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PATHOGENESIS AND BIOMARKERS OF METABOLIC SYNDROME  

VIKTORIA HURZA, MYROSLAVA VATASHCHUK, MARIA BAYLIAK  

Abstract. Metabolic syndrome (MetS) is a pathologic multifaceted condition characterized by 
elevated triacylglycerides, decreased high density lipoproteins, insulin resistance, increased blood 
pressure and fasting glucose. Together these abnormalities increase a risk of cardiovascular 
diseases and type 2 diabetes mellitus. Overnutrition and sedentary lifestyle followed by 
overweight and obesity are the main contributing factors to MetS development. The pathogenesis 
of MetS is very complex and not fully elucidated. The studies support the concept of 
oxidant/antioxidant imbalance and low-grade inflammation playing main roles in its 
manifestations. Diagnosis with MetS and the development of MetS complications can be detected 
and monitored via specific serum biomarkers. In this paper, we describe classical metabolic, 
hormonal and pro-/anti-inflammatory markers which are the most frequently used for MetS 
diagnostic and research. They include serum lipid profile (triacylglycerides, total cholesterol, low 
and high density lipoproteins), blood pressure, fasting glucose and HOMA-IR index, levels of anti-
inflammatory adiponectin, pro-inflammatory C-reactive protein and cytokines (TNF-α, IL-1β, IL-6, 
etc.). We also analyze advantages of additional criteria such as levels of oxidative damages, 
appetite hormones (leptin, ghrelin), apolipoproteins and oxylipins, the composition of gut 
microbiota and levels of microbiome-derived metabolites, the ratios between different parameters 
as helpful biomarkers of MetS and concomitant cardiovascular diseases. 

Keywords: metabolic syndrome, visceral fat, inflammation, oxidative stress, insulin resistance. 

 

Abbreviations: BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; FFA, 
free fatty acids; HDL, high density lipoproteins; LDL, low-density lipoproteins; MetS, metabolic 
syndrome; TAG, triacylglycerides; T2DM, type 2 diabetes mellitus; ROS, reactive oxygen species.  

 

 

 

1. METABOLIC SYNDROME CONCEPT 

Metabolic syndrome (MetS) includes a group of metabolic disturbances that occur more frequently 

together than separately and, in the combination, significantly increase a risk of cardiovascular diseases 

and type 2 diabetes mellitus. Clinically MetS is characterized by dyslipidemia, elevated glucose levels, 

increased blood pressure, insulin resistance, a pro-thrombotic state, pro-inflammatory and pro-oxidant 

states [1, 2]. Metabolic abnormalities related to MetS have been studied for over 100 years, but in the 

resent 30 years MetS received a special attention. During this period, labels, components and, 

respectively, definitions of MetS were several times changed. In 2009, the consolidated definition of 

MetS was accepted by leading health organizations and MetS was defined as a pathologic multifaceted 

condition characterized obligatory by elevated triacylglycerides (TAG), decreased high density 
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lipoproteins (HDL), insulin resistance, increased blood pressure and fasting glucose [1]. Despite a tight 

link between MetS and obesity was established in last years, the presence of abdominal obesity was 

excluded from obligatory criteria of MetS. This is due to observations that not all obese people develop 

MetS symptoms and not all patients diagnosed with MetS suffer from obesity. The relationship 

between obesity and MetS has also ethic specificity. In particular, Asian Americans had higher risks for 

MetS incidence than Non-Hispanic White adults with the same body mass index [3]. Nevertheless, as 

the prevalence of obesity increases in population, the number of people with MetS also will increase in 

parallel.  

There is still debate regarding the ethology and pathogenesis of MetS, because a single mechanism 

underlying this dysmetabolic phenotype is unknown. Overeating of a high-calorie food and physical 

inactivity due to sedentary lifestyle followed by overweight and obesity are considered as key factors of 

the MetS development. Aging, emotional stresses, various drugs, gut microbiota composition, genetics, 

sleep quality and hormonal changes also contribute to MetS onset [4, 5, 6, 7, 8]. 

 
2. PATHOGENESIS  

Mechanisms underlying pathophysiology of MetS are not fully clear. Accumulation of visceral fat is 

thought to be a major trigger factor in the development of MetS and its complications. In visceral 

adipose tissue, metabolic responses to caloric excess lead to low-grade chronic inflammation, oxidative 

stress and increased flux of free fatty acid in blood following insulin resistance [9].  

 

2.1. Insulin resistance 

Insulin resistance is characterized by elevated blood glucose at normal or even elevated insulin 

levels due to decrease in sensitivity to this hormone of insulin receptors in glucose-utilizing tissues. 

Evidence indicates that MetS begins with excess central adiposity or accumulation of visceral fat. When 

β-cell function of pancreas is responsive, hyperinsulinaemia occurs but fasting and postprandial 

glycaemia often remains normal for years [10]. When insulin sensitivity impairs, mobilization of free 

fatty acids (FFA) (lipolysis) from adipose tissue trigacylglyceride stores is accelerated. Under 

physiological conditions, insulin inhibits adipose tissue lipolysis; however, when insulin resistance is 

developed, insulin is unable to properly suppress lipolysis, resulting in relatively more circulating 

FFAs which are releasing from adipose tissue. Not only insulin resistance causes FFA elevation, but 

elevated FFA levels also provoke insulin resistance [11]. 

FFA inhibit insulin receptor protein kinase activation in the muscle leading to reduced glucose 

uptake. They increase protein kinase activation in the liver that promotes gluconeogenesis and 

lipogenesis. The net effect is the creation of a hyperinsulinemic state to maintain euglycemia. 

Eventually, the compensation fails and insulin secretion decreases. FFAs are also lipotoxic to β-cells of 

the pancreas causing decreased insulin secretion. Insulin resistance also contributes to the development 

of hypertension due to loss of the vasodilator effect of insulin and vasoconstriction caused by FFA [9]. 

 

2.2. Inflammation 

A number of studies suggest that the inflammation associated with obesity and overweight plays 

an important role in the etiology of the MetS and largely contributes to the related pathological 

outcomes such as type 2 diabetes mellitus (T2DM) and cardiovascular diseases (CVD)  [12]. 

 Adipose tissue is supposed to play a central role in the induction of inflammation because over-

nutrition leads to changes in its cellular composition and production of pro-inflammatory cytokines 

and chemokines [13]. A local inflammation is also observed in the liver and skeletal muscle. Recent 

evidence indicates the involvement of inflammasome NLRP3 in the pathogenesis of MetS and T2DM. 

In pancreas, the activation of NLRP3 inflammasome by high levels of glucose and fatty acids with 

subsequent release of IL-1β leads to dysfunction and apoptosis of β-cells, insulin deficiency and 

progression to T2DM. In obese patients with metabolic disorders, NLRP3 inflammasome was shown 
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also to be activated in macrophages, which infiltrate visceral adipose tissue, and contributes to local 

inflammation, impairment in adipogenesis and insulin resistance [14]. 

Hypoxia was found to be one of etiologic factors of necrosis and macrophage infiltration into 

adipose tissue that leads to an overproduction of proinflammatory factors like inflammatory 

chemokines. This results in a localized inflammation in adipose tissue that propagates an overall 

systemic inflammation associated with the development of obesity-related comorbidities. Evidence 

suggests that tumor necrosis factor-alpha (TNF-α), a pro-inflammatory cytokine, induces apoptosis of 

adipocytes and promotes insulin resistance by the inhibition of the insulin receptor substrate 1 

signaling pathway. Another proinflammatory cytokine, interleukin-6 (IL-6) was confirmed to be 

capable of suppressing lipoprotein lipase activity [15]. 

Obesity progression is connected with changes in production of adiponectin, an adipose-derived 

plasma protein. Weight loss was shown to increase adiponectin levels; in animal models of obesity and 

insulin resistance, adiponectin levels are reduced. Adiponectin regulates lipid and glucose metabolism, 

increases insulin sensibility, regulates food intake and body weight, and protects against chronic 

inflammation. Human studies show that hypoadiponectinemia is associated with insulin resistance, 

hyperinsulinemia, and the possibility of developing T2DM, independent of fat mass [16, 17]. 

Obesity is associated with dysregulation of lipid and carbohydrate metabolism. An increase in 

either one of these substrates will also increase the demand on the mitochondria and the utilization of 

the electron transport chain. Intensification of electron transport chain functioning generates increased 

amounts of reactive oxygen species (ROS) followed oxidative stress development. Oxidative stress 

activates a number of regulatory proteins including kinases like c-Jun N-terminal kinase (JNK), 

mitogen-activated protein kinase (p38 MAPK) and inhibitor of nuclear factor-κB (IκB) kinase (IKK) that 

may directly interfere with insulin signaling or indirectly via induction of nuclear factor-κB (NF- κB) 

and increased cytokine production [12]. 

 

2.3. Neurohormonal activation 

Activation of the renin-angiotensin system serves as an important neurohumoral pathway 

contributing to the development of MetS. Angiotensin II (Ang II), formed as a result of angiotensin-

converting enzyme activation, is produced by adipose tissue. Obesity and insulin resistance are 

associated with increased production of Ang II which through activation of the type 1 receptor activates 

NADPH oxidase leading to the generation of ROS. ROS are responsible for multiple effects including 

oxidation of low-density lipoproteins (LDL), endothelial injury, platelet aggregation, expression of 

redox-sensitive transcription factor NF-κB and expression of lectin-like oxidized low-density 

lipoprotein receptor-1 (LOX-1) on the endothelium and vascular smooth muscle cells. Renin-

angiotensin system, ROS and LOX-1 form a positive feedback loop that initiates a vicious cycle of 

inflammation and endothelial damage, that contributes to the development of hypertension, 

dyslipidemia, T2DM and CVD [9]. 

 

3. BIOMARKERS OF METABOLIC SYNDROME  

The term ‚marker‛ is defined as the molecule which serves as an indicator of any defects or 

alterations in the cells, tissues or whole organism. Biochemical markers help to diagnose or predict the 

causes and changes in normal conditions and can be represented by different chemical substances such 

as a specific proteins (antigen, antibody, abnormal enzyme, or hormone), low molecular metabolites or 

xenobiotics, etc. These substances can be found in blood, urine or any fluid in the body. 

The clinical criteria that are the most commonly accepted for diagnostic of MetS include abdominal 

or central obesity, elevated levels of serum triacylglycerides (TAG) and glucose, increased blood 

pressure, and low levels of high-density lipoproteins (HDL). When patients have three or more of these 

signs, they are diagnosed with metabolic syndrome [1, 2, 8]. 
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Adipose tissue consists of adipocytes and many immune cells that produce a variety of biologically 

active compounds, including adipokines, such as adiponectin and leptin, chemokines, such as 

monocyte chemoattractant protein (MCP-1), and pro-inflammatory cytokines, such as tumor necrosis 

factor alpha (TNF-α) and interleukins 1β (IL-1β) and 6 (IL-6). Many of these compounds can serve 

biochemical markers of MetS [13]. 

 

3.1. Classical metabolic markers 

The total cholesterol and TAG concentrations are commonly significantly higher in patients the 

MetS than in healthy group. This correlates with the accumulation of lipids in adipose tissue and 

increase in hepatic synthesis and secretion of lipoproteins [18]. Kamso et al. showed that among 

Indonesian patients with the MetS more women than men had increased waist circumferences and 

elevated TAG. In addition, more men than women had impaired fasting glucose and hypertension [19]. 

Skalicky et al. also confirmed that obese patients had significant elevation of TAG concentration and a 

significant decrease in HDL cholesterol in comparison with healthy controls [20].  

The mechanisms responsible for the alterations in lipid metabolism associated to the MetS involve a 

high lipolytic activity in visceral adipose tissue resulting in a supply to the liver of large amounts of 

free fatty acids associated to increased glucose and insulin concentrations. Eventually it results in the 

increased circulatory concentrations of TAG and cholesterol and their accumulation in muscle and 

other tissues. This phenomenon of lipotoxicity provokes both the inflammation of pancreatic β-cells 

and a decrease of their mass [18, 21]. 

Lipids and lipoproteins play an important role in the development as well as in consequences of 

MetS. The dyslipidemia results in increased production of TAG and secretion of very low density 

lipoproteins along with associated abnormalities like reduction of in HDL cholesterol and increased 

LDL levels. Hypertriglyceridemia is associated with predominance of small dense LDL particles which 

is due to relative depletion of unesterified cholesterol, esterified cholesterol and phospholipids with 

either no change or an increase in LDL triglyceride levels. Small dense LDL is more toxic to 

endothelium, can transit through endothelial basement membrane easily, adheres well to 

glycosaminoglycans, is more susceptible to oxidation and is more selectively bound to scavenger 

receptors on monocytes derived macrophages [22].  

Insulin resistance is a core feature of the MetS. Homeostatic model assessment of insulin resistance 

(HOMA-IR) is a robust clinical and epidemiological marker of MetS. High-molecular weight 

adiponectin (HMWA) is the multimer responsible for the relationship of adiponectin with insulin 

sensitivity. HOMA-IR and HMWA are suitable candidates for MetS biomarkers. The ratio of 

adiponectin to HOMA-IR has been validated as a powerful index of MetS and considered a better 

marker of its presence [23]. The presence of the MetS is associated with higher values of serum insulin, 

HOMA-IR, leptin and leptin/adiponectin ratio and lower values of adiponectin and 

adiponectin/HOMA-IR ratio. In multivariate regression analysis of adiponectin was the only 

biochemical marker that correlated with MetS. Also, adiponectin correlated with abdominal obesity, 

low HDL-cholesterol and elevated blood pressure. HOMA-IR correlated with low HDL-cholesterol and 

raised glycaemia [24]. 

Studies suggest that individuals with MetS have a greater risk of developing T2DM and CVD [25]. 

Assessment of CVD risk and MetS in children and adolescents has involved the analysis of serum or 

plasma biomarkers including total cholesterol, TAG, HDL cholesterol, insulin and C-peptide [22].  

 

3.2.  Hormonal circulating biomarkers 

Adiponectin or adipocyte complement-related protein is the most abundant peptide secreted by 

adipocytes that negatively correlates with obesity and T2DM because it acts by increasing insulin 

sensitivity; it is probably the only adipokine whose higher levels corelates with lower body mass index 

(BMI) and decreased cardiovascular risk because of its anti-inflammatory and antiatherogenic effects. 

Therefore, adiponectin level was proposed as novel therapeutic target for diabetes and MetS [16]. 
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Human adiponectin is encoded by the Adipo Q gene, which spans 17 kb on chromosome locus 

3q27. This chromosome has been identified as carrying a gene susceptible for T2DM and MetS. 

Adiponectin is also involved in energy homeostasis by action in hypothalamus, therefore the name 

‘starvation gene’ has been proposed [26].  

Insulin and adiponectin interact with their receptors, which in activated state trigger a cascade of 

metabolic actions such as increase in protein synthesis and lipogenesis, glucose uptake and utilization 

(leading to reduced plasma glucose levels), glycogen synthesis, lipolysis and gluconeogenesis [24]. 

Sanjari et al. demonstrated that serum adiponectin levels in women with MetS were lower than those in 

women without MetS [27]. 

Leptin is a polypeptide hormone produced by adipocytes with increasing their triglyceride content. 

It is involved in the central control of energy balance since regulates food intake and energy 

expenditure to maintain body fat stores. The mechanism of action of leptin is due to binding to and 

activation of the long form of its receptor in the hypothalamus that results in decrease in food intake 

with simultaneous increase in energy expenditure. Circulating leptin is secreted into the blood and 

after crossing the brain-blood and cerebrospinal fluid barrier, it acts in the hypothalamus, where leptin 

inhibits neuropeptide Y (NPY) neurons. The central administration of leptin increases glucose turn-

over and glucose uptake in peripheral tissues (heart, skeletal muscle, adipose tissue), stimulates hepatic 

gluconeogenesis and hepatic insulin sensitivity via the hepatic branch of the vagus nerve [24]. 

Leptin levels are higher in patients with obesity mainly because of leptin resistance. Moreover, high 

levels of leptin are associated with increased insulin secretion which further exacerbates obesity and 

increases leptin levels [27, 28]. Leptin increases insulin resistance and has proinflammatory effects, 

while adiponectin increases insulin sensitivity and decreases inflammatory response; therefore, the 

leptin/adiponectin ratio is considered as a good predictor of diabetes risk and MetS [24, 29].  

Adiponectin exists in plasma in 3 major oligomeric forms: a low-molecular-weight (LMW) trimer, a 

middle-molecular-weight (MMW) hexamer, and a high-molecular-weight (HMW) 12- to 18-mer [30, 

31]. Frühbeck et al [31] showed that HMW, MMW and LMW adiponectin concentrations were 

significantly lower in individuals with the MetS. In contrast, leptin levels were significantly higher in 

subjects with the MetS. The ratio adiponectin/leptin, a marker of dysfunctional adipose tissue, was 

dramatically decreased in the MetS group. Systemic oxidative stress, confirmed by higher levels of 

products of lipid oxidation, was significantly increased in patients with the MetS. Markers of 

inflammation such as serum amyloid A, C-reactive protein and osteopontin were more elevated in 

subjects with the MetS as compared with individuals without the MetS. Total adiponectin 

concentrations were negatively correlated with levels of products of lipid oxidation and C-reactive 

protein concentrations. 

Ghrelin is a peptide hormone produced in the gastrointestinal tract, and it has an important role in 

regulation of the using of energy substrates in human organism. This hormone acts directly on 

hypothalamus and indirectly by increasing the expression of orexigenic peptides such as neuropeptide 

Y, agouti-related protein, proopiomelanocortin, and corticotropin-releasing hormone. In addition to its 

effect on hunger, ghrelin has important effects on glucose homeostasis, energy homeostasis, heart, 

muscular atrophy and bone metabolism [32]. Ukkola et al. emphasized the correlation of low ghrelin 

levels in obese patients with MetS incidence. In addition, the positive correlation of ghrelin levels with 

hypertension, insulin resistance, and obesity was confirmed by numerous studies [33]. McLaughlin et 

al. concluded that ghrelin correlates with MetS mainly based on obesity as well as they identified lower 

ghrelin levels in patients with MetS and obesity than in non-obese MetS [34]. 

 

3.3.  Inflammatory markers 

Adipose tissue, liver, pancreas and muscles are sites of inflammation in the development of MetS 

and obesity. An infiltration of macrophages and other immune cells observed in these tissues is 

associated with a cell population shift from an anti-inflammatory to a pro-inflammatory profile. These 
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cells produce pro-inflammatory cytokines, which aggravate oxidative stress and affect insulin signaling 

in peripheral tissues or induce β-cell dysfunction increasing a risk of comorbidities [13, 14]. 

In numerous studies, MetS and its components are associated with an inflammatory response [35, 

36, 37]. C-reactive protein (CRP), an acute phase protein produced primarily by the liver, is considered 

as one of indicators of inflammatory response as well as a risk factor for MetS [37, 38]. Yoon et al. 

showed that the risk of MetS was significantly higher (1.5 times) in the group of healthy men with 

increased CRP levels than that in the group with the decreased or unchanged levels [37]. Additionally, 

with regards to MetS, Yudkin et al. [35] analyzing 107 nondiabetic patients found a very significant 

correlation between inflammatory markers and several features of the MetS. CRP levels were shown to 

be strongly associated with insulin resistance calculated from the homeostatic model assessment 

(HOMA) model, blood pressure, low HDL, TAG, and to levels of the proinflammatory cytokines, IL-6 

and TNF-α. Body mass index and insulin resistance were the strongest determinants of the 

inflammatory state [35]. There is a linear relationship between the number of metabolic features and 

increasing levels of CRP [35, 36]. 

Tumor necrosis factor alpha (TNF-α) is a well-known proinflammatory cytokine, with important 

metabolic and/or weight-regulating effects on lipid metabolism. A relationship between serum TNF-α, 

insulin resistance, and obesity was demonstrated in various studies [39, 40, 41]. Moon et al. compared 

the serum levels of TNF-α and its receptors in obese adolescents. The mean serum TNF-α was 

significantly higher in the obese than the non-obese group. The mean serum TNF-α receptor 1 and 

receptor 2 were also significantly higher in the obese than the non-obese group. In the obese group, sex-

related differences in the serum TNF-α and its receptor levels were noted, with the males showing 

higher levels than the females [39]. 

IL-6 is a pro-inflammatory cytokine that plays important roles in acute and chronic inflammation, 

immune cell development, and the pathogenesis of autoimmune disease. The increased IL-6 levels were 

observed in the MetS development and to be associated with an elevated risk of development of 

diabetes mellitus [32, 42]. In particular, the case-control study of Mohammadi et al. showed that serum 

IL-6 and TNF-α levels were significantly greater in the MetS patients than in the healthy group [43].  

Recently, it has been shown that increased levels of pentraxins are associated with MetS 

development and progression [32, 44]. Pentraxins are a cluster of serum proteins with similar structures 

and calcium-dependent ligands that play important roles in inflammatory mediation. Pentraxins are 

produced by immune cells as a response to bacterial substances, endotoxins, IL-1 and TNF-α [32]. In a 

study conducted on adolescent subjects with obesity, it was shown that subjects with obesity and MetS 

had higher values of pentraxin 3 than the subjects without MetS [44]. 

 

3.4. Oxidative stress markers 

The pathogenesis of MetS is very complex and several studies support the concept that 

oxidant/antioxidant imbalance may play an important role in its manifestations [13, 45, 46]. Oxidative 

stress is implicated in vascular complications of diabetes and in pancreatic β-cell destruction. 

Meanwhile, obese people without diabetes also display elevated intensity of oxidative stress. Levels of 

oxidative stress markers were found to be increased in the adipose tissue of obese rodent models [47, 

48, 49]. The increase in oxidizing species formation in MetS is considered as a major underlying 

mechanism for mitochondrial dysfunction, accumulation of protein and lipid oxidation products, and 

impairment of the antioxidant systems [46]. The oxidative biomarkers of MetS include increased levels 

of oxidatively damaged biomolecules (lipid peroxides, malondialdehyde, oxidized low density 

lipoproteins (LDL), protein carbonyls, 3,5-dinitrotyrosine, 8-hydroxy-2'-deoxyguanosine, etc.), and 

changes antioxidant defense capacity (superoxide dismutase, catalase, glutathione and thioredoxin and 

associated enzymes [glutathione and thioredoxin reductases and peroxidases, glutathione S-

transferase], peroxiredoxins, NAD(P)H:ubiquinone oxidoreductase, paraoxonase, etc.) [13, 47, 48, 49, 

50]. Levels of oxidative damages were higher in obese individuals and correlated directly with BMI and 

the percentage of body fat and TAG levels [51]. At the same time, antioxidant defense capacity was 



Pathogenesis and Biomarkers of Metabolic Syndrome   13      
 

lower if the amount of body fat and central obesity were higher [52, 53]. Oxidative stress is 

independently related to TAG concentration, abdominal fat, low HDL cholesterol and low lipid 

standardized a-tocopherol in obese patients with MetS. High levels of ROS together with the low total 

antioxidant capacity detected in obese patients indicate elevation of oxidative stress, which is 

potentiated especially in the case of obese patients with MetS [20]. 

Paraoxonase-1 (PON-1) is an enzyme produced mostly by the liver that after releasing in circulation 

protects against lipid oxidation and exogenous toxics. PON-1 extends the lag phase of the oxidation 

process and reduces aldehyde concentrations, resulting in protective effects on LDL and HDL 

lipoproteins [32, 54]. A cross-sectional study conducted on 354 Caucasian subjects with MetS has shown 

that PON-1 activity was significantly lower among patients who had all five MetS criteria [55]. The 

same study revealed that lower levels of HDL cholesterol and apolipoprotein A1 (ApoA1) decrease the 

PON-1 activity. Similarly, the study conducted on 2404 subjects with MetS criteria demonstrated that 

PON-1 activity followed a downward trend with increasing MetS components and increasing lipid 

peroxides [56]. In conclusion, PON-1 is assumed could have important roles in lowering of the 

progression of MetS through its antioxidant and anti-inflammatory effects [32, 55, 56]. 

There are no clear correlations between fat accumulation and antioxidant defense capacity. An 

increase, decrease or no change in the activity of antioxidant enzymes were found in obese subjects [48, 

50, 51, 53]. These controversial data may indicate both tissue-specific responses and time-dependent 

effects [13]. 

 

3.5. New potential markers of MetS 

Emerging biomarkers such as apolipoproteins apo-AI, a major component of high-density 

lipoproteins, and apo-B, a major component of low-density and very low-density lipoproteins, have 

been proposed as precise predictors of atherogenicity and CVD risk [57]. 

Trimethylamine N-oxide (TMAO), a diet- and microbiome-derived metabolite, has been suggested 

to be a predictive biomarker and functional mediator in cardiometabolic diseases. Several mechanisms 

have been proposed to explain the relation of TMAO with CVD including decreased reverse cholesterol 

transport, increased foam cell formation, increased platelet aggregation, and an upregulation of 

proinflammatory pathways, all of which are known risk factors for the development and progression of 

atherosclerosis by favoring vascular plaque build-up and inflammatory responses [57]. Several animal 

intervention studies and human prospective and cross-sectional studies highlight that TMAO 

concentrations are associated with unfavorable metabolic and cardiovascular phenotypes, with some 

inconsistencies identified across studies [58, 59, 60]. Nevertheless, associations between TMAO 

concentrations and adverse cardiovascular outcomes are stronger in individuals with CVD, compared 

with healthy populations, and are concentration-dependent [60]. The study of Andraos et al. [60] 

showed that plasma concentrations of choline, betaine, and dimethylglycine (DMG), but not those of 

TMAO, are strongly associated with increased MetS scores in adults. Adult plasma choline and DMG 

concentrations were positively associated with increasing MetS scores. By contrast, betaine was 

negatively associated with increasing MetS scores. Thus, TMAO precursors, but not TMAO itself, were 

associated with adverse cardiometabolic and inflammatory phenotypes in children and adults. TMAO 

precursor concentrations was supposed might better reflect cardiovascular health and inflammatory 

status within the wider population [60]. 

Individuals who met WHO diagnostic criteria for MetS displayed elevated soluble form plasma 

angiotensin-converting enzyme-2 (sACE2) levels compared to healthy people; the effect was stronger in 

men. All of MetS classical biomarkers were positively associated with plasma sACE2. The associations 

were significantly stronger in men for biomarkers of obesity and adiposity and insulin resistance and 

hyperglycemia, as well as triglycerides and serum CRP. The strongest association was observed 

between sACE2 and gamma-glutamyl-transferase, an important indicator of oxidative stress, liver, and 

bile duct damage [61]. 
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Oxygenated lipid derivatives, cyclo-oxygenase (COX), lipoxygenases (LOX) and cytochrome P450 

epoxygenases (CYP) oxylipins, are downstream lipid derivatives from arachidonic acid and play 

multiple important roles in mediating inflammation. COX oxylipins modulate adipose tissue 

homeostasis and inflammation making these compounds interesting candidates as potential 

biomarkers to predict the risk to develop type 2 diabetes [62]. It was found that four oxylipins, PGF2α, 

PGE2, 15-keto-PGE2 and 13,14-dihydro-15-keto-PGE2 showed significant differences between lean, 

obese controls and T2DM patients, as all oxylipin levels were elevated in T2DM patients compared to 

either the lean or obese controls. No significant differences in oxylipin levels were observed between 

the lean and obese control groups [62]. Authors further revealed that the combination of PGF2α and 15-

keto-PGE2 had the most predictive value to discriminate type 2 diabetic patients from lean and obese 

controls. 

The study of Sroka-Oleksiak et al. [63] demonstrated that diabetic and obese patients have common 

core microbiota in their duodenum at the phylum level, consisting of Firmicutes, Actinobacteria, and 

Proteobacteria. Within the phylum Actinobacteria, the relative abundance of the genus Bifidobacterium 

was significantly lower in both obese and diabetic groups in relation to the control group. Observing 

these changes also on higher taxonomic levels may initiate a pathogenic effect that is intensified in later 

parts of the intestine. Thus, the genus Bifidobacterium should be considered in the future in the context 

of a potential biomarker in the progress of both T2DM and obesity [63]. The main alterations in the gut 

microbiota of individuals with MetS consist of an increased Firmicutes/Bacteriodetes ratio and a 

reduced capacity to degrade carbohydrates to short-chain fatty acids, which in turn is related with the 

metabolic dysfunction of the host organism rather than with obesity itself [7]. 
 

4. CONCLUSIONS 

Metabolic syndrome is a cluster of related metabolic abnormalities, including visceral obesity, 

dyslipidemia, hyperglycemia, hypertension, and insulin resistance. These metabolic derangements are 

significant risk factors for cardiovascular diseases and mortality worldwide. Metabolic syndrome is 

developed gradually, so early diagnosis is important to prevent a number of undesirable metabolic 

complications. Diagnosis with MetS and the progression of MetS related complications can be detected 

and monitored via serum biomarkers. For this, classical metabolic and hormonal biomarkers, and 

inflammatory biomarkers are the most widely used. In last years, additional MetS markers such as 

oxidative stress parameters, apolipoproteins, oxylipins, gut composition of microbiota, ratio between 

different types of markers were proposed and actively introduced in clinical practice.  
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Гурза Вікторія, Ватащук Мирослава, Байляк Марія. Патогенез та маркери метаболічного синдрому. 

Журнал Прикарпатського університету імені Василя Стефаника, 8 (4) (2021), 7–19. 

Метаболічний синдром — це патологічний багатокомпонентний стан, що характеризується  

підвищенням рівня триацилгліцеридів, зниженням рівня ліпопротеїнів високої щільності, 

інсулінорезистентністю, підвищенням артеріального тиску та глюкози натще. Разом ці відхилення 

підвищують ризик розвитку серцево-судинних захворювань та цукрового діабету 2 типу. Переїдання 

та сидячий спосіб життя, що ведуть до надлишкової маси тіла та ожиріння, вважаються основними 

факторами розвитку метаболічного синдрому. Патогенез метаболічного синдрому дуже складний і не 

до кінця вивчений. Дослідження підтверджують концепцію про те, що про-/антиоксидантний 

дисбаланс і низькоінтенсивне запалення можуть відігравати ключові ролі у розвитку метаболічного 

синдрому. Діагностику метаболічного синдрому та розвиток пов’язаних з ним ускладнень можна 

виявити та контролювати за допомогою специфічних біомаркерів у сироватці крові. У цій роботі ми 

описуємо класичні метаболічні, гормональні та про-/протизапальні маркери, які найчастіше 

використовуються для діагностики та дослідження метаболічного синдрому. Вони включають 

ліпідний профіль крові (триацилгліцериди, загальний холестерин, ліпопротеїни низької та високої 

щільності), артеріальний тиск, рівень глюкози натще та індекс HOMA, рівні протизапального 

адипонектину, прозапальних маркерів – С-реактивного білка та цитокінів (TNF-α, IL-1β, IL-6) та ін.) 

Ми також аналізуємо переваги додаткових критеріїв таких, як рівень окисних пошкоджень, гормонів 
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апетиту (лептин та грелін), аполіпопротеїнів та оксиліпінів, склад мікробіоти кишечника та рівні 

метаболітів мікробіому, а також співвідношення між різними показниками як допоміжних 

біомаркерів метаболічного синдрому та серцево-судинних захворювань. 

Ключові слова: метаболічний синдром, вісцеральний жир, запалення, оксидативний стрес. 

 


