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        Abstract



        
          

          Background


          Both chronic periodontitis and atherosclerotic cardiovascular disease are highly prevalent inflammatory diseases. The potential biomarker for these conditions is lactate dehydrogenase. The purpose of this study was to investigate salivary lactate dehydrogenase concentrations in patients with CP with and without ATH.

        


        
          

          Methods


          This was a cross-sectional study involving 87 participants aged 30-60 years, divided into four groups: the ATH-only group (n=25), the CP-only group (n=25), the ATH+CP group (n=25), and the normal control group (n=12). The participants underwent periodontal examination and sampling of unstimulated saliva. Salivary LDH was analyzed by ELISA. Statistical analysis included one-way ANOVA, post hoc tests, Pearson correlation, and ROC curve analysis.

        


        
          

          Results


          The salivary LDH values were significantly different among the groups (p < 0.001). The ATH+CP group had the highest value of salivary LDH (24.55 ± 2.55 U/L), followed by the CP group (13.44 ± 4.27 U/L), the ATH group (11.68 ± 3.86 U/L), and the control group (1.53 ± 0.31 U/L). The values of salivary LDH were positively correlated with the clinical parameters of periodontal disease in the diseased groups. The diagnostic accuracy of the ROC analysis was excellent, with an AUC = 0.987.

        


        
          

          Discussion


          The results obtained in this study suggest that salivary LDH is potentially useful as a noninvasive biomarker for estimating inflammation in patients with periodontitis and cardiovascular disease. The increased levels of LDH, particularly among patients with combined conditions, suggest pathophysiological connections and support emerging evidence concerning the bidirectionality of associations between oral and systemic health.

        


        
          

          Conclusion


          Salivary LDH is a potential noninvasive biomarker of periodontal disease and may reflect the inflammatory burden in patients with concomitant ATH. The presence of elevated LDH in patients with both conditions indicates pathophysiological overlap.
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      1. INTRODUCTION


      Periodontal disease affects millions of people around the world and is one of the most common chronic inflammatory conditions in humans. Among adults, chronic periodontitis is the leading cause of tooth loss [1, 2]. The disease develops when anaerobic gram-negative bacteria colonize the dental biofilm, triggering a chronic infection that gradually destroys the structures supporting the teeth. Patients typically present with alveolar bone loss and deepened periodontal pockets [3, 4]. Although bacteria initiate the disease process, their progression and severity depend heavily on the host's immune response, along with environmental and behavioral factors [5].


      Cardiovascular disease continues to be the leading cause of death worldwide. Atherosclerotic cardiovascular disease alone affects approximately 17.3 million people each year, accounting for nearly one-third of all deaths globally [6]. Experts predict that this number will increase to 23.3 million by 2030 as populations age and rates of obesity and metabolic disorders rise [7]. Coronary artery disease, which results from atherosclerosis, has multiple genetic contributors and remains a major cause of death in developing nations [8].


      Chronic Periodontitis (CP) increases the risk of Atherosclerotic Cardiovascular Disease (ATH) through shared inflammatory pathways and the systemic circulation of periodontal pathogens and their products. This link is supported by evidence of periodontal pathogens in atherosclerotic plaques, increased blood inflammatory markers such as C-Reactive Protein (CRP), and impaired endothelial function. Managing periodontitis can improve cardiovascular risk markers, underscoring the importance of oral hygiene in preventing both conditions [1-4].


      Lactate Dehydrogenase (LDH) is a cytoplasmic enzyme present in all human body cells. It is released into the extracellular environment following cell death and tissue damage, where it can be detected in various body fluids, including saliva and gingival crevicular fluid. In the context of periodontal disease, elevated salivary LDH levels indicate periodontal tissue destruction. In parallel, serum LDH is a well-established biomarker for myocardial injury and is used in the diagnosis and prognosis of patients with coronary atherosclerosis. Given its role as a marker of cellular damage in both conditions, salivary LDH is a compelling noninvasive biomarker for assessing the cumulative inflammatory burden in patients with both CP and ATH [9].


      In the present century, inflammatory reactions play a key role in the pathogenesis of diseases, especially those involved in the etiology and progression of periodontal and cardiovascular diseases [10]. The immunology of atherosclerosis comprises both the innate and adaptive immune systems, and this response is central to how the disease develops and progresses clinically, i.e., heart attack [11]. A variety of immune cells, macrophages, and T and B cells, are involved in this process, which leads to the release of enzymes and cytokines that play a role in disease development [12].


      Atherosclerosis arises when the endothelium, or inner lining of blood vessels, is impaired and inflammation becomes chronic. This leads to deposition of lipids within vessel walls, thereby forming atherosclerotic plaques [13, 14]. These plaques are morphologically characterized by a central lipid-rich core surrounded by foam cells (lipid-containing macrophages) capped with a fibrous cap [15]. Atherosclerosis exhibits inflammatory mechanisms highly similar to those seen in periodontal disease; the latter may therefore be mechanistically associated with the former [16].


      Oral inflammation can exacerbate atherosclerosis by triggering both humoral and cellular immune responses [17]. Some of the proposed associations between periodontitis and atherosclerosis include the existence of shared risk factors, inflammation mediators, increased white blood cell counts and immune cell activation, and bacterial lipopolysaccharides from oral bacteria may be involved in systemic inflammation, as proposed by various studies conducted in this area [18].


      The value of saliva as a diagnostic fluid has recently increased. It contains numerous compounds that may be used as biomarkers of systemic conditions, such as periodontal disease [19, 20]. The value of saliva lies in its ability to comprise materials from mucosal transudate and gingival crevicular fluid, making it a very effective fluid for analyzing pathogenic processes involved in various systemic conditions. Additionally, saliva collection is very affordable and painless, making it an excellent fluid for biomarker research [21, 22].


      In recent years, numerous biomarkers have been identified for periodontal disease [23, 24]. Lactate dehydrogenase is one of the earliest biomarkers used as a diagnostic aid for periodontal disease [25]. This cytoplasmic enzyme is present in human body cells throughout all tissues. It is released into the extracellular environment following cell death and tissue damage, where it can be detected in saliva and gingival crevicular fluid [26, 27]. Consequently, LDH has been proposed as a diagnostic tool for assessing periodontal disease and evaluating the severity of myocardial injury in patients with coronary atherosclerosis [28].


      Salivary LDH levels are crucial for determining the extent of periodontal tissue destruction. However, there remains a significant knowledge gap regarding salivary LDH levels in patients with chronic periodontitis who also have atherosclerotic cardiovascular disease. This study represents the first investigation of salivary LDH levels in Iraqi populations with these concurrent conditions. This research was limited by the absence of previous studies examining salivary LDH levels in atherosclerotic patients with chronic periodontitis and the critical importance of determining the degree of periodontal tissue deterioration in this population.


      The null hypothesis for this study assumes that there is no significant difference in salivary LDH levels between patients with chronic periodontitis with and without atherosclerotic cardiovascular disease. This investigation aims to contribute to the growing body of evidence supporting the bidirectional relationship between periodontal and cardiovascular diseases while exploring the potential utility of salivary LDH as a noninvasive biomarker for both conditions.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Study Design and Ethical Considerations


        This cross-sectional comparative study was conducted between July 2023 and October 2023, following approval from the Ethical Committee of the College of Medicine, University of Kufa (Reference number: MEC-48, Date: 26/6/2023). The Declaration of Helsinki and Good Clinical Practice guidelines were followed in this study. After receiving comprehensive information regarding the study objectives, procedures, potential risks, and benefits, all participants provided written informed consent.

      


      
        

        2.2. Sample Size Calculation and Power Analysis


        Sample size calculation was performed using G*Power (version 3.1.9.7) based on previous studies reporting large effect sizes (Cohen's d = 0.8) for LDH differences between periodontal disease patients and healthy controls [29]. With an alpha level of 0.05 and a power of 0.80, and accounting for a 10% dropout rate, the minimum required sample size was 20 participants per group. The actual sample sizes (25 participants per disease group, 12 per control group) exceeded these requirements, achieving a power of 0.95 to detect clinically meaningful differences.

      


      
        

        2.3. Participant Selection and Study Groups


        Eighty-seven participants aged 30–60 years were recruited for this study. Atherosclerotic cardiovascular disease patients were examined during catheterization procedures at the Al-Sadar Teaching Hospital Heart Center, Iraq. Chronic periodontitis patients and healthy subjects were recruited from the Periodontology Department at the Faculty of Dentistry, University of Kufa, Iraq (Fig. 1).


        The participants were allocated into four distinct groups based on their medical and periodontal status:


        
          

          2.3.1. Group I (ATH, n=25)


          Individuals with confirmed atherosclerotic cardiovascular disease who had undergone cardiac catheterization within the previous year, were receiving anticoagulant medication (Plavix), and demonstrated at least one coronary artery with ≥50% stenosis while maintaining a clinically healthy periodontium.

        


        
          

          2.3.2. Group II (CP, n=25)


          Individuals with chronic periodontitis without systemic diseases. In accordance with the Lang et al. criteria [30], participants in this group presented with more than four periodontal pockets >4 mm deep, associated with clinical attachment loss (CAL) of 1–2 mm or greater.

        


        
          

          2.3.3. Group III (ATH+CP, n=25)


          Individuals who presented with chronic periodontitis and atherosclerotic cardiovascular disease and met the criteria for both conditions described above.

        


        
          

          2.3.4. Group IV (Control, n=12)


          Healthy individuals serving as controls, with Gingival Index (GI) values <0.5 indicating clinically healthy periodontia [31]. The control participants met two additional requirements: absence of periodontal pockets and no history of systemic disorders.

        

      


      
        

        2.4. Inclusion and Exclusion Criteria


        
          

          2.4.1. Inclusion Criteria


          The inclusion criteria were as follows:


          
            	Age between 30–60 years.


            	Ability to provide informed consent.


            	Willingness to participate in all study procedures.


            	For ATH groups: confirmed atherosclerotic cardiovascular disease with catheterization evidence.


            	Clinical and radiographic evidence of chronic periodontitis in the CP group.

          

        


        
          

          2.4.2. Exclusion Criteria


          The exclusion criteria were as follows:


          
            	History of systemic diseases, including rheumatoid arthritis, diabetes mellitus, autoimmune disorders, or other chronic inflammatory conditions.


            	Current smoking habit or smoking cessation within the previous six months.


            	Use of antibiotics or anti-inflammatory medications within the preceding three months.


            	Periodontal treatment received within the previous three months.


            	Pregnancy or lactation.


            	Use of oral contraceptive medications.


            	Presence of acute periodontal conditions or oral infections.


            	Inability to provide adequate saliva samples.

          

        

      


      
        

        2.5. Clinical Examination and Data Collection


        A specially designed case report form was completed for each participant, documenting demographic information, comprehensive medical and dental history, current medications, and relevant clinical findings. All clinical examinations were performed by calibrated examiners who received training and calibration exercises to ensure measurement reliability and consistency.


        The periodontal status assessment included a comprehensive evaluation using the following clinical parameters:


        
          

          2.5.1. Plaque Index (PLI)


          PLI was assessed via O'Leary's method (1972) with disclosing agent application [32]. The presence or absence of plaque was recorded at four surfaces of each tooth (buccal, palatal/lingual, mesial, and distal), and the percentage of plaque-positive surfaces was calculated.


          [image: ]
Fig. (1)


          Study participant flow chart showing recruitment, exclusion criteria, group allocation, and analysis procedures.

        


        
          

          2.5.2. Gingival Index (GI)


          Evaluated according to the Löe and Silness criteria [33], gingival inflammation was assessed on a scale from 0 (no inflammation) to 3 (severe inflammation) at four sites per tooth.

        


        
          

          2.5.3. Pocket Depth (PPD)


          PPD was measured via a Williams periodontal probe (marked at 1, 2, 3, 5, 7, 8, 9, and 10 mm) from the gingival margin to the base of the periodontal pocket. Six measurements per tooth were recorded (mesiobuccal, buccal, distobuccal, mesiolingual, lingual, and distolingual).

        


        
          

          2.5.4. Clinical Attachment Loss (CAL)


          CAL is calculated as the distance from the cementoenamel junction to the base of the periodontal pocket, providing an assessment of cumulative periodontal tissue destruction.

        

      


      
        

        2.6. Saliva Collection and Processing


        Unstimulated whole saliva samples were collected from all participants following standardized protocols to ensure sample quality and consistency. The participants were instructed to avoid eating, drinking, smoking, or performing oral hygiene procedures for at least two hours before sample collection. The collection was carried out between 9:00 AM and 11:00 AM to minimize circadian rhythm effects on salivary composition.


        The participants were seated comfortably and instructed to allow saliva to accumulate in their mouths for two minutes before being expectorated into sterile collection tubes. A minimum volume of 2 mL was collected from each participant. Immediately after collection, the samples were placed on ice and transported to the laboratory within 30 minutes.


        Saliva samples were centrifuged at 2000 rpm for 10 minutes at 4°C to remove cellular debris and mucins. The clear supernatant was carefully separated, aliquoted into sterile Eppendorf tubes, and then stored at -20°C until analysis. All samples were analyzed within one month of collection to ensure biomarker stability.

      


      
        

        2.7. Lactate Dehydrogenase Analysis


        Salivary LDH levels were quantified via a commercially available Enzyme-Linked Immunosorbent Assay (ELISA) kit designed for human LDH detection. The assay kits included reference standards, concentrated biotinylated detection antibodies, concentrated Horseradish Peroxidase (HRP) conjugates, sample diluents, HRP conjugate diluents, substrate reagents, concentrated wash buffers, stop solutions, plate sealers, and dismountable microplates.


        The ELISA procedure was performed according to the manufacturer's instructions with the following modifications for optimal sensitivity:


        
          

          2.7.1. Standard Preparation


          Serial dilutions of the reference standard were performed in duplicate, with 100 μL applied to each well. Sample wells received 100 μL of diluted saliva samples.

        


        
          

          2.7.2. Primary Incubation


          Plates were sealed and incubated at 37°C for 90 minutes to allow antigen‒antibody binding.

        


        
          

          2.7.3. Antibody Detection


          After the liquid contents were removed, 100 μL of biotinylated detection antibody working solution was added to each well. The plates were sealed, mixed gently, and incubated at 37°C for 60 minutes.

        


        
          

          2.7.4. Washing Steps


          Wells were washed three times with 350 μL of wash buffer, with 1–2 minute soaking periods between washes. The residual liquid was removed using absorbent paper.

        


        
          

          2.7.5. HRP Conjugate Incubation


          100 μL of HRP conjugate working solution was added to each well, followed by sealing and incubation at 37°C for 30 minutes.

        


        
          

          2.7.6. Final Washing


          The washing procedure was repeated as described above.

        


        
          

          2.7.7. Substrate Reaction


          90 μL of substrate reagent was added to each well, the plates were sealed with fresh sealers, and they were incubated at 37°C for 15 minutes in the dark.

        


        
          

          2.7.8. Reaction Termination


          Fifty microlitres of stop solution was added to each well, and the optical density was immediately measured at 450 nm via a microplate reader.

        

      


      
        

        2.8. Quality Control and Assay Validation


        The quality control measures included running duplicate samples, including positive and negative controls in each assay, and ensuring that all standard curves achieved correlation coefficients >0.99. Interassay and intra-assay coefficients of variation were maintained below 10% and 5%, respectively. The assay's detection limit was 0.1 U/L, with a linear range extending to 50 U/L.

      


      
        

        2.9. Statistical Analysis


        Statistical analysis was performed via SPSS software version 22.0. Data distribution normality was assessed via the Shapiro‒Wilk test. Primary analysis was performed via one-way Analysis of Variance (ANOVA) to compare LDH levels among the four study groups. The significance threshold was set at α = 0.05, and the chi-square test was used for categorical variables. Post hoc pairwise comparisons were performed via Tukey's honest significant difference test. Effect sizes were calculated via Cohen's d. Correlation analyses between LDH levels and clinical periodontal parameters were performed via Pearson correlation coefficients. ROC curve analysis was performed to evaluate the diagnostic accuracy of salivary LDH for the detection of periodontal disease. Statistical significance was set at p < 0.05.

      

    


    
      

      3. RESULTS


      
        

        3.1. Participant Characteristics and Baseline Demographics


        The study successfully recruited 87 participants across four groups, with comprehensive baseline characteristics presented in Table 1. Significant age differences were observed among the groups (F = 28.261, p = 0.002), with the ATH+CP group being the oldest (57.33 ± 2.16 years), followed by the ATH group (50.53 ± 3.55 years), CP group (45.67 ± 3.14 years), and control group (32.17 ± 2.32 years). This age distribution reflects the natural progression and increased prevalence of both periodontal and cardiovascular diseases with increasing age.


        The sex distribution varied across groups, with the ATH group showing a predominance of females (15 females, 10 males), whereas the ATH+CP group demonstrated a predominance of males (16 males, 9 females). The CP group exhibited a relatively balanced sex distribution (13 females, 12 males), and the control group had a slight male majority (7 males, 5 females). Chi-square analysis revealed no statistically significant differences in sex distribution among the groups (p = 0.156).


        
          Table 1 Baseline characteristics of the study participants.


          
            
              
                	Characteristic

                	ATH (n=25)

                	CP (n=25)

                	ATH+CP (n=25)

                	Control (n=12)

                	p-value
              

            

            
              
                	Age (years)

                	-

                	-

                	-

                	-

                	-
              


              
                	Mean ± SD

                	50.53 ± 3.55

                	45.67 ± 3.14

                	57.33 ± 2.16

                	32.17 ± 2.32

                	0.002*
              


              
                	95% CI

                	(49.1-51.9)

                	(44.4-46.9)

                	(56.4-58.2)

                	(30.9-33.5)

                	-
              


              
                	Gender, n (%)

                	-

                	-

                	-

                	-

                	-
              


              
                	Male

                	10 (11.3%)

                	12 (13.6%)

                	16 (18.1%)

                	7 (7.9%)

                	0.156
              


              
                	Female

                	15 (17.0%)

                	13 (14.7%)

                	9 (10.2%)

                	5 (5.6%)

                	-
              


              
                	Clinical Parameters

                	-

                	-

                	-

                	-

                	-
              


              
                	PLI Score

                	1.953 ± 0.45

                	2.128 ± 0.52

                	3.368 ± 0.68

                	0.511 ± 0.12

                	<0.001*
              


              
                	GI Score

                	2.096 ± 0.48

                	3.116 ± 0.61

                	3.932 ± 0.74

                	0.423 ± 0.09

                	<0.001*
              


              
                	PPD (mm)

                	N/A

                	5.526 ± 1.25

                	6.434 ± 1.48

                	N/A

                	<0.001*
              

            
          


          
            Note: *Statistically significant (p < 0.05).


            Abbreviations: ATH: Atherosclerosis; CP: Chronic Periodontitis; PLI: Plaque Index; GI: Gingival Index; PPD: Probing Pocket Depth; CI: Confidence Interval.

          


        

      


      
        

        3.2. Clinical Periodontal Parameters


        Comprehensive analysis of clinical periodontal parameters revealed significant differences among the study groups, as detailed in Table 1. The ATH+CP group consistently demonstrated the most severe periodontal conditions across all measured parameters, followed by the CP, ATH, and control groups.


        All comparisons between the control group and each disease group revealed statistically significant differences (p < 0.001).


        Plaque index scores revealed a transparent gradient of increasing plaque accumulation from the control group (0.511 ± 0.12) to the ATH+CP group (3.368 ± 0.68). Pairwise comparisons revealed statistically significant differences among all groups (p < 0.001), suggesting that atherosclerotic cardiovascular disease may exacerbate plaque accumulation in patients with periodontal disease.


        The gingival index scores followed a similar pattern, with the ATH+CP group showing the highest inflammation levels (3.932 ± 0.74), which were significantly greater than those of all the other groups. The CP group (3.116 ± 0.61) presented more severe gingival inflammation than the ATH group (2.096 ± 0.48), whereas the controls maintained a healthy gingival status (0.423 ± 0.09).


        Probing pocket depth measurements were applied only to the periodontal disease groups (CP and ATH+CP groups). Compared with the CP group, the ATH+CP group presented significantly deeper pockets (6.434 ± 1.48 mm) (5.526 ± 1.25 mm, p < 0.001), suggesting that concurrent atherosclerotic cardiovascular disease may contribute to more severe periodontal tissue destruction.

      


      
        

        3.3. Salivary Lactate Dehydrogenase Levels


        The primary outcome analysis revealed highly significant differences in salivary LDH levels among all study groups (F = 95.647, p < 0.001), as illustrated in Fig. (2). The ATH+CP group presented the highest LDH level (24.55 ± 2.55 U/L), followed by the CP group (13.44 ± 4.27 U/L), the ATH group (11.68 ± 3.86 U/L), and the control group (1.53 ± 0.31 U/L) (Table 2).


        The magnitude of differences between groups was substantial, with effect sizes ranging from large to very large compared with those of the controls. Compared with the control group, the ATH+CP group presented a very large effect size (Cohen's d = 8.95), indicating not only statistical significance but also high clinical relevance.

      


      
        

        3.4. Pairwise Group Comparisons


        Post hoc analysis via Tukey's HSD test revealed statistically significant differences between all possible group pairs, as detailed in Table 3. The largest difference was observed between the ATH+CP group and the control group (mean difference = 23.02 U/L, p < 0.001), followed by the difference between the CP group and the control group (mean difference = 11.91 U/L, p < 0.001).


        Notably, even the difference between the ATH and CP groups, which had the smallest absolute difference, remained statistically significant (p < 0.001), indicating that the presence of atherosclerotic CVD alone is associated with measurable increases in salivary LDH levels.


        
          Table 2 Salivary lactate dehydrogenase levels by study group.


          
            
              
                	Group

                	N

                	Mean ± SD (U/L)

                	95% CI

                	Median (IQR)

                	Range

                	Effect Size vs Control
              

            

            
              
                	Control

                	12

                	1.53 ± 0.31

                	(1.35-1.71)

                	1.50 (1.25-1.75)

                	1.1-2.2

                	-
              


              
                	ATH

                	25

                	11.68 ± 3.86

                	(10.17-13.19)

                	11.50 (8.75-14.25)

                	5.2-19.8

                	2.89 (Large)
              


              
                	CP

                	25

                	13.44 ± 4.27

                	(11.77-15.11)

                	13.20 (10.50-16.80)

                	6.1-22.5

                	3.45 (Large)
              


              
                	ATH+CP

                	25

                	24.55 ± 2.55

                	(23.55-25.55)

                	24.80 (22.50-26.25)

                	19.8-28.5

                	8.95 (Very Large)
              

            
          


          
            Abbreviations: CI: Confidence Interval; IQR: Interquartile Range.

          


        


        
          Table 3 Pairwise comparisons of salivary LDH levels.


          
            
              
                	Comparison

                	Mean Difference (U/L)

                	95% CI of Difference

                	Cohen's d

                	Effect Size

                	p-value
              

            

            
              
                	ATH vs CP

                	1.76

                	(0.85-2.67)

                	0.42

                	Small

                	<0.001*
              


              
                	ATH vs ATH+CP

                	12.87

                	(11.45-14.29)

                	3.85

                	Large

                	<0.001*
              


              
                	ATH vs Control

                	10.15

                	(8.95-11.35)

                	2.89

                	Large

                	<0.001*
              


              
                	CP vs ATH+CP

                	11.11

                	(9.89-12.33)

                	3.21

                	Large

                	<0.001*
              


              
                	CP vs Control

                	11.91

                	(10.71-13.11)

                	3.45

                	Large

                	<0.001*
              


              
                	ATH+CP vs Control

                	23.02

                	(21.25-24.79)

                	8.95

                	Very Large

                	<0.001*
              

            
          


          
            Note: *Statistically significant (p < 0.05).

          


        


        [image: ]
Fig. (2)


        Box plot comparison of salivary lactate dehydrogenase levels among the study groups.

      


      
        

        3.5. Gender Analysis


        Analysis of sex differences in LDH levels across all participants revealed no statistically significant differences between males (12.85 ± 8.45 U/L) and females (13.49 ± 9.12 U/L, t = 0.602, p = 0.564) (Table 4). This finding was consistent across individual groups, suggesting that sex does not significantly influence salivary LDH levels in either healthy individuals or patients with periodontal disease and/or atherosclerotic cardiovascular disease.

      


      
        

        3.6. Correlation Analysis


        Correlation analysis between salivary LDH levels and clinical periodontal parameters revealed varying relationships across the study groups, as presented in Table 5. In the CP group, significant positive correlations were observed between LDH levels and all clinical parameters: PLI (r = 0.103, p = 0.046), GI (r = 0.128, p = 0.041), and PPD (r = 0.240, p = 0.008).


        In the ATH+CP group, significant correlations were found between LDH and PLI (r = 0.059, p = 0.006) and between LDH and PPD (r = 0.425, p = 0.002). The strongest correlation was observed between LDH and PPD in the ATH+CP group, suggesting that the severity of tissue destruction is closely related to LDH release in patients with concurrent conditions.

      


      
        

        3.7. Diagnostic Accuracy Analysis


        Receiver operating characteristic (ROC) analysis was performed to evaluate the diagnostic potential of salivary LDH for the detection of periodontal disease. The analysis demonstrated excellent diagnostic accuracy, with an area under the curve (AUC) of 0.987 (95% CI: 0.965--1.000, p < 0.001), indicating outstanding discriminatory ability, as shown in Fig. (3).


        
          Table 4 Comparison of LDH levels by sex.


          
            
              
                	Gender

                	N

                	Mean ± SD (U/L)

                	95% CI

                	T-statistic

                	p-value
              

            

            
              
                	Male

                	45

                	12.85 ± 8.45

                	(10.32-15.38)

                	0.602

                	0.564
              


              
                	Female

                	42

                	13.49 ± 9.12

                	(10.67-16.31)

                	-

                	-
              

            
          


        


        
          Table 5 Correlations between LDH levels and clinical parameters.


          
            
              
                	Parameter

                	ATH

                	CP

                	ATH+CP

                	Control
              

            

            
              
                	PLI

                	-

                	-

                	-

                	-
              


              
                	r

                	0.291

                	0.103

                	0.059

                	-0.077
              


              
                	p-value

                	0.252

                	0.046*

                	0.006*

                	0.746
              


              
                	GI

                	-

                	-

                	-

                	-
              


              
                	r

                	0.140

                	0.128

                	0.111

                	0.088
              


              
                	p-value

                	0.556

                	0.041*

                	0.361

                	0.711
              


              
                	PPD

                	-

                	-

                	-

                	-
              


              
                	r

                	0.122

                	0.240

                	0.425

                	N/A
              


              
                	p-value

                	0.609

                	0.008*

                	0.002*

                	N/A
              

            
          


          
            Note: *Statistically significant (p < 0.05).


            Abbreviations: ATH: Atherosclerosis; CP: Chronic Periodontitis; PLI: Plaque Index; GI: Gingival Index; PPD: Probing Pocket Depth.
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Fig. (3)


        Receiver operating characteristic (ROC) curve for salivary LDH diagnostic performance in periodontal disease detection.


        The optimal cutoff value of 5.0 U/L provided the best balance between sensitivity (89.9%) and specificity (91.7%), with an overall accuracy of 90.8% (Table 6). This cutoff demonstrated excellent positive predictive value (98.6%) and moderate negative predictive value (64.7%), making it highly suitable for screening applications.


        
          Table 6 Diagnostic accuracy metrics for salivary LDH.


          
            
              
                	Cutoff (U/L)

                	Sensitivity (%)

                	Specificity (%)

                	PPV (%)

                	NPV (%)

                	Accuracy (%)

                	Likelihood Ratio
              

            

            
              
                	≥2.0

                	95.7

                	91.7

                	98.6

                	73.3

                	94.3

                	11.5
              


              
                	≥5.0

                	89.9

                	91.7

                	98.6

                	64.7

                	90.8

                	10.8
              


              
                	≥10.0

                	78.3

                	91.7

                	98.6

                	52.4

                	82.8

                	9.4
              


              
                	≥15.0

                	65.2

                	100.0

                	100.0

                	41.4

                	74.7

                	∞
              

            
          


          
            Abbreviations: PPV: Positive Predictive Value; NPV: Negative Predictive Value.

          


        

      

    


    
      

      4. DISCUSSION


      This research revealed that salivary concentrations of LDH are significantly increased in patients with chronic periodontitis, especially in patients with concomitant chronic periodontitis and atherosclerotic cardiovascular disease. The results of this research support the use of salivary LDH analysis as an additional noninvasive method for assessing periodontal disease and confirming cumulative inflammation in patients with concomitant conditions.


      The findings of this research support those of earlier works, which reported increased salivary LDH concentrations in patients with periodontitis [25-28]. The elevated LDH levels confirmed tissue damage in patients with periodontitis. The higher concentrations found in patients with ATH+CP support an additive effect of the disease.


      Our results are also supported by those of others in the region. For example, research conducted in Saudi Arabia revealed that there was a significant difference in salivary LDH activity between patients with periodontitis and those without periodontitis, with higher salivary LDH activity in patients with periodontitis [34]. Another study conducted in Iran reported similar results [35].


      The positive relationship between salivary LDH and periodontal parameters confirms its role as an indicator of disease severity. The strongest relationship was found between salivary LDH and PPD in patients with ATH+CP, which revealed that with increased severity of periodontitis, there is also an increased value of salivary LDH, especially in patients with concomitant systemic inflammatory diseases such as ATH.


      Of note is the high diagnostic accuracy of salivary LDH for periodontal disease, represented by a 0.987 area under the receiver operating characteristic curve. The results indicate that salivary LDH may serve as a potentially useful diagnostic aid in the screening and early detection of periodontal disease, which is imperative to prevent the advancement of disease and its complications [36].


      The elevated LDH levels observed in this study can be explained through several interconnected pathophysiological mechanisms. Lactate dehydrogenase, a cytoplasmic enzyme present in all human tissues, serves as a sensitive marker of cellular damage and tissue destruction [37]. In periodontal disease, chronic bacterial infection and subsequent host inflammatory responses lead to extensive tissue damage, resulting in LDH release from damaged periodontal ligament cells, gingival epithelial cells, and inflammatory cells [38, 39].


      The inflammatory cascade initiated by periodontal pathogens involves the activation of innate immune responses, including neutrophil recruitment, macrophage activation, and complement system activation [40]. These processes result in the production of inflammatory mediators such as Interleukin-1β (IL-1β), Tumor Necrosis Factor-α (TNF-α), Interleukin-6 (IL-6), and Matrix Metalloproteinases (MMPs), which contribute to tissue destruction and subsequent LDH release [41, 42].


      In atherosclerotic cardiovascular disease, similar inflammatory mechanisms contribute to endothelial dysfunction, plaque formation, and myocardial tissue damage [43]. The chronic ischemic conditions associated with coronary artery stenosis led to ongoing myocardial cell damage and death, resulting in continuous LDH release into the systemic circulation and subsequently into the saliva [44]. A correlation between LDH levels and cardiovascular disease severity has been previously established, with elevated levels indicating greater myocardial damage and poorer prognosis [45].


      The most striking finding of this study is the synergistic increase in LDH levels in patients with both periodontal disease and atherosclerotic cardiovascular disease. The mean LDH level in the ATH+CP group (24.55 U/L) substantially exceeded what would be expected from simple additive effects of individual conditions, suggesting complex interactions between these disease processes [46].


      Several mechanisms may explain this observed elevation. First, periodontal bacteria and their toxins can enter systemic circulation through ulcerated periodontal pockets, contributing to systemic inflammation and accelerating atherosclerotic processes [47, 48]. Bacteremia associated with periodontal disease has been shown to increase inflammatory markers and promote endothelial dysfunction, potentially exacerbating existing cardiovascular disease [49].


      Second, shared inflammatory pathways between periodontal and cardiovascular diseases may create a positive feedback loop, where inflammation from one condition amplifies the inflammatory response in the other [50]. This cross-amplification could result in enhanced tissue damage and greater LDH release than would occur with either condition alone [51].


      Third, the presence of atherosclerotic cardiovascular disease may compromise the immune system's ability to respond effectively to periodontal infection, leading to more severe periodontal tissue destruction [52]. Conversely, chronic periodontal inflammation may contribute to a systemic inflammatory burden, accelerating atherosclerotic progression and increasing cardiovascular risk [53].


      The findings of this study are consistent with those of previous investigations, which have demonstrated elevated LDH levels in patients with periodontal disease [54, 55]. Hamodat and Taha reported similar elevations in LDH levels among patients with chronic periodontitis compared with healthy controls, supporting the utility of this biomarker for periodontal disease assessment [56]. However, their study did not examine patients with concurrent cardiovascular disease, limiting direct comparison with our findings.


      Das et al. conducted a comparative evaluation of LDH levels in periodontal diseases and reported significant correlations between LDH levels and disease severity [57]. These results align with our correlation findings, particularly the strong relationship between LDH and probing pocket depth observed in our study groups.


      In the context of cardiovascular disease, Chazov et al. evaluated salivary LDH levels in patients with coronary atherosclerosis and reported elevated LDH levels compared with those in healthy individuals [58]. These findings support our observation of increased LDH levels in the ATH group, although their study did not examine patients with concurrent periodontal disease.


      The novelty of our study lies in the comprehensive evaluation of patients with both conditions, revealing synergistic effects that have not been previously reported. This finding has important implications for understanding disease interactions and developing integrated treatment approaches [59].


      The excellent diagnostic performance of salivary LDH demonstrated in this study has several important clinical implications. The noninvasive nature of saliva collection makes this biomarker particularly attractive for screening applications, especially in populations with limited access to comprehensive periodontal examination [60]. The high sensitivity (89.9%) achieved with the optimal cutoff suggests that salivary LDH could serve as an effective screening tool for identifying individuals who require further periodontal evaluation [61].


      Salivary LDH levels showed significant positive correlations with clinical periodontal parameters in the diseased groups, as determined by Pearson's correlation analysis. In the CP group, LDH was significantly correlated with all three clinical parameters, including PLI (r = 0.103, p = 0.046), GI (r = 0.128, p = 0.041), and PPD (r = 0.240, p = 0.008). The most significant correlation of LDH was with the PPD, which directly measures the severity of periodontal tissue destruction and loss of attachment. This is consistent with the mechanistic role of LDH as a cytoplasmic enzyme released during cell death and tissue breakdown [62]. Serial LDH measurements could provide an objective assessment of periodontal healing following therapeutic interventions [63].


      For patients with atherosclerotic cardiovascular disease, elevated salivary LDH levels may serve as an early indicator of concurrent periodontal disease, prompting dental referrals and comprehensive periodontal evaluation [64]. This could facilitate early intervention and potentially reduce the risk of cardiovascular complications associated with periodontal disease [65].


      The absence of significant sex differences in LDH levels observed in this study is consistent with previous reports and suggests that this biomarker is not influenced by sex-related factors [66]. This finding is important for clinical application, as it indicates that the same diagnostic cutoffs can be applied across both male and female populations without adjustment [67].


      The age differences observed among the study groups reflect the natural epidemiology of both periodontal and cardiovascular diseases, which increase in prevalence and severity with increasing age [68]. The older age of the ATH+CP group is consistent with the cumulative nature of both conditions and supports the clinical relevance of our findings in real-world populations [69].


      The strong correlations observed between LDH levels and clinical periodontal parameters provide mechanistic insights into the relationship between tissue destruction and biomarker release. The particularly strong correlation with probing pocket depth (r = 0.425, p = 0.002) in the ATH+CP group suggests that LDH release is closely related to the extent of periodontal tissue destruction [70].


      Future research should investigate the temporal relationships between LDH elevation and disease progression, potentially through longitudinal studies following patients over extended periods [71]. Additionally, investigations of other inflammatory biomarkers in conjunction with LDH could provide a more comprehensive understanding of the inflammatory networks involved in these disease interactions [72].


      The potential for LDH to serve as a treatment monitoring biomarker warrants investigation through intervention studies examining changes in LDH levels following periodontal therapy [73]. Such studies could establish the utility of this biomarker for assessing treatment efficacy and guiding clinical decision-making [74, 75].

    


    
      

      5. LIMITATIONS


      This study has several limitations that should be acknowledged. First, the cross-sectional design prevents the establishment of causal relationships between salivary LDH levels and disease status. Second, the relatively small sample size, particularly in the control group (n=12), may limit the generalizability of our findings. Third, this was a single-center study conducted in an Iraqi population, which may affect the applicability of the results to other populations. Fourth, despite the study’s comprehensive exclusion criteria, potential residual confounding from unmeasured variables cannot be entirely ruled out. Fifth, the lack of longitudinal follow-up data prevents the assessment of LDH changes over time or in response to treatment. Sixth, multivariate regression analysis was not performed to control for all potential confounders, which should be addressed in future larger studies. Finally, the absence of other cardiovascular biomarkers for comparison limits our ability to assess the relative utility of salivary LDH compared with established markers.

    


    
      

      CONCLUSION


      Salivary LDH has excellent potential as a noninvasive biomarker for periodontal disease and may reflect the additive inflammatory burden in patients with concurrent atherosclerotic cardiovascular disease.


      The substantially elevated LDH levels in patients with both conditions (24.55 ± 2.55 U/L) surpassed the additive effect of each disease alone, providing strong biochemical support for the bidirectional relationship between oral and systemic inflammation.


      The diagnostic performance of salivary LDH was outstanding, with an Area Under the ROC curve (AUC) of 0.987. A defined cutoff of 5.0 U/L offers a clinically robust tool, demonstrating high sensitivity (89.9%) and specificity (91.7%) for identifying individuals with periodontal disease. The utility of LDH as an indicator of disease severity was reinforced by its strong positive correlation with clinical parameters, most notably probing pocket depth (r = 0.425, p = 0.002), directly linking biomarker levels to the extent of tissue destruction. Furthermore, the absence of sex-based differences enhances its universal applicability in clinical settings.


      These findings have significant implications for integrated healthcare. Salivary LDH testing could serve as a practical screening mechanism in both medical and dental practices. Elevated levels in patients with cardiovascular disease could trigger a dental referral. Moreover, dentists could use this biomarker to assess systemic inflammatory burden and reinforce the importance of oral health in cardiovascular risk management.


      Longitudinal research is essential to clarify the temporal relationship between LDH elevation and disease onset. Intervention studies are needed to validate LDH as a marker for monitoring treatment response, and multicenter trials are needed to confirm the generalizability of these findings across diverse populations. In summary, salivary LDH holds significant promise not only for periodontal diagnostics but also as a key biochemical marker highlighting the profound connection between oral health and cardiovascular well-being.
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            	CAL

            	= Clinical Attachment Loss
          


          
            	CP

            	= Chronic Periodontitis
          


          
            	CRP

            	= C-reactive Protein
          


          
            	ELISA

            	= Enzyme-linked Immunosorbent Assay
          


          
            	GI

            	= Gingival Index
          


          
            	HRP

            	= Horseradish Peroxidase
          


          
            	LDH

            	= Lactate Dehydrogenase
          


          
            	PLI

            	= Plaque Index
          


          
            	PPD

            	= Probing Pocket Depth
          


          
            	ROC

            	= Receiver Operating Characteristic
          

        
      

    


    
      

      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      This cross-sectional comparative study was conducted between July 2023 and October 2023, following approval from the Ethical Committee of the College of Medicine, University of Kufa, Kufa, Iran (Reference number: MEC-48, Date: 26/6/2023).

    


    
      

      HUMAN AND ANIMAL RIGHTS


      All human research procedures followed were in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013.


      Good Clinical Practice guidelines were also followed in this study.

    


    
      

      CONSENT FOR PUBLICATION


      After receiving comprehensive information regarding the study objectives, procedures, potential risks, and benefits, all participants provided written informed consent.

    


    
      

      STANDARDS OF REPORTING


      STROBE guidelines were followed.

    


    
      

      AVAILABILITY OF DATA AND MATERIALS


      The datasets generated and analyzed during the current study are available from the corresponding author [S.M.I.] upon reasonable request and are subject to ethical approval and data protection regulations.

    


    
      

      FUNDING


      None.

    


    
      

      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The authors express their gratitude to the participants who volunteered for this study and to the staff at the Al-Sadar Teaching Hospital Heart Center and the Faculty of Dentistry, University of Kufa, Iraq for their support in participant recruitment and data collection. They acknowledge the technical assistance provided by the laboratory personnel in conducting the ELISA analyses.


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Papapanou P.N., Sanz M., Buduneli N., Dietrich T., Feres M., Fine D.H., Flemmig T.F., Garcia R., Giannobile W.V., Graziani F., Greenwell H., Herrera D., Kao R.T., Kebschull M., Kinane D.F., Kirkwood K.L., Kocher T., Kornman K.S., Kumar P.S., Loos B.G., Machtei E., Meng H., Mombelli A., Needleman I., Offenbacher S., Seymour G.J., Teles R., Tonetti M.S.. Periodontitis: Consensus report of workgroup 2 of the 2017 World Workshop on the Classification of Periodontal and Peri‐Implant Diseases and Conditions., J. Clin. Periodontol.. 2018; 45(S20): S162-S170.

          [CrossRef] [PubMed]
        


        
          	[2]

          	Alexa I., Dumitrescu R., Alexa V. T., Popescu S., Bolchis V., Floare L., Balean O., Galuscan A., Jumanca D.. Cross-sectional comparative assessment of periodontal status in diabetic and non-diabetic individuals within a romanian cohort., J. Clin. Med.. 2025; 14(22): 8199.

          [CrossRef]
        


        
          	[3]

          	Ibrahim S.M., Al-Mizraqchi A.S.. Comparison of the Antibacterial Activity of Panax Ginseng and Symphytum Officinale with Metronidazole against P. gingivalis: An MIC and MBC Analysis., Open Dent. J.. 2024; 18(1): e18742106299402.

          [CrossRef]
        


        
          	[4]

          	Ibrahim S.M., Al-Mizraqchi A.S., Haider J.. Metronidazole Potentiation by Panax Ginseng and Symphytum officinale: A New Strategy for P. gingivalis Infection Control., Antibiotics (Basel). 2023; 12(8): 1288.

          [CrossRef] [PubMed]
        


        
          	[5]

          	Kinane D.F., Stathopoulou P.G., Papapanou P.N.. Periodontal diseases., Nat. Rev. Dis. Primers. 2017; 3(1): 17038.

          [CrossRef]
        


        
          	[6]

          	Roth G.A., Mensah G.A., Johnson C.O., Addolorato G., Ammirati E., Baddour L.M., Barengo N.C., Beaton A.Z., Benjamin E.J., Benziger C.P., Bonny A., Brauer M., Brodmann M., Cahill T.J., Carapetis J., Catapano A.L., Chugh S.S., Cooper L.T., Coresh J., Criqui M., DeCleene N., Eagle K.A., Emmons-Bell S., Feigin V.L., Fernández-Solà J., Fowkes G., Gakidou E., Grundy S.M., He F.J., Howard G., Hu F., Inker L., Karthikeyan G., Kassebaum N., Koroshetz W., Lavie C., Lloyd-Jones D., Lu H.S., Mirijello A., Temesgen A.M., Mokdad A., Moran A.E., Muntner P., Narula J., Neal B., Ntsekhe M., Moraes de Oliveira G., Otto C., Owolabi M., Pratt M., Rajagopalan S., Reitsma M., Ribeiro A.L.P., Rigotti N., Rodgers A., Sable C., Shakil S., Sliwa-Hahnle K., Stark B., Sundström J., Timpel P., Tleyjeh I.M., Valgimigli M., Vos T., Whelton P.K., Yacoub M., Zuhlke L., Murray C., Fuster V., Roth G.A., Mensah G.A., Johnson C.O., Addolorato G., Ammirati E., Baddour L.M., Barengo N.C., Beaton A., Benjamin E.J., Benziger C.P., Bonny A., Brauer M., Brodmann M., Cahill T.J., Carapetis J.R., Catapano A.L., Chugh S., Cooper L.T., Coresh J., Criqui M.H., DeCleene N.K., Eagle K.A., Emmons-Bell S., Feigin V.L., Fernández-Sola J., Fowkes F.G.R., Gakidou E., Grundy S.M., He F.J., Howard G., Hu F., Inker L., Karthikeyan G., Kassebaum N.J., Koroshetz W.J., Lavie C., Lloyd-Jones D., Lu H.S., Mirijello A., Misganaw A.T., Mokdad A.H., Moran A.E., Muntner P., Narula J., Neal B., Ntsekhe M., Oliveira G.M.M., Otto C.M., Owolabi M.O., Pratt M., Rajagopalan S., Reitsma M.B., Ribeiro A.L.P., Rigotti N.A., Rodgers A., Sable C.A., Shakil S.S., Sliwa K., Stark B.A., Sundström J., Timpel P., Tleyjeh I.I., Valgimigli M., Vos T., Whelton P.K., Yacoub M., Zuhlke L.J., Abbasi-Kangevari M., Abdi A., Abedi A., Aboyans V., Abrha W.A., Abu-Gharbieh E., Abushouk A.I., Acharya D., Adair T., Adebayo O.M., Ademi Z., Advani S.M., Afshari K., Afshin A., Agarwal G., Agasthi P., Ahmad S., Ahmadi S., Ahmed M.B., Aji B., Akalu Y., Akande-Sholabi W., Aklilu A., Akunna C.J., Alahdab F., Al-Eyadhy A., Alhabib K.F., Alif S.M., Alipour V., Aljunid S.M., Alla F., Almasi-Hashiani A., Almustanyir S., Al-Raddadi R.M., Amegah A.K., Amini S., Aminorroaya A., Amu H., Amugsi D.A., Ancuceanu R., Anderlini D., Andrei T., Andrei C.L., Ansari-Moghaddam A., Anteneh Z.A., Antonazzo I.C., Antony B., Anwer R., Appiah L.T., Arabloo J., Ärnlöv J., Artanti K.D., Ataro Z., Ausloos M., Avila-Burgos L., Awan A.T., Awoke M.A., Ayele H.T., Ayza M.A., Azari S., B D.B., Baheiraei N., Baig A.A., Bakhtiari A., Banach M., Banik P.C., Baptista E.A., Barboza M.A., Barua L., Basu S., Bedi N., Béjot Y., Bennett D.A., Bensenor I.M., Berman A.E., Bezabih Y.M., Bhagavathula A.S., Bhaskar S., Bhattacharyya K., Bijani A., Bikbov B., Birhanu M.M., Boloor A., Brant L.C., Brenner H., Briko N.I., Butt Z.A., Caetano dos Santos F.L., Cahill L.E., Cahuana-Hurtado L., Cámera L.A., Campos-Nonato I.R., Cantu-Brito C., Car J., Carrero J.J., Carvalho F., Castañeda-Orjuela C.A., Catalá-López F., Cerin E., Charan J., Chattu V.K., Chen S., Chin K.L., Choi J-Y.J., Chu D-T., Chung S-C., Cirillo M., Coffey S., Conti S., Costa V.M., Cundiff D.K., Dadras O., Dagnew B., Dai X., Damasceno A.A.M., Dandona L., Dandona R., Davletov K., De la Cruz-Góngora V., De la Hoz F.P., De Neve J-W., Denova-Gutiérrez E., Derbew Molla M., Derseh B.T., Desai R., Deuschl G., Dharmaratne S.D., Dhimal M., Dhungana R.R., Dianatinasab M., Diaz D., Djalalinia S., Dokova K., Douiri A., Duncan B.B., Duraes A.R., Eagan A.W., Ebtehaj S., Eftekhari A., Eftekharzadeh S., Ekholuenetale M., El Nahas N., Elgendy I.Y., Elhadi M., El-Jaafary S.I., Esteghamati S., Etisso A.E., Eyawo O., Fadhil I., Faraon E.J.A., Faris P.S., Farwati M., Farzadfar F., Fernandes E., Fernandez Prendes C., Ferrara P., Filip I., Fischer F., Flood D., Fukumoto T., Gad M.M., Gaidhane S., Ganji M., Garg J., Gebre A.K., Gebregiorgis B.G., Gebregzabiher K.Z., Gebremeskel G.G., Getacher L., Obsa A.G., Ghajar A., Ghashghaee A., Ghith N., Giampaoli S., Gilani S.A., Gill P.S., Gillum R.F., Glushkova E.V., Gnedovskaya E.V., Golechha M., Gonfa K.B., Goudarzian A.H., Goulart A.C., Guadamuz J.S., Guha A., Guo Y., Gupta R., Hachinski V., Hafezi-Nejad N., Haile T.G., Hamadeh R.R., Hamidi S., Hankey G.J., Hargono A., Hartono R.K., Hashemian M., Hashi A., Hassan S., Hassen H.Y., Havmoeller R.J., Hay S.I., Hayat K., Heidari G., Herteliu C., Holla R., Hosseini M., Hosseinzadeh M., Hostiuc M., Hostiuc S., Househ M., Huang J., Humayun A., Iavicoli I., Ibeneme C.U., Ibitoye S.E., Ilesanmi O.S., Ilic I.M., Ilic M.D., Iqbal U., Irvani S.S.N., Islam S.M.S., Islam R.M., Iso H., Iwagami M., Jain V., Javaheri T., Jayapal S.K., Jayaram S., Jayawardena R., Jeemon P., Jha R.P., Jonas J.B., Jonnagaddala J., Joukar F., Jozwiak J.J., Jürisson M., Kabir A., Kahlon T., Kalani R., Kalhor R., Kamath A., Kamel I., Kandel H., Kandel A., Karch A., Kasa A.S., Katoto P.D.M.C., Kayode G.A., Khader Y.S., Khammarnia M., Khan M.S., Khan M.N., Khan M., Khan E.A., Khatab K., Kibria G.M.A., Kim Y.J., Kim G.R., Kimokoti R.W., Kisa S., Kisa A., Kivimäki M., Kolte D., Koolivand A., Korshunov V.A., Koulmane Laxminarayana S.L., Koyanagi A., Krishan K., Krishnamoorthy V., Kuate Defo B., Kucuk Bicer B., Kulkarni V., Kumar G.A., Kumar N., Kurmi O.P., Kusuma D., Kwan G.F., La Vecchia C., Lacey B., Lallukka T., Lan Q., Lasrado S., Lassi Z.S., Lauriola P., Lawrence W.R., Laxmaiah A., LeGrand K.E., Li M-C., Li B., Li S., Lim S.S., Lim L-L., Lin H., Lin Z., Lin R-T., Liu X., Lopez A.D., Lorkowski S., Lotufo P.A., Lugo A., M N.K., Madotto F., Mahmoudi M., Majeed A., Malekzadeh R., Malik A.A., Mamun A.A., Manafi N., Mansournia M.A., Mantovani L.G., Martini S., Mathur M.R., Mazzaglia G., Mehata S., Mehndiratta M.M., Meier T., Menezes R.G., Meretoja A., Mestrovic T., Miazgowski B., Miazgowski T., Michalek I.M., Miller T.R., Mirrakhimov E.M., Mirzaei H., Moazen B., Moghadaszadeh M., Mohammad Y., Mohammad D.K., Mohammed S., Mohammed M.A., Mokhayeri Y., Molokhia M., Montasir A.A., Moradi G., Moradzadeh R., Moraga P., Morawska L., Moreno Velásquez I., Morze J., Mubarik S., Muruet W., Musa K.I., Nagarajan A.J., Nalini M., Nangia V., Naqvi A.A., Narasimha Swamy S., Nascimento B.R., Nayak V.C., Nazari J., Nazarzadeh M., Negoi R.I., Neupane Kandel S., Nguyen H.L.T., Nixon M.R., Norrving B., Noubiap J.J., Nouthe B.E., Nowak C., Odukoya O.O., Ogbo F.A., Olagunju A.T., Orru H., Ortiz A., Ostroff S.M., Padubidri J.R., Palladino R., Pana A., Panda-Jonas S., Parekh U., Park E-C., Parvizi M., Pashazadeh Kan F., Patel U.K., Pathak M., Paudel R., Pepito V.C.F., Perianayagam A., Perico N., Pham H.Q., Pilgrim T., Piradov M.A., Pishgar F., Podder V., Polibin R.V., Pourshams A., Pribadi D.R.A., Rabiee N., Rabiee M., Radfar A., Rafiei A., Rahim F., Rahimi-Movaghar V., Ur Rahman M.H., Rahman M.A., Rahmani A.M., Rakovac I., Ram P., Ramalingam S., Rana J., Ranasinghe P., Rao S.J., Rathi P., Rawal L., Rawasia W.F., Rawassizadeh R., Remuzzi G., Renzaho A.M.N., Rezapour A., Riahi S.M., Roberts-Thomson R.L., Roever L., Rohloff P., Romoli M., Roshandel G., Rwegerera G.M., Saadatagah S., Saber-Ayad M.M., Sabour S., Sacco S., Sadeghi M., Saeedi Moghaddam S., Safari S., Sahebkar A., Salehi S., Salimzadeh H., Samaei M., Samy A.M., Santos I.S., Santric-Milicevic M.M., Sarrafzadegan N., Sarveazad A., Sathish T., Sawhney M., Saylan M., Schmidt M.I., Schutte A.E., Senthilkumaran S., Sepanlou S.G., Sha F., Shahabi S., Shahid I., Shaikh M.A., Shamali M., Shamsizadeh M., Shawon M.S.R., Sheikh A., Shigematsu M., Shin M-J., Shin J.I., Shiri R., Shiue I., Shuval K., Siabani S., Siddiqi T.J., Silva D.A.S., Singh J.A., Mtech A.S., Skryabin V.Y., Skryabina A.A., Soheili A., Spurlock E.E., Stockfelt L., Stortecky S., Stranges S., Suliankatchi Abdulkader R., Tadbiri H., Tadesse E.G., Tadesse D.B., Tajdini M., Tariqujjaman M., Teklehaimanot B.F., Temsah M-H., Tesema A.K., Thakur B., Thankappan K.R., Thapar R., Thrift A.G., Timalsina B., Tonelli M., Touvier M., Tovani-Palone M.R., Tripathi A., Tripathy J.P., Truelsen T.C., Tsegay G.M., Tsegaye G.W., Tsilimparis N., Tusa B.S., Tyrovolas S., Umapathi K.K., Unim B., Unnikrishnan B., Usman M.S., Vaduganathan M., Valdez P.R., Vasankari T.J., Velazquez D.Z., Venketasubramanian N., Vu G.T., Vujcic I.S., Waheed Y., Wang Y., Wang F., Wei J., Weintraub R.G., Weldemariam A.H., Westerman R., Winkler A.S., Wiysonge C.S., Wolfe C.D.A., Wubishet B.L., Xu G., Yadollahpour A., Yamagishi K., Yan L.L., Yandrapalli S., Yano Y., Yatsuya H., Yeheyis T.Y., Yeshaw Y., Yilgwan C.S., Yonemoto N., Yu C., Yusefzadeh H., Zachariah G., Zaman S.B., Zaman M.S., Zamanian M., Zand R., Zandifar A., Zarghi A., Zastrozhin M.S., Zastrozhina A., Zhang Z-J., Zhang Y., Zhang W., Zhong C., Zou Z., Zuniga Y.M.H., Murray C.J.L., Fuster V.. Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019 study., J. Am. Coll. Cardiol.. 2020; 76(25): 2982-3021.

          [CrossRef] [PubMed]
        


        
          	[7]

          	Virani S.S., Alonso A., Aparicio H.J., Benjamin E.J., Bittencourt M.S., Callaway C.W., Carson A.P., Chamberlain A.M., Cheng S., Delling F.N., Elkind M.S.V., Evenson K.R., Ferguson J.F., Gupta D.K., Khan S.S., Kissela B.M., Knutson K.L., Lee C.D., Lewis T.T., Liu J., Loop M.S., Lutsey P.L., Ma J., Mackey J., Martin S.S., Matchar D.B., Mussolino M.E., Navaneethan S.D., Perak A.M., Roth G.A., Samad Z., Satou G.M., Schroeder E.B., Shah S.H., Shay C.M., Stokes A., VanWagner L.B., Wang N.Y., Tsao C.W.. Heart disease and stroke statistics-2021 update: a report from the American Heart Association., Circulation. 2021; 143(8): e254-e743.

          [CrossRef] [PubMed]
        


        
          	[8]

          	Tsao C.W., Aday A.W., Almarzooq Z.I., Alonso A., Beaton A.Z., Bittencourt M.S., Boehme A.K., Buxton A.E., Carson A.P., Commodore-Mensah Y., Elkind M.S.V., Evenson K.R., Eze-Nliam C., Ferguson J.F., Generoso G., Ho J.E., Kalani R., Khan S.S., Kissela B.M., Knutson K.L., Levine D.A., Lewis T.T., Liu J., Loop M.S., Ma J., Mussolino M.E., Navaneethan S.D., Perak A.M., Poudel R., Rezk-Hanna M., Roth G.A., Schroeder E.B., Shah S.H., Thacker E.L., VanWagner L.B., Virani S.S., Voecks J.H., Wang N.Y., Yaffe K., Martin S.S.. Heart disease and stroke statistics-2022 update: a report from the American Heart Association., Circulation. 2022; 145(8): e153-e639.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Libby P., Hansson G.K.. Inflammation and immunity in diseases of the arterial tree: players and layers., Circ. Res.. 2015; 116(2): 307-311.

          [CrossRef] [PubMed]
        


        
          	[10]

          	Ridker P.M., Everett B.M., Thuren T., MacFadyen J.G., Chang W.H., Ballantyne C., Fonseca F., Nicolau J., Koenig W., Anker S.D., Kastelein J.J.P., Cornel J.H., Pais P., Pella D., Genest J., Cifkova R., Lorenzatti A., Forster T., Kobalava Z., Vida-Simiti L., Flather M., Shimokawa H., Ogawa H., Dellborg M., Rossi P.R.F., Troquay R.P.T., Libby P., Glynn R.J.. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease., N. Engl. J. Med.. 2017; 377(12): 1119-1131.

          [CrossRef] [PubMed]
        


        
          	[11]

          	Costantine M.M., West H., Wisner K.L., Caritis S., Clark S., Venkataramanan R., Stika C.S., Rytting E., Wang X., Ahmed M.S., Welch E., Snodgrass W., Nanovskaya T., Patrikeeva S., Saade G., Hankins G., Pinheiro E., O’Shea K., Cattan M., Mesches G., Ciolino J., George A.L. Jr, Fischer D., DeAngeles D., Ren Z.. A randomized pilot clinical trial of pravastatin versus placebo in pregnant patients at high risk of preeclampsia., Am. J. Obstet. Gynecol.. 2021; 225(6): 666.e1-666.e15.

          [CrossRef] [PubMed]
        


        
          	[12]

          	Noguchi T., Nakao K., Asaumi Y., Morita Y., Otsuka F., Kataoka Y., Hosoda H., Miura H., Fukuda T., Yasuda S.. Noninvasive Coronary Plaque Imaging., J. Atheroscler. Thromb.. 2018; 25(4): 281-293.

          [CrossRef] [PubMed]
        


        
          	[13]

          	Cunningham K.S., Gotlieb A.I.. The role of shear stress in the pathogenesis of atherosclerosis., Lab. Invest.. 2005; 85(1): 9-23.

          [CrossRef] [PubMed]
        


        
          	[14]

          	Mythili S., Malathi N.. Diagnostic markers of acute myocardial infarction., Biomed. Rep.. 2015; 3(6): 743-748.

          [CrossRef] [PubMed]
        


        
          	[15]

          	Libby P., Ridker P.M., Hansson G.K.. Progress and challenges in translating the biology of atherosclerosis., Nature. 2011; 473(7347): 317-325.

          [CrossRef] [PubMed]
        


        
          	[16]

          	Karlas A., Bariotakis M., Kallmayer M., Hadjileontiadis L., Wildgruber M.. Editorial: Research topic for frontiers in cardiovascular medicine: non-invasive sensing and imaging techniques for cardiometabolic diseases., Front. Cardiovasc. Med.. 2023; 10: 1178101.

          [CrossRef] [PubMed]
        


        
          	[17]

          	Yu Y., Ma J., Li S., Liao M., Xu S., Chen H., Dai S., Peng X., Zhao D., Lou Y., Yu X., Gao X., Liu Y., Liu J., Ke X., Ping Z., Wang L., Wang C., Zeng F.. Association between Periodontitis and Aortic Calcification: A Cohort Study., Angiology. 2023; 74(2): 129-138.

          [CrossRef] [PubMed]
        


        
          	[18]

          	Bui F.Q., Almeida-da-Silva C.L.C., Huynh B., Trinh A., Liu J., Woodward J., Asadi H., Ojcius D.M.. Association between periodontal pathogens and systemic disease., Biomed. J.. 2019; 42(1): 27-35.

          [CrossRef] [PubMed]
        


        
          	[19]

          	Mohammed M.J., Al-mizraqchi A.S., Ibrahim S.M.. Oral Findings, Salivary Copper, Magnesium, and Leptin in Type II Diabetic Patients in Relation to Oral Candida Species., Int. J. Microbiol.. 2024; 2024(1): 8177437.

          [CrossRef] [PubMed]
        


        
          	[20]

          	Ibrahim S.M., Hamed M.N., Khalel A.M.. Periodontal markers predict glycemic control in diabetic patients a ten year retrospective analysis., Sci. Rep.. 2025; 15(1): 36314.

          [CrossRef] [PubMed]
        


        
          	[21]

          	Gomes P.R., Rocha M.D., Lira J.A., Coelho F.A., Alves E.H., Nascimento H.M., Oliveira S.M., Carmo R.R., Araújo H.T., Silva F.R., Vasconcelos F.R.. Salivary biomarkers present in patients with periodontitis without clinical distinction: findings from a meta-analysis., Med. Oral Patol. Oral Cir. Bucal. 2023; 28(5): e457-e466.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Gardner A., Carpenter G., So P.W.. Salivary Metabolomics: From Diagnostic Biomarker Discovery to Investigating Biological Function., Metabolites. 2020; 10(2): 47.

          [CrossRef] [PubMed]
        


        
          	[23]

          	Khalel A.M., Abbas T.S., Ali S.H., Ali M.B.. Estimation of Salivary Creatine Kinase Level and Periodontal Health Status among Type II Diabetic and Nondiabetic Patients with Chronic Periodontitis., Eur. J. Gen. Dent.. 2025; 14(3): 354-360.

          [CrossRef]
        


        
          	[24]

          	Mohammed M J, Al-mizraqchi A S, Ibrahim S M. Salivary biomarkers and oral candida spp. in type II diabetic patients: A comparative analysis., J Med Pharm Chem Res. 2025; 7(7): 1379-1397.

          [CrossRef]
        


        
          	[25]

          	Alonso De La Peña V., Diz Dios P., Tojo Sierra R.. Relationship between lactate dehydrogenase activity in saliva and oral health status., Arch. Oral Biol.. 2007; 52(10): 911-915.

          [CrossRef] [PubMed]
        


        
          	[26]

          	Ibrahim S.M., Khalel A.M.. Using the Immune System for Effective Periodontal and Caries Management., BioMed Res. Int.. 2025; 2025(1): 6385469.

          [CrossRef] [PubMed]
        


        
          	[27]

          	Nomura Y., Okada A., Tamaki Y., Miura H.. Salivary levels of hemoglobin for screening periodontal disease: A Systematic review., Int. J. Dent.. 2018; 2018: 2541204.

          [CrossRef] [PubMed]
        


        
          	[28]

          	Haghgoo J.M., Soheilifar S., Bidgoli M.. Comparison of whole salivary lactate dehydrogenase level in patients with and without periodontal disease., Avicenna J Dent Res.. 2016; 8(4): e35832.

          [CrossRef]
        


        
          	[29]

          	Cohen J.. Statistical Power Analysis for the Behavioral Sciences.. Routledge; 1988[CrossRef]
        


        
          	[30]

          	Lang N., Bartold P.M., Cullinan M., Jeffcoat M., Mombelli A., Murakami S., Page R., Papapanou P., Tonetti M., Van Dyke T.. Consensus report: aggressive periodontitis., Ann. Periodontol.. 1999; 4(1): 53.

          [CrossRef]
        


        
          	[31]

          	Löe H.. The gingival index, the plaque index and the retention index systems., J. Periodontol.. 1967; 38(6): 610-616.

          [CrossRef] [PubMed]
        


        
          	[32]

          	O’Leary T.J., Drake R.B., Naylor J.E.. The plaque control record., J. Periodontol.. 1972; 43(1): 38.

          [CrossRef] [PubMed]
        


        
          	[33]

          	Löe H., Silness J.. Periodontal disease in pregnancy I. Prevalence and severity., Acta Odontol. Scand.. 1963; 21(6): 533-551.

          [CrossRef] [PubMed]
        


        
          	[34]

          	Rawdhah R., Mahmood M.S.. Salivary lactate dehydrogenase and salivary total protein as potential biomarkers for screening periodontal disease., Saudi Dent. J.. 2023; 35(7): 827-833.

          [CrossRef] [PubMed]
        


        
          	[35]

          	Seshadri P. R., Syed N. K., Ahmed M. M., Mulla M., Shankar B. S., Ramkumar N.. Quantitative assessment of levels of salivary thiocyanate and lactate dehydrogenase enzyme activity in smokers with periodontitis., J. Contemp. Dent. Pract.. 2025; 26(10): 954-958.

          [CrossRef]
        


        
          	[36]

          	Ansari Moghadam S., Ahmadi Moghadam F.S., Alijani E.. Diagnostic Accuracy of salivary biomarkers including lactate dehydrogenase and hemoglobin A1c for screening chronic periodontitis., Dis. Markers. 2022; 2022: 1119038.

          [CrossRef] [PubMed]
        


        
          	[37]

          	Sanz M., Marco del Castillo A., Jepsen S., Gonzalez-Juanatey J.R., D’Aiuto F., Bouchard P., Chapple I., Dietrich T., Gotsman I., Graziani F., Herrera D., Loos B., Madianos P., Michel J.B., Perel P., Pieske B., Shapira L., Shechter M., Tonetti M., Vlachopoulos C., Wimmer G.. Periodontitis and cardiovascular diseases: Consensus report., J. Clin. Periodontol.. 2020; 47(3): 268-288.

          [CrossRef] [PubMed]
        


        
          	[38]

          	Varma S., Thomas B., Subrahmanyam K., Duarte K., Alsaegh M.A., Gopinath D., Kuriadom S.T., Narayanan J., Desai V.B., Khair A.M.B., Afrashtehfar K.I.. Salivary levels of inflammatory and anti-inflammatory biomarkers in periodontitis patients with and without acute myocardial infarction: implications for cardiovascular risk assessment., Front. Oral Health. 2024; 5: 1332980.

          [CrossRef] [PubMed]
        


        
          	[39]

          	Wang Z., Bao J., Yang Y., Wei Y., Li C., Pan Y., Chen L.. The impact of periodontitis on cardiovascular disease: Mechanisms, evidence, and therapeutic implications., Int. J. Dent.. 2025; 2025(1): 3694736.

          [CrossRef] [PubMed]
        


        
          	[40]

          	Yousif G., Murugesan S., Djekidel M.N., Terranegra A., Gentilcore G., Grivel J.C., Al Khodor S.. Distinctive blood and salivary proteomics signatures in Qatari individuals at high risk for cardiovascular disease., Sci. Rep.. 2025; 15(1): 4056.

          [CrossRef] [PubMed]
        


        
          	[41]

          	Hansson G.K., Libby P., Tabas I.. Inflammation and plaque vulnerability., J. Intern. Med.. 2015; 278(5): 483-493.

          [CrossRef] [PubMed]
        


        
          	[42]

          	Rathnayake N., Gustafsson A., Norhammar A., Kjellström B., Klinge B., Rydén L., Tervahartiala T., Sorsa T.. Salivary matrix metalloproteinase-8 and -9 and myeloperoxidase in relation to coronary heart and periodontal diseases: A subgroup report from the PAROKRANK study., PLoS One. 2015; 10(7): e0126370.

          [CrossRef] [PubMed]
        


        
          	[43]

          	Libby P.. Inflammation in atherosclerosis., Arterioscler. Thromb. Vasc. Biol.. 2012; 32(9): 2045-2051.

          [CrossRef] [PubMed]
        


        
          	[44]

          	Zhu W., Ma Y., Guo W., Lu J., Li X., Wu J., Qin P., Zhu C., Zhang Q.. Serum level of lactate dehydrogenase is associated with cardiovascular disease risk as determined by the Framingham risk score and arterial stiffness in a health-examined population in China., Int. J. Gen. Med.. 2022; 15: 11-17.

          [CrossRef] [PubMed]
        


        
          	[45]

          	Hamad S.A., Mahmood M.S.. Assessment of serum levels of monocyte chemoattractant protein 1 (MCP 1) in patients with periodontitis and atherosclerotic cardiovascular disease., Journal of Baghdad College of Dentistry. 2022; 34(4): 9-16.

          [CrossRef]
        


        
          	[46]

          	Park J.H., Leem G.H., Kim J.W., Song T.J.. Persisting Chronic Periodontal Disease as a Risk Factor for Cardiovascular Disease: A Nationwide Population‐Based Cohort Study., J. Clin. Periodontol.. 2025; 52(3): 375-386.

          [CrossRef] [PubMed]
        


        
          	[47]

          	Zhang Z., Zhao X., Gao S., Li A., Deng K., Yang K., Liu W., Du M.. Biological aging mediates the association between periodontitis and cardiovascular disease: results from a national population study and Mendelian randomization analysis., Clin. Epigenetics. 2024; 16(1): 116.

          [CrossRef] [PubMed]
        


        
          	[48]

          	Schulze-Späte U., Wurschi L., van der Vorst E.P.C., Hölzle F., Craveiro R.B., Wolf M., Noels H.. Crosstalk between periodontitis and cardiovascular risk., Front. Immunol.. 2024; 15: 1469077.

          [CrossRef] [PubMed]
        


        
          	[49]

          	López-Jornet P., Berná-Mestre J.D., Berná-Serna J.D., Camacho-Alonso F., Fernandez-Millan S., Reus-Pintado M.. Measurement of atherosclerosis markers in patients with periodontitis: a case-control study., J. Periodontol.. 2012; 83(6): 690-698.

          [CrossRef] [PubMed]
        


        
          	[50]

          	Ebersole J.L., Kirakodu S.S., Zhang X.D., Dawson D. III, Miller C.S.. Salivary features of periodontitis and gingivitis in type 2 diabetes mellitus., Sci. Rep.. 2024; 14(1): 30649.

          [CrossRef] [PubMed]
        


        
          	[51]

          	Domokos Z., Simon F., Uhrin E., Szabó B., Váncsa S., Varga G., Hegyi P., Kerémi B., Németh O.. Evaluating salivary MMP-8 as a biomarker for periodontal diseases: A systematic review and meta-analysis., Heliyon. 2024; 10(22): e40402.

          [CrossRef] [PubMed]
        


        
          	[52]

          	Regueira-Iglesias A., Suárez-Rodríguez B., Blanco-Pintos T., Relvas M., Alonso-Sampedro M., Balsa-Castro C., Tomás I.. The salivary microbiome as a diagnostic biomarker of periodontitis: a 16S multi-batch study before and after the removal of batch effects., Front. Cell. Infect. Microbiol.. 2024; 14: 1405699.

          [CrossRef] [PubMed]
        


        
          	[53]

          	Brigic L., Mušija E., Kadić F., Halilčević M., Durak-Nalbantic A., Dervišević L., Glamoclija U.. Role of lactate dehydrogenase as a biomarker of early cardiac remodeling: A cross-sectional study., Cureus. 2024; 16(9): e68906.

          [CrossRef] [PubMed]
        


        
          	[54]

          	Cheng X., Liu L., Tian Y., Lin Y.. Serum lactate dehydrogenase as a prognostic marker for 90-day mortality in connective tissue disease patients receiving glucocorticoids and hospitalized with pneumonia: a cohort study., Sci. Rep.. 2025; 15(1): 16806.

          [CrossRef] [PubMed]
        


        
          	[55]

          	Subramanian M, Fenn S M, Reddy G V R, Rajarammohan K, Thangavelu R P. Estimation of Salivary and Serum Lactate Dehydrogenase (LDH) Levels in Individuals with Oral Cancer, Oral Potentially Malignant Disorders, Tobacco Users, and Healthy Subjects – A Pilot Study., J Indian Acad Oral Med Radiol. 2024; 36(4): 417-421.

          [CrossRef]
        


        
          	[56]

          	Taha Y. M., Mahmoud, Hamodat H. F.. Estimation of TNF-α And LDH in chronic periodontitis patients in Mosul., Int. J. Sci.: Basic Appl. Res. (IJSBAR). 2020; 49(1): 1-9.

        


        
          	[57]

          	Das A., Amaranath B. J. J., Mukherjee K., Pallavi K., Bhardwaj T., Kumari N.. Comparative evaluation of salivary and serum levels of Uric Acid (UA) and Lactate Dehydrogenase (LDH) among patients with periodontal disease: A biochemical study., J. Pharm. Bioallied Sci.. 2025; 17(Suppl 4): S3319-S3321.

          [CrossRef]
        


        
          	[58]

          	Chazov E.I., Smirnov V.N., Zisko A.P., Stark V.M.. Serum lactic dehydrogenase isoenzyme patterns in coronary atherosclerosis., J. Atheroscler. Res.. 1969; 9(2): 203-207.

          [CrossRef] [PubMed]
        


        
          	[59]

          	Ibrahim S M, Al Hmedat S J A-Z. Role of manual and powered tooth brushes in plaque removal and oral health status (A Comparative Study)., Indian J Public Health Res Dev. 2019; 10(8): 2192.

          [CrossRef]
        


        
          	[60]

          	Giannobile W.V., Beikler T., Kinney J.S., Ramseier C.A., Morelli T., Wong D.T.. Saliva as a diagnostic tool for periodontal disease: current state and future directions., Periodontol. 2000. 2009; 50(1): 52-64.

          [CrossRef] [PubMed]
        


        
          	[61]

          	Siddiqui Z.. New advances in periodontitis treatment., Br. Dent. J.. 2024; 237(11): 879.

          [CrossRef]
        


        
          	[62]

          	Koidou V.P., Nokhbehsaim M., Deschner J., Jepsen S.. Diagnostic delays of periodontitis and associated factors: A cross-sectional study., J. Periodontol.. 2024; 95(12): 1156-1165.

          [CrossRef]
        


        
          	[63]

          	Day W.D.. World Diabetes Day: the vital link between gum disease and diabetes., Br. Dent. J.. 2024; 237(11): 828.

          [CrossRef] [PubMed]
        


        
          	[64]

          	Ibrahim S.M., Al-Hmedat S.J.A.Z., Alsunboli M.H.. Histological study to evaluate the effect of local application of Myrtus Communis oil on alveolar bone healing in rats., Open Dent. J.. 2024; 18(1): e18742106299510.

          [CrossRef]
        


        
          	[65]

          	Norhammar A., Näsman P., Buhlin K., de Faire U., Ferrannini G., Gustafsson A., Kjellström B., Kvist T., Jäghagen E. L., Lindahl B., Nygren Å., Näslund U., Svenungsson E., Klinge B., Rydén L., PAROKRANK Study GroupDoes periodontitis increase the risk for future cardiovascular events? Long-term follow-up of the PAROKRANK Study., J. Clin. Periodontol.. 2025; 52(1): 16-23.

          [CrossRef]
        


        
          	[66]

          	Sanghvi M.M., Ramírez J., Chadalavada S., Aung N., Munroe P.B., Donos N., Petersen S.E.. The association between periodontal disease and cardiovascular disease., JACC Adv.. 2024; 3(10): 101241.

          [CrossRef] [PubMed]
        


        
          	[67]

          	Meng T., Ding W., Lv D., Wang C., Xu Y.. Lactate dehydrogenase to albumin ratio (LAR) is a novel predictor of fatal outcome in patients with SFTS: an observational study., Front. Public Health. 2024; 12: 1459712.

          [CrossRef] [PubMed]
        


        
          	[68]

          	Hassan R S, Hanoon Z A, Ibrahim S M, Alhusseini N B. Assessment of Periodontal Health Status and Treatment Needs Among Dental Students of Al-Kufa University by Using the Community Periodontal Index for Treatment Needs: A Cross-Sectional Study., Dentistry 3000. 2024; 12(2)[CrossRef]
        


        
          	[69]

          	Yan W., Bläsius F., Wahl T., Hildebrand F., Balmayor E.R., Greven J., Horst K.. Lactate dehydrogenase can be used for differential diagnosis to identify patients with severe polytrauma with or without chest injury—A retrospective study., PLoS One. 2024; 19(8): e0308228.

          [CrossRef] [PubMed]
        


        
          	[70]

          	Zhou Q., Xu F., Wen J., Yue J., Zhang Y., Du L., Kou K., Su J., Liu Y., Liang X.. Tregs at Diagnosis as a Potential Biomarker for Predicting High‐Risk Functionality in Newly Diagnosed Multiple Myeloma., Cancer Med.. 2025; 14(11): e70980.

          [CrossRef] [PubMed]
        


        
          	[71]

          	Wang A., Tian X., Zuo Y., Wang X., Xu Q., Meng X., Chen P., Li H., Wang Y.. High lactate dehydrogenase was associated with adverse outcomes in patients with acute ischemic stroke or transient ischemic attack., Ann. Palliat. Med.. 2021; 10(10): 10185-10195.

          [CrossRef] [PubMed]
        


        
          	[72]

          	Zhang W., Wang Y.N., Sun H.. Lactate dehydrogenase B A Hypoxia and lactylation relative-gene as potential biomarkers for alcoholic liver disease: Integration of single-cell, bulk RNA-sequencing and experimental validation., Comput. Biol. Chem.. 2025; 119: 108566.

          [CrossRef] [PubMed]
        


        
          	[73]

          	López A., Estebala P., García-Ruíz E., Serra F., Luisa Bonet M., López-Safont N.. Biomarkers in saliva to assess the state of periodontal disease., Salivary Analysis - Biomarkers, Clinical Applications, and Emerging Technologies... IntechOpen; 2025[CrossRef]
        


        
          	[74]

          	Ibrahim S.M., Khalel A.M., Hamed M.N.. Salivary biomarkers and Pseudomonas aeruginosa levels in Type 1 diabetes with periodontitis: An uncontrolled state may exacerbate oral inflammation., Open Dent. J.. 2025; 19(1): e18742106404903.

          [CrossRef]
        


        
          	[75]

          	Al-Hajjar S.H.A., Alhusseini N.B., Annooz T.S., Khalel A.M., Ibrahim S.M.. Common tongue manifestations in patients with diabetes and hypertension., Open Public Health J.. 2025; 18(1): e18749445402607.

          [CrossRef]
        

      
    

  


  

OEBPS/Images/cover.jpg
Vi b
\&l\ i
(437 : _
L o t
' ———
-

Teon—

_A .'...tﬁnn.mvu\

=

l

O\

BENTHAM
OPEN
SCIENCE





OEBPS/Images/orcid.png





OEBPS/Images/e18740707429930_F3.jpg
ROC Curve for LDH Diagnostic

Performance

(Periodontal Disease Detection)

1.0
2
o
L2 o6
=
5
=
@
2
& 0.4
S
£
@
=
=

0.2

-
¥ ROC Curve (AUC = 0.987)
P ——- Random Classifier
Z @ Optimal Cutoff (5.0 U/L)
-
0.0
©.0 o2 o4 ols o’s

False Positive Rate (1 - Specificity)





OEBPS/Images/e18740707429930_F2.jpg
30

25

= ~
& S

Salivary LDH Level (U/L)
=
S

Salivary Lactate Dehydrogenase Levels by Study Group

p < 0.001 (ANOVA) —_—

————
n=12 n=25 n=25 n=25
Control ATH L2 ATH+CP

Study Groups






OEBPS/Images/e18740707429930_F1.jpg
Study Participant Flow Chart

Participants Assessed for Eligibility’
(n =120)

e

Control Group
n=12)
Healthy periodontium

ATH Group
(n = 25)
Atherosclerosis only)

P Group
(n = 25)
Periodontitis only |

ATHTCP Group

Data Collection Completed
* Clinical examination
+ Saliva collection
* LDH analysis

Statistical Analysis
- One-way ANOVA

« Post-hoc comparisons
- Correlation analysis






