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Objective: This study aimed to compare the systemic and periodontal conditions between mor-
bidly obese patients with and without hypertension who were candidates for bariatric surgery.
Methods: The study cohort had 111 morbidly obese patients stratified into two groups: patients
with (G1=54) and without (G2 =57) arterial hypertension. The following characteristics were
compared between the two groups: (i) education level; (ii) anthropometric parameters [weight,
height, body mass index (BMI), waist and hip circumferences and waist-to-hip ratio (WHR)];
(iii) risk of developing cardiovascular diseases (based on patients’ sex, age and WHR); (iv)
behaviours regarding oral hygiene; and (v) periodontal status. The t-test, Mann—Whitney
U-test, chi-square test and logistic regression were applied, with a significance level of 5%.
Results: Patients in G1 had a lower level of education (P =0.002). There were no intergroup
differences for weight (P=0.211), height (P=0.126), BMI (P=0.551), waist circumference
(P=0.859) and WHR (P=0.067); however, patients in G2 had a smaller hip circumference
(P=0.029), and 78% of patients in G1 had a high/very high risk of developing cardiovascular
diseases. The prevalence of periodontitis was 72.2% (n=39) in G1 and 38.6% (n=22) in G2.
On logistic regression analysis, age [adjusted odds ratio (OR)=1.07; 95% CI=1.01-1.13;
P =0.008) and the presence of arterial hypertension (OR =2.77; 95% CI = 1.17—6.56; P =0.019)
were identified as the independent variables associated with periodontitis.
Conclusion: Morbid obesity and arterial hypertension are associated with a higher preva-
lence of cardiovascular diseases. Moreover, morbidly obese patients with hypertension
have a higher prevalence of periodontitis and greater severity of periodontal disease than
those without hypertension.
© 2021 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

cardiovascular disease, hypertension, type 2 diabetes mellitus,
obstructive sleep apnoea syndrome and some types of cancer,

Obesity is a chronic inflammatory disease that affects people
in both developed and developing countries and may be asso-
ciated with several comorbidities, such as dyslipidemia,
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and consequently negatively impacts an individual’s quality of
life.'”* Patients with obesity are in a chronic inflammatory
state caused by the actions of inflammatory cytokines.””

The pathophysiological mechanism underlying arterial
hypertension is similar to that for obesity. Hypertension is
related to several factors, such as eating habits, glomerular filtra-
tion, and metabolic and neuroendocrine disorders. Scientific evi-
dence shows a link between arterial hypertension with vascular
inflammation and endothelial dysfunction.’®** Vascular inflam-
mation occurs through the action of inflammatory mediators,
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resulting in increased vascular permeability and changes in the
cytoskeleton of endothelial cells, leading to an imbalance
between vasodilation and vasoconstriction. Because of the
active involvement of inflammatory mediators, vasoconstriction
is more intense, triggering an increase in blood pressure.'®"*
C-reactive protein plays an important role in this process.

Previous studies have highlighted the association between
periodontal disease and obesity as the inflammatory markers
released by the body fat of individuals with obesity influence
the host immune response. Thus, patients with obesity pre-
sent with exacerbated inflammation in the periodontium,
even if they have a minimal amount of bacterial plaque.’* **

In a systematic review with a meta-analysis, Martin-Cabezas
et al.'® showed that periodontal disease appears to be associ-
ated with an increased risk of high blood pressure, although
their findings were highly heterogeneous and there was no
evidence of an associated cause for these conditions.'® Recently,
another systematic review with meta-analysis, by Munoz
Aguilera et al.,”” confirmed a high prevalence of periodontitis in
patients with hypertension. Their review included prospective
cohorts to establish the temporal association between peri-
odontitis and the incidence of arterial hypertension. However,
there is still no evidence regarding the cause-and-effect
relationship between these outcomes.

Considering that periodontitis and arterial hypertension
share common risk factors, such as obesity, the confounding
factors must be controlled when assessing the association of
these outcomes. Given the lack of studies that have investi-
gated the association between hypertension and periodonti-
tis, with exclusion of the bias of obesity, this study aimed to
compare the systemic and periodontal conditions between
morbidly obese patients with and without arterial hyperten-
sion, who were candidates for bariatric surgery.

Materials and methods

This observational, cross-sectional, analytical study followed
the reporting guidelines recommended by Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE)."®

Sample composition

Initially, 130 patients who were under medical follow-up for
the treatment of morbid obesity were consecutively selected
from July 2019 to February 2020 in a public multidisciplinary
clinic. These patients had a body mass index (BMI) of >40
kg/m? and were between 20 and 50 years of age. In addition,
they were being monitored by endocrinologists, psycholo-
gists, nutritionists and surgeons, and their eating habits were
being controlled by these professionals in order to guarantee
weight loss or weight maintenance before bariatric surgery.

The following exclusion criteria were adopted: neuromo-
tor weaknesses; previous consumption of alcoholic beverages
more than three times a week; use of illicit drugs; previous
history of surgical treatment for periodontitis (self-reported
information); and loss of more than two teeth per hemiarch.
Nineteen individuals were excluded for the following rea-
sons: smoking (n=7); presence of diabetes mellitus (n==6);
under orthodontic treatment (n = 3); use of drugs which could
harm the oral status (e.g.,, anti-hypertensive, immunosup-
pressive, anticonvulsant or calcium channel-blocking drugs,
such as cyclosporine, phenytoin or nifedipine) (n=2); under-
going surgical periodontal treatment for <1 year (n=1)
(Figure 1).

Thus, the final cohort consisted of 111 patients who were
stratified into two groups: morbidly obese (BMI > 40.00 kg/m?)

- BMI > 40 kg/m?
- 20-50 years old

Sample recruitment
n=130)

- Followed-up in a public

multidisciplinary clinic

Sample composition
(n=111)

- Exclusion criteria (n = 19):
Smokers (n=7)
Diabetes Mellitus (n = 6)
Under orthodontic treatment (n = 3)
Users of drugs which could harm the oral status (n = 2)
Surgical periodontal treatment for less than 1 year (n=1)

a) education level
b) anthropometric parameters

d) behaviors regarding oral hygiene

c) risk of developing cardiovascular diseases

) Full mouth periodontal examination

Medical data

(arterial hypertension diagnosis)

Morbidly obese patients with hypertension
(G1=54)

Morbidly obese patients without hypertension

(G2=57)

Fig. 1-Flowchart showing participant recruitment and composition of the study sample. BMI, body mass index.
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Table 1 - Classification of nutritional status based on body
mass index (BMI)

Classification BMI (kg/m?)
Underweight <18.50
Normal weight 18.50—24.99
Pre-obese 25.00-29.99
Obesity class I 30.00—34.99
Obesity class II 35.00—39.99
Obesity class III >40.00

with arterial hypertension (G1; n=54); and morbidly obese
(BMI > 40.00 kg/m?) without arterial hypertension (G2; n=57).
The classification of nutritional status was based on the pro-
tocol adopted by the World Health Organization according to
the patients’ BMI, as shown in Table 1. Information regarding
the diagnosis of arterial hypertension (systolic blood pressure
of >140 mmHg and/or diastolic blood pressure of >90 mmHg)
was obtained from the medical records of each patient."’

Standardization of the examiner

Data collection for this study was conducted only by one
blinded dentist. To ensure standardization of the collected
data, the examiner was calibrated under the guidance of a
researcher (SHCSP) who was experienced in epidemiological
surveys. For the calibration process, 15 patients were selected
and followed up in three stages. In the first stage, the exam-
iner performed a full-mouth periodontal analysis. At the sec-
ond stage, the same measurements were performed by the
same examiner, 15 days after the initial first stage, to evaluate
the intraexaminer coefficient of agreement. At the third
stage, 15 days after the second examination, a full-mouth
periodontal analysis was performed in the same patients by
the supervisor, who was an expert in epidemiological studies,
to evaluate the coefficient of agreement between the exam-
iners. Intervals of 15 days were used because of the possibility
of periodontal alteration after the first examination (rupture
of the periodontal fibres).' Inter- and intra-examiner kappa
values of reliability, of 0.92 and 0.95, respectively, were
obtained. The patients included in the examiner calibration
process were not included in the sample of the present study.

Education level

The level of education for each patient was categorized as fol-
lows: 0, illiterate; 1, incomplete elementary school; 2, com-
plete elementary school; 3, incomplete high school; 4,
complete high school; 5, incomplete higher education; 6,
complete higher education; 7, specialization; 8, master’s
degree; 9, doctorate. The highest qualification obtained by
patients at the time of the interview was recorded.

Anthropometric assessment

The weight and height for each patient were obtained and
used to calculate their BMI. A standardized stadiometer
(Wood 2.20; WCS Ind., Curitiba, Parand, Brazil) was used to
measure patients’ height, and weight was measured using a

calibrated automatic scale (MIC model 300PP; Micheletti Ind.,
Sao Paulo, Sao Paulo, Brazil).

Waist, hip and waist-to-hip ratio (WHR) measurements
were performed to assess abdominal obesity, which served as
an indicator of the risk of cardiovascular disease.”” The risk
of developing cardiovascular diseases was evaluated accord-
ing to patients’ sex, age and WHR and was categorized as low,
moderate, high or very high risk,”* and allocated scores of 1,
2, 3 and 4, respectively, in order to ensure an ordinal qualita-
tive statistical analysis (Table 2).

Periodontal disease

Full-mouth periodontal analysis was performed for all
patients. All teeth present (excluding the third molars) were
evaluated. Probing pocket depth (PPD) and gingival recession
or gingival overgrowth (if present) were assessed and used to
calculate clinical attachment loss (CAL). PPD was measured
from the gingival margin to the bottom of the periodontal
pocket, and CAL was measured from the cemento—enamel
junction to the bottom of the periodontal pocket.”” These
parameters were evaluated at six sites for each tooth (mesial,
centre and distal, both buccal sides and both the palatal/
lingual surfaces).

Periodontitis was diagnosed when the patient presented
interdental CAL at two or more non-adjacent teeth or buccal/
oral CAL of >3 mm, with pocketing of >3 mm, at two or more
teeth, and if the CAL observed was not attributable to non-
periodontal causes,” as described by Tonetti et al.”*> Subse-
quently, periodontitis was also categorized into stages I, II, III
and 1V, as also highlighted by Tonetti et al.”?

The presence or absence of biofilm on the buccal and/or
lingual surfaces of all teeth was recorded and the results used
to calculate the prevalence of dental surfaces with dental
plaque. Bleeding on probing (BOP) was calculated based on
the index proposed by Ainamo and Bay.?* This index refers to
the presence or absence of BOP, even when visible clinical
features with marginal changes are absent. BOP was consid-
ered as positive when bleeding occurred within'® seconds
after probing.

Patients who were not diagnosed with periodontitis were
evaluated according to the presence/absence of gingivitis.
Patients with <10% of sites with BOP were classified as
healthy, those with 10%-30% of sites with BOP were

Table 2 - Classification of the risk of developing cardiovas-
cular diseases, based on gender, age and waist-to-hip ratio

Risk of developing cardiovascular diseases

Age (years) Low Moderate High Very high
Women
20-29 <0.71 0.71-0.77 0.78-0.82 >0.82
30-39 <0.72 0.72—-0.78 0.79-0.84 >0.84
40—-49 <0.73 0.73-0.79 0.80-0.87 >0.87
50-59 <0.74 0.74-0.81 0.82—-0.88 >0.88
Men
20-29 <0.83 0.83-0.88 0.89-0.94 >0.94
30-39 <0.84 0.84—-0.91 0.92-0.96 >0.96
40-49 <0.88 0.88-0.95 0.96—-1.00 >1.00
50-59 <0.90 0.90-0.96 0.97-1.02 >1.02
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Table 3 - Comparison of contextual variables in morbidly obese individuals with (G1) and without (G2) arterial hypertension

Variable G1 (n=54) G2 (n=57) P
Weight (kg) 124.25 (112.50-136.70) 126.00 (117.75-145.12) 0.211!
Height (m) 1.63 +0.05 1.65 +0.08 0.126"
BMI (kg/m?) 46.58 (42.84—50.32) 47.17 (42.81-52.53) 0.551
Circumf. waist (cm) 120.20 + 12.54 120.64 +£13.25 0.859"
Circumf. hip (cm) 138 (131-146) 143 (136.00-151.25) 0.029'
WHR 0.85 (0.79—0.92) 0.83 (0.77-0.86) 0.067'
RDCV 4(3-4) 3(2-4)

Low 1(1.8) 4(7.1) 0.018'

Moderate 11 (20.4) 18 (31.6)

High 14 (25.9) 17 (29.8)

Very high 28 (51.9) 18 (31.5) 0.002'
Education level 3(2-3) 3(3-5)
Gender

Male 8 (14.8) 11 (19.3) 0.532

Female 46 (85.2) 46 (80.7)

Bold values mean that a statistical difference was found between the groups. Values are given as mean =+ SD, median (1st-3rd quartiles) and n (%).
BMI, body mass index; circumf., circumference; P, significance level; RDCV, risk of developing cardiovascular diseases; WHR, waist-to-hip ratio

* t-test.
T Mann-Whitney U-test.
# Chi-square test.

diagnosed with localized gingivitis and those who had >30%
sites with BOP were diagnosed with generalized gingivitis.>

Statistical analysis

Data were analysed using IBM SPSS Statistics for Windows
Version 25.0 (released 2017; IBM Corp., Armonk, NY, USA). For
sample size calculation, the logistic regression analysis proto-
col proposed by Hosmer and Lemeshow”® was used, which
requires at least 15 study subjects for each independent vari-
able inserted in the initial logistic model. Thus, the primary
outcome was dichotomised — periodontitis (0, without peri-
odontitis; 1, with periodontitis) — and four independent varia-
bles were inserted in the logistic regression model, which
required a total of 60 patients in the sample. As this study
included 111 patients, the sample was considered to be repre-
sentative.

Initially, the normality of the variables was tested using
the Kolmogorov—Smirnov test. Once the testing hypotheses
were met, the results for each study variable present in the
study were analysed using the appropriate test. The t-test
was adopted for numerical variables with a normal distribu-
tion (age, height, waist circumference, prevalence of dental
plaque). For quantitative variables that did not follow a nor-
mal distribution and for ordinal qualitative variables (weight,
BMI, hip circumference, WHR, risk of developing cardiovascu-
lar diseases, education level, prevalence of sites with BOP,
PPD, prevalence of sites with PPD > 4 mm, CAL, prevalence of
sites with CAL > 4 mm and severity of periodontitis) the
Mann—Whitney U-test was applied. Nominal qualitative vari-
ables (sex, presence of periodontitis, presence of gingivitis)
were assessed using the chi-square test.

After the bivariate analysis, independent variables with
P < 0.20 were included in the logistic regression model to
assess their association with the outcome. The Hosmer
—Lemeshow test, collinearity and residual analysis were
applied to clarify the results obtained from logistic regression.
A significance level of 5% was used.

Results

The sample consisted of 54 morbidly obese individuals diag-
nosed with hypertension (G1) and 57 morbidly obese individ-
uals without arterial hypertension (G2). The mean + SD age
of patients in G1 was 39.75 + 7.41 years and that of patients in
G2 was 32.96 + 8.58 years. There were no differences between
the groups with regard to sex (P =0.532); however, the entire
study sample of obese individuals had a higher proportion of
women than men (Table 3). Patients in G1 had a lower level of
education than those in G2 (P =0.002).

No differences in anthropometric parameters were found
between the groups; however, patients in G2 had a smaller
hip circumference value than those in G1 (P = 0.029). Addition-
ally, although there was no difference between the groups for
WHR, when considering this parameter along with sex and
age, 78% of the patients in G1 had a high/very high risk of
developing cardiovascular diseases (Table 3).

All patients in both groups reported daily toothbrushing
using a toothbrush and fluoride-containing toothpaste. There
was no difference between groups in the frequency of daily
toothbrushing, with an average of three times per day
recorded for all patients. Nevertheless, patients in G1 had
worse periodontal parameters related to the prevalence of
bacterial plaque (P =0.005), BOP (P =0.002) and CAL (P =0.008),
but no differences were found between groups for PPD
(P=0.226). Regarding the classification of periodontitis, 72.2%
(n=39) of the individuals in G1 had periodontitis: 33.3%
(n=18) with stage I, 27.8% (n=15) with stage II, 7.4% (n=4)
with stage IIl and 3.7% (n=2) with stage IV. By contrast, only
38.6% (n=22) of individuals in G2 had periodontitis: 29.8%
(n=17) with stage I, 1.7% (n=1) with stage Il and 7.1% (n=4)
with stage III. In G2, 27 (47.3%) of the patients had gingivitis,
which was localized in one (1.7%) and generalised in 26
(45.6%) (Table 4).

Logistic regression analysis was performed to identify the
factors associated with primary outcome (0, without peri-
odontitis; 1, with periodontitis) (Table 5). The variables
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Table 4 - Comparison of periodontal parameters in morbidly obese individuals with (G1) and without (G2) arterial

hypertension
Parameter G1 (n=54) G2 (n=57) P
Prev. of bacterial plaque (%) 40.59 + 22.90 29.03 £ 20.00 0.005*
Prev. of BOP (%) 63.96 (40.90—1.96) 51.85 (26.78—67.85) 0.002!
PPD (mm) 1.71 (1.51-2.02) 1.66 (1.50—1.86) 0.226
Sites with PPD > 4 mm 3(0-6) 1(0-2) <0.001'
CAL (mm) 1.88 (1.64—2.19) 1.70 (1.60—1.90) 0.008!
Sites with CAL > 4 mm 5(3-11) 1(0—4.25) <0.001'
Periodontitis
No 15 (27.8) 35 (61.4) 0.0004!
Yes 39(72.2) 22 (38.6)
Periodontitis stage
I 18 (33.3) 17 (29.8) 0.0001'
1I 15 (27.8) 1(1.7)
il 4(7.4) 4(7
v 2(3.7) 0
Gingivitis
No 0 8 (14.1) 0.045'
Yes 15 (27.8) 27 (47.3)
Localized 3(5.6) 1(1.7)
Generalized 12 (22.2) 26 (45.6)

Bold values mean that a statistical difference was found between the groups. Values are given as mean + SD, median (1st-3rd quartiles) and n (%).
BOP, bleeding on probing; CAL, clinical attachment loss; P, significance level; PPD, probing pocket depth; Prev., prevalence.

* t-test.
f Mann-Whitney U-test.
! Chi-square test.

Table 5 - Final model of logistic regression with the independent variables related to the outcome (periodontitis)

Variables B P Adjusted OR 95% CI

Final model Age 0.07 0.008 1.07 1.01-1.13
Hypertension 1.02 0.019 2.77 1.17-6.56
Constant —2.89 0.003

B, constant; OR, odds ratio; P, significance level.

presence of hypertension, age, education level and WHR were
inserted in the initial model. On multicollinearity analysis, all
independent variables showed tolerance values of >0.20 and
variance inflation factor values of <2. The final model —
X?(2) =20.50; P < 0.001; Nagelkerke R?=0.225 — revealed that
age [adjusted odds ratio (OR)=1.07; 95% CI 1.01-1.13;
P =0.008) and the presence of arterial hypertension (OR=2.77;
95% CI: 1.17-6.56; P=0.019) were associated with the pres-
ence of periodontitis. The global precision of the model was
70.27%. Results of Hosmer—Lemeshow analysis showed a chi-
square value of 6.56 with 8 degrees of freedom for the final
model (P=0.584).

Discussion

This study highlights that morbidly obese patients with arte-
rial hypertension, who are candidates for bariatric surgery,
are at a high risk of developing cardiovascular diseases. These
patients also had worse periodontal parameters related to the
presence of dental plaque, prevalence of BOP and loss of clini-
cal attachment level, which were reflected in the higher prev-
alence and severity of periodontitis.

Worldwide, the prevalence of obesity has increased from
30.5% in 1999-2000 to 42.4% in 2017—-2018. Meanwhile, in

Brazil, 55.4% of the population is overweight and 20.3% is
obese. Obesity is related to several comorbidities, such as
type 2 diabetes mellitus, arterial hypertension, atherosclero-
sis, cancer and metabolic syndrome.*%?%?”?® A previous
study showed that abdominal obesity, measured using WHR,
can be an important predictor of the development of cardio-
vascular diseases.” In the present study, morbidly obese
patients diagnosed with arterial hypertension had a higher
risk of developing cardiovascular diseases than those without
arterial hypertension, when assessed according to abdominal
fat accumulation, sex and age. Approximately 78% of these
patients had a risk of developing cardiovascular diseases
classified as ‘high’ and ‘very high’ (P =0.018) (Table 3).

Strong scientific evidence shows a positive association
between periodontitis and obesity’® '* as obese patients are
in a generalized state of inflammation caused by the actions
of inflammatory cytokines and adipokines, such as tumour
necrosis factor alpha (TNF-a),*”° interleukin-6 (IL-6),” leptin,’
adiponectin,® adipocytokines’ and cytoplasmic enzymes.*
Thus, even with a small amount of bacterial plaque on teeth,
patients with obesity may have an exacerbated local inflam-
matory response.’® *°

In respect of hypertension, almost 45% of the population
worldwide is affected by this condition and the estimate
increases steeply with age.'” In Brazil, approximately 24.5%
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of the overall population is diagnosed with hypertension. Sci-
entific findings have pointed out that hypertension is directly
associated with stroke, myocardial infarction, sudden death,
heart failure and peripheral artery disease, as well as end-
stage renal disease."’

Previous studies sought to assess the association between
arterial hypertension and periodontitis.’®***=3° Although
Czesnikiewicz-Guzik et al.** demonstrated a causal rela-
tionship between periodontitis and hypertension and also
were the first to provide genetic and experimental evidence
that periodontitis is linked to hypertension, systematic
reviews with meta-analyses showed heterogeneous find-
ings, which hampered the understanding of pathophysio-
logical mechanisms and the temporal association of these
outcomes.*®*’

Current evidence shows that gingival bleeding, an easily
accessible marker of periodontal health status, contributes to
shaping the relationship between periodontal diseases and
blood pressure.* According to Pietropaoli et al.,, the unique
contribution of specific and diverse inflammatory pathways
in acute and chronic periodontal disease might be a possible
explanation for the differences observed between gingivitis
and stable/unstable periodontitis in the reported association.
The potential immunological and metabolic effects of fluctu-
ations in local microflora might also exert a pathogenic role
in the same relation.”” As aforementioned, gingival bleeding
contributes to shaping the relationship between periodontal
diseases and blood pressure, but the burden represented by
periodontitis is remarkable.*

For a better understanding of the association between
periodontitis and arterial hypertension, the presence of some
confounding factors, such as obesity — a potential risk factor
for hypertension — must be considered.® In this study, all
patients included in the sample cohort were morbidly obese;
therefore, the results obtained for the periodontal condition
were not influenced by the presence of obesity, reinforcing
the association between periodontitis and arterial hyperten-
sion.

Morbidly obese patients with hypertension had a higher
prevalence of dental surfaces with plaque (P =0.005) and sites
with BOP (P=0.002) (Table 4) than their study counterparts
without hypertension. Furthermore, approximately 72% had
periodontitis: 33.3% with stage I, 27.8% with stage II, 7.4%
with stage IIl and 3.7% with stage IV periodontitis (P = 0.0001).
By contrast, only 38.6% of the morbidly obese patients with-
out arterial hypertension had periodontitis, and the periodon-
titis was of a relatively low degree of severity (stage I
periodontitis) in just over three-quarters.

Clinical and experimental evidence suggests that the asso-
ciation between periodontitis and arterial hypertension
could be mediated by hypertension itself, which causes
microcirculatory alterations in the periodontium, resulting in
ischemia, exacerbated inflammation and/or altered composi-
tion of microbes (e.g., numbers and species) in dental
plaque.’’***1%2 The composition of dental biofilm was not
biologically evaluated in this study. However, morbidly obese
patients with hypertension had more dental surfaces with
plaque than their study counterparts without hypertension
(Table 4), even though the daily toothbrushing frequency was
not different between the two patient groups.

In this context, it must be emphasized that social inequal-
ity plays a fundamental role in the health condition of indi-
viduals.*® Thus, although there were no differences between
the two groups regarding oral hygiene behaviours, less
knowledge and access to information about health, charac-
terized by a lower level of education (P =0.029), might explain
the worse periodontal parameters observed in morbidly
obese patients with high blood pressure (G1). This finding
reinforces that, although the Brazilian public health system
has universality and comprehensiveness as its fundamental
pillars, greater investments in prevention and health educa-
tion of morbidly obese patients are necessary such that a
larger portion of the population is assisted, which would
eventually result in health equity.

It is also hypothesized that periodontitis is a risk factor for
hypertension, and this can be elucidated by some mecha-
nisms, as follows:

e Periodontitis is associated with systemic inflammation, the
mediators of which (C-reactive protein, IL-6 and TNF-a) —
can impair endothelial function and consequently cause
hypertension'’

e Some findings suggest possible direct effects of bacter-
aemia, caused by to the oral microbiota, in mediating vas-
cular dysfunction. Experimental evidence in animals
indicates that an immune response to a common periodon-
tal pathogen results in elevated blood pressure, vascular
inflammation and endothelial dysfunction®’**

e Another hypothesis is that T cells, B cells and monocytes/
macrophages from the inflamed periodontium are more
prone to chemotactic recruitment to the perivascular adi-
pose tissue (adventitious fat layers), a phenomenon that
has been shown to precede the development of vascular
dysfunction, hypertension and atherosclerosis.'’-*>*¢

It is important to highlight that periodontal treatment
plays a fundamental role in improving systemic conditions.
In addition, professionals must consider that conditions such
obesity and hypertension are related to the effect and success
of periodontal therapy on systemic disease.*”"** This evidence
draws the attention of doctors and dentists to the importance
of prevention and multidisciplinary and interdisciplinary
care for patients with systemic impairments.

As previously mentioned, the patient groups in this study
differed with regard to the level of education, which should
be considered an important social determinant of health that
is related to the periodontal parameters found in this study.
However, it is important to note that when binary logistic
regression was performed to understand which independent
variables would affect the outcome of periodontitis, educa-
tion level did not remain in the final logistic model (Table 5).
The results of logistic regression analysis reinforced known
facts that the age of patients and the presence of arterial
hypertension are variables associated with periodontitis.

Our findings are in line with those reported by previous
studies. Zhao et al.* also found an influence of age on the
association between periodontal disease and hypertension
(OR =1.27 for age between 40 and 60 years; OR=1.01 for age
>60 years). However, as in the present study, the influence of
age on the association of the investigated outcomes was
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weak. They also found an association between periodontal
disease and hypertension from multivariate adjustments
and propensity score adjustments. Likewise, Martin-Cabezas
et al.’® suggested that periodontal disease significantly
increased, by 1.5-fold, the risk of hypertension in the Asian
population (OR=1.50; 95% CI: 1.27—1.78), while Lamster and
Pagan found that the development of hypertension was asso-
ciated with a community periodontal index code of >3.”
Kawabata et al.** reported a significant risk of hypertension
associated with periodontitis in their Japanese cohort
(OR =2.07; 95% CI: 1.29-6.29).

This study has some limitations, including the fact that it
has a cross-sectional design, which makes it impossible to
understand the temporal and the cause-and-effect relation-
ship of the investigated outcomes. In addition, the difference
found between the study groups with regard to education
level may have some influence on the patients’ oral condition
because worse oral conditions are associated with low socio-
economic status. Moreover, in this study, patient data on tri-
glyceride and cholesterol levels were not accessed, therefore
making it impossible to understand the prevalence of meta-
bolic syndrome in the study sample and how it could influ-
ence the outcomes. Finally, biological analyses of the
composition of dental biofilm should be performed longitudi-
nally for patients diagnosed with arterial hypertension who
are undergoing non-surgical periodontal treatment; this
would contribute to the understanding of the pathophysio-
logical mechanism of the outcomes studied. In view of these
limitations, prospective cohorts with a larger sample size are
required in future studies, aiming to exclude the bias of
socio-economic/cultural factors; and access to patients’ tri-
glyceride and cholesterol levels and analyses of the biological
composition of dental biofilm are also necessary.

Despite the limitations of the present study, our findings
have some strengths because they draw the attention of
researchers, clinicians and health managers to the associa-
tions of oral impairments with chronic diseases. Our findings
highlight the need for reinforcement and investment in pre-
ventive and health education and for multidisciplinary, com-
prehensive and equitable treatment of morbidly obese
patients, especially those in patients who are vulnerable. In
view of this, it is important for clinicians to understand that
morbidly obese patients with hypertension may be at higher
risk of cardiovascular disease and worse systemic parame-
ters, requiring regular follow-up and appropriate periodontal
intervention.

In conclusion, patients with morbid obesity and arterial
hypertension, scheduled for bariatric surgery, are associated
with a higher prevalence of cardiovascular diseases. More-
over, morbidly obese patients with hypertension have a
higher prevalence of periodontitis and a greater periodontal
disease severity than morbidly obese people without arterial
hypertension.
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