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Abstract: We sought to evaluate the effects of non-surgical periodontal treatment (NSPT) on perio-
dontal clinical parameters, systemic blood pressure (BP) and plasma levels of systemic inflammation
markers in patients with combined refractory arterial hypertension (RAH) and stage III grade B
periodontitis. Twenty-seven participants with RAH and periodontitis received NSPT. The analyzed
clinical parameters were probing depth (PD), clinical attachment level (CAL), bleeding on probing
(BOP), and plaque index (PI). An assessment was performed for systemic BP, complete blood count,
coagulogram, creatinine measurement, C-reactive protein (CRP), glycated hemoglobin, cholesterol,
glutamic oxaloacetic transaminase, glutamate pyruvic transaminase, waist-hip ratio, and body mass
index. In the follow-up period, twenty-two patients were evaluated at baseline and after 90 and 180
days. The data were submitted to statistical analysis (a=0.05%). As expected, the clinical results
showed a significant improvement in the percentages of PI, BOP, PD and CAL, which were statisti-
cally significant at 90 and 180 days (p<0.0001). Importantly, NSPT significantly reduced the blood
level of CRP (p<0.02). However, no significant reduction in BP parameters was noted in the evalu-
ated follow-up periods. NSPT, despite the benefits in periodontal clinical parameters, reduced the
plasma level of CRP but not the BP in patients with combined RAH and periodontitis.
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1. Introduction

Arterial hypertension (AH), a complex multifactorial clinical condition, is character-
ized by an elevation of blood pressure at levels > 140 and 90 mmHg [1]. It is estimated that
31.1% of the global population are diagnosed with AH [2]. Cardiovascular diseases (CVD)
have persisted as the leading causes of death worldwide and significantly contribute to
loss of health and excess health system costs [3]. High systolic blood pressure (SBP) rests
the foremost changeable risk factor globally for attributable cardiovascular deaths, ac-
counting for 11.3 million deaths overall in 2021 [4]. To date, the mechanisms that can fully
explain the increase in blood pressure (BP) is not totally elucidated [5]. Refractory arterial
hypertension (RAH) is defined as an increase in BP in patients using three or more anti-
hypertensive medications, including diuretics [6].

Periodontitis is a multifactorial chronic inflammatory disease associated with a
dysbiotic biofilm and characterized by the progressive destruction of supporting
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periodontal tissues [7]. Dysbiosis results from inflammation-mediated microbial succes-
sion in periodontitis, in which disease-related species appear over time in the periodontal
pocket [8]. Periodontitis is one of the most common chronic inflammatory conditions with
a prevalence rate around 50% [9], in which the prevalence of its severe form account for
11% of the global population, affecting approximately 734 million people worldwide [10].
Periodontitis is considered the sixth most common epidemic disease globally [11], and the
leading cause for teeth loss in the adult population [12]. Moreover, periodontitis has been
considered as a risk factor for other chronic inflammatory diseases, such as cardiovascular
inflammation and endothelial dysfunction [13, 14], rheumatoid arthritis [15, 16], and dia-
betes mellitus [17, 18] . Therefore, if a causal relationship could be shown, periodontitis
would be associated with an increasing overall burden of hypertension and other non-
communicable chronic diseases, and oral health assessment and management of oral in-
flammation could have an essential role in preventing hypertension and its complications
[11]. Despite the current understanding regarding the effect of periodontitis on RAH, the
nature of this association is still poorly understood.

Several cohort studies have associated periodontitis with hypertension [19, 20], while
others have pointed to the relationship between periodontitis and the risk of AH [21-23].
In a recent systematic review, Munoz Aguilera et al. (2020) have suggested a linear asso-
ciation between periodontitis and the risk of AH showing that periodontitis diagnosis in-
creased likelihood of AH occurrence (OR = 1.68). Patients with periodontitis exhibited
higher mean of SBP and diastolic blood pressure (DBP) when compared with non-perio-
dontitis patients in prospective studies. Of importance, 5 out 12 interventional studies
confirmed a reduction in blood pressure levels following periodontal therapy, ranging
from 3 to 12.5 mmHg of SBP and from 0 to 10 mmHg of DBP [24]. These findings parallel
observation made by previous studies showing that patients subjected to non-surgical
periodontal treatment (NSPT) showed improved periodontal clinical parameters and re-
duced plasma levels of inflammatory markers [25-28].

Vidal et al. (2011) found that periodontitis is a risk indicator for hypertensive patients,
and there are indications that systemic inflammation is associated with both conditions
[29]. A recent study tested the association of periodontal inflammation and bleeding on
probing (BOP) using the NHANES III database [30]. Compared to no inflammation, se-
vere periodontal inflammation and gingival bleeding were associated with 43% and 32%
higher odds of high/uncontrolled BP (=130/80 mmHg), and with higher SBP by approxi-
mately 4 and 5 mmHg, respectively. They concluded that local inflammation might con-
tribute to the inflammatory burden to mediate this association.

Since there is still limited evidence suggesting that successful NSPT can improve sys-
temic BP post-treatment in RAH patients [25-27], we hypothesize that NSPT in RAH pa-
tients would enhance the control of BP and a reduction in the plasma levels of systemic
inflammatory markers. Therefore, the objective of this study was to clinically evaluate the
effect of NSPT on clinical periodontal parameters, systemic BP and the plasma levels of
systemic inflammation markers in patients with RAH and stage III, grade B periodontitis.

2. Materials and Methods
2.1. Study population

A prospective, interventional cohort clinical study was developed and performed in
a single-center with follow-ups of 90 and 180 days. The study was carried out between
August 2019 and May 2021. This study was approved by the Human Research Ethics Com-
mittee of the Dentistry School of Aracatuba (CAAE 14338819.5.0000.5420) and was regis-
tered with the Brazilian Registry of Clinical Trials (Registration Number: RBR-
9d78qy). The report follows the rules of the TREND Statement.

2.2. Participants
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To be included in this study, participants had to meet the following inclusion criteria:
a diagnosis of stages III and/or IV, grade B periodontitis [7] and be diagnosed with RAH
>140mmHg and 90 mmHg for five years, using three or more antihypertensive medica-
tions [6].

Exclusion criteria were defined as: smokers or former smokers; individuals with ane-
mia; active cancer; blood disorders; pregnancy; chronic kidney disease; type II diabetes
mellitus (HbA1c>7.0); bacterial endocarditis [26]; having received some type of periodon-
tal therapy in the last 6 months; current use of medication like antibiotics or anti-inflam-
matories; systemic conditions that affect periodontal progression or treatment [26]; indi-
viduals undergoing chemotherapy or head and neck radiotherapy; medical disorders that
required antibiotic prophylaxis or that could influence treatment response; as well as al-
coholism and illicit drug use.

The participants were recruited among patients at the Periodontics Clinic of the Ara-
catuba School of Dentistry - UNESP. First, they completed a full questionnaire about their
general and oral health to assess whether they met the inclusion criteria. If positive, a clin-
ical assessment was accompanied.

2.3. Primary and secondary clinical outcomes

The primary outcomes evaluated in this study were the percentage of sites with clin-
ical attachment level (CAL) gains and a reduction in the number of sites with probing
depth (PD) =5 mm, the clinical parameters of PD, BOP, and plaque index (PI). The second-
ary outcomes evaluated in this study were BP and systemic inflammatory markers.

The clinical examination of all participants was performed by a single cali-
brated examiner (JVSR) at baseline and 90 and 180 days post-treatment. In the clinical
examination, the visible PI (present or absent) was registered at the six sites of all teeth in
the oral cavity. PD, BOP (present or absent) and CAL examinations were also performed
at all six sites of each tooth in the oral cavity. These clinical parameters were obtained
using a millimeter periodontal probe (PCPUNC-15, Hu-Friedy, Chicago, IL, USA).

2.4. Blood pressure analysis

In addition to the previous medical diagnosis of RAH, the BP of each participant was
obtained through measurement with a non-invasive digital electronic sphygmomanome-
ter (Digital Automatic Arm Blood Pressure Monitor - Omron), validated and calibrated.
The BP measurement was performed by explaining the procedure and keeping the partic-
ipants at rest for three to five minutes in a calm environment before verification. They
were instructed not to talk during the measurement and not to have a full bladder. The
examiner also asked about any physical exercise practiced less than sixty minutes before
the measurement and ingestion of alcohol, coffee or food less than thirty minutes before
BP measurement. The measurement was performed with the participant seated, legs un-
crossed and feet flat on the floor, back leaning and with the arm positioned at heart level
and supported with the palm facing up, clothes not constricting the upper arms. Meas-
urements were taken on both arms, twice with a one-minute interval between each meas-
urement, after which the highest value was used [1]. In addition, information was ob-
tained about medications and dosages to control AH or other associated systemic diseases.

2.5. Bodyweight analysis

Participants underwent analysis of the Waist-Hip Relationship (WHR = waist [cm] +
hip [cm]) using a tape measure, considering limit values for men and women at 0.85 and
0.90, respectively [31]. Furthermore, body mass index (BMI) values were obtained using
anthropometric scale (digital anthropometric scale 200kg/100g, Welmy), through the val-
ues of weight (kg) and height (m), using the calculation BMI=Weight [Kg] / height?[m?]
[32].
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2.6. Blood analysis

A specialized clinical analysis laboratory collected peripheral blood samples 7 days
before the clinical evaluations. The requested tests were: Complete blood count, coagulo-
gram, C-reactive protein (CRP), fasting and estimated blood glucose, glycated hemoglo-
bin (HbAlc), total cholesterol, oxalacetic glutamic transaminase (OGT), pyruvic glutamic
transaminase (PGT) and creatinine. The determination of positive CRP was characterized
by levels equal to or above 6 mg/l, with indices below that threshold considered negative
[33]. The above exams were requested at baseline and the 90 and 180 days follow-ups.

2.7. Experimental design and treatment protocol

Fifteen days before treatment, the clinical periodontal examinations were performed
(baseline), in which the parameters of PD, CAL, PI and BOP were noted. Immediately
after this procedure, participants received detailed information about the etiology of per-
iodontal disease and oral hygiene instructions (OHI), including toothbrushes, dental floss
and interproximal brushes as needed. This instruction was repeated at each visit.

The initial treatment of periodontitis consists of the NSPT of subgingival instrumen-
tation (SI) in combination with OHI [34]. The participants underwent an SI session of 1.5
hours, using Gracey and McCall manual curettes (Hu-Friedy Chicago, IL, USA), in line
with the recommendations of the Guideline for Clinical Practice [34]. The SI procedures
were performed by a single and experienced periodontist (JVSR).

One week after S, all participants were visually inspected to assess possible undesir-
able signs and symptoms. Subsequently, follow-ups took place after 90 and 180 days, dur-
ing which clinical exams were performed and laboratory tests requested, following the
same parameters as in the initial exams. In these reassessments, supragingival plaque con-
trol and OHI were given according to each participant's needs [26, 28].

2.8. Statistical analysis
Sample Calculation

Based on previous studies [26, 28], sample size was calculated (Biostat 5.0, Mamiraua
Institute, AM, Brazil) with a test power of 80% and the significance level set at 5%, to rec-
ognize a significant difference of 1 mm in PD. Considering a possible loss of 20%, the
inclusion of 27 participants was recommended.

The demographic data, periodontal clinical parameters, complementary exams ob-
tained from blood tests, physical exams and BP were submitted to descriptive and analyt-
ical statistical analysis using software package (GraphPad Prism versao 8.3.4, San Diego,
CA, USA). The data showed a normal distribution after the normality test (Shapiro-Wilk).
Periodontal clinical variables, blood tests, and physical and BP data were compared be-
tween periods (baseline, 90 and 180 days) and presented as means and standard deviation
(SD). The data were then submitted to the ANOVA test, followed by Tukey's posthoc test.
The categorical variable CRP was compared using the chi-square test. All analyses were
performed at a significance level of 5%.

A linear regression analysis was performed with the help of STATA 12.0 for Windows
(Statistics/Data Analysis, Stata Corporation, College Station, TX, USA) to evaluate the ef-
fects of the different periods on the periodontal clinical parameters, biochemical and phys-
ical exams, and the BP parameters. Logistic regression analysis was then performed to
evaluate the effect of different periods on periodontal clinical parameters (BoP, CAL 26
mm) and SBP and DBP. The results were binary (presence or not): (i) severity of the peri-
odontal disease, with a predominance of deep pockets (CAL 26 mm or BOP 230% of the
evaluated sites) [35]; or (ii) changes in BP levels (SBP 2140 mmHg or DBP 290 mmHg) [1].

3. Results

3.1. Examiner Calibration
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In the pre-experimental period, the examiner's calibration procedures were per-
formed through a clinical periodontal evaluation of 6 participants. PD and CAL parame-
ters were obtained on two separate occasions (7-day intervals). Data were tabulated and
submitted to the Kappa agreement test [36]. The obtained value of 0.88 is representative
of a significant intra-examiner agreement.

3.2. Participants sample

Following the initial screening, 129 participants were recruited (Figure 1). Of these,
102 were excluded because did not meet the inclusion criteria. The remaining 27 patients
were enrolled in the study presenting with RAH and stages III and IV grade B periodon-
titis.

Thirteen men and fourteen women aged 45 to 71 years underwent NSPT and were
individually informed about the nature of the study and signed an informed consent form.
During the follow-ups visit, five participants were excluded due to antibiotic use (2) and
non-attendance at follow-ups (3). Thus, the final assessment in 90 and 180 days consisted
of 22 participants (Figure 1).

Recruitment

Screened

participants

, > Excluded (n=102)
- Participants did not

meet inclusion criteria

Included (n=27)

A

c
LAIIocation ]

SRP (n=27)

-submitted to treatment (n=27)

l LFoIIow—up ]

Excluded during follow-up (n=5)

- 3 Participants did not attend the

l

Analyzed (n=22)

follow-up.

Analysis

Figure 1. Flowchart of the study.

Table 1 presents the demographic characteristics of the 22 participants who make up
the study's final sample, 10 men (45.45%) and 12 women (54.55%) with a mean age of 59.9


https://doi.org/10.20944/preprints202306.1141.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 June 2023 d0i:10.20944/preprints202306.1141.v1

6 of 13

years. No statistically significant difference was observed in the distribution between men
and women.

Table 1. Demographic characteristics of the studied sample.

Demographic characteristics n=22
Age - mean (SD) 59.9 (£8.2)
Sex —n, (%)
Men 10 (45.45%)
Women 12 (54.55%)

Abbreviations: SD=standard deviation.

The antihypertensive drugs most used by the participants were Losartan (63.3%) and
Atenolol (15.40%). Regarding diuretics, 45.45% of the participants used Hydrochlorothia-
zide, and 22.72% used Furosemide. Regarding anticoagulants, 18.18% used the drug Ace-
tyl Salicylic Acid. To reduce blood cholesterol levels, 45.45% of the participants used
simvastatin, and for glycemic control, 18.18% used Metformin.

3.3. Clinical parameters

Regarding periodontal clinical parameters, there was no significant difference in the
number of teeth between the evaluated periods. In the analysis of %PI, BOP, PD <4 mm,
PD 25 mm, and CAL <3 mm, there was a statistically significant reduction at 90 and 180
days compared to baseline. Comparing the percentage of sites with a CAL of 4-5 mm
(p=0.11) and CAL 26 mm (p=0.59), no significant difference between the evaluated periods
was found (Table 2).

Table 2. Comparison of periodontal clinical variables, results of biochemical tests and blood pres-
sure parameters evaluated in the different evaluation periods.

Evaluated variables Baseline 90 days 180 days
n=22 n=22 n=22 p-value
Periodontal Clinical Parameters - Mean (SD)
N° teeth 229 (+4.1) 229 (£ 4.1) 22.8 (+4.0) 0.99
PI (% of the sites) 35.7 (26.2)a 16.0 (£9.6)b 19.8 (x16.5)>  <0.0025

BOP (% of the sites) ~ 0.39 (x0.18)  0.29 (+0.09)>  0.17 (x0.08) )>  <0.0001
PD <4 mm (% of the sites) 94.1 (£5.74)r  99.1 (+1.42)>  99.13 (+1.61)>  <0.0001
PD >5 mm (% of the sites) 5.89 (¢5.74):  0.87 (£1.42)b  0.87 (x1.61)®  <0.0001

< %
CAL<3 ztr;‘s; pofthe (55570 089 (145p 0961750  <0.0001
CAL 4'55;;:)( pofthe oot 42014) 7429 (41856) 7462 (:18.39) 01172
CAL 26 mm (% of the
sites) 28.85(+17.38  24.81 (£18.59)  24.42 (x17.63)  0.5968

Biochemical and physical exams — Mean (SD)
HbA1c (%) 5.78 (x0.52) 5.83 (x0.44) 5.73 (x0.52) 0.7296
Fasting glucose (mg/dL) 103.3(x14.89)  106.0 (£14.20) 107.0 (+13.12)  0.6814
Estimated glucose (mg/dL) 116.9(x16.34)  114.0 (x13.15) 114.9 (+13.65)  0.8091

Total cholesterol 178.1(x40.07) 1955 (x47.94) 1712 (+29.41)  0.2478

(mg/dL)
Creatinine (mg/dL) 0.94 (+0.32) 0.94 (+0.26) 0.97 (x0.35)  0.9222
PGT (U/l) 2355 (£9.26)  22.66 (+7.75) 2196 (+8.67)  0.8321

OGT (U/l) 2510 (+8.77)  23.24 (+6.67) 2527 (+7.36)  0.8929
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Waist hip ratio (cm) 0.97 (+0.08) 0.97 (+0.09) 0.95 (+0.06) 0.5930
BMI (Kg/m?) 29.41 (+4.61) 29.66 (+4.62) 29.53(+5.21) 0.9823
C-reactive Protein n, (%)
Positive 5 0 1
.021
Negative 17 22 21 0.0213
Blood pressure parameters - Mean (DP)
SBP (mmHg) 139.6(+15.24)  132.9 (+15.46) 136.2 (+10.61)  0.2878
DBP (mmHg) 79.50(£12.35)  77.45 (+17.65) 83.14 (+9.54) 0.3912
MBP (mmHg) 109.5(+11.23)  103.8 (+10.83) 109.7(+6.29) 0.0861
Differential pressure ) 1 1168)  50.14 (+13.62) 5295 (+1541)  0.0924
(mmHg)

Abbreviations: SD= standard deviation, PI= plaque index, BOP= bleeding on probing, PD= probing
depth, CAL= clinical attachment level, HbA1C= glycated hemoglobin, PGT= pyruvic glutamic trans-
aminase, OGT= oxalacetic glutamic transaminase, BMI= body mass index, SBP= systolic blood pres-
sure, DBP= diastolic blood pressure, MBP=mean blood pressure. Bold font= p<0.05, a,b,c = different
letter means statistically significant difference between groups (p<0.05). Categorical (C-reactive pro-
tein) intergroup comparison was performed using the chi-square test. Other parameters were ana-
lyzed using the ANOVA test of repeated measures with Tukey's post-tests.

Table 3 presents the linear regression analysis of individuals in the different periods
analyzed after NSPT (90 and 180 days) to verify its effect on the study variables. Similar
to what is presented in Table 2, the main significant results were found in the periodontal
clinical parameters, i.e. PI, BOP, PD 25 mm and CAL 26 mm presenting an inversely pro-
portional decrease as the follow-up time increased. However, there was an increase in the
percentage of sites with PD <4 mm, per evaluation periods, confirming the improvement
of deep periodontal pockets after NSPT.

Table 3. Linear regression analysis of subjects to assess the effects of different time periods on clin-
ical periodontal parameters, biochemical and physical examinations and blood pressure parame-

ters.
Periodontal Clinical Parameters
< > < >
PI BOP PD<4 PD>5m CAL<3 CAL>6
mm m mm mm
p95% p- P95% p- B(95% p- PB(95% p- P(95% p- P(95% p-
CI) wvalue CI) value CI) value CI) value CI) value CI) value
-0.007 -1.80 0.05 -0.05 -0.06 -0.003
90 0.000 0.000 0.000
davs (-0.01- - 0.021 (-2.46- - 1 (0.02 - 0.001 (-0.08 - 1 (-0.09 - 1 (-0.01- 0.41
y 0.001) 1.13) 0.08) -0.03) -0.03) 0005)
-0.008 -1.81 0.05 -0.05 -0.06 -0.003
dl:()s (-0.01 - - 0.021 (-2.47 - 0.000 (0.03 - 0.001 (-0.07 - 0-000 (-0.09 - 0'200 (-0.02- 0.40
y 0.001) -1.14) 0.08) -0.03) -0.03) 0005)
Biochemical exams
Fastin Total C
HbA 1. & Chole reactive PGT OCT
glucose sterol .
protein
90 -0.05 0.004 (_—(2)%(2)16 -0.38 -0.005 0.0007
davs (-0.36 - 0.73 (-0.006 0.39 _ 058 (-0.82 0.08 (-0.03- 0.56 (-0.2- 0.94
y 0.24) -0.02) 0.05) 0.01) 0.21)

0.003)
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80 005 0.005 ('_%%%27 -0.39 -0.005 0.0007
days (-0.36- 0.73 (-0.007 040~ 0.58 (-0.82 0.08 (-0.03- 0.56 (-0.19- 0.95
0.25) -0.02) 0,000 0.05) 0.01) 0.20)
Physical Exams and Blood Pressure Parameters
Differe
Hip/Wai MIB SBP DBP MBP ntial
st ratio pressur
e
90 -0.96 0.001 -0.002 0.008 0.004 -0.007
days (-3.01- 0.34 (-0.03- 0.93 (-0.12 - 0.79 (-0.003 - 0.15 (-0.009 - 0.53 (-0.02 - 0.14
1.06) 0.03) 0.009) 0.20) 0.018) 0.003)
180 -0.97 0.001 -0.001 0.008 0.004 -0.007
days (-3.01- 0.34 (-0.03 - 0.93 (-0.12 - 0.74 (-0.003 - 0.15 (-0.009 - 0.53 (-0.01 - 0.14
1.06) 0.04) 0.009) 0.20) 0.018) 0.001)

Abbreviations: PI= plaque index, BOP= bleeding on probing, PD= probing depth, CAL= clinical at-
tachment level, HbA1C= glycated hemoglobin, PGT= pyruvic glutamic transaminase, OGT= oxa-
lacetic glutamic transaminase, BMI= body mass index, SBP= systolic blood pressure, DBP= diastolic
blood pressure, MBP= mean blood pressure. Bold font= p<0.05.

Table 4 presents the logistic regression analysis between the different periods. To cat-
egorize periodontitis according to the severity of gingival tissue inflammation, the sub-
jects were divided according to the presence of BOP in >230% of the evaluated sites or the
severity with a presence of CAL>5 mm (Iwasaki et al., 2019). It was observed that for both
the baseline versus 90 days and baseline versus 180 days comparisons, individuals were
less likely to present BOP in 230% of sites (OR 0.02, 95% CI 0.002- 0.29, p=0.001; OR 0.05,
95%CI 0.009-0.26, p=0.000, respectively). Regarding CAL>6 mm, no significant differences
were found at 90 days (OR 0.54, CI 95%: 0.18-1.68, p=0.28), or 180 days (OR 0.61, CI 95%:
0.19-1.94, p=0.41).

Table 4. Logistic regression of participant at different follow-up times, associated with periodontal
and blood pressure parameters.

Time 1 Time 2
OR (95% CI) p-value OR (95% CI) p-value
BOP (% of sites)
<30 % Ref Ref
230 % 0.02 (0.002 - 0.29) 0.001 0.05 (0.009 - 0.26) 0.000
CAL 26 mm (% of sites)
<30 % Ref Ref
230 % 0.54 (0.18 - 1.68) 0.28 0.61 (0.19 — 1.94) 0.41
SBP (mmHg)
<140 Ref Ref
2140 0.48 (0.15-1.61) 0.24 0.83 (0.26 — 2.65) 0.75
DBP (mmHg)
<90 Ref Ref
290 1.17 (0.34-1.02) 0.79 1.97 (0.59 — 6.63) 0.27

Abbreviations: Time 1= baseline versus 90 days; Time 2= baseline versus 180 days, OR= odds ratio,
CI= confidence interval, BOP= bleeding on probing, CAL= clinical attachment level, SBP= systolic
blood pressure, DBP= diastolic blood pressure, Bold font=p<0 .05.

3.4. Blood pressure
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In the analysis of systemic BP parameters, no statistically significant differences were
observed in any variable (p>0.05). No significant reductions were observed at 90 and 180
days, when compared to baseline, in the data of SBP (p=0.28), DBP (p=0.39), mean arterial
pressure (MAP; p=0.08) and differential pressure (p=0.09; Table 2). Statistically significant
differences were not observed in systemic BP parameters in the different evaluated peri-
ods in the linear regression analysis (Table 3).

To assess systemic BP parameters, the participants were divided according to the
changes found, SBP 2140 mmHg or DBP 290 mmHg (Williams et al., 2018), but no statis-
tically significant differences were found in SBP at 90 days (OR 0 .48, 95% CI: 0.15-1.61,
p=0.24) and 180 days (OR 0.83, 95% CI: 0.26-2.65, p=0.75), or in the DBP at 90 days (OR
1.17, C195%: 0.34-1.02, p=0.79) and 180 days (OR 1.97, CI 95%: 0.59-6.63, p =0.27; Table 4).

3.5. Blood analysis

All blood count and coagulogram parameters were within normal ranges (data not
shown). The test results for HbAlc, fasting blood glucose, estimated blood glucose, total
cholesterol, creatinine, OGT and PGT showed no statistically significant reduction in any
follow-up period compared to the baseline (Table 2). In the categorical comparison be-
tween the periods, it was observed that after NSPT, there was a significant reduction in
the inflammatory marker CRP (p=0.02; Table 2). Statistically significant differences were
not observed in the blood biomarker exams in the different evaluated periods in the linear
regression analysis (Table 3).

3.6. Bodyweight

The outcomes of physical examinations remained constant in all periods, without any
significant differences in the data for waist-hip ratio (p=0.59) and BMI (p=0.98) between
the evaluation periods (Table 2). Similar to what is presented in Table 2, statistically sig-
nificant differences were not observed in physical exams in the different evaluated periods
in the linear regression analysis (Table 3). This section may be divided by subheadings. It
should provide a concise and precise description of the experimental results, their inter-
pretation, as well as the experimental conclusions that can be drawn.

4. Discussion

The results of this prospective clinical study showed that NSPT reduced the systemic
levels of CRP but did not result in any positive effect regarding the BP levels in patients
with combined periodontitis and RAH. Similar to periodontitis, diabetes and hyperten-
sion share common risk factors (aging, smoking and unfavorable socioeconomic status).
Thus, residual confounders can affect the degree of these associations. Importantly, this
connection may also be driven by an association between BP changes and other unde-
tected sources or chronic infections [24]. Periodontitis and hypertension are related to
chronic immune dysfunction brought by periodontal inflammation [37].

Good periodontal health may be associated with better BP control during antihyper-
tensive treatment [38]. The effects of NSPT in hypertensive individuals have been reported
in a few studies [26-28, 39]. In our study, the NSPT of individuals with RAH proved to be
beneficial during the 90 and 180-day evaluations. SI and OHI led to a significant reduction
of PI, PD, BOP and deep pockets after 90 and 180 days. These residual pockets are an
essential indicator of periodontitis persistence and a heightened risk of periodontal dis-
ease progression, which requires a repetition of NSPT or surgical treatment [40]. In the
present study, a CAL gain was also observed in sites with CAL <3 mm in the 90 and 180
days periods, compared to the baseline. Such findings confirm that NSPT promotes sig-
nificant improvements in periodontal clinical parameters [41].

In the logistic regression analysis, aimed at the categorization of periodontal disease
according to its severity, it can be observed that at both assessment points, patients had
lower chances of 230% sites with BOP (OR 0.02, 95%CI 0.002-0.29, p=0.00). These finds
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indicate that NSPT decreases the chances of generalized gingival inflammation in all ex-
perimental periods.

The identification of periodontitis as a possible risk factor for hypertension can be
explained by some mechanisms [24]. Periodontitis is related to systemic inflammation,
and its mediators include CRP, interleukin 6 (IL-6) and tumour necrosis factor-alpha
(TNF-ar), which can affect the endothelial function. Clinical evidence has shown that per-
iodontitis affects the whole-body endothelial function, which may, in turn, affect hyper-
tension [13, 14]. An experimental study in animals has demonstrated that the immune
response to the common periodontal pathogen Porphyromonas gingivalis can cause ele-
vated blood pressure, vascular inflammation and endothelial dysfunction [42].

CRP is elevated in hypertensive patients, being one of the determinants of systemic
inflammation caused by AH [43]. Furthermore, periodontitis increases the levels of local
and systemic inflammatory markers, in addition to causing changes in the neutrophil
function. The latter disrupts the regulatory balance by reducing nitric oxide and induces
increased IL-6, TNF-a and blood CRP levels [44]. This generates vascular changes and
endothelial cell dysfunction [44]. Interestingly, the categorical variable CRP showed a sta-
tistically significant reduction in individuals with RAH at 90 and 180 days after NSPT.
However, other studies have not observed a significant reduction in the plasma levels of
inflammatory markers [45] in patients with periodontitis or healthy individuals [46].
Therefore, NSPT, leading to reduced clinical and systemic infection and inflammation,
seems to improve endothelial function in patients with RAH.

The effects of periodontal treatment on the plasma levels of inflammatory markers
are described in the literature. Some studies have shown that plasma and/or serum levels
of IL-6, fibrinogen, CRP, other proteins and interleukins decrease after NSPT in individu-
als with CVD [47], coronary artery disease [48], in normotensive and hypertensive indi-
viduals [49], and in individuals with RAH [26, 28]. The evaluation periods varied between
1 and 6 months after periodontal treatment in the studies mentioned above.

Regarding the biochemical tests for total cholesterol, creatinine, OGT, and PGT after
NSPT, it was observed that NSPT did not result in any beneficial effect. Furthermore,
NSPT did not influence the levels of HbAlc, estimated glycemia and fasting glycemia in
individuals with RAH. Some studies have demonstrated an improvement in the control
of HbAlc levels in diabetic patients following NSPT [50, 51]. Therefore, these results
demonstrated that other factors should be considered, such as the use of medicines to
control blood glucose, dietary habits and physical exercise.

Our study did not show statistically significant reductions in the physical examina-
tions of WHR and BMI after NSPT in individuals with RAH. The literature has indicated
that obesity plays a role in developing AH and CVDs [52]. Some studies found an associ-
ation between BMI and AH, which indicates that obese patients are at a higher risk of
developing AH [53]. A significant association between SBP and BMI has also been ob-
served in hypertensive individuals [32]. This higher rate of obesity may be related to one
of the risk factors for the development of non-communicable diseases like AH and type 2
diabetes mellitus [54]. In addition, it can be observed that participants of this study with
RAH were obese and, presented a high cardiac risk factor.

Subgingival periodontal bacteria levels were directly correlate with SBP and DBP and
the prevalence of hypertension [55]. Another study demonstrated that systemic exposure
to periodontal bacteria is related to hypertension [38]. Studies that evaluated the effect of
NSPT on systemic BP are controversial [22, 25-28, 48, 49, 56]. Some studies have demon-
strated a BP improvement after NSPT [25-27], whereas other studies did not show such
improvements [28, 48, 49, 56]. In the present study, in the analysis of systemic BP variables,
no significant reductions were observed after NSPT at 90 and 180 days compared to base-
line.

Recent meta-analyses have shown that regular aerobic and aquatic exercises can sig-
nificantly reduce SBP [57]. Pietropaoli et al. (2018) demonstrated in a clinical study that a
combination of lifestyle adjustments and periodontal therapy could help control BP.
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Given these facts, it can be noted that other individual factors like antihypertensive drugs,
lifestyle, or diet can interfere with systemic BP control in addition to the treatment of
chronic inflammatory diseases. Such findings restate the limitation of the inference that
periodontal treatment can directly or indirectly influence the control of AH [38]

This prospective interventional clinical study possesses some important caveats. One
is the impossibility of controlling variables that can affect the control of systemic AH, such
as changes in the use of antihypertensive drugs, diet or the individual's emotional state.
The present study was carried out during the Covid-19 pandemic, which may have sig-
nificantly influenced the control of patients' systemic BP due to the effects of stress,
changes in eating and dietary habits, use of medication, a lack of medical control and a
decrease in physical activity [58]. Finally, the lower number of patients included in this
study is also a limitation of the experimental desing. Therefore, prospective clinical stud-
ies with a significant number of participants to perform a global follow-up of AH patients
and to observe the benefits of NSPT in reducing the serum levels of inflammatory markers
and systemic BP in individuals with RAH and long-term periodontitis are warranted.

5. Conclusions

Within the limits of this study, it can be concluded that NSPT effectively improved
periodontal clinical parameters and reduced the plasma level of CRP but did not interfere

with systemic BP parameters in individuals with combined stages III periodontitis and
RAH.
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