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Abstract

:

Currently, the number of people suffering from obesity is increasing worldwide. In addition, the disease is affecting younger individuals. Therefore, it is essential to search for new diagnostic methods and markers for early assessment of the risk of obesity, metabolic disorders, and other comorbidities. The discovery of the secretory function of adipose tissue and coexistence of low-grade chronic inflammation with obesity set a new direction in this disease diagnosis using the assessment of the concentration of inflammatory markers secreted by adipose tissue. The aim of this review was to determine, based on previous findings, whether saliva can be useful in the diagnosis of obesity and its early metabolic complications and whether it can be an alternative diagnostic material to serum.
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1. Introduction


Obesity has become a global problem of the 21st century. The World Health Organization (WHO) defines obesity as “the excessive accumulation of body fat in the body that can lead to impaired health” [1]. The latest WHO estimates showed that in 2016, more than 1.9 billion adults worldwide had excessive body weight (representing about 39% of the population), and 650 million of them were obese (13%). Between 1975 and 2016, the prevalence of obesity nearly tripled worldwide. In addition, obesity affects younger individuals. According to the WHO, in 2016, more than 350 million children and adolescents between 5 and 19 years old were found to be overweight, of which more than 124 million were obese, and in 2019 38.2 million children under 5 had excessive body weight [2].



Previous studies have shown that normal BMI values may be accompanied by an abnormal metabolic profile (metabolically obese normal weight—MONW) and, conversely, a high BMI is not always associated with the presence of metabolic disorders (metabolically healthy obese—MHO). Metabolic obesity is therefore difficult to diagnose and often recognized only when late complications occur [3,4,5]. It is of utmost importance to search for new diagnostic methods and new markers for early assessment of the risk of obesity and associated metabolic disorders so that preventive and therapeutic measures can bring the best results. A patient’s saliva analysis may prove to be a valuable innovation in the assessment of metabolic parameters due to the speed of collection, non-invasiveness, and lower cost of the test.



The aim of this review was to determine, based on previous findings, whether saliva can be useful in the diagnosis of obesity and its early metabolic complications, and to evaluate the potential markers (adipokines and/or cytokines) present in saliva.




2. The Role of Adipose Tissue in the Development of Obesity


The following types of adipose tissue can be distinguished in the human body: white (WAT, white adipose tissue), brown (BAT—brown adipose tissue), beige (BRITE—brown-in-white), and pink (PAT—pink adipose tissue). Each type shows a morphological and functional specificity. WAT plays an important role in the induction of inflammation and the development of metabolic disorders. Based on its anatomical location, it can be divided into visceral (VAT) and subcutaneous (SAT) adipose tissue [5,6].



The analysis of WAT deposits in terms of adipocyte growth and metabolism, angiogenesis capacity, insulin response, and adipokine and cytokine profile shows that VAT is more prone to elicit a proinflammatory response compared to SAT. VAT correlates with a higher risk of developing metabolic disorders, regardless of the BMI [4,7]. The effect of SAT on cardiometabolic risk depends on its location. Subcutaneous adipose tissue in the lower parts of the body, i.e., the gluteal subcutaneous adipose tissue (gSAT) have a protective effect and reduce these risks [4,8]. However, the results of studies on the function of abdominal subcutaneous adipose tissue (aSAT) are inconclusive [9,10,11,12]. The reason for this may be that the researchers considered only total aSAT and did not divide it into superficial and deep layers. These compartments differ in obesity at the morphological and molecular levels. Therefore, they may play a different role in the development of complications of obesity [4,13].



The development of inflammation in obesity is a result of several components, including cellular stress, excess free fatty acids and reactive oxygen species, increased lipolysis, and inadequate blood flow and hypoxia of adipocytes or their increased apoptosis, as well as increased plasma levels of lipopolysaccharide endotoxin (LPS). LPS is formed in excess in intestinal dysbiosis, which occurs in most obese patients [4,14].



During excessive energy supply, compensatory mechanisms are triggered, including the release of inflammatory mediators to stimulate adipose tissue to store more triglycerides and prevent ectopic lipid deposition. In the initial stages, it is a physiological response. However, with prolonged positive energy balance and developing obesity, the pathological proliferation of adipocytes occurs in WAT, followed by adipocyte dysfunction and activation of mechanisms leading to inflammation. Chronic low-grade inflammation develops [4]. Previous studies confirm that larger waist circumference and higher values of the BMI and WHR indices are associated with elevated serum C-reactive protein (CRP, a marker of inflammation) levels regardless of age, gender, or ethnicity [15]. A statistically significant positive relationship between BMI and salivary CRP levels was observed [16].



Not only adipocytes, but also preadipocytes, macrophages, eosinophils, mast cells, suppressor cells of myeloid origin, T lymphocytes, B lymphocytes, and fibroblasts are involved in the induction of inflammation [5]. Obesity is characterized by a significant influx of macrophages into adipose tissue. There are two extreme polarities of macrophages, i.e., M1 (classical) and M2 (alternative). Type M1 macrophages are characteristic of the adipose tissue of obese patients. This type of macrophages induces inflammation and insulin resistance by secreting the proinflammatory cytokines, including tumor necrosis factor α (TNF-α), and the interleukins IL-6, IL-12, and IL-23. In contrast, type M2 predominates in the adipose tissue of metabolically healthy, normal-weight individuals. M2-type macrophages have an opposite role to M1, namely, they protect against the development of inflammation and insulin resistance and participate in repair processes of damaged tissues. Their mechanism of action involves the secretion of IL-10, an anti-inflammatory adipokine, in significant amounts, while reducing the synthesis of pro-inflammatory interleukins, such as IL-12 and IL-23 [14,17].



Activation of M1 occurs in response to pro-inflammatory stimuli, which are the pro-inflammatory cytokines, including TNF-α and interferon γ (IFNγ), secreted by type 1 helper (Th1) lymphocytes. On the other hand, type 2 helper lymphocytes (Th2), which are characterized by high expression of anti-inflammatory interleukins i.e., IL-4, IL-13 are involved in the activation of M2 [14,17]. In addition, some adipose tissue cells (eosinophils, T-regulatory cells), adipose tissue influx cells (myeloid-derived suppressor cells—MDSCs), and other factors (peroxisome proliferator-activated receptors—PPARs) can influence macrophage polarization toward M2 and inhibit the development of inflammation and insulin resistance in adipose tissue. Other adipose tissue cells including B lymphocytes and CD8+ T lymphocytes influence the differentiation of macrophages into M1 type, so they promote the development of inflammation. CD4+ T lymphocytes can be divided into lymphocytes that promote inflammation (Th1 and Th17) and those that inhibit inflammatory responses (Th2). Mast cells, on the other hand, secrete IL-6 and IFNγ, so they have a pro-inflammatory effect [17].



Adipokines and cytokines, secreted by the WAT cells of obese patients, are mostly proinflammatory in nature. They can exhibit not only paracrine and autocrine effects, but also endocrine effects, and thus consequently affect the state and function of other tissues and the body as a whole. Proinflammatory adipokines and cytokines are a contributing factor to the development of a number of metabolic complications, including atherogenic dyslipidemia, hypertension, insulin resistance, type 2 diabetes, atherosclerosis, and non-alcoholic fatty liver disease. In contrast, adipokines with anti-inflammatory properties reduce cardiovascular risk [4,14,17].



The increased amount of adipose tissue in obese people, as well as its dysfunction, causes growth the release of free fatty acids. The increase in the concentration of free fatty acids (FFA) in the plasma contributes to the development of insulin resistance as well as the activation of the pro-inflammatory NF-κB pathway and the secretion of pro-inflammatory cytokines. The low-grade inflammation that develops in this way leads to the development of obesity-related metabolic disorders, such as non-alcoholic fatty liver disease or the formation of atherosclerotic lesions [18].




3. Saliva as a Potential Material in the Diagnosis of Obesity and Its Associated Disorders


The discovery of the secretory function of adipose tissue and the coexistence of low-grade chronic inflammation with obesity set a new direction in its diagnosis. It shows the possibility of evaluation of the concentration of inflammatory markers and inflammatory cytokines secreted by adipose tissue in the diagnostic process. Currently, the most common method is the determination of inflammatory markers in serum. However, blood biomarkers in saliva have been identified in obese subjects, so it is possible that saliva could be used as an alternative diagnostic material to serum. Saliva consists of water, electrolytes, different proteins, enzymes, and antibacterial substances [19]. Studies have shown a correlation between the concentration of inflammatory markers in serum and saliva. An earlier study by Tvarijonaviciute et al. showed a statistically significant strong positive correlation (r = 0.770, p < 0.001) between serum and salivary CRP levels [16], while another study confirmed a statistically significant moderate positive correlation (r = 0.441, p = 0.003) between serum and salivary resistin levels [20]. In the study of Thanakun et al., a statistically significant weak positive correlation was shown (r = 0.211, p = 0.018) between adiponectin levels in the given diagnostic materials but has not been shown for leptin [21]. Biomarkers enter saliva through passive diffusion, synthesis, and secretion through the salivary gland or ultrafiltration from the blood. As a result, the changes in their salivary concentration in relation to the serum may be delayed. Therefore, sometimes the biomarkers in saliva are not significantly correlated with those in serum [19].



In recent years, the relationship between salivary concentrations of selected adipokines and cytokines and obesity has been analyzed. The conducted research has shown that assessment of the salivary concentration of the following adipokines and cytokines may be considered for use in the diagnosis of obesity: adiponectin, leptin, resistin, waspin, interleukin 1β (IL-1β), IL-6, IL-8, IL-10, TNF-α, monocyte chemotactic factor, CD40/CD40L, as well as other inflammatory markers such as matrix metalloproteinase 2 (MMP-2), plasminogen activator inhibitor (PAI-1), soluble intercellular adhesion molecule 1 (sICAM-1), and pentraxin 3 (PTX3).



Adiponectin is a multimeric protein with a molecular size of 30 kDa that is mainly secreted by adipocytes of WAT. When properly secreted, adiponectin increases insulin sensitivity and protects against the development of insulin resistance and type 2 diabetes. Its beneficial effects on glucose metabolism and insulin action are associated with activation of AMP-activated kinase (AMPK) in the liver and muscle. In addition, it prevents vascular endothelial apoptosis through a pathway involving AMPK and exhibits anti-atherosclerotic effects. Furthermore, it is suspected that adiponectin participates in the control of inflammatory processes by modulating macrophage function. The lower concentration of this anti-inflammatory adipokine in adipose tissue and blood in obese compared to healthy subjects is due to inhibition of its production by released proinflammatory cytokines, as well as hypoxic conditions and oxidative stress [17,22]. Therefore, in the light of recent knowledge, salivary adiponectin concentrations may be lower in obese compared to normal-weight individuals. The results of Attlee et al. showed a statistically significant weak negative correlation (r = −0.28, p < 0.05) between salivary adiponectin levels and BMI among adult women. A statistically significant weak negative correlation (r = −0.28, p < 0.05) was also observed between salivary adiponectin levels and salivary TNF-α. In contrast, a statistically significant weak positive correlation (r = 0.37, p < 0.001) was shown between higher BMI and higher salivary TNF-α levels. The above results indicate that in the context of chronic inflammation associated with obesity, salivary concentrations of adiponectin and TNF-α should be analyzed simultaneously [23]. However, some of the studies conducted did not show statistically significant differences between salivary adiponectin levels in normal-weight and obese individuals [24]. Thankun et al. analyzed the correlation between salivary adiponectin levels and the components of metabolic syndrome in adults. No correlations were found [21]. In the studies of Kalyani et al., a decrease in the concentration of adiponectin in saliva was observed in the group of adults with newly diagnosed type 2 diabetes as compared to healthy people without diagnosed diabetes. These differences were statistically significant. In addition, the authors of the study found a statistically significant moderate negative correlation in patients with newly diagnosed type 2 diabetes between salivary adiponectin levels and postprandial blood glucose levels (r = −0.422, p = 0.02). However, no correlation was found between the concentration of this adipokine in saliva and glycosylated hemoglobin (HbA1C) and high-sensitivity CRP (hs-CRP) [25]. Moreover, Goodson et al. showed statistically significant decreased salivary adiponectin levels among children whose centile grids indicated the presence of obesity and who did not have elevated CRP levels (relative to normal-weight children) [26].



Another marker that may have applications in the diagnosis of obesity is waspin (serpin A12). It belongs to the serpin family, serine protease inhibitors. It was first identified in 2000 in the VAT of rats with obesity and type 2 diabetes. In humans, it is produced in the liver, adipose tissue, skeletal muscle, pancreas, and skin. Waspin has been shown to decrease food intake and contribute to the reduction of proinflammatory adipokines by inhibiting inflammatory processes, which may improve insulin sensitivity. Obese individuals had higher serum waspin levels compared to healthy ones. In contrast, weight reduction resulted in decreased serum waspin levels. The increase in waspin levels may have a compensatory function in obesity, insulin resistance, and type 2 diabetes [27]. In a study by Lehmann-Kalata et al., obese individuals without comorbidities had significantly higher salivary serpin A12 levels compared to overweight and normal-weight individuals. Salivary waspin levels monitoring may be helpful in the diagnosis of insulin resistance and other metabolic disorders. In addition, a high diagnostic power of the composite parameter [TNFR1] × [serpin A12] was observed, which can help in the diagnosis of metabolic obesity (it consists of multiplied tumor necrosis factor receptor 1 and serpin A12) [28]. The number of studies on waspin and its relation to obesity is small, hence the need for further research to evaluate the potential use of this anti-inflammatory marker for the diagnosis of obesity and its comorbidities.



IL-10 is a key anti-inflammatory mediator. The results show a correlation between the presence of obesity and comorbid metabolic disorders and reduced levels of this cytokine. Studies show that it can either promote M2-type macrophage activity in adipose tissue or act directly on adipocytes and consequently reduce their inflammatory response. However, the functions of this cytokine in the context of adipose tissue regulation and its therapeutic value in obesity require further research [29]. Attlee et al. observed a weak negative, non-statistically significant correlation (r = −0.20, p > 0.05) between salivary IL-10 levels and waist circumference and very weak negative, non-statistically significant correlation (r = −0.17, p > 0.05) between salivary levels of this cytokine and BMI in the adult population [23]. Moreover, other studies have shown a reduction (not statistically significant) in the mean salivary levels of this cytokine in patients diagnosed with metabolic syndrome compared to controls. There was also a statistically significant weak negative correlation (r = −0.331, p < 0.05) between salivary IL-10 levels and serum triglyceride levels [30]. In addition, Goodson et al. have found statistically significant decreased salivary IL-10 levels among children with obesity and without elevated CRP levels compared to normal-weight children [24,26]. The results of Selvaraju et al. showed that the concentration of this cytokine was 7.6-fold lower in overweight or obese children compared to normal weight children, but these differences were not statistically significant [31]. In the above studies, a trend was observed in which decreased levels of IL-10 in saliva correlate with excess body weight, increased waist circumference, elevated serum triglycerides, and the occurrence of metabolic syndrome. In contrast, due to the fact that the relationships demonstrated in the above studies are not statistically significant, the decreased levels of IL-10 in saliva cannot be unequivocally defined as a marker of metabolic obesity. The data results indicate the need for further research in this direction.



The CD40/CD40L complex is a cytokine that is involved in inflammatory processes in some autoimmune diseases, such as rheumatoid arthritis and systemic lupus. In addition, it has been shown that this marker may have applications in the diagnosis of Sjogren’s syndrome. In contrast, Lehmann et al. conducted a study looking at the relationship between salivary levels of this cytokine and obesity. They observed that lower sCD40L concentrations were associated with a higher risk of developing obesity and established a cut-off point (a potential prognostic marker for this disease could be a salivary sCD40L concentration < 3.28 pg/mL) [32]. However, further research in this direction is needed.



Leptin is a peptide hormone, secreted mainly by adipose tissue cells, which is involved in weight control by regulating food intake and energy expenditure. Leptin exhibits the ability to move across the blood-brain barrier, thereby exerting anorexigenic effects on the hypothalamic centers of satiety and hunger via the arcuate nucleus. High concentrations of leptin trigger a feeling of satiety (anorexic effect), while low concentrations stimulate appetite (orexigenic effect). It also modulates sympathetic activity-dependent vasoconstriction and endothelial release of nitric oxide and angiotensin II-dependent vasoconstriction, thereby controlling blood pressure in healthy individuals. Obesity induces organ-specific leptin resistance. It is most likely due to impaired passage of leptin across the blood-brain barrier or from inhibition of the intracellular leptin signaling pathway. Therefore, despite the high concentration of leptin in the body, its effect on vascular function is impaired. Leptin resistance and obesity-induced hyperleptinemia may be factors in the development of atherosclerosis. However, in the clinical setting, the importance of hyperleptinemia as a mediator of cardiovascular risk appears to be low. Martin et al. conducted a study regarding the effect of high leptin levels on the increased risk of cardiovascular disease, but they did not report an association. In addition, leptin resistance can affect reproductive function and cause hypogonadism [17,33,34]. Jayachandran et al., conducting a study among normal-weight and overweight adolescent and adult women, found higher salivary leptin concentrations in overweight subjects [35]. Thankun et al. reported no correlation between salivary leptin levels and components of metabolic syndrome in adults [21]. In contrast, the results of Goodson et al. showed significantly elevated salivary leptin levels in obese children with coexisting elevated serum CRP levels compared to normal weight children without elevated CRP [26]. Pirsean et al. observed 3-fold higher leptin levels in overweight or obese children compared to normal-weight children. In addition, the authors analyzed the occurrence of correlation between salivary leptin and IL-6 concentrations. However, salivary concentrations of the inflammatory mediators in question were not correlated [19]. Not all studies to date have shown significant differences between salivary leptin levels in normal-weight and obese subjects, which requires further research [24].



Another adipokine whose determination in saliva may be helpful in the diagnosis of obesity and comorbid disorders is resistin. In humans, it is mainly secreted by macrophages. According to available scientific data, this adipokine is involved in the pathogenesis of inflammation. Excessively high levels of resistin lead to the development of insulin resistance and type 2 diabetes. It also affects vascular endothelial dysfunction, smooth muscle cell proliferation in blood vessels, arterial inflammation, and foam cell formation, and consequently also predisposes to atherosclerosis. In addition, it may be associated with hypertension and atherogenic dyslipidemia [36]. In the study by Lehmann-Kalata et al., subjects with BMI > 30 kg/m2 had higher salivary resistin levels compared to subjects with BMI < 30 kg/m2 [28]. Al-Rawi et al. observed a statistically significant correlation (p = 0.007) between salivary resistin levels and BMI. Salivary resistin levels were higher in obese patients (both in the diabetic and non-diabetic groups) compared to those without diabetes and with BMI < 30 kg/m2. In contrast, there was no statistically significant correlation (p = 0.051) between salivary levels of this adipokine and fasting blood glucose levels [37]. Dogusal et al. observed no significant differences between salivary resistin levels in obese and normal-weight children. In contrast, they found a statistically significant moderate positive correlation (r = 0.567, p ≤ 0.01) between resistin and TNF-α levels in the saliva [38]. In a study by Selvaraju et al., conducted in a pediatric population, significantly 2.4-fold higher salivary levels of this adipokine were found in overweight and obese children compared to normal-weight children [31].



One of the most important proinflammatory mediators is TNF-α, which is secreted by adipocytes and/or peripheral tissues. TNF-α induces the development of inflammation by participating in the generation of reactive oxygen species and activation of various transcriptional pathways. Elevated levels of this cytokine interfere with insulin signaling through serine phosphorylation, leading to the development of insulin resistance in adipocytes and peripheral tissues and type 2 diabetes [39]. The results of Attlee et al. indicate that there are statistically significant weak positive correlations between salivary TNF-α levels and waist circumference (r = 0.31, p < 0.001) and BMI (r = 0.37, p < 0.001) in adults [23]. In the study by Lehmann-Kalata et al., subjects with BMI > 30 kg/m2 had higher salivary TNF-α and TNF-α-R1 (TNF-α receptor 1) levels compared to subjects with BMI < 30 kg/m2, indicating that TNF-α levels are increased in obesity [28]. The results of a subsequent study by this author et al. showed a significant difference in median TNF-α-R1 and TNF-α-R2 concentrations between subjects with BMI > 30 kg/m2 and controls (with BMI < 25 kg/m2), where TNF-α receptors concentrations were significantly higher in obese subjects [32]. Ostrowska et al. reported statistically significant strong positive correlations (r = 0.645, p = 0.005) between salivary TNF-α levels and BMI and statistically significant moderate positive correlations (r = 0.499, p = 0.041) between salivary levels of this cytokine and waist circumference. In addition, they also found statistically significant moderate positive correlations between salivary levels of this cytokine and amount of body fat [kg] (r = 0.556, p = 0.021) and VAT [cm3] (r = 0.557, p = 0.020) and also statistically significant strong positive correlations (r = 0.624, p = 0.007) between salivary TNF-α levels and VAT/SAT ratio [40]. Moreover, Chauhan et al. showed that the mean salivary TNF-α levels were significantly higher in patients with metabolic syndrome than in controls. In addition, they observed that salivary levels of this cytokine correlated significantly moderate positively with fasting plasma glucose levels (r = 0.433, p < 0.05), significantly moderate positively with triglyceride levels (r = 0.494, p < 0.01), and significantly moderate negatively with HDL cholesterol fraction levels (r= −0.490, p < 0.01). They also found a significant increase in TNF-α levels with an increase in the number of components of the metabolic syndrome [30]. In addition, a study by Selvaraju et al. in children showed significantly 1.5-fold higher salivary TNF-α levels in overweight and obese children compared to normal-weight children [31]. However, Doğusal et al. not have shown an association between salivary TNF-α levels and obesity [38]. Nevertheless, the strong evidence on the relationship between the concentration of TNF-a in saliva and obesity presented in the above studies and the relatively large number of these studies indicate that the concentration of TNF-a measured in saliva is a good marker of the development of obesity and its associated metabolic disorders.



IL-6 is a cytokine that is characterized by multidirectional effects that depend on various factors. The source of expression of this cytokine determines the nature of the inflammatory response. IL-6 secreted by muscle tissue in response to exercise inhibits adipose tissue macrophage (ATM) accumulation. In contrast, this cytokine secreted by adipocytes in response to the development of obesity increases macrophage accumulation in adipose tissue [41]. A study by Pirsean et al. found that salivary IL-6 levels were 4.5-fold higher in overweight or obese children compared to normal weight children. In addition, the child with the highest degree of obesity (>99th percentile) had the highest salivary IL-6 concentrations (98 ng/mL) in the entire study group [19]. Furthermore, in a study by Selvaraju et al., conducted in a pediatric population, salivary levels of this cytokine were found to be 3.4-fold higher in overweight and obese children compared to normal weight children [31]. However, Goodson et al. did not show significant differences between salivary IL-6 levels in normal weight and obese children [26].



The next interleukin that has been shown to be associated with obesity is IL-8. This cytokine is secreted predominantly by visceral adipocytes but also by macrophages. It is involved in modulating the inflammatory response. IL-8 is an interleukin involved in neutrophil chemotaxis, and its secretion is increased in obesity. Neutrophils in adipose tissue secrete chemokines and cytokines, which facilitate macrophage infiltration and may ultimately contribute to insulin resistance [42]. In a study by Ostrowska et al., salivary IL-8 levels were significantly higher among obese women compared to normal-weight women. In addition, the researchers found a statistically significant moderate positive correlation between salivary IL-8 concentration and BMI (r = 0.494, p = 0.044), amount of body fat [kg] (r = 0.535, p = 0.027) and percentage body fat [%] (r = 0.512, p = 0.036) [40].



IL-1β is involved in the development of insulin resistance, coexisting with obesity. This cytokine is mainly secreted by macrophages. Causes decreased insulin sensitivity of adipose tissue by inhibiting insulin signal transduction. The adverse effects of IL1β on insulin signaling in adipocytes may be related to an increase in the inflammatory response, particularly increased cytokine/chemokine production [43]. The results of Tvarijonaviciute et al. showed that salivary IL-1β levels were 2.6-fold higher in overweight/obese children compared to normal-weight children [16].



Monocyte chemotactic protein (MCP-1/CCL2) is likely involved in both the early and late phases of atherosclerosis. Moreover, MCP-1 may be a predictor of atherosclerosis-related cardiovascular events. This chemokine promotes the development of inflammatory processes at the cellular, plasma, and tissue levels and is secreted mainly by macrophages, as well as endothelial cells, but in smaller amounts also by adipocytes. MCP-1, through binding to the CCR2 receptor, initiates a number of signaling pathways that are responsible for regulating chemotactic activation and migration of target cells [44]. The results of Lehmann-Kalata et al. showed that obese adults without comorbidities had significantly higher salivary concentrations of this proinflammatory cytokine compared to overweight and normal-weight subjects [28]. Another study by this author showed such an association compared to normal-weight only subjects as well [32]. In a study in which children were the study group, significantly 4.4-fold higher salivary MCP-1 levels were found in overweight and obese children compared to normal weight children [31]. However, there are studies, conducted on a relatively large group of children, where no such correlation was found [24,26].



MMP-2 belongs to a group of proteolytic enzymes called metalloproteinases and is synthesized by various cell types, including endothelial cells, vascular smooth muscle cells, monocytes, or macrophages. It plays an important role in vascular remodeling. Therefore, it may be a potential marker for the development of atherosclerosis and cardiovascular disease [45]. In a study by Ostrowska et al., salivary MMP-2 levels were significantly higher among obese women compared to normal weight women. Moreover, statistically significant very strong positive correlations were observed between salivary MMP-2 levels and BMI (r = 0.806, p = 0.000) and amount of body fat [kg] (r = 0.804, p = 0.000). In addition, the researchers found statistically significant strong positive correlations between salivary levels of this metalloproteinase and waist circumference (r = 0.796, p = 0.000), percent body fat [%] (r = 0.794, p = 0.000) VAT [cm3] (r = 0.646, p = 0.005) and VAT/SAT ratio (r = 0.701, p = 0.002) [40].



According to available data, PAI-1 can influence the physiopathological mechanisms of many metabolic disorders and diseases. It is produced by adipocytes, macrophages, monocytes, platelets, hepatocytes, fibroblasts, and vascular smooth muscle cells. In obesity, elevated levels of PAI-1 are observed, which further contributes to the development of adipose tissue. In addition, it may affect the development of cerebral vascular thrombotic diseases [46]. In a study by Lehmann-Kalata et al., adults with a BMI > 30 kg/m2 and no comorbidities had significantly higher PAI-1 levels compared with those with BMI < 30 kg/m2 [28]. The authors also included other inflammatory markers in their study that may play an important role in obesity. They observed that there were higher levels of sICAM in the saliva of obese subjects compared to overweight and normal-weight subjects, which may reflect an increased risk of leukocyte (especially monocyte) adhesion to the vascular endothelium in these subjects, resulting in the formation of foam cells in atherosclerotic plaques. They also found significantly higher salivary PTX3 levels in obese subjects compared to controls (overweight and normal-weight subjects). PTX3 is a marker used to assess cardiovascular complications and the development of atherosclerosis [28]. Other studies showed a significant increase in the concentration of sICAM and PTX3 in the saliva of obese people compared to people with normal body weight [32]. Undoubtedly, these inflammatory markers require further study in terms of their potential use in the diagnosis of obesity.



In the above-cited studies, in which the study group consisted of children, 2–3 mL of saliva was collected. For adults, 5 mL of saliva was collected. In addition, in some studies, saliva was collected for a specified period of time (5 to 20 min) and the amount excreted was calculated in milliliters per minute. The saliva was collected from the morning hours to 1 p.m. In some studies, patients had to fast at the time of saliva collection, and in some studies, they had to maintain an adequate interval between food intake and collecting saliva (from 30 min to 2 h). In some studies, patients were asked to rinse their mouths before collecting saliva. During the study, the patients sat upright with the torso tilted forward. The most common type was the collection of unstimulated saliva. However, oral inflammation has not been ruled out in all studies, which may affect the levels of adipokines and cytokines in saliva.



Due to the important role of free fatty acids in the development of inflammation in obesity and its accompanying metabolic disorders, it is possible that the concentration of FFA in saliva may be a potential marker of metabolic obesity. So far, studies have been conducted in which FFA was measured in saliva, but not in the aspect of obesity [47]. Therefore, carrying out studies consisting in the determination of FFA in the saliva of obese people in the future could lead to interesting results and help in the diagnosis of obesity.



A summary of the studies cited in the review are presented in Table 1, Table 2 and Figure 1.




4. Conclusions


With the increasing prevalence of abnormal metabolic profiles and comorbidities of obesity in younger age groups, as in adults, it is very important to look for new diagnostic methods of obesity. The results of the cited studies, which showed a reciprocal correlation between serum concentrations of adipokines and cytokines and their salivary concentrations, demonstrate that the assessment of these markers in saliva can be not only an additional diagnostic method but also an alternative method to their assessment in serum, which can be applied to adults as well as children and adolescents. A major advantage of saliva as a diagnostic material is that it is non-invasive, which is important especially in children because of their common fear of blood sampling. However, for the results to be reliable, periodontal diseases, caries, and other oral diseases that may affect the levels of adipokines and cytokines in saliva should be ruled out.



Previous studies have identified adipokines and pro- and anti-inflammatory cytokines associated with the development of obesity as well as some metabolic disorders. The results of the presented research indicate that it may be reasonable to use the assessment of salivary concentrations of TNF-α in the diagnosis of obesity and its associated disorders and diseases. Moreover, the studies have shown that a decreased concentration of adiponectin and interleukin 10 and an increased concentration of leptin, resistin, interleukin 6, and MCP-1 could be a potential marker of obesity and its accompanying disorders. However, due to inconclusive results, more research is required in this direction. Disparate data may result from, among other things, selecting a small study group or analyzing the concentration of single markers. In addition, single studies were conducted for waspin, CD40/CD40L complex, interleukin 8, MMP-2, PAI-1, sICAM, and PTX3. However, due to the fact that results are promising, further research in this direction seems advisable. Undoubtedly, establishing reference values for specific adipokines and cytokines in saliva would enable better diagnosis of obesity and monitoring of the health status of overweight or obese individuals. In addition, further research should be pursued to evaluate the intercorrelations of adipokines and cytokines in saliva.
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Figure 1. Potential markers of obesity and its accompanying metabolic disorders. 
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Table 1. Summary of the studies cited in the review, which showed a correlation between the levels of selected adipokines and cytokines in saliva and the diagnostic parameters of obesity and its accompanying metabolic disorders.
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Diagnostic Parameters of Obesity and Metabolic Disorders

	
The Levels of Adipokine/Cytokine in Saliva




	
Adiponectin

	
IL-10

	
Resistin

	
TNF-α

	
IL-8

	
MMP-2

	
Study Cited

	
Age Group






	
↑ BMI [kg/m2]

	
↓ *

▪▪

	
↓

▪

	

	
↑ *

▪▪

	

	

	
Attlee et al. [23]

	
A




	

	

	
↑ *

(no data)

	

	

	

	
Al-Rawi et al. [37]

	
A




	

	

	

	
↑ *

▪▪▪▪

	
↑ *

▪▪▪

	
↑ *

▪▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ WC [cm]

	

	
↓

▪▪

	

	
↑ *

▪▪

	

	

	
Attlee et al. [23]

	
A




	

	

	

	
↑ *

▪▪▪

	

	
↑ *

▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ BFM [kg]

	

	

	

	
↑ *

▪▪▪

	
↑ *

▪▪▪

	
↑ *

▪▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ PBF [%]

	

	

	

	

	
↑ *

▪▪▪

	
↑ *

▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ VAT [cm3]

	

	

	

	
↑ *

▪▪▪

	

	
↑ *

▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ VAT/SAT ratio

	

	

	

	
↑ *

▪▪▪▪

	

	
↑ *

▪▪▪▪

	
Ostrowska et al. [40]

	
A




	
↑ FPG [mg/dl]

	

	

	

	
↑ *

▪▪▪

	

	

	
Chauhan et al. [30]

	
A




	
↑ PPBS [mg/dl]

	
↓ *

▪▪▪

	

	

	

	

	

	
Kalyani et al. [25]

	
A




	
↑ TG [mg/dl]

	

	
↓ *

▪▪

	

	
↑ *

▪▪▪

	

	

	
Chauhan et al. [30]

	
A




	
↓ HDL [mg/dl]

	

	

	

	
↓ *

▪▪▪

	

	

	
Chauhan et al. [30]

	
A




	
Salivary TNF-α levels

	
↓ *

▪▪

	

	

	

	

	

	
Attlee et al. [23]

	
A




	

	

	
↑ *

▪▪▪

	

	

	

	
Dogusal et al. [38]

	
Ch








Age group: A—adult, Ch—children; BMI—body mass index; WC—waist circumference; BFM—body fat mass; PBF—percent body fat; VAT—visceral adipose tissue; SAT—subcutaneous adipose tissue; FPG—fasting plasma glucose; PPBS—postprandial blood sugar; TG—triglycerides; HDLChigh-density lipoprotein cholesterol; *—statistically significant correlation (p < 0.05); The strength of correlation: ▪▪▪▪▪ very strong (r = 0.80–1.00); ▪▪▪▪ strong (r = 0.60–0.79); ▪▪▪ moderate (r = 0.40–0.59); ▪▪ weak (r = 0.20–0.39); ▪ very weak (r ≤ 19).
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Table 2. Summary of the studies cited in the review, which showed a differences in the levels of adipokines/cytokines in saliva in the study and control groups.
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The Levels of Adipokine/Cytokine in Saliva

	
Study Cited

	
Age Group

	
Differences between the Study Group and the Control Group

	
p-Value






	
Adipone-ctin

	
Kaluani et al. [25]

	
A

	
decreased adiponectin levels in the group with newly diagnosed type 2 diabetes as compared to group without diabetes;

	
0.04 *




	
Goodson et al. [26]

	
Ch

	
decreased adiponectin levels among obese group without elevated CRP levels (relative to normal-weight group);

	
<0.0004 *




	
Waspin (serpin A12)

	
Lehmann-Kalata et al. [28]

	
A

	
higher waspin levels among obese group without comorbidities compared to overweight and normal weight people;

	
0.000004 *




	
IL-10

	
Chauhan et al. [30]

	
A

	
decreased IL-10 levels in patients diagnosed with metabolic syndrome compared to controls;

	
>0.05




	
Goodson et al. [26]

	
Ch

	
decreased IL-10 levels among obese group without elevated CRP levels (relative to normal-weight group);

	
<0.0004 *




	
Selvaraju et al. [31]

	
Ch

	
7.6-fold lower IL-10 concentration in overweight or obese group compared to normal weight group;

	
>0.05




	
CD40/CD40L

	
Lehmann et al. [32]

	
A

	
lower sCD40L concentrations in obese adults compared to normal weight subjects;

	
<0.001 *




	
Leptin

	
Jayachan-dran et al. [35]

	
A

	
higher leptin concentrations in overweight group;

	
<0.01 *




	
Goodson et al. [26]

	
Ch

	
elevated leptin levels in obese group with coexisting elevated serum CRP levels compared to normal weight group without elevated CRP;

	
<0.0004 *




	
Pirsean et al. [19]

	
Ch

	
3-fold higher leptin levels in overweight or obese group compared to normal weight group;

	
<0.01 *




	
Resistin

	
Al.-Rawi et al. [37]

	
A

	
higher resistin levels in obese patients (both in the diabetic and non-diabetic groups) compared to those without diabetes and obesity;

	
0.01 *




	
Selvaraju et al. [31]

	
Ch

	
2.4-fold higher resistin levels in overweight and obese subjects compared to normal weight subjects;

	
<0.0001 *




	
Lehmann-Kalata et al. [28]

	
A

	
higher resistin levels in subjects with BMI > 30 kg/m2 compared to subjects with BMI < 30 kg/m2;

	
0.013 *




	
TNF-α

	
Lehmann-Kalata et al. [28]

	
A

	
higher TNF-α levels

and higher TNF-α-R1 levels

in subjects with BMI > 30 kg/m2 compared to subjects with BMI < 30 kg/m2;

	
0.002 *

0.0003 *




	
Lehmann et al. [32]

	
A

	
higher TNF-α receptors concentrations in obese subjects compared to normal weight subjects;

	
<0.001 *

TNF-α-R1

0.02 *

TNF-α-R2




	
Chauhan et al. [30]

	
A

	
higher TNF-α levels in patients with metabolic syndrome than in controls;

increase in TNF-α levels with an increase in the number of components of the metabolic syndrome;

	
<0.05 *




	
Selvaraju et al. [31]

	
Ch

	
1.5-fold higher TNF-α levels in overweight and obese children compared to normal weight children;

	
<0.001 *




	
IL-6

	
Pirsean et al. [19]

	
Ch

	
4.5-fold higher IL-6 levels in overweight or obese children compared to normal weight children;

the highest IL-6 concentrations (98 ng/mL) in the entire study group in the child with the highest degree of obesity (>99th percentile);

	
<0.01 *




	
Selvaraju et al. [31]

	
Ch

	
3.4-fold higher IL-6 levels in overweight and obese children compared to normal weight children;

	
<0.001 *




	
IL-8

	
Ostrowska et al. [40]

	
A

	
higher IL-8 levels among obese women compared to normal weight women;

	
0.042 *




	
IL-1β

	
Tvarijona-viciute et al. [16]

	
Ch

	
2.6-fold higher IL-1β levels in overweight/obese children compared to normal weight children;

	
0.028 *




	
MCP-1/CCL2

	
Lehmann-Kalata et al. [28]

	
A

	
higher MCP-1 concentrations in obese adults without comorbidities compared to overweight and normal weight subjects;

	
0.032 *




	
Lehmann et al. [32]

	
A

	
higher MCP-1 concentrations in obese adults without comorbidities compared to normal weight subjects;

	
<0.001 *




	
Selvaraju et al. [31]

	
Ch

	
4.4-fold higher MCP-1 levels in overweight and obese subjects compared to normal weight subjects;

	
<0.0001 *




	
MMP-2

	
Ostrowska et al. [40]

	
A

	
higher MMP-2 levels among obese women compared to normal weight women;

	
0.005 *




	
PAI-1

	
Lehmann-Kalata et al. [28]

	
A

	
higher PAI-1 levels in people with a BMI > 30 kg/m2 and no comorbidities compared with those with BMI < 30 kg/m2;

	
0.007 *




	
sICAM

	
Lehmann-Kalata et al. [28]

	
A

	
higher sICAM levels of obese subjects compared to overweight and normal weight subjects;

	
0.007 *




	
Lehmannet al. [32]

	
A

	
higher sICAM levels of obese subjects compared to normal weight subjects;

	
<0.001




	
PTX3

	
Lehmann-Kalata et al. [28]

	
A

	
higher PTX3 levels in obese subjects compared to overweight and normal weight subjects;

	
0.021 *




	
Lehmannet al. [32]

	
A

	
higher PTX3 levels in obese subjects compared to normal weight subjects;

	
0.006 *








Age group: A—adult; Ch—children; *—statistically significant correlation (p < 0.05).
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