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Abstract

:

Background: Hypertension and periodontal diseases share several risk factors. Inflammation biomarkers in saliva are related to hypertension and periodontal disease. The aim of this study was to explore the role of the salivary inflammatory biomarkers in the treatment effectiveness of patients with hypertension and periodontal disease. Methods: This observational study enrolled 160 subjects diagnosed with periodontitis, 40 of which had a history of hypertension. All subjects had completed scaling and root planning therapeutic procedures within four weeks. The clinical periodontal parameters (i.e., bleeding on probing, plaque control record (PCR), and probing depth (PD)) were evaluated before and after the treatment. Pro-inflammatory markers were determined using a commercial kit. Results: The recovery rate (PD 4–9 mm) in non-hypertensive subjects was significantly higher than in hypertensive subjects (60.47% vs. 52.60%, respectively; p = 0.04). All clinical parameters, excluding PCR, positively correlated with salivary IL-1β at baseline and after completing treatment. Our results showed that increased salivary IL-1β levels were positively associated with decreased PCR (β = −27.65 and p = 0.05) and PD recovery rate (β = −17.05 and p = 0.02) in hypertensive subjects. Conclusions: The present study sheds important light on the clinical use of salivary pro-inflammatory cytokines as valuable biomarkers for predicting the treatment effectiveness of patients suffering from hypertension and periodontitis.
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1. Introduction


The periodontium describes tooth-supporting tissues, including gingival tissue, cementum, the periodontal ligament, and alveolar bone. Periodontal diseases are chronic inflammatory diseases, mainly caused by bacteria, that lead to the destruction of the periodontium [1]. The risk of periodontal disease increases with age, poor education, low family income, and high mental stress, and it is closely related to unhealthy lifestyle choices such as smoking, drinking, and betel nut chewing [2,3]. Hypertension and periodontal diseases share several risk factors and by avoiding them, both diseases can be prevented [4]. Due to the high global incidence of both periodontal disease and hypertension, preventive and treatment strategies for these diseases should be consistently emphasized to the public.



Periodontal disease is associated with hypertension and hypertension-related complications, including death from cardiovascular disease or stroke [5]. A nationwide study showed that coronary heart disease related mortality risk was 1.25-fold higher in subjects with periodontitis than those without [6]. This study also highlighted the association between severe periodontitis and intima-media wall thickness (IMT), a subclinical measure of atherosclerosis and severe periodontitis. Furthermore, subjects with severe periodontitis had a 1.31-fold higher probability of having an IMT ≥ 1 mm than those without severe periodontitis [7]. Subjects with periodontal pockets (Community Periodontal Index score of ≥3) have 1.7-fold higher rate of hypertension than those without (Community Periodontal Index score of ≤2) [8]. However, markers for preventing periodontal and chronic vascular diseases or increasing the effectiveness of clinical treatment are yet to be found.



Systemic inflammation positively correlates with cardiovascular disease [9]. Inflammatory cytokine biomarkers, such as interleukin-1 beta (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α) are significantly elevated in patients with cardiovascular and periodontal disease [10]. Other studies have shown similar findings, as an increased expression of inflammatory factors, endothelial dysfunction, high risk of acute thromboembolism, and atherosclerotic plaque instability were all observed in patients suffering from hypertension and periodontal disease [11,12]. It is well known that periodontal pathogens trigger immunologic responses and the production of IL-1β, IL-6, and TNF-α in periodontal tissues [13]. However, the mechanisms underlying the association between local inflammation in periodontal tissues and systemic dissemination via bacteria and inflammatory molecules remain largely unknown and still need to be clarified.



Protein-based salivary profiles have been widely adopted to detect physical condition and identify contributing factors to assess oral disorders, but they have rarely been used to assess the prognosis or treatment of oral diseases [14]. A recent study showed that levels of IL-1β, TNF-α, and other inflammatory cytokines can be used to accurately monitor the progress, treatment effectiveness, and prognosis in periodontal disease [15,16]. Clinical reports have also demonstrated that inflammatory biomarkers could sequence the prognosis of therapy and reflect the status of periodontal disease [17]. However, only a few studies have focused on examining the potential role of inflammatory biomarkers in predicting the treatment effectiveness of periodontal disease along with systemic disorders. Therefore, the current study was designed to explore whether salivary inflammatory cytokines could serve as functional biomarkers in evaluating the treatment effectiveness of patients concurrently suffering from periodontal disease and hypertension.




2. Materials and Methods


2.1. Subject Recruitment


The patients were enrolled from Department of Periodontology at Medical University Hospital, Northern Taiwan, between July 2013 and April 2016. The patients who had met the following criteria were included in this study: (1) first visit for non-surgical therapy treatment, (2) the number of functional teeth was >15, and (3) the probing depth was ≥5 mm for at least six teeth. Patients who were pregnant or diagnosed with cancer were excluded. The Research Ethics Committee of the Taipei Medical University Hospital Joint Institutional Review Board (Taipei, Taiwan) approved this study, and this study complied with the Declaration of Helsinki. All participants were provided with written informed consent before the questionnaire interview and salivary specimen collection. The flowchart of participant enrolment is show in Figure 1. A total of 214 subjects underwent one-on-one standardized personal interviews by well-trained interviewers for questionnaires, collection of salivary samples, and the collection of clinical data at baseline (T0). After excluding those with incomplete data on clinical indices, 160 subjects (120 non-hypertensive subjects and 40 hypertensive subjects) were recruited at post-treatment follow up (T1).



Participants who met the inclusion criteria were provided with written informed consent before the questionnaire interview and salivary specimen collection. Questionnaires were carried out through one-on-one interviews by well-trained interviewers. The sociodemographic characteristics (gender and years of schooling) and lifestyle factors (cigarette smoking, alcohol consumption, and betel nut chewing) were included in the structured questionnaire. Questionnaires were administered and saliva specimens were collected before non-surgical therapy treatment. Hypertension was defined as taking hypertension medication and self-reporting. The power analysis for a linear regression was conducted in G-POWER to determine a sufficient sample size using an alpha of 0.05, a power of 0.80, and a small effect size (f2 = 0.05) [18]. Based on the aforementioned assumptions, the desired sample size was 159. After excluding those with incomplete hypertension status data, 160 patients (120 non-hypertensive and 40 hypertensive subjects) completed scaling and root planning within four weeks.




2.2. Clinical Parameters and Treatment Evaluation


All clinical parametric assessments were performed following published guidelines [19]. Baseline clinical examinations and non-surgical periodontal treatments were carried out by the same periodontist. The plaque control record (PCR) from O’Leary was used to measure plaque [20]. The periodontal probe (Color Coded Michigan Williams Dental Probe) was used to measure bleeding on probing (BOP) and probing depth (PD) at six sites (distobuccal, buccal, mesiobuccal, distolingual, lingual, and mesiolingual) at each tooth. PCR and BOP were expressed as percentages. The average periodontal PD (PD mean in mm) was also calculated. The PD mean was calculated by dividing the sum of all PD sites (mm) by the total number of available sites. The PD 4–6, PD 7–9, and PD 4–9 mm percentages were calculated by dividing the sum of available PD 4–6, PD 7–9, and PD 4–9 mm sites, respectively. The in periodontal clinical parameter differences were calculated as periodontal clinical parameters at baseline (T0) minus periodontal clinical parameters at post-treatment follow-up (T1). The recovery rate of clinical parameters was calculated by dividing the difference periodontal clinical parameters (T0 and T1) by the baseline periodontal clinical parameters (T0).




2.3. Specimen Collection and Inflammatory Biomarker Detection


Baseline saliva samples were collected before non-surgical intervention using the Saliva-Check kit (GC Corporation, Tokyo, Japan). The procedure of the storage and treatment of saliva followed that of our previous study [21]. Saliva samples were analyzed for pro-inflammatory biomarkers. The salivary inflammatory biomarkers (IL-1β, IL-6, IL-8, and TNF-α) were determined with an immunoassay using the MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel kit (Merck Millipore, Darmstadt, Germany). The coefficients of variance for IL-1β, IL-6, IL-8, and TNF-α were 1.01%, 1.62%, 0.61%, and 0.70%, respectively.




2.4. Statistical Analysis


SAS 9.4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses. For categorical variables, the chi-squared test was used to test the association between demographic characteristics and hypertension status. The differences in periodontal clinical parameters (T0 vs. T1) were compared using the Wilcoxon signed-rank test). The Wilcoxon rank-sum test was used to test the differences in recovery rate of clinical parameters and salivary pro-inflammatory biomarkers between non-hypertensive and hypertensive subjects. The strength of the correlation between salivary pro-inflammatory biomarkers and periodontal parameters at baseline or after completing clinical treatment was determined using Spearman’s correlation coefficient.



To explore the association between salivary pro-inflammation biomarkers and hypertension status on treatment effectiveness, multiple general linear regression analyses were used to identify the contributions of demographic characteristics (independent variables), hypertension status, and pro-inflammatory biomarkers to the recovery rate of PD (dependent variables). Independent variables were recorded as follows: gender (female was recorded as (0) and male was recorded as (1)), marital status (single was recorded as (0) and married/separated or divorced was recorded as (1)), smoking status (never having smoked was recorded as (0) and current and former smokers were recorded as (1)), and hypertension status (non-hypertensive was recorded as (0) and hypertensive was recorded as (1)). The levels of pro-inflammatory biomarkers were classified as high or low. The cutoff points distinguishing high and low levels were the median pro-inflammatory biomarker levels of non-hypertensive subjects. The mean levels of IL-1β, IL-6, IL-8, and TNF-α in non-hypertensive subjects were 16.65, 5.45, 451.79, and 4.11 ng/mL, respectively. Pro-inflammatory biomarker expression below and above the mean were recorded as (0) and (1), respectively. The level of significance was set to p < 0.05 for all statistical tests.





3. Results


The demographic characteristics stratified by the hypertension status of the study participants are described in Table 1. Conversion factors such as age, gender, and smoking status were found to be associated with hypertension status. The average age of the patients was 54.48 years old (standard error: 0.79 years). The percentage of subjects 60 years of age or older was higher in the hypertension group than in the non-hypertension group (52.50 vs. 19.17%, respectively; p < 0.001). The hypertension group had a higher percentage of males than the non-hypertension group (60.00 vs. 31.67%, respectively; p < 0.01). The percentage of hypertension in married/separated or divorced subjects was higher than in the single subjects (95.00 vs. 5.00%, respectively; p = 0.01). The percentage of former smokers was higher in the hypertension group than in the non-hypertension group (27.50 vs. 7.50%, respectively; p < 0.01). There were no statistically significant differences in the years of schooling and annual income between the non-hypertension and hypertension groups.



All clinical parameters (Table 2) in the non-hypertension and hypertension groups significantly decreased after treatment. Table 3 shows the clinical parameter recovery rate and salivary inflammatory biomarker levels in subjects based on hypertension disease status. The percentage recovery of PD 7–9 mm in non-hypertensive subjects was 77.78%, which was significantly higher than that observed in hypertensive subjects (77.78 vs. 66.67%, respectively; p = 0.03). The percentage recovery of PD 4–9 mm in non-hypertensive subjects was significantly higher than in hypertensive subjects (60.47 vs. 52.60%, respectively; p = 0.04). Salivary IL1-β, IL-6, IL-8, and TNF-α levels were also compared between non-hypertensive and hypertensive subjects (Table 3). The levels of all of four salivary inflammatory biomarkers were higher in hypertensive subjects than in non-hypertensive subjects. The levels of IL1-β and IL-8 in hypertensive subjects were borderline significantly higher than those in non-hypertensive subjects (p = 0.05 for both).



The salivary inflammatory biomarker levels and periodontal clinical parameters at T0 and T1 are shown in Table 4. All baseline periodontal clinical parameters, excluding PCR (r = 0.05; p = 0.50), positively correlated with salivary IL1-β levels (r = 0.33~0.48; p < 0.001) in all subjects. In hypertensive subjects, the correlation coefficients between the salivary IL1-β level and periodontal clinical parameters (r = 0.43~0.64) were stronger than those measured in non-hypertensive subjects (r = 0.27~0.46). Similar correlation coefficients were observed between salivary IL-8 level and periodontal clinical parameters. After completing treatment, periodontal clinical parameters positively correlated with salivary IL1-β levels (r = 0.22~0.42; p < 0.001~p < 0.01). There were no statistically significant differences in salivary IL-6 and TNF-α in non-hypertensive and hypertensive subjects (Table 3). After the completion of treatment, all periodontal clinical parameters, excluding PCR, positively correlated with salivary IL1-6 (r = 0.36~0.47) or TNF-α (r = 0.42~0.49).



Table 5 shows that the inflammatory biomarkers levels were not significantly related with the recovery rate of PCR (Models I, V, IX, and XIII) and the recovery rate of PD 4–6 mm (%) (Models III, VI, XI, and XV) in non-hypertensive subjects. In hypertensive subjects, the recovery rate of PCR (%) was significantly lower in those with high salivary IL-1β levels (≥16.65 ng/mL) than the ones with low salivary IL-1β levels (<15.65 ng/mL) (Model II: β = −27.65 and p = 0.049). In Models XI and XIV of Table 5, the recovery rate of PCR (%) in hypertensive subjects was significantly lower in subjects with high salivary IL-6 (≥5.45 ng/mL) or TNF-α levels (≥4.11 ng/mL) than those in with low salivary IL-6 (<5.45 ng/mL) or TNF-α levels (<4.11 ng/mL) (β = −27.55, p = 0.04 and β = −37.96, p = 0.0006, respectively). In hypertensive subjects, the recovery rate of PD 4–6 mm (%) was significantly lower in those with high salivary IL-1β levels (≥16.65 ng/mL) than in those with low salivary IL-1β levels (<15.65 ng/mL) (Model VI: β = −17.05 and p = 0.02).




4. Discussion


Hypertension has the same risk factors as periodontal disease that is related to many systemic disorders. Our previous study found that there were no significant differences regarding oxidative stress between subjects with and without systemic diseases or medication usage [21]. A meta-analysis study showed that periodontitis is linked to an increased risk of hypertension [22], but little is known about the role of the inflammatory mechanisms shared by both diseases. This study was designed to investigate the potential impacts of hypertension on salivary inflammatory biomarkers and the treatment effectiveness of periodontal disease. When blood pressure is elevated, peripheral resistance increases and the local microcirculation of periodontal tissue is impaired. A high-pressure microenvironment in blood vessels will accelerate the synthesis of inflammatory cytokines and endotoxins induced by periodontal pathogenic bacteria [23,24]. Our results showed that the association between salivary pro-inflammatory biomarkers and clinical periodontal parameters in hypertensive subjects was stronger than that without hypertension. All the pro-inflammatory biomarkers (IL-1β, IL-6, IL-8, and TNF-α) were positively correlated with the clinical parameters at baseline or following completed treatment, except for the PCR in subjects with hypertension.



IL-1β plays an indispensable role in the inflammatory process and immunity. In the innate immune response, IL-1β induces the synthesis and secretion of other mediators that contribute to inflammatory changes and tissue damage. IL-1β activates the synthesis of nitrous oxide, prostaglandin E2, and platelet-activating factor, which expedite the vascular changes responsible for inflammation and increase blood flow to the injury or infection site. Macrophages, neutrophils, monocytes, keratinocytes, fibroblasts, B cells, osteocytes, and epithelial cells are the primary producers of IL-1β [25]. In endothelial cells, IL-1β stimulates and facilitates neutrophil infiltration into affected tissues by increasing intercellular adhesion molecule 1 expression. Bone resorption is induced by IL-1β synergizing with other proinflammatory cytokines and PGE2. IL-1β also plays a role in adaptive immunity through enhancing the antigen-mediated stimulation of T-cells, stimulating macrophage IL-6 secretion (which in turn activates B-cells), and regulating the development of antigen-presenting cells. IL-1β stimulates the secretion of the chemokine IL-8. [26]. It had been reported that the level of IL-1β in gingival crevicular fluid is increased at sites affected by gingivitis and periodontitis [27]. Moreover, the level of IL-1β correlates well with the clinical severity of periodontal disease [28]. An animal study further supported this viewpoint that a high level of IL-1β will exacerbate inflammation and enhance the resorption of the alveolar bone [29].



Regarding these findings, it has been demonstrated that IL-1β plays a fundamental role in the pathogenesis of periodontal disease [30]. Previous studies have shown that pro-inflammatory biomarkers are significantly elevated in patients with chronic periodontitis [31,32]. The baseline salivary samples were collected to detect the levels of salivary pro-inflammatory biomarkers and predicted the treatment outcomes in patients suffering from periodontal disease both with and without hypertension. This study showed that pro-inflammatory cytokine IL-1β levels are inversely correlated with the recovery rate of periodontitis clinical parameters in hypertensive patients.



TNF-α, an important mediator of Porphyromonas gingivalis infection, induces fibroblast apoptosis and osteoclast formation [33]. TNF induces osteoclastogenesis via coupling between the receptor activator of the NF-kB ligand (RANKL) and the TNF type 1 receptor [34]. NF-kB, involved in innate and adaptive immune responses, rapidly activates in response to stimulations such as pathogens, stress signals, and pro-inflammatory cytokines [35]. In chronic periodontitis, the nuclear expression of TNF- α, IL-1b, and IL-8 is significantly up-regulated following NF-kB activation [36]. The level of circulatory TNF-α in non-smoking patients with chronic periodontitis was found to be closely related to the percentage of PD > 7 mm (r = −0.41 and p = 0.04) at baseline, but the correlation coefficient was reversed to 0.32 (p < 0.001) after subgingival scaling [37]. In a cross-sectional study, gingival fluid TNF-α levels were positively associated with blood pressure, which induces a double inflammation effect on patients concurrently suffering from periodontitis and hypertension [38]. It is well known that PD measurement is an essential assessment for periodontal diseases [39]. In the present study, we found that the recovery rate of PD was remarkably lower in hypertensive patients than in non-hypertensive ones. This means that hypertension increases the level of salivary pro-inflammatory biomarkers that subsequently reduce the treatment effectiveness of periodontitis. Based on these findings, our results thus provide a clear and significant correlation between saliva pro-inflammatory biomarkers and the clinical outcomes of periodontitis, particularly in hypertensive patients.



Collecting saliva is a non-invasive and easy sampling method with diagnostic potential in oral diseases. In oral soft tissue, both periodontitis and oral lichen planus are chronic inflammatory diseases. Inflammatory salivary marker levels (such as those of osteopontin and CD44) in patients with oral lichen planus were higher than those in healthy subjects [40]. Saliva contains rich discriminatory protein profiles, and each of them has distinct biological functions [41]. According to their putative applications, biomarkers have been defined as monitoring biomarkers, susceptibility/risk biomarkers, predictive biomarkers, diagnostic biomarkers, and prognostic biomarkers [42]. A diagnostic biomarker of oral cancer development should be incorporated into discovery science and medical product development, and it is needed to ensure sufficient precision and reliability.



In this study, we found statistically significant differences between hypertension and non-hypertension subjects of the following demographic characteristics: age, gender, and marital status. The data from the National Health and Nutrition Examination Survey document indicated an increase in hypertension prevalence with age [43]. A review study pinpointed that the “Vascular Health Triad”—inflammation, oxidative stress, and endothelial dysfunction—was separately implicated in both aging and hypertension [44]. Epidemiological studies have shown that men have higher blood pressure than women before menopause. The gender-associated differences in blood pressure is associated with sex hormones [45]. In a large population-based survey of the United States, the mean hypertension prevalences in never married, married, divorced/separated, and widowed individual were 11.7%, 30.3%, 29.6%, and 57.5%, respectively [46]. The stress of marriage may have detrimental effects and lead to physiological dysregulation [47]. All of the statistically significant different variables in Table 1 had an impact on the association between salivary pro-inflammatory biomarkers and clinical periodontal parameters in hypertensive subjects. Thus, these covariates were adjusted in multiple linear regression models.



Limitations of this study include the misclassification bias of the status of hypertension. The method used for collecting hypertensive subjects in this study was self-reporting, which may have underestimated the number of hypertensive patients due to participants’ unawareness of their own status of hypertension. In order to minimize the misclassification bias, the usage of medication targeted to hypertension was added to the subject’s inclusion list. Under this rigorous selection criterion, the direction of the bias was toward the null and greatly strengthened our results that pointed out the possible role of salivary inflammation status in hypertension subjects in predicting the treatment outcome of periodontitis (Table 3).



We strongly recommend that after the detection of high levels of salivary pro-inflammatory biomarkers, patients might need strict and effective oral hygiene instructions to motivate and promote and behaviors of oral hygiene. Further studies are required to determine the influence of decreased salivary pro-inflammatory biomarkers in periodontal therapy processes in hypertensive patients and to clarify the mechanism by which hypertension, salivary inflammation biomarkers, and oral hygiene affect the quality and effectiveness of periodontal treatment.




5. Conclusions


The recovery rate of clinical periodontal parameters was found to be worse in hypertensive subjects when they had high levels of salivary inflammatory biomarkers.
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Figure 1. Flowchart of participants’ enrollment. 
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Table 1. Demographic characteristics of periodontal disease subjects based on hypertension status.
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Non-Hypertension (N = 120)

	
Hypertension (N = 40)

	
χ2 p Value






	
Age, n (%)

	

	

	
<0.001




	
<50 years

	
38 (31.67)

	
4 (10.00)

	




	
  50–55 years

	
26 (21.67)

	
11 (27.50)

	




	
  55–50 years

	
33 (27.50)

	
4 (10.00)

	




	
  >60

	
23 (19.17)

	
21 (52.50)

	




	
Gender, n (%)

	

	

	
<0.01




	
  Female

	
82 (68.33)

	
16 (40.00)

	




	
  Male

	
38 (31.67)

	
24 (60.00)

	




	
Marital status, N (%)

	

	

	
0.01




	
  Single

	
28 (23.33)

	
2 (5.00)

	




	
  Married/separated or divorced

	
92 (76.67)

	
38 (95.00)

	




	
Years of schooling, N (%)

	

	
0.26




	
  ≤9 years

	
10 (8.33)

	
5 (12.50)

	




	
  10~12 years

	
27 (22.50)

	
13 (32.50)

	




	
  ≥13 years

	
83 (69.17)

	
22 (55.00)

	




	
Annual income (NTD), N (%)

	

	
0.37




	
  <200,000

	
31 (25.83)

	
11 (27.50)

	




	
  200,000~500,000

	
16 (13.33)

	
3 (7.50)

	




	
  500,000~1,000,000

	
25 (20.83)

	
4 (10.00)

	




	
  >1,000,000

	
19 (15.83)

	
9 (22.50)

	




	
  Missing

	
29 (24.17)

	
13 (32.50)

	




	
Smoking, n (%)

	

	

	
<0.01




	
  Non-smokers

	
101 (84.17)

	
25 (52.50)

	




	
  Former smokers

	
9 (7.50)

	
11 (27.50)

	




	
  Smokers

	
10 (8.33)

	
4 (10.00)
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Table 2. Clinical parameters at baseline and after periodontal treatment based on hypertension status.
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Clinical Parameters

	
Non-HT (N = 120)

	
Hypertension (N = 40)




	
Median

	
Q1–Q3

	
Median

	
Q1–Q3






	
Plaque index (%)

	

	

	

	




	
  At the baseline

	
56.7

	
44.1–67.97

	
60.91

	
44.46–77.58




	
  After completing treatment

	
33.95

	
25.6–44.1

	
37.5

	
24.66–49.15




	
  p-value a

	
<0.001

	
<0.001




	
Bleeding on probing (%)

	

	

	

	




	
  At the baseline

	
41.51

	
30.65–54.91

	
45.1

	
27.24–67.15




	
  After completing treatment

	
18.47

	
13.51–30.4

	
23.47

	
15.29–31.07




	
  p-value a

	
<0.001

	

	
<0.001

	




	
PD mean (mm)

	

	

	

	




	
  At the baseline

	
3.36

	
3.09–3.83

	
3.35

	
3.17–3.83




	
  After completing treatment

	
2.73

	
2.56–2.99

	
2.86

	
2.69–3.11




	
  p-value a

	
<0.001

	

	
<0.001

	




	
PD 4–6 mm (%)

	

	

	

	




	
  At the baseline

	
23.86

	
16.04–31.65

	
22.88

	
17.77–32.46




	
  After completing treatment

	
9.70

	
6.25–14.40

	
12.6

	
6.72–16.98




	
  p-value a

	
<0.001

	

	
<0.001

	




	
PD 7–9 mm (%)

	

	

	

	




	
  At the baseline

	
3.35

	
1.75–9.06

	
3.57

	
2.08–8.43




	
  After completing treatment

	
0.64

	
0–2.04

	
1.23

	
0.29–2.08




	
  p-value a

	
<0.001

	

	
<0.001

	




	
PD 4–9 mm (%)

	

	

	

	




	
  At the baseline

	
27.97

	
19.09–38.96

	
24.68

	
22.56–40.43




	
  After completing treatment

	
10.60

	
6.79–16.67

	
13.39

	
7.14–20.03




	
  p-value a

	
<0.001

	

	
<0.001

	








a Wilcoxon signed-rank test.
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Table 3. Clinical parameters for recovery rate and salivary inflammatory biomarker levels in subjects based on by hypertension status.
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Non-HT (N = 120)

	
Hypertension (N = 40)

	
p-Value b




	
Median

	
Q1–Q3

	
Median

	
Q1–Q3






	
Recovery rate of clinical parameters (%)




	
  Plaque index (%)

	
39.77

	
13.11–54.81

	
36.79

	
13.81–50.19

	
0.84




	
  Bleeding on probing (%)

	
53.70

	
27.02–69.01

	
52.76

	
27.66–66.23

	
0.78




	
  Mean of probing depth (mm)

	
0.64

	
0.45–0.92

	
0.63

	
0.39–0.77

	
0.39




	
  PD 4–6 mm percentage (%)

	
55.44

	
40.63–68.03

	
45.96

	
29.09–68.39

	
0.15




	
  PD 7–9 mm percentage (%)

	
77.78

	
51.32–100.00

	
66.67

	
25.00–81.53

	
0.03




	
  PD 4–9 mm percentage (%)

	
60.47

	
49.04–70.43

	
52.60

	
40.59–69.05

	
0.04




	
Salivary inflammatory biomarker levels




	
  IL1-β(ng/mL)

	
16.65

	
4.3–47.8

	
22.27

	
6.28–124.11

	
0.05




	
  IL-6 (ng/mL)

	
5.45

	
2.27–9.75

	
5.16

	
3.02–12.74

	
0.46




	
  IL-8 (ng/mL)

	
415.79

	
228.23–651.11

	
544.16

	
281.75–864.11

	
0.05




	
  TNF-α (ng/mL)

	
4.11

	
1.02–8.49

	
5.51

	
1.03–10.77

	
0.50








b Wilcoxon rank-sum test.
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Table 4. The spearman’s correlation coefficient between salivary inflammatory biomarker levels and periodontal clinical parameters based on hypertension status.
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Non-HT (N = 120)

	
HT (N = 40)




	
IL1-β

	
IL-6

	
IL-8

	
TNF-α

	
IL1-β

	
IL-6

	
IL-8

	
TNF-α






	
Periodontal clinical parameters at baseline.




	
PCR (%)

	
0.09

	
0.03

	
0.12

	
−0.17

	
−0.08

	
0.04

	
0.22

	
−0.15




	
BOP (%)

	
0.42 ***

	
0.20 *

	
0.26 **

	
0.006

	
0.55 ***

	
0.18

	
0.44 **

	
0.33 *




	
PD mean (mm)

	
0.42 ***

	
0.11

	
0.25 **

	
−0.05

	
0.57 ***

	
0.57 ***

	
0.37 *

	
0.45 **




	
PD 4–6mm (%)

	
0.27 **

	
0.10

	
0.18

	
−0.02

	
0.43 **

	
0.37 *

	
0.43 **

	
0.35 *




	
PD 7–9mm (%)

	
0.46 ***

	
0.07

	
0.21 *

	
−0.08

	
0.64 ***

	
0.58 ***

	
0.26

	
0.48 **




	
PD 4–9mm (%)

	
0.37 ***

	
0.11

	
0.22 *

	
−0.05

	
0.52 ***

	
0.48 **

	
0.38 *

	
0.45 **




	
Periodontal clinical parameters after completing treatment.




	
PCR (%)

	
0.19 *

	
0.07

	
0.04

	
−0.02

	
0.25

	
0.22

	
0.22

	
0.23




	
BOP (%)

	
0.22 *

	
0.11

	
0.06

	
−0.03

	
0.59 ***

	
0.36 *

	
0.48 **

	
0.49 **




	
PD mean (mm)

	
0.33 **

	
0.02

	
0.12

	
−0.01

	
0.61 ***

	
0.47 **

	
0.37 *

	
0.46 **




	
PD 4–6mm (%)

	
0.27 **

	
0.02

	
0.14

	
−0.03

	
0.52 ***

	
0.47 **

	
0.32 *

	
0.42 **




	
PD 7–9mm (%)

	
0.33 ***

	
0.02

	
0.20 *

	
−0.06

	
0.56 ***

	
0.47 **

	
0.05

	
0.49 **




	
PD 4–9mm (%)

	
0.30 ***

	
0.01

	
0.17

	
−0.05

	
0.57 ***

	
0.47 **

	
0.30

	
0.45 **








* p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 5. Multiple linear regression of periodontal clinical parameter recovery rate in salivary inflammatory biomarkers and conventional risk factors of periodontal disease based on hypertension status.
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Dependent Variable

	
Recovery Rate of PI (%)

	
Recovery Rate of PD 4–6 mm (%)




	
Non HT

	
HT

	
Non HT

	
HT




	
Independent Variable

	

	
β (SE)

	
β (SE)

	
β (SE)

	
β (SE)






	

	
Model I

	
Model II

	
Model III

	
Model IV




	
Salivary IL-1β level

	
−7.40 (8.37)

	
−27.65 (13.58) *

	
−0.19 (3.84)

	
−17.05 (7.15) *




	
Smoking status

	
−3.54 (13.10)

	
2.76 (14.87)

	
−4.75 (6.01)

	
−26.8 (7.83) **




	
Age

	
4.97 (3.88)

	
9.37 (6.26)

	
4.89 (1.78) *

	
1.20 (3.30)




	
Gender

	
3.72 (10.29)

	
−21.17 (14.67)

	
−0.75 (4.73)

	
7.15 (7.73)




	
Marital status

	
−6.55 (10.22)

	
−24.08 (31.11)

	
−2.98 (4.69)

	
19.23 (16.39)




	

	
Model V

	
Model VI

	
Model VII

	
Model VIII




	
Salivary IL-6 level

	
0.81 (8.58)

	
−27.55 (12.90) *

	
2.30 (3.92)

	
−6.58 (7.29)




	
Smoking status

	
−4.32 (13.14)

	
7.08 (14.69)

	
−4.99 (6.01)

	
−24.44 (8.31) *




	
Age

	
5.23 (3.88)

	
9.83 (6.22)

	
4.9 (1.77) *

	
1.38 (3.52)




	
Gender

	
3.55 (10.45)

	
−11.31 (14.48)

	
−1.18 (4.78)

	
11.6 (8.19)




	
Marital status

	
−6.42 (10.27)

	
−28.95 (30.91)

	
−3.15 (4.69)

	
16.82 (17.48)




	

	
Model IX

	
Model X

	
Model XI

	
Model XII




	
Salivary IL-8 level

	
10.67 (8.45)

	
−14.09 (15.20)

	
−5.1 (3.87)

	
−10.98 (8.05)




	
Smoking status

	
−4.52 (13.03)

	
9.63 (15.86)

	
−4.63 (5.96)

	
−22.01 (8.4) *




	
Age

	
4.64 (3.88)

	
9.32 (6.55)

	
5.18 (1.78) **

	
1.14 (3.47)




	
Gender

	
2.63 (10.29)

	
−20.37 (15.92)

	
−0.23 (4.71)

	
6.88 (8.44)




	
Marital status

	
−7.35 (10.21)

	
−23.51 (32.76)

	
−2.5 (4.67)

	
20.21 (17.36)




	

	
Model XIII

	
Model XIV

	
Model XV

	
Model XVI




	
Salivary TNF-α level

	
−5.00 (8.38)

	
−37.96 (13.04) **

	
−3.99 (3.82)

	
−12.74 (7.52)




	
Smoking status

	
−4.85 (13.14)

	
8.25 (14.01)

	
−5.25 (5.99)

	
−23.96 (8.08) *




	
Age

	
5.09 (3.88)

	
9.48 (5.93)

	
4.79 (1.77) *

	
1.29 (3.42)




	
Gender

	
3.94 (10.32)

	
−27.22 (14.23)

	
−0.55 (4.71)

	
6.68 (8.21)




	
Marital status

	
−6.51 (10.24)

	
−42.81 (29.91)

	
−3.1 (4.67)

	
12.01 (17.25)








* p < 0.05; ** p < 0.01. SE: standard error. HT: hypertension. 
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