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Abstract

:

Background and Objectives: Periodontitis is marked by the destruction of alveolar bone. Sclerostin (SOST) and dickkopf-1 (DKK-1) act as inhibitors of the Wingless-type (Wnt) signaling pathway, a key regulator of bone metabolism. Recent studies have suggested that statins play a role in bone resorption and formation by influencing Wnt signaling. The aim of this study was to determine the levels of SOST and DKK-1 in periodontal patients with and without peroral statins treatment in their therapy. Materials and Methods: A total of 79 patients with diagnosed periodontitis were divided into two groups: 39 patients on statin therapy (SP group) and 40 patients without statin therapy as a control group (P group). The periodontal clinical examination probing (pocket) depth (PD) and gingival recession (GR) were measured, and approximal plaque was detected, while vertical and horizontal bone resorption was measured using a panoramic radiograph image. Clinical attachment loss (CAL) values were calculated using PD and GR values. Gingival crevicular fluid (GCF) was collected and used for measuring SOST and DKK-1 levels. A questionnaire was used to assess lifestyle habits and statin intake. Patients’ medical records were used to obtain biochemical parameters. Results: There was no significant difference in sclerostin concentration between the SP and P group. DKK-1 values were significantly higher in the SP group compared to the control group (p = 0.04). Also, PD (p = 0.001) and GR (p = 0.03) were significantly higher in the SP group. The level of DKK-1 had a positive relationship with the PD, the greater the PD, the higher the level of DKK-1 (Rho = 0.350), while there was no significant association with other parameters. Conclusions: Peroral statins in periodontal patients are associated with GCF levels of DKK-1 but not with sclerostin levels.
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1. Introduction


Periodontitis is a chronic inflammatory disease, characterized by the progressive destruction of supporting structures of the teeth, primarily alveolar bone, gingiva, and periodontal ligament. The underlying pathophysiological mechanisms of periodontitis involve a complex interplay of periodontal pathogens and host immune response, as well as environmental factors such as lifestyle habits. In general, specific pathogenic bacteria (dental plaque biofilm) in the oral cavity initiate the host immune response, resulting in the release of proinflammatory cytokines and matrix metalloproteinases (MMPs). This immune response leads to sustained inflammation, while the increased activity of MMPs causes degradation of the extracellular matrix, resulting in destruction of the periodontal soft tissue and alveolar bone [1,2,3]. Finally, as this process progresses, periodontitis manifests clinically as inflammation of the gingiva and gingival bleeding upon stimulus (probing), periodontal pockets and gingival recession development, resorption of alveolar bone, and clinical attachment loss (CAL), ultimately leading to tooth mobility and loss [1,4].



1.1. Sclerostin (SOST) and Dickkopf-1 (DKK-1) in Periodontitis Pathogenesis


Bone tissue is constantly adapting to biomechanical stress and pathophysiological processes in various disorders via the synergism of bone resorption and formation. The Wingless-type (Wnt) signaling pathway and its inhibitors sclerostin (SOST) and dickkopf-1 (DKK-1) have been identified as central regulators of bone and cartilage formation [5,6], while dysregulation of this signaling pathway has been implicated in many bone tissue disorders such as osteoporosis [7,8], as well as periodontitis [9,10]. As it has been shown that alveolar bone metabolism has a 30–35% annual bone turnover rate [11], these findings imply that Wnt signaling and its manipulation are essential and a promising method for maintaining and regenerating alveolar bone homeostasis [12].



The Wnt signaling pathway [13,14] as well as its inhibition [15] during various stages of odontogenesis have been shown to dysregulate proliferation, differentiation, and epithelial–mesenchymal interaction in tooth root formation and early development of the teeth [12,16,17].



The glycoprotein SOST, produced by osteocytes [18], binds to LRP-5, suppresses osteoblastogenesis, and blocks the Wnt pathway and signals of bone morphogenetic protein (BMP) [9]. Moreover, targeting sclerostin in the periodontal mineralizing ligament can stimulate periodontal tissue regeneration [14]. DKK-1 with anti-anabolic effect is associated with bone resorption, however, with processes of mucosal soft tissue healing, as well [14] showing the need for further elucidation. Both DKK-1 and SOST have been shown to be up-regulated in chronic periodontal patients [10,19,20]. Hence, biomarkers such as DKK-1 and SOST emerge as promising candidates as biomarkers, as well as pharmacotherapeutic targets.



While regenerative medicine is considered promising and the most researched approach to treating periodontitis [21], alternative possibilities of Wnt signaling modulation have been demonstrated recently. Particularly statin-mediated regulation of the Wnt pathway, its inhibitors, and bone metabolism-altering effects have been extensively researched as potential biomarkers and pharmacotherapeutic approaches in various disorders.




1.2. Statins as Bone Metabolism Modulators


Numerous studies have indicated that statins, lipid-lowering agents, exhibit a wide range of health benefits beyond their cholesterol reduction, particularly in modulating bone metabolism. Therefore, their potential has been implicated as beneficial in systemic bone disorders as well as in periodontitis [22]. Recent studies have demonstrated their role in bone resorption inhibition [22]. Specifically, statins have been shown to inhibit the osteoblasts’ apoptosis, which prevents bone resorption [23,24] and fractures [25]. Also, it has been found that they exert pleiotropic antioxidant and anti-inflammatory properties, resulting in statin-mediated reduction of reactive oxidative species (ROS) and C reactive protein (CRP) [22,26].



A plethora of recent studies have found compelling evidence of statin therapeutic potential in modulating the Wnt signaling pathway [27] in cardiovascular and metabolic diseases [28], cancer [29,30,31], and neurological disorders [32], as well as bone disorders, such as osteoporosis [33,34] and fracture healing [35], as well as in periodontitis [9,36,37,38].



Finally, recent studies have implicated the statin-mediated regulation of DKK-1 and SOST activity as a mechanism of their Wnt pathway-modulating effects [28,39,40]. However, the evidence of their corellation remains scarce, especially in the context of periodontitis.



Both DKK-1 and SOST are found in gingival crevicular fluid (GCF), an inflammatory exudate localized between the tooth and the gingival margin [41]. The complexity of the GCF composition is reflected in the presence of numerous other biomarkers such as proteins, cytokines, lipid compounds, and enzymes which can be valuable for the diagnosis and prognosis of periodontal disease. The presence of these components and their different concentrations in the GCF during the periodontal inflammatory process imply the potential of utilizing GCF for the detection of periodontitis biomarkers in its early diagnosis and prognosis [42].



The aim of this study was to determine the levels of the Wnt inhibitors SOST and DKK-1 in periodontal patients’ GCF with and without peroral statins, as well as to investigate the association of these proteins with clinical parameters and lifestyle habits.





2. Materials and Methods


2.1. Study Design


The research was designed as a case–control study. The study protocol was approved by the Ethical Committee for Research at the Public Health Scientific Institution Medical Center Dr. Mustafa Sehovic Tuzla (Ethical Approval Code: 16-01-2378-2/22). All participants in the research signed an informed consent form before participation. The research was conducted at the Public Health Scientific Institution Medical Center Dr. Mustafa Sehovic Tuzla and Laboratory for Translational Medicine at the Faculty of Dental Medicine and Health, University of Osijek, from January to June 2023.




2.2. Participants


A total of 79 patients from the Public Health Scientific Institution Medical Center Dr. Mustafa Sehovic Tuzla were included in the study and were divided into two groups. The research group consisted of 39 subjects diagnosed with periodontitis with statin therapy (SP group), while the control group consisted of 40 subjects diagnosed with periodontitis without statin therapy (P group). The control group was matched to the case group with similar sociodemographic features and clinical parameters.



Inclusion criteria: Diagnosed periodontitis indicated for clinical treatment with PD ≥ 3 mm in more than two teeth or CAL ≥ 3 mm in non-adjacent teeth according to guidelines [4], patients not taking statins and those on statin therapy for at least six months. CAL values were calculated in mm based on PD and GR values [43]. The criteria for excluding patients from the study were a history of diagnosed gastrointestinal, liver, or kidney disease with chronic therapy included for those diseases, corticosteroid use for more than 3 months (chronic therapy) or drugs for the treatment of osteoporosis [9,18]. Also, patients with PD < 3 mm and CAL < 3 mm, patients whose gums were bleeding during examination and paper point application, and patients receiving statins for less than 6 months were excluded. Each patient was graded based on the periodontitis disease grade and stage according to most recent guidelines [4].



Basic characteristics of participants including data on gender, age, occupation and professional training, height and weight, smoking, presence of diabetes mellitus, physical activity, and statin therapy (which type and dose) were collected by a questionnaire.



Biochemical analysis for lipid status, as well as CRP and glycated hemoglobin (HbA1c) values, were obtained from the patients’ medical records (for both groups). Biochemical results for lipid status were based on the values of cholesterol (mmol/L), triglycerides (mmol/L), LDL (mmol/L), and HDL (mmol/L).



During the periodontal clinical examination, PD and GR were measured and approximal plaque was detected, while vertical and horizontal bone resorption was measured using a panoramic radiograph image. PD was measured with a periodontal probe graduated in millimeters. All sides of the tooth (oral, vestibular, mesial, and distal) were measured and GCF was sampled from the deepest pocket (≥3 mm). GR was measured with a periodontal probe from the cemento-enamel junction (CEJ) to the free edge of the gingiva, and the values are expressed in millimeters. The presence of approximal plaque was detected by coating the approximal surfaces of the teeth with gentian violet, and the staining of the approximal surface was a sign of the presence of plaque.



All patients were examined by the same team of periodontology specialists who established the presence of periodontitis in accordance with known diagnostic guidelines [4,44].




2.3. Gingival Crevicular Fluid (GCF) Sampling


GCF sampling was performed in the Specialist Periodontology Clinic at the Public Health Scientific Institution Medical Center Dr. Mustafa Sehovic in Tuzla according to the protocol conducted in two studies by Guentsch [45] and Rezaei Esfarhood [19]. The working area where the teeth with the highest pocket depth values were recorded during the clinical examination was isolated with cotton rolls and air-dried before GCF sampling. A sterile, appropriate-size paper point based on the depth of the periodontal pocket was applied with sterile tweezers to the limit of minimal resistance and was measured for 30 s to soak it with GCF. All paper points with visible signs of blood were discarded and the measurement was repeated after 15 min. The paper points were placed into an Eppendorf test tube with 500 µL of 0.9% NaCl solution and stored overnight at +4 °C. After a minimum of 12 h, the sample was centrifuged at 400 g/4 min, paper points were separated, and the supernatant was stored at −20 °C and then transferred at −80 °C until laboratory analysis. For each patient, we took a GCF sample in two tubes, as well as three paper points in each to collect as much fluid as possible. Patients were examined in the morning (from 07:00 to 10:00 a.m.). It has been shown previously that GCF levels do not change from 08:00 a.m. to 06:00 p.m. [46]. In our study, we included patients with diagnosed periodontitis who did not have a periodontological procedure for a period of 6 months. Patients whose GCF samples were contaminated with blood (mostly due to increased current inflammation) were excluded.




2.4. DKK-1 ELISA


The GCF concentration of DKK-1 was measured by an ELISA kit (Elabscience®, Houston, TX, USA) according to the manufacturer΄s instructions. The GCF samples were transferred from −80 °C to −20 °C the day before and taken out to room temperature on the day of the research, then briefly vortexed.



Absorbance was determined spectrophotometrically. Per the manufacturer’s instructions, a standard curve was created using absorbance values from which the concentration of DKK-1 expressed in pg/mL was obtained for each sample in duplicate. The analysis was conducted in the Laboratory for Translational Medicine at the Faculty of Dental Medicine and Health, University of Osijek.




2.5. SOST ELISA


The GCF concentration of SOST was measured by an ELISA kit (Elabscience®, Houston, USA) according to the manufacturer’s instructions. The GCF samples were transferred from −80 °C to −20 °C the day before and taken out to room temperature on the day of the research, then briefly vortexed.



Absorbance was determined spectrophotometrically. Per the manufacturer’s instructions, a standard curve was created using absorbance values from which the concentration of SOST expressed in pg/mL was obtained for each sample in duplicate. The analysis was conducted in the Laboratory for Translational Medicine at the Faculty of Dental Medicine and Health, University of Osijek.




2.6. Statistical Analysis


Power analysis: According to previous studies [9,10,45,47], to observe an effect of d = 0.65 in the difference of numerical variables between two independent groups, with a significance level of 0.05 and a power of 0.80, the minimum required sample size is 78 patients (39 who received statins and have periodontitis and 39 patients only with periodontitis without statin therapy).



Absolute and relative frequencies were used to present categorical data. The Shapiro–Wilk test was used to test the normality of distribution of the continuous variables. The median and the interquartile range (IQR) was used for continuous data description. The Mann–Whitney U test was used to compare the median between two groups, while the Chi-square test and Fisher’s exact test were used to analyze the differences between proportions. The association between non-normally distributed variables was determined by the Spearman’s rho test. All p values were two-sided. The level of significance was set at alpha of 0.05. The statistical analysis was performed using MedCalc® Statistical Software version 22.006 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2023).





3. Results


The research was conducted on 79 respondents, of whom 40 (51%) had periodontitis, and 39 (49%) had periodontitis while taking statins. Regarding gender, 54 (68%) were women. The median age of the respondents was 59 years, ranging from a minimum of 18 to a maximum of 83 years. Patients were divided into stages and grades (Table 1) of periodontitis according to the newest guidelines [4], the majority of patients in both groups were in Stage IV, in the P group the majority were in Grade B and in SP in Grade C (Table 1). There were significantly older respondents who took statins in addition to periodontitis (62 years vs. 54 years) (Mann–Whitney U test, p < 0.001). The median body mass index (BMI) was 26.93 kg/m2, ranging from a minimum of 15.87 kg/m2 to a maximum of 24.29 kg/m2. A total of 61 (76%) respondents had a secondary vocational education. Oral hygiene was average for 35 (44%) respondents, and poor for 14 (18%). One (1%) subject had liver damage, two (3%) had kidney damage, and nine (11%) had diabetes, with significantly more subjects taking statins (Fisher’s exact test, p = 0.03). The most common drug for diabetes was metformin. Of the respondents, 28 (36%) smoked cigarettes, of whom 16 (57%) smoked 11–20 cigarettes per day, 7 (9%) consumed alcohol at least once a week, and 44 (57%) engaged in physical activity, most commonly walking (Table 2).



Out of the total number of subjects included in study, 39 (49.4%) had been taking statins for longer than 6 months. There were a total of 39 patients in the SP group. The most common choice was rosuvastatin or atorvastatin, while one respondent took simvastatin, and two (5%) respondents took monacolin K/lovastatin. In both groups, approximal plaque was found in 60 (75.9%) subjects, vertical bone resorption in 39 (49.4), horizontal bone resorption in 79 (100), and elevated CRP values were recorded in 8 (10.1%) respondents (Table 3).



Mean and range measures of lipid status, CRP, and HbA1c for both groups of patients are shown in Table 4.



There were significant higher HbA1c values in the SP group, which is consistent with more frequent B and C grades.



There was no significant difference in sclerostin concentration between the groups, while DKK-1 values were significantly higher in the SP group compared to the P group (Mann–Whitney U test, p = 0.04). PD (Mann–Whitney U test, p = 0.001), GR (Mann–Whitney U test, p = 0.03), and CAL (Mann–Whitney U test, p = 0.001) were significantly higher in the SP group (Table 5).



Using Spearman’s correlation coefficient, we evaluated the association of DKK-1 and sclerostin with age, BMI, lipid status, HbA1c, PD (mm), and GR (mm). We observed that the level of DKK-1 had a significant positive relationship with the depth of probing; that is, the greater the depth of probing, the higher the level of DKK-1 and vice versa (rho = 0.350), while there was no significant association of DKK-1 with other values. There was no significant correlation between sclerostin levels and the observed periodontal parameters (Table 6 and Figure 1).




4. Discussion


According to our knowledge, this is the first study that combines the described method of GCF sampling with the analysis of Wnt proteins in periodontitis patients as well as periodontitis patients taking statins. The research was designed first to determine the concentrations of DKK-1 and sclerostin from GCF in both groups of patients. The second part of the research combined data on BMI, lifestyle habits, level of education, and metabolic diseases, while the third part was based on oral hygiene, clinical periodontal parameters, and biochemical findings related to lipid status, as well as the type of statin used in SP.



Currently widely used traditional assessment tools, such as PD, CAL, and imaging methods, lack insight into the current activity and state of disease. In this study, we calculated that CAL values are significantly higher in the SP group (Table 5). We also used CAL values and data regarding the presence of approximal plaque and horizontal and vertical bone resorption, as well as smoking and diabetes, to define periodontal stages and grades for each patient (Table 1). The results showed that in the total number of respondents, the majority are in Stage IV (53.2%) which is advanced periodontitis and in Grade B (49.4%) as well as in the P group Stage IV and Grade B, but not in the SP group where the majority of patients are in Grade C (48.7%) (Table 1). With staging, it is important to assess the severity of periodontitis and tissue damage, as well as how clinical treatments can improve balance in the oral cavity, while grading is important to estimate the risks and impact on overall health [4]. In the SP group, there were more diabetics and smokers (the majority were consuming more than 10 cigarettes/day) and the values of HbA1c were higher than 7.0% which all indicated that these patients can expect a rapid progression of periodontitis. Biological fluids-based molecular diagnostics have been investigated in the recent decade, reflecting the pathophysiological process and providing insight into the periodontitis state to a much greater extent than traditional tools [48]. Wnt signaling, due to its well-established role in bone homeostasis and periodontal tissues regulation, as well as its inhibitors DKK-1 and sclerostin have recently shown potential as therapeutic targets for periodontitis [12]. Due to statins’ ability to regulate inflammation and alveolar bone metabolism, their interaction with Wnt signaling pathways has been observed and investigated with the aim of extending therapeutic options for periodontitis control [49]. The results of our study, comparing DKK-1 levels in the GCF between statin-treated patients and those with no statin therapy, showed notably higher levels of DKK-1 in the SP group compared to the ones without antilipemic therapy. Previous in vitro studies mostly investigated DKK-1 and statins’ correlation in cancer research and found statin-mediated downregulation of DKK-1 protein in endothelial and breast cancer cell lines [50]. To our knowledge, no in vitro study has been conducted in bone cell lines for the purposes of investigating statin-mediated DKK-1 regulation. However, murine models of periodontitis investigating the direct effects of statins on Wnt pathways and DKK-1 levels showed reduced statin-mediated DKK-1 expression levels, which is in accordance with our results in humans [37]. It was also observed that the level of DKK-1 had a significant positive relationship with the PD; that is, the greater the PD the higher the level of DKK-1 (Figure 2), while there was no significant association of DKK-1 with other clinical parameters. There was no significant association of sclerostin with the observed variables (Table 6). Therefore, our results also provide valuable evidence supporting the existing data regarding the correlation of DKK-1 with the severity of periodontitis.



Ozden et al. observed that periodontal patients had higher levels of DKK-1 and that sclerostin was even higher in more severe cases [9]. However, the latter was not found in the current study, where the difference was not significant between groups for sclerostin. Also, contrary to the mentioned study, the values of DKK-1 were elevated in the SP group and statins did not decrease DKK-1 levels, probably due to the presence of more patients with a higher grade of disease and diabetes in the SP group compared with the P group This is consistent with a study by Crandall et al. [51] which concluded that statins can increase the risk of diabetes (10–12%) when compared to a placebo, as well as Corrao et al. which stated that even for the development of a new state of diabetes, statins (all doses) can increase the risk of developing diabetes by 32% [52]. In another study where diabetes was diagnosed prior to statin therapy, statins enhanced the diabetes risk with patients who already had a risk of developing diabetes [53]. A period of 6 months’ statin intake is probably not sufficient for this severe (Stage III) periodontitis with the ability of losing teeth and advanced (Stage IV) periodontitis with serious potential of losing teeth and dentation, in order to significantly lower DKK-1 levels.



We also noticed that the majority of patients in the current study were middle-aged females. The median BMI was in the overweight range, and that there were significantly older subjects in the SP group. Although liver and kidney disease was an exclusion criteria, three patients were not excluded—one patient reported liver damage, while two patients reported kidney damage; however, using patients records, it was determined that these patients had no current kidney or liver condition, no accompanying therapy, and had the damage at a younger age. Although statin-associated liver injury is not an uncommon occurrence [54], other causes such as alcohol use and obesity suggested that the liver issues were unrelated to the therapy. There are significantly more patients in the SP group with diagnosed diabetes, mostly on metformin. This agrees with previous research and conclusions that diabetes leads to complications in the periodontia, causing inflammatory processes and prolonging the duration of osteoclastogenesis, thus leading to alveolar bone resorption [55,56]. We noticed that the clinical parameters of periodontitis were worse in the SP group which correlates with this statement. Alcohol consumption was not a frequent phenomenon among patients, but it was expressed in both groups. It is also important that oral hygiene was average to poor in the SP group and most patients smoked cigarettes especially in the P group. This is an expected outcome considering that cigarettes damage the tissue of the oral mucosa which can lead to constant inflammatory processes [56]. Smokers were present in both groups, but we noticed that these are the patients with the worst hygiene and clinical parameters of periodontitis. Therefore, these results of our research agree with studies where the worsening of periodontitis was observed in smokers [55,56]. In the case–control study by Battancs et al., it was noted that the process of cigarette smoke on the gums can be compared to repeated chemical-aggressive tissue attacks, which, if damaged as in periodontitis, cause the formation of the most severe forms of periodontitis [56].



It was expected that most patients have approximal plaque and vertical and horizontal bone resorption as well as PD and GR. In the SP group, there were significantly higher levels of PD and GR. This result is not surprising given the contradiction of additional information related to the reduction or increased value of periodontal clinical parameters in statin patients, which is supported by the review article from 2021 by Di Spirito et al. [57]. In the SP group, CRP levels were low, while periodontal clinical parameters were significantly expressed in the majority of patients. From the results shown in Table 3, we can conclude that the inflammatory status of patients is relatively calm in the advanced stage of periodontitis considering the incidence of bone resorption probably due to systematic statin administration. Therefore, we can conclude the possible effectiveness of anti-inflammatory systematic statin application, which could have a good benefit with the occasional intervention of local statin administration in order to maintain a good periodontal status.



Biochemical parameters related to the level of total cholesterol, LDL, and triglycerides, as well as the values of CRP, are higher in the P group. In our SP group, the CRP level are within reference levels, which can be positively correlated with the anti-inflammatory and antioxidant effects of statins as also previously mentioned by Zhang et al. [38].



For further research in this area, it is important to highlight the limitations of our study, primarily the small sample size and the differences between the groups with and without statin therapy. Our study would greatly benefit and the results would be more relevant if our groups were matched for age, chronic conditions, and other characteristics. With our sample, we were not able to achieve this. The complete elimination of patients with other systemic conditions, however, is challenging to achieve in patients with statin therapy, mostly since statins are rarely used for one isolated condition, and more often for the treatment of multiple diseases or their comorbidities. Nevertheless, we believe that despite using a convenient sample, the results of our study should not be negligible, and considering previous knowledge, they show promising results for further research in this area. However, for a better relevance, the study should be designed as a multicenter study with a larger sample size and normalized groups.



Another limitation of the study is whether and to what extent the patients were adherent to their statin therapy. However, the information about patients’ regular statin intake for the minimum of a 6 month period were obtained on the basis of personal statements, as well as on the basis of regular lipid status controls from the patients record during the statin intake period. In order for the results of this future study to be as significant as possible, we suggest monitoring the condition of the same patients before and after non-surgical periodontal treatment.




5. Conclusions


The evidence from this study is twofold. Firstly, GCF sampling with paper points resulted in inexpensive and efficient detection of DKK-1 and SOST in periodontal patients. Secondly, our study demonstrated significantly higher DKK-1 values in patients with statin therapy. Also, the correlation of DKK-1 with PD as a clinical parameter of periodontitis in patients with statin therapy in our study is significant; that is, the greater the PD, the higher the level of DKK-1. No significant association was found between DKK-1 with other values (age, BMI, lipid status, HbA1c, GR). Although sclerostin is known as an important factor in bone destruction and might be considered as a biomarker or potential therapeutic target, there is no significant difference in sclerostin concentration between the groups and clinical parameters, as well as no correlation with either Wnt inhibitor and BMI, lipid status, or HbA1c levels. One might argue that this could be due to certain limitations of our study. Therefore, future studies with a larger sample size and strictly excluding patients with other systemic conditions are required for further confirmation and will be interesting to perform.
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Figure 1. Differences in DKK-1 values, PD, and GR in relation to groups. The level of DKK-1 had a significant positive relationship with the PD; that is, the greater the PD the higher the level of DKK-1 (rho = 0.350), while there was no significant association of DKK-1 with other values, and this follows in Figure 2 as well. 
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Figure 2. Correlation of PD with DKK-1 (rho = 0.350; p = 0.03). 
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Table 1. Patients divided in periodontal stages and grades.






Table 1. Patients divided in periodontal stages and grades.





	

	
Number (%) of Respondents

	
p *




	
Periodontitis

(n = 40)

	
Periodontitis + Statins)

(n = 39)

	
Total

(n = 79)






	
Stage

	

	

	

	




	
 II

	
8 (20)

	
1 (2.6)

	
9 (11.4)

	
0.03




	
 III

	
11 (27.5)

	
17 (43.6)

	
28 (35.4)




	
 IV

	
21 (52.5)

	
21 (53.8)

	
42 (53.2)




	
Grade

	

	

	

	




	
 A

	
8 (20)

	
2 (5.1)

	
10 (12.7)

	
0.05




	
 B

	
21 (52.5)

	
18 (46.2)

	
39 (49.4)




	
 C

	
11 (27.5)

	
19 (48.7)

	
30 (38)








* Chi-square test.













 





Table 2. Basic characteristics of respondents.
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	Periodontitis
	Periodontitis + Statins
	Total
	p

Value





	Gender [n (%)]
	
	
	
	



	 Men
	12 (30)
	13 (33)
	25 (32)
	0.75 *



	 Women
	28 (70)
	26 (67)
	54 (68)
	



	Age (years) [Median (IQR)]
	54

(45.25–60.5)
	62 (59–67)
	59 (48–64)
	<0.001 ‡



	Body mass (kg) [Median (IQR)]
	75

(65.5–86.75)
	83

(70–90)
	80

(70–90)
	0.17 ‡



	Body height (cm) [Median (IQR)]
	168

(165–174.75)
	170

(165–174)
	170

(165–174)
	0.74 ‡



	BMI (kg/m2) [Median (IQR)]
	25.9

(23.08–28.97)
	28.33

(25.1–31.14)
	26.93

(24.24–30.49)
	0.05 ‡



	Level of education [n (%)]
	
	
	
	



	 Primary Education
	31 (78)
	29 (74)
	60 (76)
	0.85†



	 Secondary Education
	2 (5)
	2 (5)
	4 (5)
	



	 Higher Secondary Education
	6 (15)
	5 (13)
	11 (14)
	



	 University Education
	1 (2)
	3 (8)
	4 (5)
	



	Oral hygiene [n (%)]
	
	
	
	



	 Good
	18 (45)
	12 (31)
	30 (38)
	0.09 *



	 Average
	13 (33)
	22 (56)
	35 (44)
	



	 Bad
	9 (23)
	5 (13)
	14 (18)
	



	Diagnosed liver damage [n (%)]
	1 (3)
	0
	1 (1)
	>0.99 †



	Diagnosed kidney damage
	2 (5)
	0
	2 (3)
	0.49 †



	Diabetes mellitus [n (%)]
	1 (3)
	8 (21)
	9 (11)
	0.01 †



	Medicine for diabetes mellitus [n (%)]
	
	
	
	



	 Metformin
	1/1
	5/8
	6/9
	>0.99 †



	 Insulin
	0
	2/8
	2/9
	



	 Glimepiride
	0
	1/8
	1/9
	



	Smoking cigarettes [n (%)]
	18 (46)
	10 (26)
	28 (36)
	0.06 *



	How many cigarettes a day [n (%)]
	
	
	
	



	 Up to 10
	7 (39)
	4 (40)
	11 (39)
	>0.99 *



	 11–20
	10 (56)
	6 (60)
	16 (57)
	



	 20 or more
	1 (6)
	0 (0)
	1 (4)
	



	Alcohol drinking [n (%)]
	4 (10)
	3 (8)
	7 (8)
	>0.99 *



	How much alcohol per week [n (%)]
	
	
	
	



	 1x week
	4/4
	3/3
	7/7
	-



	Physical activity [n (%)]
	24 (63)
	19 (50)
	43 (57)
	0.25 *



	Which physical activity
	
	
	
	



	 Walking
	16 (64)
	18 (95)
	34 (77)
	0.11 †



	 Running
	3 (12)
	0 (0)
	3 (7)
	



	 Cycling
	2 (8)
	0 (0)
	2 (5)
	



	 Agricultural work
	4 (16)
	1 (5)
	5 (11)
	







* χ2 test; † Fisher’s exact test; ‡ Mann–Whitney U test. BMI—body mass index.













 





Table 3. Clinical characteristics of subjects.
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	Total Number (%) of Respondents





	Approximal plaque
	60 (75.9)



	Vertical bone resorption
	39 (49.4)



	Horizontal bone resorption
	79 (100)



	Elevated CRP values
	8 (10.1)







CRP—C-reactive protein.













 





Table 4. Lipid status, CRP, and HbA1c values in the group of subjects taking statins.
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Median (Interquartile Range) According to Groups

	
Differences

(95% CI)

	
p *




	
Periodontitis

	
Periodontitis + Statins






	
Total cholesterol (mmol/L)

[n = 19:37]

	
5.70 (5.13–6.87)

	
5.34 (4.19–6.2)

	
−0.80 (−1.5 to 0.08)

	
0.07




	
Triglycerides (mmol/L)

[n = 19:37]

	
1.52 (1.16–2.42)

	
1.41 (1.09–2.36)

	
−0.08 (−0.45 to 0.34)

	
0.72




	
LDL (mmol/L) [n = 12:30]

	
3.64 (3.02–4.33)

	
2.80 (1.77–3.71)

	
−0.98 (−1.77 to −0.15)

	
0.02




	
HDL (mmol/L) [n = 12:30]

	
1.20 (1.09–1.50)

	
1.31 (1.12–1.73)

	
0.08 (−0.18 to 0.33)

	
0.40




	
CRP [n = 4:4]

	
4.4 (3.95–56.8)

	
3.9 (0.73–37.83)

	
−3.1

	
0.69




	
HbA1c [n = 3:16]

	
5.1

	
6.6 (5.83–8.13)

	
1.4

	
0.01








* Mann–Whitney U test; LDL—low-density lipoprotein; HDL—high-density lipoprotein; HbA1c—glycated hemoglobin.













 





Table 5. Differences in sclerostin and DKK-1 values.
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Median (Interquartile Range) According to Groups

	
Differences

(95% CI)

	
p *




	
Periodontitis

	
Periodontitis + Statins






	
PD (mm)

	
5 (4–6)

	
6 (5–7)

	
1 (0 to 2)

	
0.001




	
GR (mm)

	
2 (1–3)

	
3 (2–3)

	
1 (0 to1)

	
0.03




	
CAL (mm)

	
6.5 (5–8.5)

	
8 (7–10)

	
2 (1 to 3)

	
0.001




	
Sclerostin

	
15.43

(5.79–27.2)

	
14.36

(6.50–37.21)

	
0 (−7.14 to 8.57)

	
0.96




	
DKK-1

	
4.71

(2.84–6.64)

	
5.84

(4.31–7.91)

	
1.33 (0 to 2.4)

	
0.04








* Mann–Whitney U test; PD—probing depth; GR—gingival recession; CAL—clinical attachment loss; DKK-1—dickkopf-1.













 





Table 6. Correlation between DKK-1 and sclerostin with observed variables in patients on statins (Spearman’s correlation coefficient).
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Spearman’s Correlation Coefficient Rho

(p Value)




	
Sclerostin

	
DKK-1 Keep It Hyphen






	
Age

	
−0.108 (0.51)

	
−0.097 (0.56)




	
BMI

	
−0.293 (0.07)

	
−0.175 (0.29)




	
Total cholesterol

	
−0.118 (0.49)

	
0.052 (0.76)




	
Triglycerides

	
−0.221 (0.19)

	
−0.086 (0.61)




	
LDL

	
−0.031 (0.87)

	
0.156 (0.41)




	
HDL

	
0.142 (0.45)

	
0.129 (0.50)




	
HbA1c

	
0.149 (0.58)

	
−0.096 (0.72)




	
PD

	
−0.026 (0.88)

	
0.350 (0.03)




	
GR

	
−0.084 (0.61)

	
0.186 (0.26)
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