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    The concept of biomarker applies to any biological characteristic that can be objectively measured and evaluated to improve the clinical ability to evaluate different aspects of health or disease status.




    Referring to a disease, a biomarker can help to evaluate the susceptibility of developing a disease in which case the biomarker is a risk factor; to recognize its existence both in the subclinical (screening biomarker) or clinical (diagnostic biomarker) stage, to control the progression or regression (staging biomarker), to prognoses the disease (prognostic biomarker) or its response to therapy (monitoring biomarker). Furthermore, a biomarker could be the measure of a biological variable, such as blood pressure, the result of a scanning technique as an X-ray or a biological variable measured in the clinical laboratory. And it is in this latter type of variables where the term of biomarker is more widely applied.




    The literature is full of new biomarkers which are claimed to add value to clinical practice and, hence to be a part of the clinical laboratory portfolio. The aim of the current book is to summarize the existing evidence on the role that classical and some novel biomarkers can play in the most prevalent diseases.
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    Senior Consultant, Hospital de Sant Pau. Professor Clinical Biochemistry


    IIB-Sant Pau Biomedical Research Institute, Hospital Santa Creu i Sant Pau and Department of Biochemistry and Molecular Biology


    Universitat Autònoma, Barcelona,


    Spain

  




  




  




  

    

      PREFACE


    


  




  

    Biomarkers, whether measured in peripheral fluids (blood, serum or urine) may improve our knowledge of the pathophysiology of many diseases. Moreover, and most importantly, biomarkers could help in the assessment of diagnosis, prognosis and surviving. The aim of this book was to summarize published data about new emerging and classic biomarkers studied in prevalent diseases, with focus on data from clinical trials and large community based cohorts.




    The use of biomarkers has become a fundamental practice in medicine, involving significantly greater scope of laboratory medicine. Biomarkers are measurable characteristics of an organism reflecting a particular physiological state. In medicine, biomarkers considered as compounds isolated from serum, urine, or other fluids, can be used as indicators of the presence or severity of a particular disease state.




    Biomarkers can take many different forms including particular proteins or peptides, antibodies, cell types, metabolites, hormones, enzyme levels, compounds related to genomics, etc. A biomarker can also be a substance introduced into a patient to assess the internal organ systems role/function. Moreover, biomarkers facilitate the adaptation of treatment to the specific needs of each patient, which is known as personalized medicine. In this way, using biomarkers to monitor a patient's reaction to a particular drug, it is possible to determine whether a treatment is effective for an individual or has to be changed due to toxic adverse effects. Also, this aspect could lead to their convenient use in terms of cost-efficiency. Biomarkers are also important to manage new disease therapies through the use of biomarkers of progression to delineate the development and course of a disease, thus focusing on the risk or progression of a disease or with the susceptibility of a disease to a given treatment.




    Nowadays, the way to diagnose general pathologies and diseases has changed importantly due to the development of high throughput technologies, such as microarrays or large-scale studies of proteins (proteomics, genomics, metabolomics etc). These investigations have allowed the discovery of new biomarkers of diseases. Also, the use of established biomarkers to other aspects in the progression of diseases, as the inclusion of biomarkers in many stratification schemes of severity to stratify the risk in patient’s state.




    A single biomarker is often inconclusive or ambiguous because diseases with very different pathophysiological mechanisms can affect the same molecule or marker. Therefore, it is crucial to study and manage patterns of biomarkers with respect to disease state, prognosis and treatment. This complex scenario is the main focus of this book. We tried to summarize, relating to principal groups of pathologies with respect to blood biomarkers, a compilation of the present and upcoming knowledge about biomarkers and diseases. The chapters cover a wide number of areas including those in which biomarkers could mainly add clear information about the illness. This book includes, reviews about sepsis, nutrition, liver state, cancer, cardiology, bone metabolism, etc. The chapters are written by experts and specialists in general laboratory medicine.
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      Abstract




      pre-eclampsia is a syndrome with high maternal and fetal mortality. The pathophysiology remains unknown. Prediction, diagnosis and management of the disease has allowed the identification of multiple biomarkers, some of which help to predict those at risk. Some of these biomarkers have demonstrated, even in isolation, an effi-ciency of the test that allows to incorporate them into clinical practice. The combi-nation of these biomarkers and clinical factors may help predict pre-eclampsia risk by developing integrated clinical risk models. This chapter aims to delve into the literature related to biomarkers in pre-eclampsia and its possible clinical applications.
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      INTRODUCTION




      pre-eclampsia (PE) affects 3-5% of pregnancies. It is diagnosed by an increase in blood pressure and proteinuria [1]. PE has become one of the causes of maternal, fetal and neonatal mortality, especially in countries with medium or low incomes.




      The etiology of PE is unclear. In women with PE, placental antiangiogenic factors are up regulated and disrupt the maternal endothelium, leading to an antiangio-genic state which can result in clinical signs of PE [2].




      It is a unique disease in several ways: it is one of the rare pathologic conditions




      that are specific to pregnancy; it is, by definition, a precursor of a potentially-severe disease (eclampsia) but is lethal by itself. Despite this, it has the same essential treatment (delivery) for hundreds of years; and researchers are unable to know what its fundamental cause is and how to prevent it.


    




    

      DEFINITION OF pre-eclampsia




      PE is defined as de novo hypertension present after 20 weeks of gestation. It is combined with proteinuria (>300 mg/day), and other maternal dysfunction, just like renal failure, hepatic impairment, uteroplacental dysfunction, growth re-striction fetal and other complications at neurological or haematological level [3]. As proteinuria is no longer needed in the new definition, proteinuric and non-proteinuric PE are now two separate categories. We defined hypertension as systolic blood pressure greater than 140 mm Hg or diastolic blood pressure greater than 90 mm Hg on two occasions which are 4-6 h apart [4].




      PE can be subdivided into early-onset PE with <34 weeks gestation and late-onset PE with ≥34 weeks. It exists a higher incidence of ad-verse outcome associated with early onset PE.


    




    

      EPIDEMIOLOGY




      Two-thirds of PE cases occur in otherwise healthy, nulliparous women, so there is no single most important recognizable risk factor. However, there is a classic list of conditions that predispose a patient to pre-eclampsia (Table 1) [5, 6].




      

        Table 1 Risk factors for pre-eclampsia.




        

          

            

              	



              	Relative Risk [6]



              	Risk [5]

            


          



          

            

              	Nulliparity



              	3



              	-

            




            

              	Prior pre-eclampsia



              	7



              	-

            




            

              	Advanced maternal age



              	2



              	10%-40% (age>40)

            




            

              	Chronic hypertension



              	-



              	15%-40%

            




            

              	Chronic renal disease



              	-



              	15%-40%

            




            

              	Diabetes



              	3.5



              	10%-35%

            




            

              	Obesity



              	-



              	10%-15%

            




            

              	Multiple gestation



              	3



              	-

            




            

              	Vascular/conective tissue disorder



              	-



              	10%-20%

            




            

              	Antiphospholipid antibody syndrome/trombophilia



              	9



              	10%-40%

            




            

              	Family history of pre-eclampsia



              	2-4



              	10%-15%

            




            

              	Patient born small for gestational age



              	-



              	1.5-fold

            




            

              	Prior adverse pregnancy outcomes



              	-



              	2-fold to 3-fold

            


          

        




      


    




    

      ETIOPATHOLOGY OF pre-eclampsia




      Although PE is a systemic disease, its origin appears to be in the placenta. How-ever, failure in placentation is not enough to explain the endothelial alteration that causes the maternal syndrome. Maternal risk factors for the appearance of PE are related to medical situations that condition predisposition of develop vascular dysfunction, such as chronic hypertension, diabetes mellitus, obesity or throm-bophilia. All this points towards a relationship between a deficient placentation and the induction of maternal vascular damage, which could be mediated by fac-tors released into the maternal circulation from an insufficient placenta [7].




      The pathogenesis is a result of multifactorial origin, which can grossly be understood under following components:




      Uteroplacental pathology: the starting factor in PE would be the reduction of utero-placental perfusion, as result of the abnormal invasion of the spiral arteries by the trophoblast. Invasive trophoblastic cells differ abnormally to syncytium (giant cells), which lose their power of penetration.




      Angiogenic factors: in PE, there is an imbalance in the production and release to the maternal circulation of factors regulating angiogenesis from the placenta in the situation of ischemia.




      Lipid peroxides: oxidation of lipoproteins is present in normal pregnancy, but is greatly increased in PE.




      Inflammation and cytokines: PE is a disease characterized by generalized dys-function of the endothelial cell, related to several factors: fatty acids, lipoproteins, lipid peroxidation, tumor necrosis factor α (TNFα) and degradation products of fibronectin. All these factors together, result from a generalized intravascular inflammatory response present during pregnancy.




      Autoantiobodies: recent studies have shown that women with PE have autoan-tibodies termed ATI-AAs. These antibodies activate the angiotensin II receptors.




      Genetics: PE is a genetic disorder and is influenced by environmental factors. It is found with increased frequency in mothers, daughters, sisters, and grand daughters of women having pre-eclampsia studied.




      Immunological factors: the immunization concept is supported by the observation that PE develops more frequently in multiparous women impregnated by a new consort.


    




    

      PREDICTION OF pre-eclampsia




      Although perfect prediction of PE has been a noble but hitherto elusive goal, it is possible to distinguish between women who are at low risk and high.




      Previous PE or hypertension in pregnancy, chronic kidney disease, hypertension, diabetes (type 1 or type 2), and autoimmune disorders, among which are included systemic lupus erythematosus or antiphospholipid syndrome are considered Strong risk factors [8]. First pregnancy, multiple pregnancy, age 40 years or more, a pregnancy interval greater than 10 years, body-mass index of 35 kg/m2 or more, polycystic ovarian syndrome, and family history of PE are considered as moderate risk factors [8, 9].




      At present, a combination of biomarkers is being studied to predict PE, since the use of a biomarker in isolation does not present a high yield. The combination of these biomarkers with Doppler would allow increased sensitivity and specificity [10-12].




      The most promising strategies for the prediction of PE involve multiparametric approaches, which use a variety of individual parameters in combination.




      In order to identify a high proportion of pregnancies at high risk for early-onset PE a combination of maternal risk factors, the uterine artery pulsatility index (PI), mean arterial pressure (MAP), and maternal serum pregnancy-associated plasma protein-A (PAPP-A), placental growth factor (PlGF), placental protein-13 (PP 13), etc. at 11–13 weeks’ gestation [13, 14] can be used.


    




    

      MANAGEMENT OF pre-eclampsia




      Adequate identification of risk factors is important for PE management [15, 16]. After the diagnosis, the safety of the mother and the fetus must be ensured. The decision between delivery and expectant management depends on fetal gestational age, fetal status, and severity of maternal condition at time of assessment.




      Women with mild disease developing at 38 weeks' gestation or longer have in general a similar pregnancy outcome to that seen in normotensive pregnancy [16, 17]. Childbirth is also recommended in those women at week 34 or more of gestation with severe PE.


    




    

      PREVENTION OF pre-eclampsia




      Aspirin is the drug of choice for the prevention of PE, based on the results of a meta-analysis of individual patient data showing a moderate benefit of aspirin (RR 0.90, 95% CI 0,84-0.97) [18]. Other studies use heparin and dal-teparin for the prevention of PE. No conclusive results are obtained because of the small sample size [19, 20].




      Have also been associated with PE low dietary calcium and low serum calcium concentrations [21]. In women with low calcium intake in the diet, high-dose calcium supplements reduced PE (RR 0.36, 95% CI 0.20-0.65) [22]. Although calcium supplementation is not recommended in women with normal calcium intake in the diet, WHO recommends for women with low energy intake of calcium in the diet the supplementation of calcium (1.5-2 g daily) in the second half of pregnancy [23]. Studies are being conducted in women with previous PE to observe the effectiveness of calcium supplementation in early stages of pregnancy to prevent PE [24].




      The risk of PE is not reduced by dietary supplementation with vitamin C and vitamin E (RR 1.00, 95% CI 0.92–1.09) or magnesium (0.87,0.58–1.32) [25, 26]. Vitamin D insufficiency is associated with an increased risk of gestational dia-betes, PE, and small size for gestational age, but prophylactic vitamin D sup-plementation has only been assessed in one randomized controlled trial (0.67, 0.33–1.35) [27, 28].




      In a large randomized controlled trial of women at risk for PE, the precursor nitric oxide L-arginine reduced the risk of PD when given in combination with antioxidants (RR 0.17, 95% CI 0.12-0.21) [29], which was subsequently con-firmed in a meta-analysis (0.34, 0.21-0.55.55) [30]. It would be interesting to study with pregnant women with low risk of developing PE and in them to observe if the supplementation of L-arginine prevents the development of the disease.




      Has been show, according to systematic reviews [31, 32] that risk of PE in pre-gnant women can be reduced making changes in diet and lifestyle, including women with gestational diabetes although this effect was not confirmed in a more recent randomized controlled trial [33] of diet and lifestyle interventions in pregnant women who are overweight or obese. In summary, treatment with aspirin is the only intervention to prevent PE for which robust evidence exists, but its effect is not large. Except for calcium supplementation in women with low dietary calcium intake, all other preventive interventions need further assessment and should not be prescribed outside the context of clinical trials.


    




    

      BIOMARKERS




      

        Vascular Endothelial Growth Factor (VEGF) and Placental Growth Factor (PlGF)




        Angiogenesis consists of the interaction between VEGF and PlGF factors with their VEGF receptor-1 receptors (VEGFR-1, alternatively called fms-like tyrosine kinase-1 (Flt-1)) and VEGFR-2 [34].




        Serum levels of PlGF increased during the first and second trimesters, peaking at week 30 of gestation [35]. PlGF is a member of the vascular endothelial growth factor family and is implicated in angiogenesis and trophoblastic invasion of the maternal spiral arteries.




        In normal pregnancies, PlGF peaks at 30 weeks and decreases towards term [36]. In PE, circulating PlGF is decreased, especially in cases of early-onset PE, although there are some discrepant findings [37]. Serum levels of PlGF decreased at the end of the first trimester predict PE cases [38, 39]. Other studies did not find any predictive value early in pregnancy [40, 41], or only for early-onset PE. PlGF is considered a good marker for predicting onset-early PE rather than onset-late PE.


      




      

        Soluble Flt-1 (sFlt-1)




        SFlt-1 is a truncated splice variant of the membrane-bound Flt-1. This splice variant circulates freely in the serum, where it binds and neutralizes VEGF and PlGF. Some studies relate PE to increased levels of sFlt-1 [42]. Increased levels of sFlt-1 have been observed five weeks before the onset of the disease [36]. Maynard et al., [43] reported that the excessive placental production of sFlt-1 (an antagonist of VEGF and PlGF) contributes to the pathogenesis of PE, extensive research has been published showing the usefulness of angiogenic markers in diagnosis and subsequent prediction and management of PE and placenta related disorders. PlGF circulates free or in complexes with sFlt-1.




        The levels of sFlt-1 remain constant during the first two quarters of pregnancy and increase in the third trimester in a normal pregnancy. The action of sFlt1 and its interaction with the “pro-angiogenic proteins” VEGF and PlGF during pregnancy is complex [44]. It is believed that this is a “decoy protein” in pregnancy, reducing free concentrations of VEGF and PlGF, thereby reducing the vaso-dilation effect on the endothelium, and at the same time inducing vasoconstriction and contributing to the development of hypertension and proteinuria [45].




        In women with PE, increased levels of sFlt-1 were found in the second and third trimesters of gestation [46]. The associations are similar to PlGF, stronger in early-onset and severe PE; However, not all studies agree here to [47]. Mean arterial pressure (MAP) and proteinuria correlate positively with increased levels of sFlt-1 [48].




        Early-onset EP correlates with low levels of sFlt-1 in the first trimester and increased levels of sFlt-1 at the end of the first and second-trimester second-stage is related to PE risk [49].




        Results from the latter cohort recently showed that low sFlt1 in the first trimester could predict early-onset PE independently of small-for-gestational age (SGA) and also late-onset PE together with SGA [50]. Other studies have not shown a predictive value for sFlt1 in the first trimester [51, 52].


      




      

        Pregnancy-Associated Plasma Protein-A (PAPP-A)




        PAPP-A is a syncytiotrophoblast derived metalloproteinase, which enhances the mitogenic function of the insulin-like growth factors by cleaving the complex formed between such growth factors and their binding proteins [53, 54]. The insulin-like growth factor system seems to have an important role in placental growth and development; because of this, it is not surprising that PAPP-A serum is associated with a higher incidence of PE [55].




        Decreased serum levels of PAPP-A in the first and second trimesters of gestation are related to the risk of developing PE. However, measurement of PAPP-A alone is not an effective method of screening for PE because only 8-23% of cases have serum levels below the fifth percentile, which is about 0.4 multiple of the median (MoM). The reported odds ratios for PE varied between 1.5 and 4.6 at the fifth percentile of normal for PAPP-A [56].


      




      

        Soluble Endoglin (sEng)




        SEng is a truncated form of receptor for TGF (transforming growth factor β family) β1 and TGFβ2. SEng is a potential anti-angiogenic factor which interferes with binding of TGFβ1 to its receptor, and which results in the production of nitric oxide (NO), vasodilation, and capillary formation by endothelial cells in vitro [57]. Serum levels of sEng decrease in normal pregnancies in the first and second trimester of gestation. However, it has been reported that sEng is elevated in maternal serum in patients who are destined to develop severe PE [58].


      




      

        Inhibin A and Activin A




        Inhibin A and Activin A are glycoproteins and members of the TGF, which are released by the placenta during pregnancy. Inhibin A has an important endocrine role in the negative feedback of gonadotrophins while Activin A is involved in various biological activities [59]. In severe PE, in the third trimester of gestation, the levels of both hormones are increased tenfold compared to normal pregnancies [60]. In PE, there is increased oxidative stress and maternal systemic inflam-mation. It was documented that oxidative stress stimulates activin A production and its secretion from placental explants and endothelial cells [61].




        Other markers (PIGF, PP-13, inhibin-A, sEng, pentraxin-3, and P-selectin) present greater differences in early-onset PE, whereas activin-A in late-onset PE [62]. Inhibin-A and activin-A have been shown to be increased prior to 14 weeks in PE pregnancies [63, 64].


      




      

        Placental Protein-13 (PP-13)




        PP-13 is a relatively small, 32-kDa dimer protein. It is highly expressed in the placenta. It probably has an immunobiological function at the feto-maternal interface and in maternal vascular remodeling. The levels of PP-13 in serum gra-dually increase in normal pregnancy, but abnormally low levels of PP-13 were detected in first trimester serum samples of women who subsequently developed PE [65]. Furthermore, it was reported that first-trimester serum PP-13 levels may serve as a marker for early onset PE (before 34 weeks of gestation) only, but not for severe PE. Combined measuring of maternal serum PP-13 and median uterine artery pulsatility index by using ultrasound early in pregnancy seems to predict severe PE [66].




        Increased shedding of subcelluar necrotic microparticles (STBM) is most likely a source of high concentration of PP13 into maternal blood as PE progresses. The severity of the signs of PE is proportional to the increase of PP13 from first to third trimester [67].


      




      

        A Disintegrin and Metalloprotease 12 (ADAM 12)




        ADAM12 is the protease for insulin-like growth factor binding proteins. Low levels of ADAM12 reflect an increased amount of insulin-like growth factor in the bound state, and this is then unavailable to promote placental growth and development [68]. Studies on ADAM12 and PE are discordant [69, 70]. Spencer et al., demonstrated only a modest predictive efficiency of ADAM12 for PE with an AUC of 0.694 for ADAM12 alone and an AUC of 0.714 when ADAM12 and PAPP-A were combined [70].


      




      

        Renin Angiotensin System (RAS)




        One of the most important regulators to control blood pressure are auto antibodies against angiotensin II Type 1 (AT1) receptor RAS, especially for long term con-trol of blood pressure. In addition, RAS has been implicated in vascular remodelling, inflammation and tumour development [71].




        Normal pregnancy is characterized by resistance to the vasoconstrictive effects of angiotensin II. In PE, there is increased sensitivity to angiotensin II as compared to that seen in normotensive pregnant women. The angiotensin receptor, AT1 is a G protein-coupled receptor (GPCR) for angiotensin II, whose signalling leads to strong vasoconstriction [72]. The enhanced activation of AT1 induces hyper-tension, oedema and proteinuria. There seems to be at least two mechanisms wh-ich operate in PE, that accelerate AT1 signalling. These are: (1) formation of AT1-bradykinin B2 heterodimers [73] and (2) agonistic autoimmune antibody against AT1 (AT1-AA). Interestingly, increased levels of AT1-AA are found in PE [74]. AT1-AA may also contribute to the development of hypertension in later life, as its increased levels are observed in some women with a history of PE, even after their deliveries. Stimulation of AT1 receptor of cultured trophoblasts using IgG obtained from women with PE was found to result in the elevation of sFlt1 in vitro. Therefore, a close association is thought to exist between accelerated AT1 signalling and sFlt1 production. AT1-AA is detectable in fetal cord blood in PE pregnancies, which is suggestive of its usage as a fetal-side marker for evaluating other fetal conditions [75].




        In addition, a new form of oxidized angiotensinogen has been found in the cir-culation of PE subjects, which enhances the formation of angiotensin [76]. Sur-prisingly, circulating angiotensin II and aldosterone are suppressed in PE subjects. Studies are needed to evaluate whether this oxidized form of angiotensinogen is altered before clinical disease.


      




      

        Vifastin




        Visfatin is an adipokine which is secreted by adipose tissue and which is involved in the biosynthesis of nicotinamide adenine dinucleotide, as it catalyzes the condensation of nicotinamide with 5-phosphoribosyl-1-pyrophosphate to yield nicotinamide mononucleotide. It is involved in glucose homeostasis. It has been associated with various pathologies such as type-2 diabetes mellitus, obesity, and gestational diabetes mellitus. It is expressed in the placenta and myometrium.




        There is a correlation between decreased levels of vifastin and the development of PE as well as with the severity of the disease [77]. Although there are other conflicting studies linking increased levels of vifastin with the development of PE [78]. Therefore, larger scale studies are required to evaluate the role of visfatin as a potential marker for PE.


      




      

        Cystatin C




        Cystatin C is a marker of renal function that increases when glomerular filtration decreases. It is expressed in the placenta. Increased levels of cystatin C have been observed in women with PE [79, 80].




        Median cystatin C concentrations in the first trimester of pregnancy are sig-nificantly higher in women who subsequently develop PE (median, 0.65 mg/L) compared with those with a normal pregnancy (median, 0.57 mg/L, p = 0.0001) [80].


      




      

        Pentraxin 3




        Pentraxin 3 (tumor necrosis factor-stimulated gene-14) belongs to the same family as C-reactive protein and serum amyloid P component. Pentraxin 3 consists of 381 amino acids [81]. Serum levels of Pentraxin 3 are increased in PE due to the inflammatory response that originates in this pathology. It occurs in several tissues (fibroblasts, mononuclear phagocytes, vascular endothelial cells and smooth muscle cells) [82]. The levels of Pentraxin 3 have been found to be increased in patients with PE compared with normal pregnancies. Further longitudinal studies throughout pregnancy may be warranted to determine whether or not pentraxin 3 will be a useful early marker for PE.


      




      

        P-Selectin




        P-selectin is a member of the selectin family of cell surface adhesion molecules. P-selectin is expressed by platelets and endothelial cells upon activation. This cell surface adhesion molecule plays a crucial role both in inflammatory reactions by supporting recruitment and activation of circulating leucocytes and in coagulation through generation of leukocyte-derived “bloodborne” tissue factor [83].




        P-selectin is rapidly shed from the cellular membrane of activated platelets, and this release is suggested to contribute to most of the soluble isoform of the molecule that is found in plasma. PE is associated with great platelet activation [84]. P-selectin-exposing micro-particles with procoagulant activity, released from activated platelets, have been detected in the peripheral blood of women with PE [85]. Higher serum levels of P-selectin were observed in patients with PE [86]. Another study did not show significant differences in P-selectin levels in normotensive patients and PE [87]. Therefore, further studies are needed before using P-selectin as a marker predictor of PE.


      




      

        Fetal Hemoglobin (HbF)




        HbF is being considered a new predictor of PE. Centlow et al., found an up regu-lation of HbF genes and accumulation of extracellular HbF in the vascular lumen in PE placentas [88]. Furthermore, the heme scavenger and antioxidant alpha (1) -microglobulin (A1M) increases in parallel with fetal haemoglobin [89]. Endothelial dysfunction, hypertension and proteinuria occur as a result of a defect in placental haematopoiesis [89].




        Anderson et al., observed increased levels of HbF in the first and second tri-mester of gestation in patients with PE [90].


      




      

        Cell-Free DNA (cfDNA)




        Human fetal DNA provokes in vitro activation of NF-κB, with resulting proinflammatory interleukin-6 production in both a human B-cell line and in peripheral blood mononuclear cells from both pregnant and nonpregnant donors. Administration of human fetal (but not adult) DNA into pregnant BALB/c mice provokes increased tumor necrosis factor-α and IL-6 [91].




        Fetal DNA originates from the placenta, and placental-specific messenger RNA molecules are also easily detected in maternal plasma. There is a positive correlation between Fetal DNA and the development of PE [92].




        Placental DNA present in the maternal circulation could be responsible for the systemic response that originates in PE [93].




        Studies are being conducted to evaluate cffDNA as a predictor of PE along with other biomarkers (e.g., P-selectin, PAPP-A, PP-13, sFlt-1, sEng, and PlGF) [94].




        Papantoniou et al., reported that cfDNA and free fetal DNA (cffDNA) levels from blood samples obtained at 11-13 weeks of gestation. They were significantly increased in women who developed PE compared to those with uncomplicated pregnancies (median cfDNA: 9402 vs. 2698 g/mL; median cFFDNA: 934.5 vs. 62 gΕq/mL, respectively). Following operating characteristic curve analysis, cutoff values of 7486 g/ml for cfDNA and 512 g/ml for cffDNA were chosen. These provided a sensitivity of 75% and 100% and a specificity of 98% and 100%, respectively, to identify women at risk for PE [95].


      


    




    

      PROTEOMICS




      The proteome is the total complement of proteins present in any defined bio-logical compartment such as a whole organism, a cell, an organelle, or a fluid such as blood, Misfolded serpin proteins are detected in the placenta of preeclamptic subjects. Women with PE who required delivery exhibited a unique proteomic profile in the urine consisting of nonrandom fragments of SERPINA1 and albumin [96]. This profile was also a better predictor compared with the sFl-t1:PlGF ratio and urine protein:creatinine ratio. Chen et al., also identified 31 proteins that are differentially expressed in women with pre-eclampsia and ges-tational hypertension as compared with normal pregnancy via proteomics [97]. These proteins played a role in coagulation, cell adhesion, and immune response. The three most significant markers were angiotensinogen, albumin, and SER-PINA1. It is interesting to note that levels of SERPINA1 and albumin are up-regulated in women with PE, but they are down regulated in women with gestational hypertension.




      This suggests that these proteins may be used to differentiate various hyper-tensive disorders of pregnancy. On the other hand, urinary angiotensinogen levels are significantly lower in PE and gestational hypertension when compared with normal pregnancy [97]. Carty et al., discovered a urinary proteome consisting of fragments of collagen, fibrinogen, and uromodulin, which predicted better than sFlt-1 and PlGF [98]. However, their 100% sensitivity and specificity occurred only at week 28 of gestation in women with 2 risk factors. It is interesting to note that the uromodulin gene, which encodes for tamm-horsfall protein, the most abundant protein that naturally occurs in the urine, is thought to play a role in protecting against inflammation and infection [99].




      Urinary proteomics has been used to identify biomarkers for PE more than 10 weeks before clinical presentation. Two such markers are fragments of SER-PINA1 and albumin. SERPINA1 is serine protease inhibitor and is synthesized in many cell types including trophoblasts; increased levels have been found in inflammatory conditions such as vasculitis and cardiovascular disease [100].


    




    

      METABOLOMICS




      Metabolomics is a rapidly growing technology to characterize the complete collection of metabolites or small molecules found in an organism or in its cells, tissues, and biofluids [101]. Odibo et al., described the presence of 4 metabolites (hydroxyhexanoylcarnitine, alanine, phenylalanine, and glutamate) that showed significant increases in PE. However, the ability of individual markers to predict PE was approximately 70% to 80% and this was associated with false-positive rates of almost 20% [102].




      A different set of metabolites (citrate, glycerol, hydroxyisovalerate, and methionine) that were identified in the first trimester predicted early PE with a sensitivity of 75% and a false-positive rate of less than 5%. The sensitivity increased to approximately 80% and the false-positive rate decreased to less than 2% when these biomarkers were used in combination with uterine artery Doppler pulsatility index and fetal crown-rump length [103].


    




    

      DISCUSSION




      

        First Trimester Combined Screening




        Of the markers studied to predict PE, PAPP-A and PlGF show a high predictive value of disease [35, 62, 104-106]. Three studies, derived from prospective first-trimester screening for adverse obstetric outcomes in the UK by the Fetal Medicine Foundation, have reported the superiority of multiple biomarkers in the prediction of PE. The first study, which combines PAPP-A, PIGF, PP-13, inhibin-A, activin-A, sEng, pentraxin-3, and P-selectin levels, maternal characteristics, MAP, uterine artery pulsatility index (PI), were obtained from case-control studies. Algorithms that combine maternal characteristics and biophysical and biochemical tests at 11–13 weeks’ gestation could potentially identify approximately 90%, 80%, and 60% of pregnancies that subsequently develop early (<34 weeks), intermediate (34–36 weeks), and late (≥37 weeks) PE, respectively, at the false-positive rate of 5% [62].




        The other two studies combined maternal characteristics, uterine artery PI, MAP, and levels of PAPP-A and PlGF determined at 11-13 weeks of gestation. This combination predicted a large number of patients who developed PE [107, 108].




        In the second study, screening by maternal characteristics with the uterine artery PI and MAP detected 90% of PE cases requiring delivery before 34 weeks’ gestation and 57% of all PE cases at a fixed false-positive rate of 10% [107]. In the third study, in screening for PE requiring delivery before 34 weeks’ gestation, the detection rate at a false-positive rate of 10% was approximately 50% by maternal characteristics, and improved to approximately 90% by the addition of biophysical markers and to approximately 75% by the addition of biochemical markers [108]. This detection rate improved to more than 95% by an algorithm combining maternal factors, biophysical markers, and biochemical markers (PAPP-A and PlGF).


      




      

        Recents Developments




        In the last years, a large number of studies have been carried out to select bio-markers to predict PE. These biomarkers must contradistinguish between the different hypertensive disorders of pregnancy. The utility of angiogenic factors in the prediction of PE has been evaluated. The diagnostic sensitivity and specificity of sFlt-1 for differentiation of PE from gestational and chronic hypertension were 84% and 95% respectively [109].




        SFlt-1 measurements in plasma showed 89% diagnostic sensitivity and 90% specificity in early PE (at <34 weeks) as compared to 55% diagnostic sensitivity and 58% specificity in late PE (at> 37 weeks). The sFlt-1/PlGF ratio shows a better predictive value than if both markers were used separately [110].




        Further studies are required to develop tools for early detection and management of PE. However, question remains whether a single set of parameters are useful for diagnosing a disease entity which is as complex as PE. Thus, it is necessary to design a set of predictive and feasible tests using multiple biomarkers.


      


    




    

      CONCLUSION




      In recent years, there has been a decrease in mortality and morbidity caused by PE due to better management and diagnosis of the disease. However, challenge lies in its early diagnosis, when there are no apparent clinical signs. Therefore, an early intervention could be initiated and maternal mortality and morbidity could be reduced substantially, even in the developing countries. Till date, several promi-sing biomarkers have been reported, which could be used to make an early diagnosis. However, large-scale, multicenter, multi-ethnic, prospective trials with women considering different risks of developing PE are required to propose an ideal combination of markers for routine screening.
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      Abstract




      Metabolic syndrome is considered a cluster of cardiovascular risk factors that are presented both in a single individual. They include insulin resistance, type 2 diabetes mellitus, dyslipidemia, hypertension and central obesity. Metabolic syndrome is related to systemic alterations that involve several tissues, such as liver, muscle, adipose tissue, stomach and immune system, varying the production of many biomolecules. Due to the main outcome of this clinical state being cardiovascular disease, metabolic syndrome has become a significant clinical priority.This global disturbance can be first detected and monitored later by several plasmatic biomarkers. This chapter intends to review a battery of avant-garde biomarkers related to metabolic syndrome.
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      INTRODUCTION




      

        Metabolic Syndrome




        Metabolic syndrome (MS) is a clinical term used to describe a compendium of interrelated biochemical, physiological, clinical, and metabolic factors which hei-ghtens risk of cardiovascular events or diseases, type 2 diabetes mellitus (T2DM) and all-cause mortality [1].




        MS, obesity and T2DM have been described as a chronic inflammatory state which associates, aside from the above-mentioned disorders, altered plasmatic levels of cytokines, acute-phase reactants and other inflammatory cues.




        MS was born first more as a concept than a diagnosis [2]. Before it was described in 1988 [3], several investigators and physicians set the fundamental pillars for its definition. In 1920 Kylin, a Swedish physician, established the association of high blood pressure (HBP), hyperglycemia and gout [4]. In the late 40’s Vague et al. related metabolic dysfunctions found in cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) [5]. Twenty years later, Avogaro et al. described an entity which comprised obesity, hyperglycemia and high blood pressure [6]. In 1988, Reaven et al. described a compendium of risk factors for T2DM and CVD and named it as “Syndrome X” [7]. The greatest contribution of his work was the inclusion of the concept of Insulin resistance. The following year, this entity was renamed as “The Deadly Quartet” by Kaplan et al. [8]. It included glucose intolerance, hypertriglyceridemia, high blood pressure and upper body obesity. This name only lasted three years because in 1992 it underwent a new change of name: The Insulin Resistance Syndrome [9].




        

          Definition




          Metabolic syndrome is defined as a complex systemic disease. It is considered as a set of cardiovascular risk factors that occur concurrently in the same individual [10]. This cluster includes biochemical, physiological, metabolic and clinical factors, and all of them imply an increased suffering of CVD and T2DM.




          In order to define the MS, a number of characteristics are needed and these include hyperglycemia, hypertriglyceridemia, low plasma levels of high-density lipoprotein cholesterol (HDL), high blood pressure and abdominal obesity determined by high waist perimeter. As stated above, many definitions have been proposed in the recent decades. The most important ones are from the World Health Organization (WHO) [11], the European Group for the study of Insulin Resistance (EGIR) [12], the National Cholesterol Education Programme Adult Treatment Panel III (NCEP ATPIII) [13], the American Association of Clinical Endocrinologists (AACE) [14] and the International Diabetes Federation (IDF) [15]. All of these different classifications are listed in the following (Table 1):


        




        

          Pathophysiology:




          Insulin resistance: Insulin is a hormone synthesized in the pancreas in hyperglycaemia situation. It stimulates glucose use in different ways depending on the tissue.




          

            Table 1 Diagnostic criteria proposed for the clinical diagnosis of the MS.




            

              

                

                  	Diagnostic


                  criteria



                  	WHO, 1998 [11]:


                  Insulin resistance or 2TDM plus ≥ 2



                  	EGIR, 1999 [12]: Hyperinsulinemia plus ≥ 2



                  	ATPPIII, 2001 [13]: ≥ 3



                  	AACE, 2003 [14]: IGT or IFG


                  plus ≥ 1



                  	IDF, 2005 [15]: Obesity plus ≥ 2

                


              



              

                

                  	Insulin resistance



                  	IGT, IFG, T2DM



                  	Plasma insulin >75th


                  percentile



                  	



                  	



                  	

                




                

                  	Obesity



                  	Waist-to-hip


                  ratio >0.90 (♂);


                  waist-to-hip


                  ratio >0.85 and/or


                  BMI >30kg/m2 (♀)



                  	WC ≥94cm (♂)


                  or ≥80cm (♀)



                  	WC ≥102cm (♂)


                  or ≥88cm (♀)



                  	BMI >25kg/m2




                  	Increased WC


                  (population specific)


                  plus any 2 of the following

                




                

                  	Lipidic profile



                  	TGs ≥150mg/dL


                  and/or HDL-C


                  <35mg/dL (♂) or


                  <39mg/dL (♀)



                  	TGs ≥150mg/dL


                  and/or HDL-C


                  <39mg/dL ([image: ])



                  	TGs ≥150mg/dL


                  and/or HDL-C


                  <40mg/dL (♂) or


                  <50mg/dL (♀)



                  	TGs ≥150mg/dL


                  and/or HDL-C


                  <40mg/dL (♂) or


                  <50mg/dL (♀)



                  	TGs ≥150mg/dL or


                  on TGs Tx;


                  HDL-C <40mg/dL (♂) or


                  <50mg/dL (♀) or on HDL-C Tx

                




                

                  	Blood pressure



                  	≥140/90mmHg



                  	≥140/90mmHg or on hypertension Tx



                  	≥130/85mmHg



                  	≥130/85mmHg



                  	≥130mmHg systolic or


                  ≥85mmHg diastolic or on


                  hypertension Tx

                




                

                  	Hyperglycemia



                  	IGT, IFG or T2DM



                  	IGT or IFG (but not diabetes)



                  	>110mg/dL (includes diabetes)



                  	IGT or IFG (but not diabetes)



                  	>100mg/dL (includes diabetes)

                




                

                  	Other factors



                  	Microalbuminuria:


                  Urinary excretion rate of >20mg/min or albumin/creatinine


                  ratio of >30mg/g



                  	



                  	



                  	family history of T2DM, POS, sedentary lifestyle, advanced age and ethnic groups susceptible to T2DM



                  	

                


              

            




            




          




          Skeletal muscle, liver and adipose tissue remove glucose from the circulation. In the adipose tissue and skeletal muscle, insulin promotes glucose consumption by translocation of the Glucose Transporter Type 4 (GLUT4) toward the cell surface.




          Insulin promotes the synthesis of glycogen from glucose in the skeletal muscle and liver and, at the same time, hinders glycogenolysis. In the liver, insulin lessens gluconeogenesis as well, avoiding the flow of more molecules of glucose into the blood circulation. In adipose tissue, insulin hinders lipolysis while promotes glucose consumption. The resulting effect of those changes is the augment of glucose demand, the reduction of glucose levels in the bloodstream and an raise of the anabolism of glucose into the storage molecules, either glycogen or fat [16, 17]. When a state of insulin resistance is given, adipose, muscle and liver cells cannot react correctly to this hormone, and glucose plasma levels left high, which leads up to pathological situations.




          Insulin-mediated glucose disposal rates may vary in the population by over sixfold. Some of these variations produced by adiposity and fitness, and the others are the result of genetic origin. Insulin resistance occurs when there is a reduction in the response of peripheral tissues (such as skeletal muscle, adipose tissues, and hepatocytes) to the effects of insulin. Insulin resistance may predict T2DM, and hyperinsulinemia is a suitable substitute marker for insulin resistance.




          Insulin action begins with the joining of insulin to the insulin receptor, which is a ligand-activated tyrosine kinase. After joint of insulin, a tyrosine phosphorylation of downstream substrates is carried out followed by two different pathways: The mitogen-activated protein (MAP) kinase pathways and the phosphoinositide 3-kinase (PI3K). Tyrosine phosphorylation of insulin receptor substrates (IRS) activates first PI3K, and then the 3-phosphoinositide-dependent protein kinase 1 (PDK1) and Akt kinase. The PI3K-Akt pathway triggers most of the main metabolic effects of insulin. In vascular endothelial cells, Akt kinase phosph-orylates and stimulates endothelial nitric oxide synthase (eNOS). In skeletal muscle and adipose cells, Akt kinase promotes as well translocation of the insulin responsive glucose transporter GLUT4 toward the cell surface, increasing glucose consumption [17].




          At the same time, tyrosine phosphorylation of the Shc protein activates the GTP exchange factor Sos. This factor promotes the activation of MAP kinase pathway, including Ras, Raf, MAP kinase (MEK) and extracellular regulated kinase (ERK). The MAP kinase pathway stimulates endothelin-1 (ET-1) production, bringing on vasoconstriction; expression of the vascular cell adhesion molecules VCAM-1 and E-selectin. All this leads to more leukocyte-endothelial interactions; such as growth and mitogenesis effects on vascular smooth muscle cells [16].




          When insulin resistance is given, this affects PI3K-Akt pathway, while the MAP kinase pathway does not. This causes a change in the balance between these two parallel pathways. Inhibition of the PI3K-Akt pathway leads to a reduction in endothelial nitric oxide (NO) production. This results in endothelial dysfunction, and reduces GLUT4 translocation, leading to decreased skeletal muscle and fat glucose uptake. On the contrary, the MAP kinase pathway is unaffected, so ET-1 production continues. In those ways, insulin resistance results in vascular dysfunctions that predispose to atherosclerosis.




          Insulin raises local blood flow in tissues by activating eNOS, producing two separable effects [16-18]. Capillary recruitment occurs in a few minutes, since dilation of the larger-resistance vessels may need from 30 minutes up to 2 hours. These effects help to vasodilation and raise delivery of glucose and insulin to tissues.




          Accordingly, insulin signaling coordinately affects peripheral glucose use, vascular tone and blood flow. Common mechanisms that contribute to insulin resistance can, thereupon, also affect vascular function. This may include hyperglycemia, advanced glycation products, toxicity from free fatty acids (FFA), dyslipidemia, obesity and other proinflammatory conditions [17, 19].




          Diabetes mellitus (DM) is possibly one of the oldest known human diseases. Its first report was in an Egyptian document about 3000 years ago [20]. The distinction between type 1 and T2DM was made in 1935 [21]. T2DM was first described as a component of MS in 1988 [22]. T2DM (previously known as noninsulin dependent DM) is the majority form of DM characterized by hyperglycemia, insulin resistance, and relative insulin deficiency [23]. T2DM is a result from interaction between environmental,behavioural risk factors and genetic [24, 25].




          T2DM patients are more vulnerable to different kind of short- and long-term complications, which may result in premature death. This trend of increased morbidity and mortality is seen in patients with T2DM because of the commonness of this type of DM, its insidious onset and late recognition, especially in resource-poor developing countries like in the African continent [26].




          T2DM is due primarily to lifestyle factors and genetics [27]. A number of lifestyle factors are known to be important to the development of T2DM. These are sedentary, tobacco and generous intake of alcohol [28]. Obesity contributes more than 50% of cases of T2DM [29]. The increased rate of childhood obesity between the 1960s and 40 years later is thought to have resulted in an increase in T2DM young population [30]. Environmental poisons may contribute to the recent increases in the rate of T2DM. Relationship between the concentration in the urine of bisphenol A, a constituent of some plastics, and the incidence of T2DM has been established [31].




          T2DM is defined as insulin insensitivity as a result of hormone resistance, with an insulin production lessening, and even pancreatic beta-cell failure [32, 33]. This may lead to a declining in glucose input into the liver, muscle cells, and fat cells. So, a raise in the breakdown of fat accompanied with hyperglycemia happens. The engagement of damaged alpha-cell function has been admitted in the pathophysiology of T2DM within the recent past [34].




          Visceral adiposity: Visceral reduces insulin-mediated glucose intake, and this leads to insulin resistant state. This mechanism probably involves adipokines, which are produced in adipose cells, that modulates interferences between metabolism and vascular function. These comprise tumour necrosis factor α (TNF-α) and interleukin-6 (IL-6), that are both pro-inflammatory and confer to insulin resistance and vascular dysfunction. The renin-angiotensin system is activated in adipose tissue as well, leading to hypertension and insulin resistance. Conversely, adiponectin is considered a protective adipokine that matches insulin sensitivity with energy metabolism. Adiponectin concentrations are depleted in T2DM, obesity and metabolic syndrome. Besides, free fatty acids (FFAs), that are released from visceral fat, and bioactive lipid intermediates play together to damage the PI3K-Akt pathway and increase oxidative stress [35].




          Atherogenic dyslipidemia: When an increased level of free fatty acid reaches the liver it triggers araised production of Apo B-containing triglyceride-rich very low-density proteins (VLDL) [36]. The action of insulin on this course is slightly convoluted. Within of insulin resistance state, an overflow of FFAs reaching to the liver increases triglyceride concentrations; nevertheless, under some conditions, insulin hinders secretion of VLDL toward the systemic circulation [37]. This answer is due to insulin-mediated degradation of Apo B [38]. Although, insulin has lipogenic action, raising the transcription and enzyme activity of some genes is related to triglyceride biosynthesis [39]. If this process remains operational in insulin resistance is still unknown. Moreover, it has been seen that insulin resistance might also decrease lipoprotein lipase levels in peripheral tissues [40]. Nevertheless, this exchange in this enzyme seems to promote less to hypertriglyceridemia than the overproduction of VLDL does. However, hypertriglyceridemia is a remarkable reflex of the insulin resistance and is one of the important fact for diagnosis of MS.




          The other major lipoprotein disturbance in the metabolic syndrome is a reduction in HDL cholesterol. This reduction is a consequence of changes in HDL composition and metabolism. In the presence of hypertriglyceridemia, a depletion in the cholesterol content of HDL results from decreases in the cholesteryl ester content of the lipoprotein core with variable increases in triglyceride making the particle small and dense, a function in part of cholesteryl ester transfer protein [41]. This change in lipoprotein composition results in an increased clearance of HDL from the circulation as well. The relation of these changes in HDL to insulin resistance are probably indirect, arising in concert with the changes in triglyceride-rich lipoprotein metabolism [42, 43].




          Endothelial dysfunction: This situation is the last common routine connection with many cardiovascular risk factors and the development of pathologies such as atherosclerosis [16, 44, 45]. Endothelial cells limit the inner surface of blood vessels and participate in very important mechanical and biological functions. Endothelium can sense and respond to normal and pathological stimulus, by producing vasoactive substances, such as NO, prostacyclin and endothelin. Endothelial expression of cell adhesion molecules rules interactions with white blood cells, especially with monocytes, promoting inflammation, and with platelets, stimulating haemostasis and thrombosis. Endothelium inflects as well the answer of vascular smooth muscle.




          Endothelial dysfunction takes place when endothelium is unable to perform its normal physiological and protective mechanisms. Characteristically, it consists of spoilt endothelium-dependent vasodilatation, a decreased arterial accordance, and a quickened progress of atherosclerosis [46]. Several factors such as oxidative stress, hyperglycemia, advanced glycation products, FFAs, inflammatory cytokines, or adipokines may cause an unfitness of endothelium to attend its normal physiological and protective actions. It has seen that immune cells have an important role in all the points of the atherosclerotic process [47]; furthermore, a diminution in NO levels, an important modulator of endothelial homeostasis, and a raised reactive oxygen species lead in an endothelial dysfunction and a proatherogenic vascular bedding [48].




          Hypercoagulable condition: A pro-inflammatory state is characterized by elevated plasmatic cytokines and acute-phase reactants, such as C-reactive protein (CRP). Besides, a prothrombotic situation leads to anomalies in the procoagulant factors. These would be: An increase in fibrinogen, factor VII and factor VIII aside from the antifibrinolytic factor (PAI-1), platelet abrasions, and endothelial dysfunctions. Fibrinogen, which acts as an acute phase reactant protein, as it could be CRP, increases its plasmatic levels in response to a highcytokine state. This shows that the prothrombotic and proinflammatory states could be metabolically interconnected [49].




          Diet: High dietary fat intake is related to an oxidative stress and an activation of the pro-inflammatory transcription factor, known as nuclear factor kappa-beta(NF κβ) [50]. On the contrary, a diet rich in fruits and fibres has no inflammation-inducing ability if it is compared with a high-fat diet even if it contents the same calories [51].




          These pathological mechanisms are reflected on the Fig. (1).




          
[image: ]


Fig. (1))


          Mechanism of the metabolic syndrome through the insulin resistance. FFAs are released from the adipose tissue. When the FFAs reach the liver stimulates an increased production of glucose, triglycerides and secretion of very low density lipoproteins (VLDL). FFAs reduce as well insulin sensitivity in skeletal muscle by inhibiting insulin-mediated glucose uptake. When glucose concentration increases in circulating blood it increases pancreatic insulin secretion turning out hyperinsulinemia. This hyperinsulinemia enhances sodium reabsorption and increases sympathetic nervous system (SNS) activity. All this contributes to the hypertension as might increase levels of plasmatic FFAs.

        




        

          Epidemiology




          Prevalence of MS goes from less than 10% to 84% and it depends on the definition of MS used; characteristics of the studied population, such as age, gender or ethnicity; region and if it corresponds to rural or urban area [52].


        


      


    




    

      Inflammation as a Bond between Metabolic Syndrome and Type 2 Diabetes Mellitus




      It has been demonstrated that a chronic low-grade inflammation and an activation of the immune system are involved in the pathogenesis of obesity-related insulin resistance and T2DM [10]. Systemic inflammatory markers seem to be factors for the development of T2DM and its macrovascular complications. In presence of obesity adipose tissue, liver, muscle and pancreas are themselves sites of inflammation [53-55].




      Obesity, particularly visceral adiposity, was associated with insulin resistance, hyperglycemia, dyslipidemia and hypertension, which together are termed metabolic syndrome [56].




      Next, the relationship between inflammation and insulin resistance in tissues such as liver, adipose tissue and muscle is going to be explained one by one:




      Liver: In contrast to adipose tissue, liver is frequently occupied by macrophages, known as Kupffer cells, which represent about the 10% of total liver cells. Although the number of Kupffer cells does not vary with obesity, their activation state changes [57, 58]. Kupffer cells have been less studied in comparison with adipose tissue macrophages in insulin resistance context but it is known that they clearly promote the production of inflammatory mediators such as TNF-α, IL-6 and IL-1β that contribute to insulin resistance in liver [59]. At the same time, proinflammatory mediators in the portal circulation, mainly produced by abdominal fat, could also initiate hepatic inflammation.




      Adipose tissue: There is an increased expression and production of TNF-α in adipose tissue of obese individuals and this induces directly insulin resistance [60]. It has been confirmed that exists a specific up-regulation of genes encoding inflammatory factors and an over-production of several chemokines and cytokines in enlarged adipose tissue [55]. Besides, a decrease in the expression of proinflammatory genes is given [61, 62]. So adipose tissue inflammation is considered as a crucial event leading to metabolic syndrome, T2DM and atherosclerotic cardiovascular diseases. Additionally, adipose tissue has been associated with a marked accumulation of macrophage cells in its stromovascular fraction during obesity [63]. Although it has been demonstrated that enlarged adipocytes can produce pro-inflammatory cytokines and chemokines by themselves [64], adipose tissue macrophages could be essential for the production of adipose adipocyte-derived pro-inflammatory cytokines. In fact, their recruitment towards the adipose tissue is related to the severity of obesity and is joint to systemic inflammation, insulin resistance [65] and metabolic syndrome [66].




      To distinguish macrophages, they are classified into two different subsets:





      

        	M1 macrophages, classically known as activated macrophages: This kind of macrophages secrete pro-inflammatory cytokines like IL-1β, IL-6, TNF-α.




        	M2 macrophages, known as alternatively activated macrophages: Produce antiinflammatory cytokines such as IL-10 [67].


      




      This model has been well-established in mice [68, 69], but the existence of different M1 and M2 types of adipose tissue macrophages has not been proved in humans. In order to understand them in human, macrophages are described as mix between M1 and M2 phenotypes [70]. Besides adipose tissue macrophages infiltration, obesity can transform macrophages from the M2 to M1 phenotype, correlating with insulin resistance both in mice and humans [70-72]. Signals released from M1 macrophages seem to impair insulin signaling and adipogenesis in adipocytes meanwhile M2 macrophages can protect against obesity-induced insulin resistance [73]. Adaptive immune system can contribute as well to obesity-induced inflammation although macrophages are the most abundant leukocyte adipose tissue.




      Muscle: The muscle is another important area of insulin resistance in obesity and T2DM. Similar to adipose tissue, skeletal muscle macrophages belong to pro-inflammatory M1 macrophages [73]. These macrophages promote an increased expression of inflammatory factors in muscle cells [73, 74] contributing locally to insulin resistance. Furthermore, the gene expression of phenotype markers of pro and anti- inflammatory macrophages in human skeletal muscle correlates with insulin sensitivity [74].


    




    

      BIOMARKERS




      The objective of these pages is to review biomarkers that have been suggested in recent years as the link between metabolic syndrome, diabetes and inflammation. Biomarkers have been divided into two groups in order to improve their understanding: Pro-inflammatory and anti-inflammatory molecules.




      

        Proinflammatory Biomarkers




        

          Tumour Necrosis Factor (TNF-α)




          Tumour necrosis is one of the main mediating cytokine in immune and inflammatory response [75]. TNF-α plasma levels are increased in obesity. A positive correlation has been proved between TNF-α plasma levels and BMI. Same manner, MS patients presented higher levels of plasmatic TNF-α compared to healthy obese patients [76]. Same study was able as well to stablish a positive correlation between TNF-α plasma levels and insulin resistance measured by means of HOMA-IR index. On the contrary, correlation between TNF-α and HDL cholesterol was negative. As stated before, it has been published that TNF-α is overexpressed in white adipose tissue in insulin resistance and obesity states [77]. TNF-α is a cytokine that associates coronary atheroma. This cytokine is secreted by macrophages, adipose cells, endothelial and muscle cells. Its function is to recruit monocytes towards developing atherosclerotic injury. Association of LDL accumulation in rat arteries with TNF-α expression suggests a role for inflammation in early-stage atherosclerosis [78]. Besides obesity and insulin resistance, TNF-α has been related to infections, cancer, dyslipidemia and arterial hypertension [79].




          Blood concentrations of TNF-α are continuously elevated in patients at raised risk for recurrent coronary events [80]. A study demonstrated that weight loss in response to lifestyle modification in obese individuals gets decreased TNF-α levels [81]. Structure of TNF-α is shown in Fig. (2).
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Fig. (2))


          Structure of tumour necrosis factor-alpha at 2.6 Å resolution [161].

        




        

          Interleukin-1




          IL-1 is a prototypical proinflammatory cytokine and it acts as an early mediator of inflammation. IL-1 is produced by macrophages, monocytes, fibroblasts, dendritic cells, B and NK lymphocytes and epithelial cells [82]. IL-1 increases the expression of adhesion factors on endothelial cells in order to attract macrophages and lymphocytes to the site of infection. IL-1 acts on the hypothalamus, which lets a rise in body temperature. Because IL-1 activates the mechanism of fever is why this cytokine is named an endogenous pyrogen. As well as fever, IL-1 promotes as well hypotension and vasodilation [83].




          IL-1 forms a big group of cytokines which includes 11 of them. The most studied ones are IL-1α and IL-1β. Both have a proinflammatory effect. IL-1α and IL-1β are synthesized as precursors (pro-IL-1α and pro-IL-1β), which then undergo proteolytic cleavage by calpain and caspase-1, respectively, to produce the mature active forms. Although pro-IL-1β is biologically inactive, myristoylated memb-rane-associated pro-IL-1α can signal through IL-1R on adjacent cells to initiate cell-to-cell signalling. In addition, nuclear translocation of pro-IL-1α or the cleaved N-terminal pro-peptide that retains its nuclear localization sequence elicits biological functions [84]. Structure of IL-1 is shown in Figs. (3 and 4).
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Fig. (3))


          Structure of interleukin 1α at 2.7-Å resolution [162].
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Fig. (4))


          Crystal structure of recombinant human interleukin 1β at 2.0 Å resolution [163].

        




        

          Interleukin-6




          IL-6 is the main procoagulant cytokine. This interleukin increases plasma levels of CRP, fibrinogen and plasminogen activator inhibitor type I (PAI-1) [85]. Adipocytes secrete about the 30% of total IL-6 and visceral fat contributes more than subcutaneous fat. IL-6 and TNF-α are the best studied cytokines for inflammation and obesity situations [86]. It has been seen that increased concentrations of IL-6 are associated with increased risk of myocardial heart attack in healthy men [87]. Some authors have stablished a relationship between insulin resistance, T2DM and plasma levels of IL-6, being this last one a predictor of future TD2M in several situations [88]. On the contrary, other authors have questioned this fact as after administration of IL-6 no changes have been observed on the glucose metabolism [89].




          However, this interleukin has been proposed as a link between stress, obesity, inflammation and heart disease [90]. The role of IL-6 would be implicated in the pathogenesis of heart diseases [91]. Moreover, IL-6 is a good inductor of hepatic acute phase response by stimulating production of several molecules such as CRP, haptoglobin or fibrinogen rebounding on the inflammatory response [92]. Structure of IL-6 is shown in Fig. (5).
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Fig. (5))


          Human interleukin-6, NMR, minimized average structure [164].

        




        

          Interleukin-18




          Intereleukin-18 is another pro-inflammatory cytokine secreted by adipocytes. It has atherogenic properties by acting on other cytokines such as IL-6, TNF-α and interferon-γ (IFN-γ), which could be an important mediator in subclinical inflammation and obesity. In the same manner, it could be the link between obesity, MS and glucose intolerance, T2DM and cardiovascular diseases [93].




          Plasma levels of IL-18 correlate in a positive way with body weight and abdominal fat [94]. It has been found that hyperglycemia causes an increase of plasma levels of this biomarker by means of oxidative stress [94].




          T2DM patients have higher plasma levels of this cytokine [95]. Concentrations of IL-18 have been correlated positively with clinical criteria of MS, such as BMI, waist circumference, fasting glucose and insulin concentrations. In the same way, concentrations of IL-18 have been correlated negatively with HDL cholesterol in obese people [96]. Structure of IL-18 is shown in Fig. (6).
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Fig. (6))


          Solution structure of the human interleukin-18 [165].

        




        

          Angiotensinogen (AGT)




          Angiotensinogen is considered an acute phase reactant protein because its production is increased as a response to inflammation or shock [92]. AGT is part of the renin-angiotensin system [79]. The main role of this system is the regulation of the blood pressure and hypovolemic shock.




          It has been seen that there is an overexpression of AGT on visceral adipose tissue, correlating in a positive way with BMI and leptin [97]. Same as TNF-α, AGT has been related to infections, cancer, dyslipidemia and arterial hypertension [79]. Structure of AGT is shown in Fig. (7).
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Fig. (7))


          Crystal structure of human angiotensinogen [166].

        




        

          Leptin




          Leptin is a hormone which is synthetized principally in adipose tissue. It is able to break through the blood-brain barrier towards the hypothalamus. There, it can stimulate anorectic neurones with consequent decreased appetite [98]. Leptin is also able to increase energy use, reducing metabolic effectiveness. Its production is mediated by insulin [98].




          Plasmatic levels of leptin are proportional to the amount of body fat. It is considered that circulating leptin acts as a signal indicating adequate levels of energy reserve [99]. On the contrary, plasmatic levels of leptins are reduced in patients who present anorexia. This fact demonstrates that leptin is mediated by nutritional status [100].




          Nowadays, it is known that leptin is related to other cytokines, such as IL-6, because they share most of the protein structure. This fact confers a synergy of action between them [99]. Furthermore, not only is known that leptin acts as controller of the body weight, as a matter of fact, it is known that it has a role as a connecting link between neuroendocrine and autoimmune system [101]. Structure of leptin is shown in Fig. (8).
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Fig. (8))


          Crystal structure of the obese protein leptin-E100 [167].

        




        

          C-Reactive Protein (CRP)




          C-reactive protein could be considered the main used biomarker to evaluate systemic inflammation. CRP is synthetized by the liver, some leukocytes, and the adipose tissue in response to multiple signals, particularly increases in interleukin-6 and other systemic inflammatory cytokines [102, 103]. CRP has specific roles including the activation of phagocytic cells—at least in part by binding to the Fc-γ-RIIa receptor [104].




          Even though CRP has long been used as a marker of severe inflammation such as it is given in acute infections and chronic inflammatory diseases (with plasmatic concentrations higher than 0.5 mg/dL), it has been strongly demonstrated using high sensitive assays that report hsCRP plasmatic levels that even slight increases in CRP (range 0.2-0.5 mg/dL) are indicative of low-grade inflammation that is not free of clinical relevance in other situations [105]. As proinflammatory state has been associated with visceral adipose tissue, it is logical to assume that hsCRP should be increased when central obesity is set. The level of increase in hsCRP associated with visceral obesity seems to vary by individual [106]; so, once given the correlation between hsCRP and future CVD, evaluating variation of hsCRP could be a good way to differentiate lower risk obese individuals from those at higher risk [107]. Higher plasmatic concentrations of CRP look to be not only a marker of risk but also have an active role in cardiovascular disease. Structure of CRP is shown in Fig. (9).
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Fig. (9))


          Three dimensional structure of human C-reactive protein [168].

        




        

          Uric Acid




          Uric acid is a terminal metabolite produced product of purine catabolism, produced in the liver and it is excreted by kidney mainly and intestines secondarily. Uric acid has the most antioxidant power extracellularly, as a matter of fact, it is responsible for two thirds of the whole plasma antioxidant power, where it can chelate metals and clean up oxygen radical species. Nonetheless, intracellularly, it has pro-inflammatory and pro-oxidant activity [108]. It has been seen that uric acid is a biomarker for oxidative damage in conditions like ischemic liver, atherosclerosis, diabetes, and chronic heart failure [109]. As a pro-oxidant, under ischemic conditions or as a result of tissue damage, uric acid oxidizes lipids, which results in inflammation that disrupts reverse cholesterol transport [110]. It also can decrease the availability of NO, which results in less vasodilation and more reactive oxygen species (ROS). This, added to its ability to promote monocytes to produce TNF-α, creates a pro-inflammatory state found in metabolic syndrome. Though its role in pathological diseases is not completely understood, uric acid likely causes systemic inflammation [111].




          It is well-known that hyperuricemia means a risk factor for atherosclerotic events like myocardial infarction and stroke, and is associated with other cardiovascular risk factors like hypertension and dyslipidemia. A study have found a positive correlation between uric acid and BMI, blood pressure, and triglycerides, and a negative correlation with HDL-C [112].




          Plasmatic levels of uric acid are positively correlated with individual components of the metabolic syndrome, in particular visceral obesity [113, 114]. Most authors have related the presence of hyperuricemia in metabolic syndrome to a secondary response to obesity and hyperinsulinemia. This fact has been attributed to the effects of insulin on proximal tubular urate transport [115], the effect of elevated leptin [116], or altered purine metabolism [117]. Structure of uric acid is shown in Fig. (10).
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Fig. (10))


          Chemical structure of Uric Acid.

        




        

          Plasminogen Activator Inhibitor 1 (PAI-1)




          Plasminogen Activator Inhibitor-1 (PAI-1) is the main of four serine peptidase inhibitors that runs to modulate extracellular matrix remodelling and fibrinolysis. It links and deactivates tissue plasminogen (tissue plasminogen activator (tPA) and urokinase plasminogen activator (uPA)). tPA promotes intravascular plasminogen activation, with fibrin regulating its activity, meanwhile uPA activates plasminogen on migrating cells, with the uPA receptor regulating its activity on different cells. Thus, PAI-1 inhibits intravascular fibrinolysis and cell associated proteolysis [118].




          The connection between PAI-1 and metabolic syndrome has been long established with elevated levels being strongly correlated, so that the more severe the metabolic syndrome the higher the PAI-1 [119-121]. It has been showed that PAI-1 is strongly associated with the components of metabolic syndrome, including BMI, triglycerides and insulin resistance [122]. Furthermore, several groups have found that PAI-1 levels are not associated with dyslipidemia but rather with the distribution phenotype of adipocytes: Visceral adipose tissue primarily and ectopic fat in the liver [123, 124]. Because of this, some authors have suggested PAI-1 could be used as a biomarker for ectopic fat storage. Structure of PAI-1 is shown in Fig. (11).
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Fig. (11))


          Crystal structure of native PAI-1 [169].

        




        

          Oxidized Low Density Lipoprotein (OxLDL)




          Oxidized LDL (OxLDL) is the result of lipid oxidation. This product can serve as a marker of oxidative stress. It is known that lipid oxidation promotes the generation of reactive oxygen species (ROS). When ROS reach a molecule of LDL form components of OxLDL. Lipid oxidation products, ROS, and OxLDL in low concentrations can be used as signaling compounds for pathways of cellular antioxidants, such as Heme Oxygenase (HO-1) and glutathione [125]. Nevertheless, if the antioxidant capacity of the cell is altered, as in instance, in metabolic syndrome state, then these compounds lead to an oxidative cascade that, at last, contribute to cell damage and apoptosis [126]. This outspread cell damage and death can result into the vascular dysfunction frequently seen in MS, whilst the dysfunctional OxLDL can further promote dyslipidemia, presenting a risk factor for cardiovascular diseases, which are common comorbidities associated with metabolic syndrome. OxLDL invades and damages the blood vessel endothelium and contributes to atherosclerosis [127]. Additionally, to cardiovascular disease, elevated levels of OxLDL in adults, associate obesity and insulin resistance, two common accompanying components of metabolic syndrome [128].


        


      


    




    

      Anti-inflammatory Biomarkers




      

        Adiponectin




        Adiponectin is a 30 kDa protein. The most important region of this protein is the collagen-like domain. A cysteine residue at this collagenous rod is the main mediator of multimeric complexes, which could represent the most biologically active form of the protein. Adiponectin is structurally related to proteins of the complement system (C1q) and TNF-α [129].




        Adiponectin is principally synthetized in white adipose tissue and concretely in mature adipocytes. Three major adipose tissue deposits are recognized as producers of this protein: Subcutaneous, visceral and perivascular [130, 131]. Visceral fat compartments are very important for the secretion of adiponectin, if it is compared to subcutaneous fatty deposits. This fact confers the high association between visceral obesity and metabolic disease; anyway, in vitro and in vivo studies performed in humans have shown that adipocytes with exhausted lipid storage, filled with fatty acids, and located in the intra-abdominal region can inhibit transcription of the adiponectin gene by secreting inflammatory and angiogenic factors, reducing its plasma levels [132]. The epicardial fat is also a source of adiponectin. Lower levels are synthetized as well in liver, cardiomyocytes, skeletal muscle, colon, salivary gland, placenta and hypophysis, but the contribution of these tissues to the circulating adiponectin is considerably small. Adiponectin can also be detected in breast milk and cerebrospinal fluid, although in low concentrations [133].




        Adiponectin works in an autocrine and paracrine manner in the adipose tissue, and in an endocrine manner in distal tissues. The autocrine effects are illustrated by their role in adipocyte differentiation. Induction is greater than 100 times that of adiponectin mRNA during the course of distinction of adipose cells [134]. Similarly, in experiments involving adipocytes overexpressing adiponectin, cell differentiation was accelerated, leading to increased lipid accumulation and insulin-stimulated glucose transport activity in fully differentiated cells. So, adiponectin promotes adipocyte distinction and increased insulin sensitivity [135, 136]. In addition to the regulatory capacity, adiponectin acts as an autocrine and paracrine factor to inhibit the secretion by adipocytes of interleukins 6 and 8, macrophage inflammatory protein 1α/β and monocyte chemotactic protein-1, which, in turn, can inhibit the storage of lipids and insulin sensitivity in adipocytes [137, 138].




        Adiponectin can act as an endocrine factor as well. It has been shown that adiponectin levels are responsible for 73% of the variation in insulin sensitivity [139].




        It has been shown that Leptin:Adiponectin ratio (LAR) is more beneficial than either alone. In instance, a high LAR is a better biomarker than leptin or adiponectin alone for the diagnosis of metabolic syndrome. One limiting factor with using just adiponectin or leptin is that the difference between adiponectin and leptin tends to be small in the fasting vs postprandial state [140]. Furthermore, one of the benefits of using the LAR is that it has the potential to assess insulin sensitivity and metabolic syndrome in the nonfasting state [141]. Structure of adiponectin is shown in Fig. (12).
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Fig. (12))


        Crystal structure of a single-chain trimer of human adiponectin globular domain.

      




      

        Ghrelin




        Ghrelin is a neuroendocrine hormone secreted mainly by the stomach. Its function is to stimulate the appetite directly via activation of the growth hormone (GH) secretagogue receptor 1a (GHSR-1a) in the hypothalamus, and indirectly by increasing expression of orexigenic peptides, such as neuropeptide Y (NPY) [142, 143]. It might also be protective of vasculature by antagonizing the effects of vasoconstrictors, such as endothelin 1, and promoting the effects of vasodilators, such as NO [144]. Besides, it may help to stimulate lipolysis via AMP-activated protein kinase (AMPK) [145]. Nowadays, vasoprotective and lipolytic properties of ghrelin are being studied and represents two mechanisms by which ghrelin could perform a protective effect against MS.




        MS presents lower levels of ghrelin, and progressively lower ghrelin levels are associated with increasing metabolic syndrome severity. Ghrelin levels decrease with increasing number of metabolic syndrome items [145-147]. This trend is very significant even after adjusting for sex or age, though ghrelin levels have been seen to be higher in females than males [148, 149]. The components of metabolic syndrome including obesity, insulin resistance, and hypertension associate low plasmatic levels of ghrelin [150, 151]. Notwithstanding, the correlation between MS and low circulating ghrelin is likely primarily explained by the relationship to obesity as obese patients with metabolic syndrome have lower ghrelin levels than not obese equivalents [152]. Besides, among obese patients, ghrelin levels are lower in insulin resistant patients if it is compared to insulin sensitive obese patients [153]. Circulating ghrelin is also decreased in the healthy descendant of type 2 diabetes patients. Thus, this fact suggests a genetic component to ghrelin regulation. Structure of ghrelin is shown in Fig. (13).
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Fig. (13))


        Theoretical structure proposed for Ghrelin. 1P7X. Umashankar, V. RSCB PDB.

      




      

        Resistin, a Biomarker to Understand




        Up to now, all the biomarkers have been able to be classified by their proinflammatory or anti-inflammatory nature. We have an exceptional case represented by resistin. Until date it has not been able to determine its function regarding inflammation. Resistin is a hormone synthetized by adipocytes. It has a protein structure rich in cysteine amino acids [154]. To date, its role is not understood. Even though resistin has been proposed as a proinflammatory cytokine [155], results in human are still contradictory. Several studies have not found resistin role as a proinflammatory cytokine and few of these conclude that resistin is not related to obesity [156, 157]. Going into details, some studies have not been able to establish the relationship between circulating resistin levels and obesity and insulin resistance, weight loss, insulin resistance, adiposity, plasmatic glucose and some parameters of the lipidic profile but HDL-cholesterol [157]. Nevertheless, other study has related circulating resistin to some factors of metabolic syndrome [158]. About inflammation, plasmatic concentration of resistin has been correlated with plasmatic levels of IL-6, PCR and TNF-α in one study with severe inflammatory state [159]. Structure of resistin is shown in Fig. (14).
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Fig. (14))


        Crystal Structure of resistin.



        Resistin has been related to inflammatory processes, such as atherosclerosis and arthritis [160]. Several authors consider resistin a cardiovascular risk factor, the same way that it is considered as responsible of endothelial diseases.




        It is necessary more information than we have nowadays in order to clear up the role of resistin and its suitability as a biomarker for this purpose.




        On Fig. (15), all the studied biomarkers in this chapter are shown, and the variation of their plasmatic levels in the context of MS:
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Fig. (15))


        Variation of the concentration on different biomarkers involved in the metabolic syndrome.

      


    




    

      CONCLUSION




      Metabolic syndrome is a complex systemic disease. Up to date, its underlying causes are only partway understood. It is very important to decode its causes, mechanisms and relations to other pathologies.




      Metabolic syndrome, obesity and T2DM have been described as a chronic inflammatory state which associates altered plasmatic levels of cytokines, acute-phase reactants and other inflammatory cues.




      As it has been shown in this chapter, there is an important battery of biomarkers in order to assess these clinical states which are known to develop more severe diseases. Be able to predict the future establishment of more serious diseases could change the natural develop by treating it or changing habits such as lifestyle in order to avoid further complications.




      Since the discovery of biomarkers such as adipokines, the view on adipose tissue has changed radically. This kind of tissue will never be considered as just a lipid storage depot anymore. It has been demonstrated that adipose tissue acts as active endocrine organ.




      Even there are several biomarkers for this purpose, to date they still cannot be used as biomarkers which involve clinical decisions. Even though some of these biomarkers reflect better than others the clinical state of the patient, no single biomarker has demonstrated to be a good biomarker by itself.




      Disposing a battery of biomarkers will improve the clinical practice on obese, metabolic syndrome, T2DM patients. In order to achieve this fact, more studies are necessary so as to assess and discuss their clinical utility since contradictory findings are still in force.
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