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Abstract 
Metabolic syndrome is not a disease, but a condition that unites a group of risk factors that lead to the development of heart disease, 
diabetes and stroke. This syndrome is a complex of metabolic, hormonal and clinical disorders. The problem has been attracting the 
attention of clinicians for more than half a century, since the conditions associated with MS. This paper summarizes modern aspects 
of the metabolic syndrome, its causes, pathogenesis and clinical presentation and treatment options according to the conditions of 
the patients.  
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INTRODUCTION 
Metabolic syndrome (MS) is a complex of interrelated and 
modifiable risk factors for the development of cardiovascular 
diseases (CVD) and type 2 diabetes mellitus (diabetes) (as 
defined by the World Health Organization (WHO, 1999) and 
NCEP ATP III (2001) - National Cholesterol Education Program 
Adult Treatment Panel III - US National Cholesterol Reduction 
Program, III revision of therapy for adults) [1]. The main 
components of MS are disorders of carbohydrate metabolism, 
abdominal obesity, dyslipidemia, and arterial hypertension [2]. 

In developed countries, metabolic syndrome is a serious 
problem [3,4]. Very often, in the USA, it can be observed in 
more than 40% of people over 50 years old. Metabolic 
syndrome can develop in children and adolescents, but the 
definition is not established in these age groups [5,6,7]. 

Initially, a complex of interconnected symptoms was called 
metabolic syndrome, including insulin resistance, 
hyperinsulinemia, hypertriglyceridemia, impaired glucose 
tolerance, arterial hypertension and low levels of “good” 
cholesterol (HDL) [8]. As this phenomenon has been studied, 
MS has acquired new “details” and today this complex, in 
addition to the above components, includes abdominal-
visceral obesity (when fat accumulates in the abdominal 
cavity), increased blood cholesterol (dyslipidemia), 
microalbuminuria and early atherosclerosis [9,10]. 

Depending on the amount of “ingredients” present that make 
up the metabolic syndrome, and there may be 4 or 5, the risk 
of developing diabetes and ischemic heart disease is increasing 
[11,12]. Some mistakenly equate MS with obesity. Yes, they 
correlate in many respects, but nevertheless, the concept of MS 
is much broader. Obesity can exist by itself, in isolation, 
without being included in the list of manifestations of any 
disease [13,14]. MS is a more global thing, incorporating the 
notorious obesity, but as already mentioned, it is abdominal-
visceral when fat deposits are localized in the abdomen and 
upper shoulder girdle (an apple-like figure, not a pear). 

According to D.L. Alyavi et al., In patients with MS and 
coronary heart disease (CHD) mortality from CVD increases 5 
times for women and 2 times for men [2], and myocardial 
infarction and stroke are 3.5 times more common [15] . From 
the point of view of public health and clinical practice, the 
obesity epidemic, the pathogenetic basis of which is insulin 
resistance (IR), is becoming the main socio-economic problem 
of mankind, for which early diagnosis and timely effective 
treatment of the main components of MS are extremely 
important [16]. 

For justice, it should be noted that MS is possible without 
obesity. It is enough to have at least 3 of its above components, 
each of which in itself is a significant risk factor for the 
development of CVD [17,18]. 
 
FACTORS CONTRIBUTING TO MS AND ITS CLINICAL 
MANIFESTATIONS 
Let's start with external factors: the nature of nutrition (high-
calorie, atherogenic); lack of physical activity; stress;bad 
habits (alcohol, smoking). The key link in the development of 
the metabolic syndrome, for which all its other components 
“cling”, is insulin resistance, i.e. decreased tissue sensitivity to 
insulin. Insulin resistance, in turn, is affected by visceral 
(intracavitary, not subcutaneous) adipose tissue. How? The 
fact is that the cells of this tissue have a low density and 
sensitivity of insulin receptors, therefore, low sensitivity to the 
antilipolytic effect of insulin [19,20,21,22]. Lipolysis is 
intensified, the concentration of free fatty acids in the blood 
rises, through the portal system they migrate to the liver, 
where they are used as a substrate for the synthesis of 
triglycerides. Here is another sign of MS - 
hypertriglyceridemia. 

Insulin resistance leads to an increase in blood glucose - 
hyperglycemia, which in turn provokes the release of insulin 
(hyperinsulinemia) [23,24]. All these phenomena with the 
prefix “hyper” lead to vascular endothelial dysfunction, 
increased vascular tone and arterial hypertension. Insulin 
resistance and hyperglycemia create fertile ground for 
dyslipidemia, characterized by high blood levels of "bad" 
cholesterol (LDL) [25]. Moreover, LDL particles in this case are 
less than usual and more dense. They easily migrate to the 
subendothelial space, forming an atherosclerotic plaque. 

Even in ancient times, Hippocrates, who lived in the 5th 
century BC, noted that people who are very obese by nature 
die more often than thin people. However, the first scientific 
publications on the problem of MS appeared in the XX century. 
So, in 1923, the Swedish doctor E. Kylin described a syndrome 
that included gout, arterial hypertension and hyperglycemia. 

In 1940, J. Vague introduced the concept of central obesity. In 
subsequent years, there has been a progressive increase in the 
number of scientific studies confirming the close relationship 
of obesity with CVD and type 2 diabetes. Various terms have 
been proposed to describe this condition. 

The founder of the modern concept of MS is considered the 
American scientist Gerald Riven (Jerald Reaven), who 
proposed in 1988 an elegant pathophysiological model of the 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.31838/jcr.07.05.01
http://dx.doi.org/10.31838/jcr.07.07.50


METABOLIC SYNDROME IS A CURRENT PROBLEM OF MODERN MEDICINE 
 

 

              Journal of critical reviews                                                                                                                                               312 

 

 

development of MS, in which the IR phenomenon was called a 
key factor in the occurrence of this condition. 

The term "insulin resistance" is understood to mean a 
decrease in the reaction of insulin-sensitive tissues to insulin 
at its sufficient concentration, leading to chronic 
compensatory hyperinsulinemia [26,27,28]. IR is based on 
various genetic defects responsible for signal transmission 
after the connection of insulin with its receptor (postreceptor 
defects). Normally, receptor autophosphorylation occurs with 
the participation of tyrosine kinase and its subsequent 
connection with the substrate of the insulin receptor (IRS-1 
and -2). IRS molecules activate phosphatidylinositol-3-kinase 
(PI3K), which stimulates translocation of the glucose 
transporter GLUT-4 through the cell membrane, which 
activates the metabolic and mitogenic effects of insulin 
[29,30]. In patients with type 2 IR and type 2 diabetes, 
translocation of the glucose transporter is impaired, and the 
expression of other genes that provide glucose and lipid 
metabolism is disrupted, including mutations in the genes for 
glycogen synthetase, hormone-sensitive lipase, tumor necrosis 
factor (TNF) alpha, uncoupling protein, etc. 

The reasons for the wide spread of the above mutations are 
not entirely clear, but most researchers support the theory of 
"economical genotype", put forward by professor James Neel 
(James Neel) in 1962. According to this hypothesis, during 
evolution, the most appropriate “thrift” genes were fixed in the 
genotype, which provided IR for the purpose of storing energy 
in the form of fat “in reserve” [31]. Under the primitive 
communal system, this process was of adaptive importance for 
survival in conditions when the human nutrition abilities were 
irregular and periods of abundance alternated with periods of 
prolonged fasting [32,33,34]. However, for a very short (on the 
scale of evolution) period of time in countries with a high 
standard of living, mankind has switched to high-calorie 
nutrition in combination with a decrease in the consumption 
of muscle energy. The result of the IR mechanism fixed in the 
genetic memory is the development of an MS pandemic, 
including its main components: obesity, dyslipidemia, arterial 
hypertension, and type 2 diabetes. 

Since the publication of one of the most cited papers by G. 
Reaven “The Role of Insulin Resistance in Human Diseases”, all 
subsequent scientific studies should either confirm or refute 
the pathogenetic theory about the fundamental role of IR in 
the development of MS. However, this did not happen [35,36]. 
Countless publications that appeared after 1988 only 
confirmed the positive relationship between the individual 
components of the MS and its outcomes, or described all the 
new components of the MS. 

After 10 years, G. Reaven publishes an updated version of the 
concept of pathogenesis of MS (X-Syndrome: 10 years later), in 
which the author calls abdominal obesity the second key link 
in the development of MS, in addition to IR [37]. The scientist 
also increases the number of main components of this 
syndrome. 
 
PATHOPHYSIOLOGY OF THE DEVELOPMENT OF 
METABOLIC SYNDROME   
In scientific studies, it was shown that excess adipose tissue 
with auto-, para- and endocrine function serves as the basis for 
the development and progression of IR and is itself capable of 
secreting a large number of cytokines and vasoactive 
substances. To date, the most studied are leptin and 
adiponectin. TNF-alpha, C-reactive protein, interleukins (IL) 1, 
6 and 8 also belong to mediators of chronic subacute 
inflammation [38,39,40]. 

To date, the etiology and pathogenesis of MS have not been 
fully disclosed [41]. Publications containing the results of 
scientific research describe various hormonal disorders that 
contribute to the development of abdominal obesity, including 
activation of the hypothalamic-pituitary-adrenal axis, 
increased levels of testosterone and androstenedione, and 
decreased progesterone production in women. As a clinical 
manifestation of MS, one cannot but mention arterial 
hypertension [42]. The cornerstone of its development is 

hyperinsulinemia, which blocks the transmembrane 
mechanisms of ion exchange, making the vascular wall 
sensitive to pressure, retains water by increasing sodium 
reabsorption in the distal and proximal tubules of the nephron, 
increases vascular tone, and narrows the lumen of arterioles 
[43,44]. 

To date, there is no single treatment strategy for MS. The 
presence in patients of a wide variety of non-modifiable risk 
factors (gender, heredity, age, ethnicity) in combination with 
modifiable factors (overweight or abdominal obesity, a 
sedentary lifestyle, arterial hypertension, dyslipidemia, 
impaired glucose tolerance and / or impaired fasting glucose ) 
determines the existence of a huge number of phenotypic 
variants of MS, requiring a personalized approach to the 
selection of therapy of its individual components. In this 
regard, the use of the concept of MS, according to WHO 
experts, is limited as a diagnostic and therapeutic tool [45]. 

The main therapeutic measures for MS include lifestyle 
changes, as the main way to correct metabolic risk factors, and 
drug treatment of the combined components of MS [46]. When 
treating MS, they are repelled by the main threat that 
emanates from it: the risk of CVD. First of all, you must make 
adjustments to the lifestyle, diet (to limit animal fats, give 
preference to foods high in polyunsaturated fatty acids), forget 
about alcohol forever. All efforts should be directed at getting 
rid of excess weight [47,48]. Many patients are condescending 
to such recommendations. In this case, it is not forbidden, but 
even welcomed to put the subject before the fact: if you do not 
want to die in 8-10 years, fundamentally change your usual 
way of life. 

“In the beginning there was insulin resistance” - this is how 
you can rephrase the lines of the New Testament in the 
refraction to the MS. Therefore, with its medical correction, 
drugs are used that increase tissue sensitivity to insulin: 
roarlite, avandium. This is achieved by reducing the level of 
triglycerides and free fatty acids in the blood, inhibiting the 
breakdown of glycogen in the liver and increasing the number 
of glucose transporters in the cells [49,50,51]. 

Arterial hypertension in MS is stopped by angiotensin 
converting enzyme inhibitors or angiotensin receptor 
blockers. To reduce the risk of vascular complications, aspirin 
is prescribed [52,53]. 

Atherogenic dyslipidemia is one of the main components of MS 
described by G. Reaven in 1988. In the process of studying the 
concept, it became clear that another common disease 
associated with MS is non-alcoholic fatty liver disease 
(NAFLD), which proceeds in two forms, or successive stages: 
liver steatosis and non-alcoholic steatohepatitis (NASH). 
According to uzbek authors, in patients with MS and 
abdominal type of obesity, NAFLD occurs in 100% of cases, 
and NASH in 41.7% [54]. It is proved that the leading 
mechanisms of the development of this disease are 
pathological activation of lipolysis processes with the release 
of a large amount of free fatty acids in individuals with 
abdominal obesity, concomitant IR and oxidative stress, which 
provokes an inflammatory reaction in hepatocytes and leads to 
the formation of steatohepatitis. 

In those cases when a hypocaloric and hypocholesterol diet 
and a change in physical activity do not allow you to adjust the 
lipid spectrum and the activity of liver enzymes, it is necessary 
to consider the possibility of using drug therapy [55,56]. 

Metformin (biguanide) has proven activity against NAFLD due 
to its ability to directly inhibit glucose production by the liver, 
improve insulin sensitivity, and reduce the concentration of 
free fatty acids in the blood, inhibiting the expression of 
lipogenic enzymes. In a number of studies, it was shown that 
the use of metformin in NAFLD reduces the level of alanine 
aminotransferase by 30% [57]. 
 
TREATMENT OF DYSLIPIDEMIA  
The main drugs for the treatment of atherogenic dyslipidemia 
are hydroxymethylglutaryl-CoA reductase inhibitors (HMG-
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CoA reductase) (statins) and fibroic acid derivatives (fibrates) 
[58,59,60]. 

Statins represent the first line of lipid-lowering therapy due to 
its proven effectiveness in reducing LDL [61] and due to a 
significant reduction in the number of end-cardiovascular 
outcomes, including cardiovascular mortality and all-cause 
mortality in most patients. According to data from a meta-
analysis of independent studies (4S, HPS, ASCOT-LLA, CARDS, 
4D) published in 2005, the risk of coronary heart disease while 
taking statins was 23% (11 to 51%) on average. 

The main mechanism of the effective effect of statins on 
dyslipidemia and NAFLD is the blocking of the isoprenoid 
pathway, which inhibits the synthesis of total cholesterol, LDL 
and triglycerides against the background of increased 
production of HDL [62]. In addition to a direct effect on 
lipogenesis, drugs have an antioxidant effect, reduce 
angiogenesis by affecting ED, have antitumor activity, 
including the ability to prevent the development of 
hepatocellular cancer. 

Fibrates lower triglycerides from 20 to 50%, increase HDL 
from 1 to 34%, and can lower LDL to 20%. 

Over the past 10–15 years, several large prospective studies 
have been conducted, among which the most extensive was 
the FIELD study (The Fenofibrate Intervention and Event 
Lowering in Diabetes trial) with the participation of 9795 
patients with impaired carbohydrate metabolism. The 
effectiveness of fibrates in patients with type 2 diabetes and / 
or signs of MS was shown - the relative risk of cardiovascular 
complications was significantly reduced. The reason for this 
positive effect is the proven pleiotropic effect of fibrates: they 
inhibit the migration of vascular endothelial cells and the 
activity of oxidative stress, as a result of which they have an 
anti-inflammatory effect. 
 
PHARMACOTHERAPY OF HYPERTENSION 
The frequent development of arterial hypertension in MS is 
due to a whole complex of the previously described 
pathogenetic mechanisms of the development of the 
syndrome, against the background of the polygenic nature of 
the inheritance of concomitant diseases - obesity, type 2 
diabetes and dyslipidemia, as well as hyperactivation of the 
renin-angiotensin-aldosterone system [62,63,64,65]. 

Antihypertensive therapy for MS should be carried out until 
the target blood pressure level of less than 130 and 80 mm RT. 
Art., especially in the presence of type 2 diabetes [66]. 
Numerous studies using a wide range of antihypertensive 
agents have proven that effective blood pressure control 
significantly reduces the risk of CVD and mortality [67]. 
Moreover, strict control of blood pressure in patients with 
type 2 diabetes leads to a more significant decrease in the 
frequency of macrovascular complications of diabetes than the 
achievement of target glycemic levels. 

The general principles of the medical treatment of arterial 
hypertension are: continuous, long-term therapy, starting 
treatment with the minimum doses of one drug, switching to 
drugs of another class with insufficient treatment effect (at the 
maximum dosage) or poor tolerance, the use of drugs mainly 
of long duration, the use of optimal combinations of drugs to 
achieve maximum hypotensive effect and minimize side 
effects. 

According to the latest domestic and international 
recommendations, first-line drugs in the treatment of arterial 
hypertension in patients with MS are angiotensin-converting 
enzyme inhibitors, type I angiotensin receptor blockers and 
calcium antagonists [68]. 
 
PHARMACOTHERAPY OF INSULIN RESISTANCE AND 
DISORDERS OF CARBOHYDRATE METABOLISM 
One of the main dramatic outcomes of MS is the development 
of type 2 diabetes. This disease is characterized by a gradual 
onset - it begins with mild or moderate disorders of 
carbohydrate metabolism due to IR and functional 

hyperinsulinemia, which over time cause beta-cell dysfunction 
and impaired insulin production, which leads to prediabetes 
[69, 70]. Then, already for a much shorter period, the 
manifestation of type 2 diabetes occurs. 

In 2007, ADA and IDF experts adopted the Conciliation 
Consensus on the treatment of prediabetes in people with 
impaired glucose tolerance and / or impaired fasting glucose, 
in which metformin therapy is indicated along with lifestyle 
changes [62]. Acceptance of these recommendations was 
based on the results of a prospective randomized clinical trial 
DPP (Diabetes Prevention Program), in which evidence was 
obtained that during the 3.2-year observation period, lifestyle 
changes and treatment with metformin (the original drug 
Glucophage® metformin was used) were 58% 31%, 
respectively, reduced the risk of type 2 diabetes in patients 
with prediabetes compared with the control group of patients 
[70]. This trend also continued in the subsequent observation 
period - for 10 years (34% and 18%, respectively) [64]. The 
greatest positive effect on the prevention of type 2 diabetes 
was observed in young patients with more pronounced 
disorders of carbohydrate metabolism and obesity. 

Consensus calls for early diagnosis and prophylactic treatment 
of prediabetes with metformin in combination with lifestyle 
changes in people at high risk for type 2 diabetes [65]. These 
should include persons with impaired fasting glucose and 
impaired fasting glycemia combined with another additional 
risk factor (age <60 years or BMI ≥ 35 kg / m2, in the presence 
of diabetes in relatives of the first degree of kinship, with an 
increased level of triglycerides, low HDL, hypertension, or 
HbAlc ≥ 6%). 

In addition to the above recommendations of the joint 
consensus of ADA and IDF, the American College of 
Endocrinology (ACE) in its paper recommends an early 
diagnosis of carbohydrate metabolism disorders and lifestyle 
modifications, along with the simultaneous identification of 
concomitant risk factors such as arterial hypertension, obesity 
and dyslipidemia [47]. Experts recommend the appointment of 
acarbose and metformin for people at high risk of developing 
type 2 diabetes who have impaired fasting glucose, impaired 
glucose and / or MS tolerance, increased glycemia, CVD, a 
history of gestational diabetes, NAFLD, or polycystic ovary 
syndrome. 

Metformin is an antihyperglycemic drug from the biguanide 
group that does not have a hypoglycemic effect and has been 
used to treat type 2 diabetes since 1953. The drug improves 
the sensitivity of adipose and muscle tissue to insulin, reduces 
glucose production by the liver through its effect on 
gluconeogenesis, reduces glycogenolysis, and inhibits glucose 
absorption in the intestine, has an anorexigenic effect, which 
helps many patients to comply with recommendations for 
hypocaloric nutrition [58]. 

Bioequivalence studies have shown that the efficacy and safety 
profile of the drug can extend to the innovative form of 
sustained release metformin. 

In addition, a retrospective study revealed a significant 
decrease in the incidence of diarrhea from 18.05% on rapid 
release metformin to 8.29% on sustained release metformin. 
The frequency of occurrence of any adverse events was 
26.34% among patients with fast-release metformin and 
decreased to 11.7% when taking a prolonged form of 
metformin when transferring patients to this form [69, 70]. 

An additional advantage of the drug Glucofage Long is the 
possibility of taking it once a day in the presence of two doses - 
500 mg and 750 mg in one capsule, which allows for gradual 
titration of the drug to achieve the optimal daily dose [71]. 
 
CONCLUSION.  
We note that, despite the exclusion of MS from the ICD-10 as a 
condition that does not meet the definition of the concept of 
“disease”, this concept still causes great scientific interest. The 
early detection of metabolic risk predictors is of great clinical 
importance in order to start the timely prevention of CVD and 
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type 2 diabetes, the main causes of death among the world's 
population.  
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