV,
since large numbers of missing teeth could lead to over
or underestimate the periodontal status variables and the
possible associations that are under examination[56].

The basic criterion for a subject to be selected in the study
protocol was the question by a specific pathologist, “Have
you ever been told by a medical doctor or other health
professional that you suffer from hypertension, also called
high blood pressure?”/ “are you now taking prescribed
medicine for high blood pressure?” or if they had a high
biological measurement value (systolic blood pressure
>140 mm Hg and/or diastolic blood pressure >90 mm Hg)
[57]. Additional data regarding the participants medical
history were collected by their own personal medical files.
Exclusion criteria concerned active infectious diseases,
such as active tuberculosis, hepatitis, HIV, any confirmed
systemic diseases such as cardiovascular, liver, kidney
diseases, cancer, or any chronic/systemic medication,
pregnant or breastfeeding, and taking non-steroid anti-
inflammatory drugs on a regular basis or antibiotics
within 3 months of assessment [58]. Moreover, they
should not have been cured by a conservative or a
surgical process in their periodontal tissues in the last 6
months.

Cases and controls were obtained from the same social
environment, friendly and collegial, were resident of
the same geographical region, and were presented to
routine health follow-up at the mentioned practices. In
addition, they were matched for age, gender, and smoking
status, as age [59], gender [60], and smoking history [61]
have been suggested to be as the main risk factors for
Periodontitis, and HT development as covariates according
to epidemiological studies [62].

The present case-control study was not an experimental one
and was not approved by authorized committees (Health
Ministry, Dental Committees, etc.). All participants were
informed about the aims/methods and significance of the
survey, and gave their written consent to enroll in the study
protocol.
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Covariates

Before the periodontal tissues examination, all individuals
filled a modified Medical Questionnaire [63]. Potential
confounding factors for adjustment were age, gender,
smoking status (active smokers/non smokers), educational
and socio-economic status, Body Mass Index (BMI) and
data regarding the general medical history with reference
to medication and several chronic systemic disorders.

The age was categorized as 45-50, 51-60, 61-70,71+,
socio-economic status as < 1,000 and > 1,000 €/month,
educational status as elementary level and graduated
from University/College, and cigarette smoking status
was categorized as never (individuals who smoked <100
cigarettes during their lifetime), and former (those who
smoked at least 100 cigarettes in their lifetime and stated
that they now smoke “not at all”’)/current smokers (those
who smoked at least 100 cigarettes in their life-time and
stated they now smoke “every day” or “some days”).
Body Mass Index (BMI) was classified as normal (<30
Kg/m?) and high (>30 Kg/m2), and is regarded as arisk
factor for HT development [64].

The intra-examiner variance assessment concerned a
sample of 60 (20%) individuals that was chosen randomly
and re-examined clinically by the same dentist after
three weeks, and no significant differences were observed
between the 1and the 2™ clinical examination (Cohen’s
Kappa =0.97). No oral hygiene instructions were given
to the participants for the mentioned period of three
weeks.

Periodontal Status assessment

The periodontal status examinations were carried out in
the dental practice using a Williams (with a controlled
force of 0.2N (DB764R, Aesculap AG &Co. KG,)
periodontal probe, mouth mirror, tissue forceps, and dental
light source. Remain roots and third molars were excluded
from scoring. The periodontal examination focused on
periodontal health status and concerned assessment of
probing pocket depth (PPD), clinical attachment loss
(CAL), plaque index (PII), and gingival index (GI). All
PD indices were recorded at four sites per tooth (mesio-
lingual, distolingual, distobuccal, and mesio-buccal) in all
quadrants and the worst values of the indices assessed for
the nearest 1.0 mm, and coded as dichotomous variables.

PPD was classified as 0-3.00 mm (absence of disease/mild
disease) and > 4.0 mm (moderate and severe disease) for
mean PPD [65], the severity of attachment loss (CAL)
was classified as mild, 1.0-2.0 mm of attachment loss and
moderate/severe, > 3.0mm of attachment loss [66].

Gingivitis severity classified as: score 0-normal gingiva/
mild inflammation, slight change in color, slight edema,

no bleeding on probing, which corresponds to Loe and
Silness [67] classification as score 0 and 1 respectively;
score 1-moderate inflammation, edema, redness and
glazing, bleeding on probing/severe inflammation, marked
edema and redness, ulceration, tendency to spontaneous
bleeding, which corresponds to Loe classification as score
2 and 3 respectively [67].

Plaque Index (PII), by Silness and Loe [68] was recorded
by the same probe at the mentioned sites.Dental plaque
presence was determined whether it was visualized with
naked eye or existed abundance of soft matter within the
gingival pocket and/or on the tooth and gingival margin
(score 2 and 3, respectively, according to PII) and regarded
as present if at least one site showed the characteristic
sign.

Statistical Analysis

The univariate analysis model was applied to estimate the
association between the independent indices examined and
the HT risk, separately. Categorical data were presented
as frequencies and percentages. Cohort-related variables,
such as sociodemographic factors (gender, age, socio-
economic status, educational level), comorbidities (HT
family history, increased BMI, presence of DM, were
analyzed using the univariate model (Table 1),whereas
the multivariate logistic regression analysis  model
was applied to estimate the associations between the
dependent variable, HT, and independent ones using
the Enter method, whereas the Stepwise method was
carried out to assess the significant associations among
the variables examined.Unadjusted and Adjusted Odds
Ratios (OR’s) and 95% (Confidence Interval) CI were also
assessed (Table 2).

The data analysis was carried out using the statistical
package of social sciences (SPSS) ver. 20.0 (SPSS Inc.,
Chicago, IL, USA), whereas a p-value less than 5% (p <
0.05) was regarded to be statistically significant.

RESULTS

The mean age of the study sample was 64.5 + 3.8
years. Table 1 shows the epidemiological variables of
individuals which suffer from HT and healthy individuals
after carrying out the univariate analysis model. Advanced
age (p<0.001), presence of DM (p<0.001) and HT
family history (p<0.001), CAL > 3.0 mm (p=0.048),
gingival inflammation (GI) (p<0.001), and dental plaque
accumulation (PII) (p<0.001) were statistically significantly
associated with the risk of HT developing. Unadjusted
Odds Ratio and 95% Confidence Interval (CI) for each
variable examined. Table 2 presents the outcomes after
performing the multivariate logistic regression model (step
1* and step 7¢, Enter and Wald, respectively). According
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Table 1. Characteristics of overall participants according to hypertension status (Univariate analysis model)

Variables Cases Controls p-value Odds Ratio and 95% Confidence Interval
Gender
Males 55 (56.1) 103 (52.6)
0.563 1.155(0.709-1.881)
Females 43 (43.9) 93 (47.4)
Age
45-49 11 (11.2) 29 (14.8)
50-59 46 (46.9) 45 (23.0) 0.000*
60-69 25 (25.5) 82 (41.8)
70+ 16 (16.3) 40 (20.4)
HT family history
Absence 36 (36.7) 118 (60.2) 0.000% 2.605 (1.580-4.298)
Presence 62 (63.3) 78 (39.8)
Education level
Low 55 (56.1) 116 (59.2)
. 0.616 0.882 (0.540-1.440)
High 43 (43.9) 80 (40.8)
Socio-economic status
Low 58 (59.2) 112 (57.1)
) 0.738 1.088 (0.665-1.779)
High 40 (40.8) 84 (42.9)
Smoking
No smokers 40 (40.8) 92 (46.9) 0.320 0.780 (0.477-1.274)
Previous/current smokers 58(59.2) 104 (53.1)
Body Mass Index
<30 kg/m? 42 (42.9) 106 (54.1)
0.070 0.637 (0.391-1.038)
>30 kg/m? 56 (57.1) 90 (45.9)
Diabetes Mellitus
Yes 60 (61.2) 62 (31.6) 0.000* 3.413 (2.058-5.659)
No 38 (38.8) 134 (68.4)
Probing pocket depth
0-3.00 mm 45 (45.9) 102 (52.0) 0.387 0.782 (0.481-1.272)
>4.0 mm 53 (54.1) 94 (48.0)
Clinical Attachment Loss
1.00-2.00 mm 42 (42.9) 108 (55.1) 0.048* 0.611 (0.375-0.997)
>3.0 mm 56 (57.1) 88 (44.9)
Gingival Index
Absence/Mild 35(35.7) 121 (61.7) 0.000* 0.344 (0.208-0.570)
Moderate/Severe 63 (64.3) 75 (38.3)
Plaque Index
Absence 37(37.8) 118 (60.2)
0.000* 0.401 (0.244-0.660)
Presence 61(62.2) 78 (39.8)

* p-value statistically significant

to that model, the final step (Wald) showed that advanced
age (p=0.062), presence of DM (p<0.001) and HT
family history (p= 0.036), smoking (p=0.032), increased
BMI (p=0.058), gingival inflammation (GI) (p=0.049),
and dental plaque accumulation (PII) (p=0.032) were
statistically significantly associated with the risk of HT

developing. Table 2 also presents Unadjusted Odds Ratio
and 95% CI for each variable examined.

DiscusSION

After adjustment for confounding factors, individuals with
poor oral health or PD, as expressed by GI and PII showed
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Table 2. Presentation of association between potentially risk factors and HT according to Enter (first step-1a) and Wald (last step

7a) method of multivariate logistic regression analysis model

Variables in the Equation
B S.E. Wald | df | Sig. Exp(B) 95% C.Lfor EXP(B)

Lower Upper
gender ,083 ,287 ,082 1 774 1,086 ,618 1,907
Age 275 ,150 3,364 1 | ,067* 1,160 ,766 1,819
smok.status ,161 ,296 3,146 1 | ,051%* 1,241 ,938 2,046
socioec.status ,178 311 4,070 1 | ,033* 1,581 ,909 2,419
educ.level ,155 292 282 1 ,596 1,168 ,0658 2,071
BMI ,883 ,338 6,841 1 |,079* 1,313 ,713 1,801
Step 1* diab.mellit 1,343 ,324 17,174 | 1 | ,000* 1,961 1,238 3,493
fam.hist HT , 749 ,337 4,935 1 | ,055* 1,514 ,992 3,094
prob.pock.dep ,144 ,378 ,146 1 ,703 1,105 ,551 2,124
clin.att.loss ,017 ,380 ,002 1 ,964 ,983 ,467 2,068
ging.index , 768 ,334 5,297 1 | ,041%* 1,656 1,011 3,118
plaque.index ,720 ,308 5,457 1 | ,039* 1,954 1,023 3,256

Constant 313 ,490 ,408 1 ,523 ,731
Age ,288 ,149 3,486 1 | ,062* 1,457 ,865 2,314
smok.status ,732 311 5,388 1 ] ,032% 2,117 1,022 3,167
BMI ,874 ,330 6,599 1 | ,058* 1,429 ,995 2,518
Step 7¢ diab.mellit 1,408 315 17,288 | 1 | ,000* 2,270 1,146 4,231
fam.hist HT ,792 ,322 5,839 1 | ,036* 2,076 1,058 3,289
ging.index ,805 ,305 6,813 1 | ,049* 1,814 1,019 3,123
plaque.index , 787 ,303 5,936 1 | ,032* 2,090 1,055 3,583

Constant 417 ,582 ,423 1 ,570 ,805

a. Variable(s) entered on step 1: gender, age, smok.status, socioec.status, educ.level, BMI, diab.mellit, fam.hist.HT, prob.pock.
dep, clin.att.loss, ging.index, plaque.index.

* p-value statistically significant

a higher ORs for HT. It was also identified an association
between advanced age, increased BMI, smoking, presence
of HT family history and DM with an increased risk of HT
development. PD as a chronic infectious disease has been
associated with diverse systemic diseases and disorders
[69,70].

Gender is a known HT risk factor as is overall more
common in males [71] , however it is considered as a
confounder. The results revealed no association between
gender and HT risk, finding that was not in accordance
with those from previous reports [28,71-73].

It is also known that older individuals are in a higher risk
for HT development [73], however age is also considered
as a confounder. It has been suggested that advanced age is
an important factor in the pathogeneses of HT [4,28,74,75],
finding which was in agreement with that of the current
study.

Other crucial confounders are socio-economic status (SES)
and educational level, however, it has been proven their
possible role in HT development. Individuals with lower
education and income status showed higher mortality and
incidence rates than the more well-off ones, with a high
risk being particularly significant for HT. Low SES is
associated with higher blood pressure (BP), and this

association is notably evident in the level of education
[28,76]. SES is conversely associated with the incidence
of HT in mostly developed [77,78], and in developing
nations [79].

On the other hand, data from Trinidad and Tobago [80]
showed no association between SES and HT, whereas in
southwest China a negative association recorded between
SES and HT incidence among adults [81]. Similarly, HT
and uncontrolled high BP were more prevalent among
less-educated older individuals than those with higher
educational level [28,82-84]. Those findings suggested
that the mentioned association varies in different countries.
In the present research no associations were recorded
between those variables and HT risk.

The HT family history presence was found to be
significantly associated with the HT risk in the current
survey, finding that was in accordance with those from
previous reports [85-87]. Obesity and increased BMI have
been linked with many systemic diseases including HT
[28,64, 88,89]. The present research confirmed such an
association. In a similar way, smoking is a causal risk
factor of diverse systemic diseases. In addition, exposure
to tobacco smoke has been associated with mutational
or epigenetic alterations in cellular signaling pathways,
which may are involved in HT pathogenesis, as it has
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been suggested that smoking is another important factor
in the pathogenesis of HT [28,30], findings which were in
accordance with those of the current study.

Diabetes Mellitus (DM) has been associated with PD
[28,90,91]. The current research confirmed that association.
PD, and especially periodontitis significantly increases
the risk of cardiovascular diseases (CVDs), which
makes it a modifiable non classical CV risk factor
[92]. Arterial HT and periodontitis often coexist [28], as
it has been found that HT occurs in 7-77% of patients
with periodontitis (vs 4-70% in general population) [35].
Recent studies have shown significant associations
between periodontitis and HT, by increasing the systolic
and diastolic BP [35,37, 93-100].

On the contrary, in another prospective cohort of male
professionals (dentists, pharmacists, optometrists, etc.)
in the United States, there was no significant association
between self-reported PD at baseline and the occurrence
of HT at 20 years of follow-up (RR=1.04, 95% CI =0.98-
1.10) [38]. In addition, few longitudinal studies have
been carried out to date, often with inconsistent results,
as reported by Surma et al. [101]. Some researches have
recorded a temporal association between periodontitis and
the incidence of high BP [102], but others have found no
association between periodontitis and any risk factors for
CVD [103,104].

The possible explanation for the conflicting results could
be attributed to differences in the study samples in
relation to age, gender, SES, ethnic background, and
health behavior concerning smoking habits, the extent and
severity of PD and how PD and elevated BP or apparent
HT have been defined. In most cases the confounding
effect of smoking has been taken into account applying
multivariate regression models with a non-quantitative
smoking variable [32,35, 40, 105]. In other similar reports
the confounding effect of smoking has been removed by
excluding smokers [39,106,107]. Among the PD indices
examined, GI was found to be statistically significantly
associated with the risk for HT development, finding that
was in agreement with that of a previous study [108]. GI
expresses the gingival inflammation severity [67], however
that index is not frequently used in epidemiological
studies despite the fact that assesses the gingival tissue
inflammatory load.

Desvarieux et al. also observed that systolic and diastolic
BP increased with increasing bacterial load and the
subgingival plaque [32]. PIl by Silness and Loe [68]
assesses dental plaque accumulation. In a previous study it
was found that poor oral hygiene, as reflected in the amount
of dental plaque, was associated with increased HT [109].
Moreover, the high bacterial load on tooth surfaces and in

gingival pockets over a prolonged time could play a role in
its pathogenesis [104]. A significant association between
PII and risk for HT was recorded in the current study,
finding that was in agreement with a previous report
[108]. HT has also been associated with high level of
dental plaque [OR = 1.90, 95% CI = 1.55-2.33], dental
calculus [OR =1.18, 95% CI =1.07-1.29] and gingival
inflammation [OR = 1.56, 95% CI= 1.35-1.80], as
expressed by MGI (modified GI) and PII [110]. PPD is an
index for assessing PD severity [111], and the outcomes
showed that was not statistically significantly associated
with the risk for HT development, finding that was in
accordance with that of another research which conducted
on 376 individuals diagnosed with periodontitis, and
most of them did not have HT (240 patients, 63.8%) [112],
however the same article showed a statistically significant
difference between PPD measurements in individuals with
different HT categories (p = 0.016, effect size= 0.009).
On the contrary, similar reports showed that deep
periodontal pockets were associated with HT development
[105,108,113-116].

CAL is another PD crucial index of cumulative tissue
destruction, concerning previous PD exacerbations,
whereas PPD is an indicator of current disease status
inflammation [117]. PPD and CAL concern the chronic
inflammation long-term stages including destructive
processes signs of a chronic inflammatory response [118].
The outcomes showed no association between CAL and
the risk for HT development. However, Yildirim et al.
observed that CAL was associated with an increased risk
of HT [108], whereas in a similar research was recorded
that CAL was 6.24 times (AOR=6.24, 95% CI= 1.99-
19.56) higher among hypertensive individuals and the
difference was significant (p =0.001) [115], and in another
study in the US adult population was found that CAL was
associated with raised arterial BP and HT [105].

The biologic mechanisms for the implication of oral
health or PD in HT development are not well understood.
Several hypotheses have been suggested for the
mechanisms resulting in arterial HT. The main hypothesis
emphasizes the crucial importance of the peripheral
vascular resistance control [119]. It has been suggested
that HT and hypertensive end-organ damage are not only
mediated by hemodynamic injury but also by a systemic
inflammation [13,120-122], such as PD [110]. PD is a
chronic inflammation caused by bacterial invasion which
results in an irreversible destruction of the periodontal
tissues caused by a dysbiotic microflora, which can
trigger an exaggerated host response [123]. The influence
of local inflammation in individuals with generalized
periodontitis may significantly contribute to systemic
inflammation [28]. It is possible that periodontitis leads to
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an increased systemic immune response in those patients
[124]. The principal pathogenetic mechanism responsible
for increasing BP in individuals with periodontitis is
systemic inflammation and secondary damage to the
vascular endothelium [37,125-127]. According to previous
researches P. gingivalis, A. actinomycetemcomitans and T.
Jforsythia have been identified as causative factors of PD
[128,129]. Bryan et al. showed that the oral microbiome’s
ability to reduce inorganic nitrate to nitric oxide (NO) and
nitrite may provide a possible mechanism linking PD
to arterial HT [130] as oral bacteria take part in the NO
generation. Pathological alterations in the composition of
oral bacteria in individuals with periodontitis may lead
to a reduction in the NO generation, which in turn may
contribute, to an increase in BP [130-132].

Until now the strongest hypotheses regarding the
pathogenetic mechanism  underlying the examined
association suggested that the relationship could be
attributed to a progression of microbial dysbiosis. That
event, in turn, supports the development of periodontitis
by generating chronic inflammation, disrupting the
immune response and increasing the atherogenic potential
[133,134]. Interaction between oral-gut microbiome
are able to contribute to amplification of inflammation
and metabolic alterations [135]. Recent data involves
oral bacteria in the nitrate-oxide (NO) pathway and
HT pathogenesis [136]. Previous cross-sectional, case-
control, and cohort studies suggested that periodontitis is
associated with CVD, specifically with atherosclerosis,
by mechanisms involving microbial dysbiosis [137],
and have been based on the association which involves
imbalance (dysbiosis) of the oral microbiome structure,
periodontitis, and CVD. Oxidative stress, endothelial
dysfunction and systematic inflammation are associated
with the HT development [138].

Experimental animal evidence indicates that immune
system activation induced by P.gingivalis promotes the
development of HT, vascular inflammation, and endothelial
dysfunction [35].Moreover, neutrophilic enzymes and its
dysfunction, white blood cells, and imbalance in T-cell
subtypes, are all mechanisms resulting in vascular
alterations and endothelial dysfunction [16, 139,140].

Inflammation plays a critical role in the HT development,
according to experimental and clinical studies [13].
Chronic inflammation predisposes to the development
of pro-hypertensive inflammation, whereas the low-grade
chronic inflammation associated with periodontitis has
harmful effects on endothelial function, which may lead
to HT [140]. A recent study revealed that individuals
with periodontitis have increased risks of HT and
antihypertensive treatment failure [141, 142].

The presence of periodontal pathogens has been associated
with HT in epidemiological studies, as already mentioned
[32]. The periodontal inflammation increases the levels
of inflammatory biomarkers in the blood circulation.
Preclinical evidence originated from experimental
animal models, including immunizations with P.
gingivalis lysate and  lipopolysaccharide-endotoxin
from other gram-negative bacteria, led to prolonged
T-cell activation and resulted in increased levels of CRP,
IL-1B, and tumor necrosis factor-a (TNF-a), leading
to increased BP [142]. The increased levels of hs-CRP
can damage vascular endothelial cells, affect the level of
renin-angiotensin pathway, and lead to HT development
[143]. Similarly, IL-6 can cause endothelial dysfunction,
increase peripheral vascular resistance, deteriorate the
occurrence of inflammatory biomarkers, and eventually
cause damage to blood vessels [144,145]. It has also been
observed a significant association between gingival fluid
TNF-a levels and BP, leading to a double inflammatory
effect in individuals with both periodontitis and HT
[146]. PD seems to attenuate endothelium-dependent
vasodilation in rats [35,124,147], observations which
could be attributed to increased systemic inflammatory
biomarkers, such as CRP, IL-1b, IL-6, and TNF-a [148],
increased vascular superoxide free radicals generation,
worsening lipid levels, and decreased vascular nitric
oxide synthase-3 (NOS-3) expression [147]. It has also
been found that the immune response to the periodontal
pathogen P. gingivalis led directly to an increase in BP,
vasculitis, and deteriorated vascular endothelial function
[33]. Oral bacteria have been revealed in atherosclerotic
plaques [93,149]. It was observed that effective treatment
of severe periodontitis improved the vascular endothelium
function by reducing systemic inflammation, and
decreased pro-inflammatory cytokines and chemokines in
individuals with and without other comorbidities such as
DM [35,140,150,151]. Moreover, the effective periodontal
treatment has improved the periodontal condition and
reduced BP in humans [33,152-155].However, data
which supports BP reduction following PD therapy is
inconclusive [35].

Another mechanism is that periodontal inflammation
increases the chemotactic activity of T- and B-
lymphocytes, and monocytes, resulting in vascular
dysfunction, increased atherosclerosis progression, and
increased BP [156,157]. Previous reports have shown the
central role of T- cells in the arterial HT development.
To be more specific, following hypertensive stimuli,
activated T- cells accumulate inthe perivascular tissue,
where they release cytokines and chemokines, such as
IL-6, IL-17, and TNF-a, which, in turn, contribute to the
development of HT [158,159].
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A special role of diverse lymphocyte sub-types in the HT
pathogenesis has been revealed. CD8 T cell senescence
is an important characteristic of arterial HT [160]. In
a previous study by Czesnikiewicz Guzik et al., it was
shown that the periodontitis treatment led to a decrease
in the proportion of CD8 and CD28 null CD57+ cells.
The same study showed that after the treatment of
periodontitis, was observed a decrease in the proportion
of IL-6, IL-17A, TNF-a, and interferon gamma (INF-y),
in the blood circulation, whereas it was also observed
that Th1 immune responses induced by bacterial antigens
derived from P. gingivalis increased the sensitivity to
suppressor pro-hypertensive attack in mice and provided
a mechanistic association between PD associated chronic
infection and HT [33]. Another sub-type of lymphocyte
which also arrears to be of importance in the periodontitis
pathogenesis is Th17 lymphocytes and the dysbiosis-
dependent increase in their proportion. It has been found
that individuals with natural Thl7 deficiency suffered
from periodontitis less frequently [161,162].In addition,
Th17 lymphocytes seem to play an important role in the
impairment of the endothelium, vasodilatory function
which by secreting IL-17 lead to an increase in the
production of superoxide, which in turn reduce the NO-
dependent vasodilation [163]. Regulatory T- cells (Treg)
play also a critical role in both diseases. In contrast to
Th 17 lymphocytes, Tregs show a protective effect in
arterial HT by angiotensin II antagonism and reduction
of circulating activated T-cells [164].Tregs also weak the
periodontitis severity by increasing the secretion of anti-
inflammatory cytokines such as TGF-p and IL-10 [165].
During the course of periodontitis, Tregs proportion
may decrease, strengthening the mechanisms resulting in
the development of arterial HT [28,35].

A significant potentially causal association between
periodontitis-linked single nucleotide polymorphisms
(SNPs)and BP phenotypes has beenrevealed. The identified
SNPs included SIGLEC 5, DEFAIA3, MTNDIPS5, and
LOCI107984137 and had been identified using Genome-
Wide Association Studies (GWAS) [33].

The present research has certain strengths and limitations.
Strengths of the current report concern well-structured
cohort design which controlled possible confounders and
possible interactions by known risk factors such as age,
gender, SES, etc., the follow-up completeness, and the
fact that PD status was based on oral clinical examinations
and a modified standardized questionnaire and not on
self-report questionnaires or non-standardized ones.
Consequently, no potent mis-classification of exposure
to PD existed, as such a misclassification may result in
underestimation of the examined association link between
PD and HT risk.

A potential limitation, is the possibility of confounders
in estimation of risk caused by unknown confounders.
Moreover, among those studies, some environmental
variables also seem to act as confounders, such as age,
gender, smoking, SES, and educational status, genetic
factors, etc., as they have been considered as risk factors
for the diseases examined.

CONCLUSIONS

The current survey showed that advanced age, smoking,
increased BMI, the presence of DM, the presence of
HT family history, gingival inflammation (GI), and the
presence of dental plaque on tooth surfaces (PlI) were
statistically significantly associated with the risk of HT
developing.

Those associations remained after controlling for known
confounders such as age, gender, smoking, SES, and
educational status.
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