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Abstract: The metabolic syndrome, first introduced by Hermann Haller in 1975, was sometimes also known as
insulin resistance syndrome, syndrome X, and plurimetabolic syndrome. In 1989 it was rechristened by Kaplan
as "Deadly Quartet" based on a consolidation of central obesity, impaired glucose tolerance, dyslipidemia, and
systemic hypertension. Metabolic syndrome is positively associated with a pro-inflammatory and pro-
thrombotic state, attributed to increased pro-thrombotic and inflammatory markers activity. Moreover,
Metabolic syndrome is frequently associated with increased atherosclerotic cardiovascular disease, impaired
glucose tolerance, hyperuricemia, obstructive sleep apnea, and chronic kidney disease. Despite concerted
endeavors worldwide, the complexity of the pathophysiology of metabolic syndrome is still not clearly
understood. Currently, therapeutic possibilities are confined to individual therapy of hyperglycemia,
hypertension, hypertriglyceridemia, hyperuricemia, regular physical exercise, and a restricted diet.
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1. Introduction

The rapid increase prevalence of Metabolic Syndrome (MS) is emerging as a significant public
health concern worldwide. The upward trend of urbanization, high caloric diet uptake, decreased
physical activities, and central obesity compounded with a sedentary lifestyle are assigned as the
influential underlying factors contributing to the epidemic upsurge of MS. The significant increase in
the prevalence of MS and its future challenge to the national and world health scenario is of great
importance. Various epidemiological studies have foisted that MS confers a five-fold increased risk
of developing Type 2 Diabetes Mellitus (type 2 DM) and a two-fold increase in the risk of developing
a cardiovascular disorder (CVD) over the next five to ten years [1]. Moreover, an individual with
metabolic syndrome is two to four times more susceptible to developing stroke and at a three to
fourfold risk of progressing myocardial infarction (MI) [2]. These events increase two-fold risk of
dying compared with those without MS [3]. Earlier, in 2001, the term Metabolic Syndrome became
institutionalized with ICD-9 (International Code for Diseases-9) code 277.7 and thought of as a first-
order threat for the progression of athero-thrombotic complications.

Visceral obesity and insulin resistance (IR) are recognized as the major intrinsic risk factors for
MS. Additionally, decreased physical activities, atherogenic dyslipidemia, calorie-rich dietary intake,
as well as hormonal imbalance is the added risk factors for developing MS [4]. The complete
pathophysiology of MS is still unclear, however redundant adipose tissues induced persistent low-
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grade inflammation is considered the crucial underlying cause of developing central obesity-related
disorders, like Type 2 Diabetes Mellitus (type 2 DM), cardiovascular diseases (CVD) and Insulin
resistance (IR) [5]. The redundant adipose tissue induced low-grade persistent inflammatory condition
found to be involved in the progression of diseases related to MS, like atherosclerosis, atherogenic
dyslipidemia, hypertension, pro-thrombotic status as well as impaired glucose tolerance [6]

2. Historical background

Though Hermann Haller first introduced the term metabolic syndrome in his scientific literature
in 1975 [7], which was sometimes also known as insulin resistance syndrome, and “Syndrome X” by
G. M. Reaven in 1980 [8], the documented historical evidence of MS begins with the Italian physician,
Morgagni, around four decades earlier [9]. Morgagni noticed a significant association between central
obesity, increased arterial blood pressure, atherosclerosis, elevated plasma uric acid, and obstructive
sleep apnea. Nicolae Paulescu observed an interconnection between obesity and diabetes and
forwarded the statement "most frequently, obese people become glycosuric" in 1920 [10]. In 1927, the
Spanish endocrinologist described hypertension and obesity as pre-diabetic conditions [11]. Since its
origin, it became able to draw the attention of many researchers worldwide. Later in 1947, ] Vague
came up with the new concept that central obesity was commonly associated with the metabolic
alteration observed in cardiovascular diseases and Type 2 DM [10].

Plurimetabolic syndrome was introduced in the 1960s to the clinical condition, consisting of the
frequent and concurrent presence of central obesity, dyslipidemia, Type 2 DM, and systemic
increased arterial blood pressure [12]. In 1965 an abstract was presented at the European Association
referencing the study in the diabetes annual meeting, which redefined the syndrome characterized
by increased arterial blood pressure, hyperglycemia, and central obesity [13]. It is believed that the
MS field accelerated forward significantly after the Banting lecture delivered by Reaven, who came
up with a cluster of risk factors for diabetes mellitus and cardiovascular diseases. Reaven was the
first who introduce the concept of insulin resistance associated with MS [14]. However, he
astonishingly passed over the crucial component of visceral obesity, which was later considered a
pivotal abnormality. Furthermore, regarding the history of MS, in 1989, it was renamed as "Deadly
Quartet"” based on the combination of central obesity, increased blood glucose, hypertriglyceridemia
and hypertension by Kaplan [14], and further, in 1992, it was retitled as The Insulin Resistance
Syndrome [15].

3. Definition and diagnostic criteria

The term syndrome derives from the Greek word “Sundromos” (Sun-syn+dromos= to run),
meaning to run together. Metabolic syndrome is characterized by a complicated modification of the
metabolism, which involves modification of lipid metabolism (dyslipidemia, obesity), carbohydrate
metabolism (glucose intolerance), along with increased arterial blood pressure (hemodynamic
disturbance having a metabolic starting point) [16]. Recently, pro-inflammatory, pro-thrombotic state
and hormonal factors have also been reported to be involved in MS [17]. These modifications of
metabolism are interconnected to each other and are found to be involved in increasing the risk of
coronary heart diseases (CHD), cardiovascular atherosclerotic diseases (CVD) and type 2diabetes
Mellitus (type 2 DM) and cause mortality [18].

Several documented evidence reveals that many international organizations as well as expert
groups have attempted to coin the criteria to diagnose MS. The first attempt was made by World
Health Organization (WHO) in 1998 to define the diagnostic criteria for MS, followed by the Europe
Group for the Study of Insulin Resistance (EGIR), The National Cholesterol Education Program Adult
Treatment Panel (NCEP: ATP III), American Association of Clinical Endocrinologists (AACE) and
International Diabetes Federation (IDF). The first criteria developed by the World Health
Organization (WHO), in 1998, with the inclusion of the presence of insulin resistance (IR), impaired
glucose tolerance (IGT) or type 2 DM as absolutely required factors of MS with at least two of the
following factors: waist/hip ratio; male:>0.9 cm; female:>0.85 cm or BMI:>30kg/m2; FBS: 2110mg/dl
or IR or type 2 DM or Rx; TG: 2150mg/dl; HDL-C: male:<40mg/dl; female:<50mg/dl; BP: Diastolic>140
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and systolic=90 mmHg; Microalbuminuria [19]. Within a year, the European Group for the study of
Insulin Resistance (EGIR) challenged the diagnostic criteria. It modified the WHO definition by
excluding microalbuminuria as an essential component of MS, including hyperinsulinemia [20].
EGIR considered insulin resistance as the substantial cause of MS and gives much more importance
to obesity than WHO while excluding persons with T2DM. EGIR defines MS as hyperinsulinemia or
insulin resistance along with two extra parameters as: FBS>108.11mg/dl; BP: Diastolic>140 and
systolic290 mmHg; TG: 2150mg/dl; HDL-C:<39mg/dl. Shortly after that, in 2001, the National
Cholesterol Education Program Adult Treatment Panel (NCEP: ATP III) released its new criteria for
MS, which included waist circumference, blood lipid level, blood pressure and fasting blood glucose
level", which differed from both the WHO and EGIR definition. NCEP did not consider IR as a
mandatory component of diagnostic criteria and stated that any three of the factors (waist
circumference 2102 cm in males and 288 cm in females; TG: 2150mg/dl and/or on drug treatment; HDL-
C: <40 mg/dl in males and <50mg/dl in females; BP: Diastolic>130 and Systolic=85mmHg and/or on drug
treatment; FBS: 2100mg/dl and/or on drug treatment) would suffice for a diagnosis of MS [21].

More than one diagnostic criterion for MS has created confusion for diagnosis and research. To
address the confusion and with the motto to conclude the single definition for MS, the International
Diabetes Federation (IDF) proposed criteria that could be included in diagnostic criteria and
epidemiological studies as well as in research on MS in April 2005 [22]. Although the pathology of
MS, including its every factor, is not entirely understood, central obesity and IR are the major
causative factors [23]. According to the new IDF definition, for a person to be characterized as having
MS, they essentially have: central obesity (defined as waist circumference with ethnicity-specific
values) plus any two of the following four factors, i.e., raised triglycerides, reduced HDL cholesterol,
raised blood pressure and raised fasting plasma glucose. In the same year, 2005 American Heart
Association (AHA) and the National Heart, Lung and Blood Institute (NHLBI) of the United States
introduced the other criteria for MS with the consideration of central obesity adopted by the IDF.
They focused on the inflation of metabolic risk factors. According to AHA/NHLBI criteria, a person
possessing any three criteria of the following five: waist circumference 2102 cm in males and =88 cm
in females; TG: 2150mg/dl and/or on drug treatment; HDL-C:<40 mg/dl in males and <50mg/dl in
females; BP: Diastolic>130 and Systolic285mmHg and/or on drug treatment; FBS: 2100mg/dl and/or
on drug treatment will be characterized as MS [24]. Moreover, in 2009 a joint scientific statement by
the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity was published with a
common consensus to define MS. According to a joint statement, a person to be characterized as
having MS, they must have any three criteria out of following five: central obesity (Population and
country based specific definition), TG: 2150mg/dl and/or on drug treatment; HDL-C:<40 mg/dl in
males and <50mg/dl in females; BP: Diastolic>130 and Systolic>85mmHg and/or on drug treatment;
FBS: 2100mg/dl and/or on drug treatment [25].

Table 1. Diagnostic criteria of Metabolic Syndrome, elucidated over the years by different organizations.

Criteria
Clinical Central FBS 1 TG | HDL- | 1 BP Other Diagnose
parameters obesity C d as MS,
if
WHO Waist/hip >110mg/ ~150mg/ Male: Diastolic>1 | Microalbuminu | Absolutel
(1998) ratio: dl or <40mg/ | 40 and | ria y
[19] Male:>0.9 IR or dl dl systolic 290 required
cm T2DM or Female: | mmHg IR plus >2
Rx criteria
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Female:>0.8 <50mg/
5or dl
BMI>30kg/
m?2
EGIR WC >108.11 <39mg/ | Diastolicx1 Absolutel
>150mg/
(1999) Male: 294cm | mg/dl dl 40 and/or y
[20] Female:>80c dl systolic 290 required
m mmHg or IR plus >2
Rx criteria
NCEP: ATP | WC >100 150 Male: Diastolic>1 >3criteria
>
II1 Male:>102¢ | mg/dl or <40mg/ | 30 and/or
ic>
(2005) m Rx mg/dl dl Systolic=85
[40] Female:>88c Female: | mmHg or
m <50mg/ | Rx
dl
IDF WC defined | 2100 150 Male: Diastolic>1 Absolutel
(2005) in terms of | mg/dl or B <40mg/ | 30 and/or y
[22] Ethnicity Rx mg/dl or dl Systolic>85 required
specific Female: | mmHg or central
values Rx <50mg/ | Rx obesity
dl plus > 2
criteria
AHA/NHL | WC >100 Male: Diastolic>1 >3criteria
>150mg/
BI Male: 2102 | mg/dl or <40mg/ | 30 and/or
ic>
(2005) cm Rx dl or Rx dl Systolic>85
[24] Female:>88 Female: | mmHg or
cm <50mg/ | Rx
dl
AHA/NHL | WC defined | 2100 Male: Diastolic>1 >3criteria
>150mg/
BI and | in terms of | mg/dl or <40mg/ | 30 and/or
. . o
IDF:2009 population | Rx dl or Rx dl Systolic=85
[25] and country Female: | mmHg or
based <50mg/ | Rx
specific dl
definition*

Abbreviations; AHA: American Heart Association; NCEP: ATP III: The National Cholesterol Education Program
Adult Treatment Panel III; NHLBI: National Heart, Lung and Blood Institute; BMI: Body Mass Index; IDF:
International Diabetes Federation; EGIR: Europe Group for the Study of Insulin Resistance; WHO: World Health
Organization; WC: West circumference, IR: Insulin Resistance; FBS: Fasting Blood Sugar; TG: Triglycerides;
HDL-C: High Density Lipoprotein-Cholesterol; BP: Blood Pressure; Rx: on medication; T2DM: type 2 Diabetes

Mellitus.
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Table 2. Ethnic-specific values for waist circumference (IDF guideline-2005) [22].
Country/Ethnic group Waist Circumference
Male Female
Europids > 94cm > 80cm
South Asians >90 cm >80
Based on Chinese, Malay and Asian-Indian population
Chinese >90cm 80 cm
Japanese =90cm = 80cm
Ethnic South and Central Americans Use South Asian recommended until
more specific data are available
Sub-Saharan Africans Use European data until more specific
data are available.
Eastern Mediterranean and Middle East (Arab) | Use European data until more specific
population data are available.
Table 3. Waist Circumference Thresholds for Abdominal Obesity by different organizations.
Population Organization Recommended waist circumference
Male Female
Europid “IDF 294 cm 280 cm
Caucasian WHO >94 cm (increased risk) | 280 cm
2102 cm (still higher | (increased
risk) risk)
>88 cm (still
higher risk)
United States AHA/NHLBI(ATP III"”) >102 cm >88 cm
Canada Health Canada >102 cm >88 cm
European European Cardiovascular | 2102 cm =88 cm
Societies
Asian  (including | IDF 290 cm 280 cm
Japanese)
Asian WHO >90 cm >80 cm
Japanese Japanese >85 cm >90 cm
Obesity Society
China CooperativeTask Force >85 cm >80 cm
Middle East, | IDF >94 cm >80 cm
Mediterranean
Sub-Saharan IDF 294 cm >80 cm
African
Ethnic Central and | IDF 290 cm 280 cm
South American
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4. Prevalence of Metabolic Syndrome:

More than 3 million hits on Google search engine and nearly 10,000 registered articles in
PubMed, resulting from a search for the keyword “Metabolic Syndrome” are evidence of increased
concern regarding MS [26]. Such increased concern regarding MS is linked to the increasing
prevalence of MS worldwide. The prevalence of MS ranges from <10% to 80%, depending upon the
region, urban/rural, composition (ethnicity, sex, age and race) of the study population and the type
of accepted definition/criteria for diagnosis of MS [27]. Regardless of any criteria, the prevalence of
MS is high in all western societies, which is thought to be the result of the epidemic of central obesity
[28]. A study assessed by National Health and Nutrition Examination Survey (NHANES) in 2003-
2006 observed that around 34% of the studied population satisfied the criteria for MS, with significant
association with age [51]. As reported by IDF, one-fourth of the world population has met the criteria
for MS [29]. At the same time, one more study carried out in the United States of America observed
nearly 910,000 adolescents qualified for MS diagnosis [30]. In addition, the global prevalence of MS
of 8% to 43% in males and 7%-56% in females was reported by NCEP-ATP III in 2001 [31].
Furthermore, despite the relatively lower prevalence of obesity in the Asian population, as per WHO
criteria, the rising prevalence of MS is a significant public health problem compared to the western
world [32]. China, Hong Kong, Taiwan and Thailand had similar prevalence rates, ranging from 10-
15%, whereas higher prevalence was noted in Koreans [33], nevertheless of approximately similar
BMI. A significantly high prevalence rate of MS has been reported in India, approximately 31.6%
(Male 22.9% and Female 39.9%) compared to other Asian countries [34]. The Prevalence of MS is
increasing significantly in developing counties, varying from 9.8% in the male of north urban Indians
to 42% in Iranian urban females [35]. A 74% prevalence of MS with no significant differences between
male (77.7%, 95% ClI:71.0-83.5%) and female (72.2%, 95% CI: 65.2-78.3%) has reported in 2021, in
Nepal, using IDF criteria [36]. Another study in India in 2011, applying NCEP: ATP III, reported that
nearly 95% of the examined population had at least one abnormal parameter, with the overall
prevalence for BMI at 79.1% [37]. A survey carried out in 2007 among Asians in China, Hong Kong,
Taiwan, Japan, Philippines and Singapore reported a 10 to 30% prevalence of MetS and most subjects
had a history of type 2 DM and CVD [38]. Other Studies reported a 14.0 % ("WHOQO"), 26.1 % ("ATP
III"), 29.8 % ("IDF") and 32.5 % ("modified ATP III") mean prevalence of MS in South Asian regions
with a significantly lowered level of HDL cholesterol and hypertension documented as the major risk
factor [39].

5. Pathophysiology

Despite concerted efforts worldwide, the intricacy of the pathophysiology of MS is still not
clearly understood. Its geographical distribution and increasing prevalence trend in developing
countries indicate the association of environmental factors and lifestyle factors such as high caloric
diet intake compounded with decreased/lack of physical activities. [40]. There are various
hypothetical mechanisms regarding the rudimentary pathophysiology of MS; however, fatty acid
flux and insulin resistance, neurohormonal activation, low-grade chronic inflammation and oxidative
stress are widely accepted as the crucial underlying factors involved in the initiation, progression and
transformation of MS. [41-43].
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Figure 1. Schematic illustration of the pathophysiology of metabolic syndrome. ROS; reactive oxygen
species, LOX; lipoxygenase, RAAS; Renin-Angiotensin-Aldosterone System, TNF-a; tumor necrosis
factor-a, IL-6; interleukin-6, CRP; C-reactive protein; AT-2; angiotensin-2.

6. Insulin and Insulin resistance

Insulin, the first unearthed peptide hormone secreted by B-cells of the pancreatic islet, is
characterized as a major anabolic hormone principally involved in the regulation of carbohydrates,
fats, and protein metabolism. Insulin acts via its specific receptor, known as insulin-receptor (IR),
abundantly present on the cell membrane of target tissues of the liver, skeletal muscles and
adipocytes. The insulin receptor is a homodimer, consisting of two extracellular a-subunits, which
facilitate interaction with insulin and two intracellular 3-subunit possess tyrosine kinase enzyme
activity. The binding of insulin at the extracellular a-unit of IR auto-activates the tyrosine kinase
enzyme activity on the intracellular domain of the [3-subunit. Subsequently, it phosphorylates the
protein kinase, named Insulin Receptor Substrate (IRS). Thus, phosphorylated IRS activates a cascade
of signal transduction that leads to the activation of a series of kinases along with transcription factors
which mediate the intracellular effects of insulin [44]. The insulin-dependent glucose uptake is
mediated by the phosphatidylinositol-3 kinase (PI3) pathway through the Glut4 transporter. A key
downstream effecter protein, protein kinase B, gets activated by protein kinase-3-phosphoinositide
dependent protein 1, in coordination with another currently unidentified kinase, named 3-
phosphoinositide — dependent protein kinase-2, for now. Thus activated Akt eventually
phosphorylates and inactivates glycogen synthase kinase-3, promoting glucose storage as glycogen
by accelerating glycogenesis [45-47]. In addition to promoting glucose storage, insulin inhibits
gluconeogenesis and glycogenolysis and subsequently induces the transcription of enzymes of
glycolytic as well as a fatty acid synthetic pathway.

Insulin resistance moderated increased circulating free fatty acids (FFAs) are trusted to play a
major role in the pathophysiology of MetS [48]. As maintained earlier, insulin normally stimulates
muscle and liver glucose uptake while inhibiting lipolysis and liver gluconeogenesis. In adipose
tissue, IR impairs insulin-associated lipolysis inhibition, resulting in elevated circulating FFAs,
further inactivating the antilipolytic action of insulin. FFAs decrease glucose uptake in muscle by
inhibiting protein kinase activation [49]. In contrast, FFAs increase gluconeogenesis and lipolysis by
activating liver protein kinase. Studies have also revealed that FFAs alter the redox status and have
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a pro-inflammatory action that may be linked to IR and pose difficulty for glucose homeostasis and
achieving euglycemic states despite hyperinsulinemia. [50].
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Figure 2. Schematics illustration of insulin-dependent glucose uptake and intracellular signaling
cascade. PI3k; phosphoinositide 3-kinase, Glut4; glucose transporter 4, PKA; protein kinase A, GSK-
3; glycogen synthase kinase 3.

7. Adipose tissue and its endocrine activities

In addition to storing excess energy, adipose tissues also function similarly to the endocrine
gland and synthesize many biologically active compounds, termed adipocytokines/adipokines,
which regulate metabolic homeostasis [51]. A modification in the secretion of pro and anti-
inflammatory adipocytokines in subjects with central obesity might be a major factor contributing to
the many aspects of MS [52]. The secretion of adipocytokines depended on the adipose tissue's mass
and energy state. An abnormal secretion of adipocytokines and various inflammatory adipocytokines
has been reported in subjects with central obesity. Such abnormal secretion of adipocytokines is
observed to contribute to a chronic inflammatory condition, ultimately involved in the progression
of complications related to MS and cardiovascular diseases (CVD). The adipocytokines include
proteins that interfere with insulin sensitivity (IL-6, tumor necrosis factor —a [TNF-a], resistin,
adiponectin, leptin, chemerin, visfatin) and the proteins affect vascularity (angiotensin and
plasminogen inhibitor protein [PAI-1]) [53-55].

Ohesefinflamed adipose
Nnr'ma]fhealthy adipose
1 Adiponectin ‘“-‘
i%ffspf:;ln P t \ S High caloric diet/decreased physical activities
|Resistin [+ ‘. . P > -
| Chemerin g ‘
| TNF-u, IL-6 = \ :
/ \ 1FFA
PPAR-a¢ AMPK

Ectopic fat denosition

s G-

Figure 3. Alteration in adipocytokines secretion by obese/inflamed adipose results in ectopic fat
deposition. Normal adipose tissue secretes relatively high levels of adiponectin and low levels of pro-
inflammatory cytokines. Lipids deposition of the liver and muscles are negligible, maintained by an
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efficient B-oxidation of fatty acid. In contrast, obese/inflamed and insulin-resistant adipose tissue
secretes relatively high pro-inflammatory adipocytokines and low levels of adiponectin. These
features and the pro-inflammatory condition may affect the $-oxidation of fatty acids and promote
ectopic fat deposition in the liver and muscles.

8. Leptin

Leptin, the first adipocytokine, discovered in 1994 by Friedman and Halaas, is a 167-amino acid
protein including a 21 amino acid signal peptide [56]. The well-known function of leptin is to regulate
long-term food intake, body weight, energy expenditure, and neuroendocrine functions. An
overexpressed level of leptin is associated with obesity [57]. A lower leptin level has been reported
in lean individuals, and a decreasing level has also been observed associated with fasting.
Physiologically, leptin promotes the oxidation of FFAs, reducing ectopic fat accumulation in non-
adipose tissue, a favored condition for insulin sensitization [58]. A significant alliance has been
observed between plasma leptin concentration, CVD, IR, MS, hypercholesteremia, and inflammatory
markers. [59]. Leptin control energy homeostasis regulated in close proximity to the hypothalamus
called the stimulator of immune cell activity, the T Helper Cell type 1 pathway [60]. At the molecular
level, leptin seals fatty acid entry into mitochondria by malonyl CoA. It inhibits fatty acid oxidation
through the activation of adenosine monophosphate-dependent protein kinase in skeletal muscle
[61,62].

9. Adiponectin

Adiponectin, also named as adipoQ, ACRp30, apM1, and GBP28, is made up of a collagen tail
and a globular head, an adipocyte-secreted adipocytokine [63]. Adiponectin has been reported as a
protective adipocytokine, which exhibits anti-inflammatory and anti-atherogenic properties. The
central role of this adipocytokine is to improve insulin resistance by accelerating fatty acid oxidation
in adipose tissue, resulting in decreased levels of fatty acids in the circulation and of intracellular
triglycerides (TG) of the liver and muscle. Furthermore, it has a protective function in the processes
of atherosclerosis [64]. At the metabolic level, adiponectin increases insulin sensitivity, mediated
through protein kinase A activity, whose activation induces PPARY expression, enzymes of fatty
acids oxidation, and other enzymes involved in glucose uptake, parallel by inhibiting the enzymes of
gluconeogenesis [65]. The circulating level of adiponectin has been observed to be adipose tissue
mass-dependent, inversely proportional to the mass of adipose tissue [66]. The plasma level of
adiponectin was reduced in subjects with MS, IR, and type 2 DM. Increased plasma adiponectin
concentration has been observed to be associated with exercise, weight loss, and thiazolidinedione
therapy [67].

10. Resistin

Resistin is a 114-amino acid circulating protein that belongs to the resistin-like family [68]. The
precise role of resistin in the human body is still not unfolded. However, it is constrained by growth
hormones, glucose and insulin. An increased resistin expression was reported with impaired glucose
uptake and glycogen synthesis [69]. A positive interrelation of resistin with the risk factors of MS,
such as waist circumference, arterial blood pressure, blood glucose, serum triacylglycerol, serum
cholesterol, Serum VLDL, and plasma insulin, has been observed, which strongly supports the
underlying synergy between MS and resistin secretion as well as central obesity [70]. Furthermore,
resistin has also been positively related to common inflammatory and fibrinolytic biomarkers such
as CRP, TNF-a, and IL-6 [71]. Furthermore, several latest studies have implicated the association of
resistin not only restricted to central obesity but also associated with CVD, arthritis, atherosclerosis,
and various carcinomas [72].
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11. Visfatin

Visfatin, a pre-B-cell colony-enhancing factor and nicotinamide phosphoribosyltransferase
(Nampt), is an adipocytokine of molecular weight 52KDa. Although it is principally secreted by
visceral fat tissue, its secretion by other organs such as bone marrow, activated lymphocytes, liver
cells, and skeletal muscle is also found. Recently, several studies have observed increased circulating
visfatin in individuals with central obesity, type 2 DM [73,74]. Likely, a positive association of visfatin
with obesity and insulin resistance indicates that visfatin might contribute to the progression of MS
[88]. Visfatin-induced upregulation of pr-inflammatory cytokines, such as Il-6, TNF-a thought to play
a crucial role in the advancement of IR; however, its complete molecular mechanism is still not
unfolded [75].

12. Chemerin

Chemerin, initially known as TIG2 (tazarotene-induced gene 2), is encoded by the retinoic acid
receptor responder 2 (Rarres2) gene, recently recognized as an adipocytokine [76]. An increased
expression of chemerin has been reported in white adipokines, the liver, and the lungs. In humans,
chemerin is initially synthesized as a 63 amino acids pre-cursor, which undergoes further
extracellular modification to become active chemerin [77]. Active chemerin exhibits the capability to
bind with more than one receptor, such as G-protein coupled receptor chemokine-like receptor
1(MKLR 1), G-coupled receptor 1 (GPR 1), and with comparatively low affinity binds to C-C
chemokine receptor-like 2 (CCRL 2 [78,79]). It has been reported that chemerin plays a vital role in
adipocyte differentiation, triglycerides synthesis, Glut4 expression, and control adiponectin and
leptin expression [80]. Furthermore, an increased chemerin expression in white adipose tissue (WAT),
which is associated with thermogenesis, suggests that chemerin exerts its effect on weight by
regulating adipogenesis rather than thermogenesis [81].

13. Inflammatory status and oxidative stress

The complete mechanism of the onset and progression of MS is not entirely understood.
However, central obesity and insulin resistance are reported widely in their etiology, leading to a
significant increase in the risk of type 2 DM and CVD. Chronic low-grade inflammation, oxidative
stress, and biologically active adipose tissue are central to its pathophysiology [82]. The oxidative
stress associated with obesity and insulin resistance leads to the over-activation of the downstream
signaling cascade, which is found to be involved in atherogenesis and tissue fibrosis. Secretion of a
wide range of inflammatory markers in MS plays a crucial role in the pathogenesis of CVD [83]. In
addition, increased infiltration of macrophages in inflamed/obese adipose tissue secretes tumor
necrosis factor-alpha [84]. TNF-a induced phosphorylation and inactivation of insulin receptors of
adipose tissue and "smooth muscle leads to induction of lipolysis, resulting in increased FFAs with
simultaneous inhibition of adiponectin secretion. Interleukin -6 (IL-6), another vital adipocytokine
secreted by adipocytes and immune cells, has shown complex regulatory mechanisms [85,86].
Increased secretion of IL-6 has also been reported with central obesity and IR, which acts broadly on
the liver, bone marrow, and endothelium [87]. The action of IL-6 on these organs results in increased
secretion of acute phase reactants by the liver, including CRP. IL-6 increases fibrinogen levels and
lead to a pro-thrombotic state; it promotes the secretion of adhesion molecule by endothelial cells and
activates the local RAS pathway. Various studies showed a strong association between CRP levels
and the development of MetS, Type 2 DM and CVD [88].

Conclusion

Metabolic syndrome is a common cause of global morbidity and mortality, which has been
reported, associated with various factors. Among the possible pathophysiological mechanisms of MS
been postulated, insulin resistance, central obesity, low-grade chronic inflammation, pro-
inflammatory status, and oxidative stress are considered the most common physiological mechanism.
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A continued exploration approach is necessary to discover the underlying pathophysiology and
factors associated with MS to determine the therapy's absolute target
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