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ABSTRACT
Introduction and aim. Metabolic syndrome is a pathological condition that is a combination of insulin resistance, hyperten-
sion, dyslipidemia, and abdominal obesity. Every metabolic syndrome trait has an estimated hereditary factor greater than fifty 
percent. Many mutations related to distinct traits have been successfully identified through genetic studies. With respect to the 
advancements in our knowledge of the genetics of obesity, it is a major contributor to metabolic syndrome.
Metabolic syndrome is associated with many diseases and is closely related to overweight / obesity and lack of activity. Genetic 
predisposition also plays an important role in it. Therefore, lifestyle modification is the initial and main intervention that can be 
implemented for such a population. This review pinpoints the literature on the definition of metabolic syndrome, epidemiolo-
gy, pathogenesis, and its gene polymorphism and treatment approach comprising metabolic syndrome.
Material and methods. The literature review was carried out using databases such as PubMed, Scopus, Google Scholar and 
the Web of Science for studies looking into metabolic syndrome and its complications. This review provides a comprehensive 
analysis of the role of genetic and lifestyle changes in the development of metabolic syndrome. 
Analysis of the literature. Metabolic syndrome is a collection of diseases that include lower levels of high-density lipoprotein 
(HDL), increased triglyceride levels (TG), high blood pressure, more waist circumference, and elevated fasting blood glucose. It 
is closely related to overweight / obesity and lack of activity. Genetic predisposition also plays an important role in it. So lifestyle 
modification is the initial and main intervention that can be implemented for this population. 
Conclusion. Genetic, lifestyle changes, and other environmental changes contribute to the development of metabolic syndrome. 
Metabolic syndrome leads to many health issues; for a better healthy outcome, lifestyle modifications such as healthy dietary hab-
its, following regular physical activity, quitting smoking and alcohol, balanced weight, stress management are required. 
Keywords. genetics, lifestyle modification, metabolic syndrome, obesity

Introduction
Metabolic syndrome is a collection of elevated risk fac-
tors for cardiovascular disease (CVD) and diabetes. 
These include decreased levels of high-density lipopro-
tein (HDL) cholesterol, obesity, increased triglyceride 
(TG), high blood pressure, and glucose level.1 

Metabolic syndrome is one of the greatest threats to 
type 2 diabetic mellitus (T2DM) and CVD in this twen-
ty-first century. In addition, a sedentary lifestyle, in-
creased food intake, and the ensuing abdominal obesity 

may be the basic cause of metabolic syndrome. How-
ever, it is now understood that metabolic syndrome is 
a frequent, complicated reality rather than an illness.2 

Obesity is associated with an increased risk of co-
morbidities and difficulties caused by being overweight. 
Hypertension and metabolic abnormalities, such as ele-
vated TG, fasting blood sugar (FBS) levels, and decreased 
HDL levels, are linked to the deposition of fat.3,4 Individ-
uals with abdominal obesity, particularly those who have 
more of visceral or intra-abdominal adipose tissue, ex-
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hibit metabolic abnormalities associated with insulin re-
sistance.5 The prevalence of obesity and type 2 diabetes 
often correlates with the prevalence of metabolic syn-
drome.6

The components of the metabolic syndrome pro-
duce a cardiovascular illness. But there is still a risk as-
sociated with overweight that includes various types of 
heart disease, such as microvascular dysfunction, coro-
nary atherosclerosis, myocardial infarction, cardiac dys-
function, and heart failure.7

The complete etiology of metabolic syndrome has 
yet to be discovered. Studies on genetic associations 
could shed insight into the precursors of metabolic 
syndrome. According to research, the risk of metabol-
ic syndrome is primarily hereditary. The epidemiologi-
cal study states that only a minor portion of the genetic 
variance in metabolic syndrome is explained by the sin-
gle nucleotide polymorphism (SNP) for which a genetic 
association with metabolic syndrome has been demon-
strated. Consequently, there are still many genetic vari-
ations to be found. SNPs linked to lipid levels, insulin 
resistance, and abdominal obesity in the genome-wide 
association study (GWAS) are probably candidates for a 
relationship with the metabolic syndrome itself.8

Now, metabolic syndrome has become a problem 
for public health and it is concerned of its high preva-
lence. The estimated prevalence with 95% uncertainty 
interval of metabolic syndrome is 1.4% to 6.7% among 
children and 4.8% among teenagers. This corresponds 
to approximately 25.8 million children (around 12.6 to 
61 million) and 35.4 million teenagers (around, 21.3 to 
63 million) are affected by metabolic syndrome. This 
prevalence of metabolic syndrome has been estimated 
worldwide in 2020 at 2.8%. This prevalence has differed 
among countries based on the income of that country.9 
Research has indicated that the adjusted prevalence of 
metabolic syndrome in urban Indian populations was 
found to be around 25% (roughly 31% in women and 
18.5% in men).10 It clearly shows that metabolic syn-
drome is quite common nowadays and is in the position 
of rising prevalence worldwide, this emphasizes the in-
crease in obesity and sedentary lifestyle.1

Modifications in lifestyle habits, such as increased ex-
ercise and decreased calorie consumption, are essential 
for both preventing and treating metabolic syndrome. 
Due to the fact that its pathophysiology involves a posi-
tive energy balance, it is stressed to achieve optimal body 
weight, so that excess fat does not deposit in the body.11

It has come to know that obesity as a primary 
cause of metabolic syndrome, linking it to metabolic 
complications such as insulin resistance and lipid ab-
normalities. It also clearly shows that obesity is a key 
determinant of insulin resistance and CVD risk. Here 
it is mentioned that the genetic basis of metabolic syn-
drome suggested that SNP associated with insulin resis-

tance, lipid metabolism, and obesity may contribute to 
disease susceptibility. Although genetic predisposition 
plays a role, lifestyle factors such as poor dietary habits 
and physical inactivity are also predominant contribu-
tors to the development of metabolic syndrome. 

The discussion on the epidemiology reinforces 
metabolic syndrome among children, adolescents, and 
adults, and highlights its widespread impact across age 
groups in different demographic groups. This empha-
sizes the increasing prevalence of metabolic syndrome 
due to increasing obesity rates, sedentary lifestyle, and 
genetic predisposition. This sets the stage for further ex-
ploration of its pathophysiology, risk factor, and guess 
that are associated with metabolic syndrome. 

Aim
This review pinpoints the literature on the definition of 
metabolic syndrome, epidemiology, pathogenesis, and 
its gene polymorphism and treatment approach com-
prising metabolic syndrome.

Fig. 1. PRISMA flow chart

Material and methods
The literature review was carried out using databases 
such as PubMed, Scopus, Google Scholar and the web 
of science for studies looking into metabolic syndrome 
and its complications. This review provides a com-
prehensive analysis of the role of genetic and lifestyle 
changes in the development of metabolic syndrome. In-
clusion criteria: peer-reviewed review paper,, research 
paper and meta-analysis papers relevant to metabolic 
syndrome. Studies with various study designs. Studies 
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involving various age group related with metabolic syn-
dromes. Studies published in the last 15 years, with ex-
ception of older highly relevant studies and studies that 
suggest interventions and preventive measures for met-
abolic syndrome. Exclusion criteria: Studies that are ir-
relevant to this review article. Poor methodology and 
high risk of bias. The selection and inclusion of papers 
have been mentioned in Figure 1.

Table 1. Criteria proposed for the clinical finding of 
metabolic syndrome*

Clinical 
tests

WHO (1998) EGIR (1999)
NCEP:ATPIII 

(2001)
AACE (2003) IDF (2005)

IDF, AHA, 
NHLBI  

definition

Insulin 
resistance

IGT, IFG (>100 mg/
dL), T2DM, and 

with any 2 of the 
following criteria

Insulin 
resistance 

>75th 
percentile of 
non-diabetic 
patients, with 

two of the 
following

Nothing, but 
any 3 of the 
following 

criteria

IGT or IFG 
with any 

of the 
following 

criteria

None None, but 
any 3 of the 
following 

criteria

Abdominal 
obesity

Waist-to-hip ratio: 
>0.9 in men and 
>0.85 in women,
BMI: >30 kg/m2

WC 94 cm 
in men and 
≥80 cm in 

women

WC > 100 cm 
and above in 

men, and >88 
cm and above 

in women

BMI
≥25 kg/m2

BMI >30 
kg/ m2. And 
following 2 

criteria

WC 102 cm 
or more for 

men, and for 
women 88 
cm or more

Blood 
pressure 

140/90 mmHg or 
above that

BP 140/90 
mmHg or 

higher or on 
hypertensive 

drugs

130/85 mm Hg 
and more

BP 130/85 
mmHg or 

higher.

BP- 130/85 
mmHg or 

more

BP 130/85 
mmHg or 

more

Lipid 
profile

TG 150 mg/dL and 
more than that 

and    High-density 
lipoprotein (HDL) 
cholesterol <40 
mg/dL in men 

and <50 mg/dL in 
women

TG 150 mg/dL 
or greater and / 
or high density

lipoprotein-
cholesterol <39 

mg/dL

TG 150 mg/dL 
or higher. HDL 

cholesterol 
<40 mg/dL 
in men and 

<50 mg/dL in 
women

TG 150 
mg/dL 

and higher 
and HDL 

cholesterol 
<40 mg/dL 
in men and 
<50 mg/dL 
in women

TG 150 mg/
dL or more 

and HDL 
<40 mg/dL 

or more

TG 150 mg/
dL and 
higher, 

and HDL 
cholesterol 
<40 mg/dL 
in men and 
<50 mg/dL 
in women

Glucose IGT, IFG or T2DM IGT or IFG (but 
non-diabetes)

FBS 110 mg/
dL and more

IGT and IFG FBS 100 
mg/dL or 

more

FBS 100 mg/
dL or more

Others Microalbuminuria:
Urinary excretion 

of >20 mg/min or 
albumin: creatinine 
ratio of >30 mg/g

– – Insulin 
resistance

– –

* WHO World Health Organization, EGIR – European Group 
for the Study of Insulin Resistance, NCEP: ATPIII – The 
National Cholesterol Education Program: adult Treatment 
Panel III, IDF – International Diabetes Foundation, NHLBI – 
National Heart, Lung, and Blood Institute, AHA – American 
Heart Association), T2DM type 2 diabetes Miletus, TG 
triglyceride, HDL – high density lipoprotein, WC waist 

Analysis of the literature
Pathophysiology
The primary pathophysiological feature of metabolic syn-
drome involves excessive abdominal fat accumulation 
that results in obesity and insulin resistance, fasting glu-

cose is affected and decreased glucose tolerance, which 
may alter the gene leading to single nucleotide polymor-
phism.12 This shows the dietary changes such as high cal-
orie intake, high fat diet, and life style changes like lack 
of physical activity, these two are the main contributor to 
the development of metabolic syndrome (Fig. 2). This de-
termines that visceral adiposity is the main cause of most 
of the pathways linked to metabolic syndrome.13 The pa-
tient’s metabolic disarray becomes a syndrome if they ex-
hibit any three of these conditions showed in the Table 1. 

Fig. 2. Characteristics and cause of metabolic syndrome

Obesity
Obesity is a non-communicable disease, which has be-
come a major health issue around the world.14 Accord-
ing to the World Health Organization (WHO), health is 
at risk when obesity or overweight is due to unusual or 
extra fat deposition in the body.15 When body mass in-
dex (BMI) falls under 25 to <29 is considered overweight, 
and if the BMI is more than 30, is considered as obesity. 
A person with obesity is at high risk of central obesity, 
high blood pressure, dyslipidemia, cardiovascular disease 
(CVD), diabetes, gastrointestinal disorder, muscle and 
joint problems, respiratory problems, sleeping disorder, 
and ultimately leads to metabolic syndrome,16 as obesity 
is one of the co-occurrence of metabolic syndrome. The 
overview of obesity is that, it is caused due to the body 
stores surplus energy than its energy expenditure,17 lack 
of physical activity, overconsumption of high calorie and 
high fat foods, and genetics also plays a major role in de-
veloping obesity. Among the components of metabolic 
syndrome, abdominal obesity is found to be more preva-
lent than the central obesity.  

Anthropometric measurements such as waist hip ra-
tio and BMI help in the partial prediction of metabolic 
syndrome, as this will show whether the person in hav-
ing obesity and abdominal obesity proved that the best 
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anthropometric measure for identifying metabolic syn-
drome differed depending on the subsets of age and sex 
subsets.18

Insulin resistance
Insulin resistance, characterized by reduced biological 
activities of the insulin stimulant of target tissue, espe-
cially adipose tissue, muscle, and liver. In this phase, it 
decreases glucose disposal leading to an increase in beta 
cells and subsequently causes hyperinsulinemia.19 Insu-
lin resistance is one of the root causes of more patho-
physiology  problem in the process and development 
of many non-communicable diseases, including dys-
lipidemia, T2DM, obesity, hypertension, CVD, sleep 
problem, cancer, nonalcoholic fatty liver disease (NA-
FLD), poly cystic ovary disease (PCOD), commonly it 
contributes to metabolic syndrome.20,21 Mostly Insulin 
resistance will be present in the person having metabol-
ic syndrome. The body produces insulin to transport 
glucose into cells for its process of producing energy, 
so people with metabolic syndrome are mainly obese, 
which makes it more difficult for cells to response to the 
insulin. says that the researcher has observed that most 
patients with high level of plasma insulin and insulin re-
sistance also had hypertension.22 Insulin resistance and 
diabetes also cause many kinds of heart disease.

In the diagnosis of metabolic syndrome by gender, 
the insulin resistance area under the curve for the ho-
meostatic model assessment of insulin resistance (HO-
MA-IR) in men with metabolic syndrome are (0.7000) 
and for women with metabolic syndrome (0.6779). for 
the quantitative insulin sensitivity check index (QUIC-
KI) (0.7016) and (0.65779) in men and women with 
metabolic syndrome. The prediction accuracy is similar 
for men, indicating effective performance in both HO-
MA-IR and QUICKI. For women both show lower area 
under the curve value suggesting predictive capability. 
Sensitivity and specificity differ between sexes.23,24

Dyslipidemia
Dyslipidemia is a fundamental part of metabolic syn-
drome. It refers to an unusual level of lipid in the blood-
stream. Increased triglyceride, low-density lipoprotein 
(LDL), very low-density lipoprotein (VLDL) and re-
duced level HDL. The criteria for metabolic syndrome 
are that increased triglycerides 150 mg/dL or more per 
dL of blood and reduced HDL cholesterol, below 50 mg/
dL and 40 mg/dL in women and men, both define hy-
pertriglyceridemia.25

Recently, many findings have shown that people 
with metabolic syndrome are more prone to heart-re-
lated diseases such as cardiovascular disease, myocardi-
al infraction, stroke, coronary heart disease. The highly 
atherogenic lipid profile is often the result of having an 
unhealthy eating habit and unhealthy lifestyle changes 

such as smoking, alcohol, lack of physical activity, lead-
ing sedentary life or genetic predisposition.26,27

Genetic predisposition to dyslipidemia and type 
2 diabetes share more phenotypic feature of metabol-
ic syndrome such as (insulin resistance, hypertension, 
abdominal obesity, and abnormal cholesterol levels). 
Mostly, it seems to present a higher risk of cardiovascu-
lar disease. Therefore, according to the guidelines, dia-
betic patents are also treated for dyslipidemia.28

Hypertension
Hypertension is one of the other components of meta-
bolic syndrome. Hypertension is highly correlated with 
dyslipidemia, insulin resistance, obesity, which are con-
sidered as metabolic syndrome.29 Hypertension is one 
of the basic reasons for the complication of diabetes, 
atherosclerosis, CVD and other heart-related problems, 
and even depression.30 Nowadays, it is more common 
among adults due to their frequent stress, unhealthy eat-
ing habits, obesity, sedentary life style, high salty foods 
and processed food are the main cause for the cause of 
hypertension.31 Many studies have found that genetic 
predisposition causing hypertension, where pathways 
and other molecular mechanism has impact on blood 
pressure which influences metabolic syndrome.32

Role of genetics in the development of metabolic syndrome
Genetics
In particular, lifestyle changes, environmental factors, 
diet, and exercise are the primary source for the onset of 
metabolic syndrome. However, genetic factors contrib-
ute a crucial role in the onset of metabolic syndrome. Re-
searchers have found that many genes are associated with 
obesity, dyslipidemia, insulin resistance.33 However the 
genetic research to examine metabolic syndrome is much 
less. Family-based studies have been concerned with 
identifying the genetic factors that contribute to various 
diseases such as metabolic syndrome.34 As the sedentary 
lifestyle is more common these days. The increasing inci-
dence of metabolic syndromes among young adults and 
children is more prevalent. Deeper understanding of the 
genetics that are related to metabolic syndrome will give 
proper insight into the inception of the disease.35 Differ-
ent countries and various clinical findings have different 
criteria to find metabolic syndrome, in addition to genet-
ic, will also help in finding the metabolic syndrome and 
prevent future complications. This genetic study may be 
more consistent. Recent GWAS have allowed the identifi-
cation of many polymorphisms associated with metabolic 
syndrome. Genetic markers can be used for early detec-
tion of metabolic syndrome as a biomarker for screening 
for the development of its related diseases. Here are some 
genes associated with various diseases interlinked with 
metabolic syndrome that are mentioned below. 
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Adiponectin (ADIPOQ)
It controls glucose metabolism and lipid metabolism, 
enhances insulin sensitivity, manage food intake, and 
body weight. The ADIPOQ gene is located on the 3q27 
chromosome and this locus is susceptible for it to be 
associated with cardiovascular risks such as hyperten-
sion, diabetes, LDL-C and TG.36,37 SNP in adiponec-
tin gene negatively correlated with HDL, body weight, 
waist circumference, fasting insulin, TG, insulin re-
sistance and HOMA IR. show the association with 
adiposity, insulin secretion and T2DM. The study con-
ducted with the Caucasian population found that high 
triglycerides, low adiponectin concentration, and in-
sulin resistance are associated with the GG rs17300539 
genotype, which will lead to a higher risk of metabolic 
syndrome.38 Punjabi population concludes that, ADI-
POQ -3971A>G (rs22396) and +276G>T (rs1501299) 
SNP could be clinically helpful in assessing meta-
bolic syndrome and its related problem among that 
population.39 Investigation done with the Crimean  in-
dividuals in the population of Crimean has found that 
GT genotype is more prevalent variant of ADIPOQ 
(rs2241766) among patients with metabolic syndrome. 
It is also associated with high systolic blood pressure 
and high BMI. Whether high diastolic blood pressure, 
high HBA1c glucose value, high value are associated 
with the ADIPOQ individuals carrying the genotype 
(rs2241766). Their finds show that this genetic variant 
is very closely linked to metabolic syndrome in this 
population (Fig. 3).40

Fig. 3. Mechanism of adiponectin (AdipoR1 – adiponectin 
receptor 1, AdipoR2 – adiponectin receptor, LKB1 – liver 
kinase B, AMPK – AMP-activated protein kinase, PEPCK – 
phosphoenolpyruvate carboxy kinase, G6Pase – glucose-
6-phosphatase, SREBP1c – sterol regulatory element 
binding protein 1c, PPARα – peroxisome proliferator-
activated receptor alpha, ACO – acyl-CoA oxidase, UCP2 – 
uncoupling protein 2, TNFα – tumor necrosis factor alpha, 
MCP1 – monocyte chemoattractant protein 1)

Peroxisome proliferator – activated receptor gamma co-
activator 1 – alpha (PPARGC1A) 
Shows the association with adiposity, insulin secretion 
indexes, and type 2 diabetes.41 SNP in PPARGC1A, be-
came more inflexible and may have altered the protein’s 
catalytic activity and structural structure.42 It may also 
have caused coronary artery disease (CAD), nonalco-
holic fatty liver disease (NAFLD), and T2DM. Accord-
ing to the genotype, the parameters among the 2-study 
group do not show any significant variation. There-
fore, statistical significance does not show the risk of 
metabolic syndrome.43 The Gly482Ser polymorphism 
(rs8192678) may facilitate in the onset of metabolic 
syndrome, but the effect might be less. A meta-analy-
sis performed using data collected from Asian, African 
and European populations concludes that the PPARG-
C1A gene locus might be one of the risk factors for type 
2 diabetes (Fig. 4).44

Fig. 4. Mechanism of PPARGC1A (SIRT3 sirtuin 3, ROS – 
reactive oxygen species, nuclear respiratory factors NRF-1 
and NRF-2, mitochondrial transcription factor A, TFAM 
mitochondrial transcription factor A, PPAR peroxisome 
proliferator activated receptors, RXRs – retinoid X 
receptors, FAO fatty acid oxidation, MEF-2 – myocyte 
enhancer factor 2, HNF4 nuclear factor 4, FOXO1 – fork 
head box protein O1 SREBP1 sterol regulatory element-
binding protein 1)

Fat mass obesity associated (FTO)
Studies have shown that the FTO gene is very much as-
sociated with obesity. FTO is present in the hypothala-
mus, so it is associated with energy expenditure and in 
regulation of food intake.45 FTO is located on the chro-
mosome at 16q12.2. The first gene that is associated with 
obesity is FTO, which was found by GWAS. As diabe-
tes and obesity is characteristics of metabolic syndrome, 
it is believed that FTO gene polymorphism might be 
linked to the risk of metabolic syndrome. A study found 
that the SNP of FTOrs9939609 gene was correlated with 
the risk among the Temiar subtribe.46 A study done with 
the FTO rs9939609 gene, their results show that, the 
subjects with AA allele have significantly low HDL cho-
lesterol levels than subjects with TT allele. Therefore, 
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they concluded that the FTO rs9939603 gene is one of 
the causes of genetically risk factor for metabolic syn-
drome among the Egyptian population. And they also 
highlight that the HDL component may be the reason 
for this association.47 FTO gene (rs9939609) is used to 
study the southern Italian polymorphism in the popula-
tion among the subjects with Metabolic Syndrome, their 
results show that, TA allele heterozygous the SNP of 
FTO gene (rs9939609) is significantly correlated among 
the individuals with metabolic syndrome.48

Fig. 5. Mechanism of leptin (JAK2 phosphorylates 
Tyr985, Tyr1077, and Tyr1138 residues on Ob-Rb, STAT 
signal transducers and activators of transcription, 
SOCS3 suppressor of cytokine signaling 3, PI3K – 
phosphoinositide 3-kinase. IRS – insulin receptor substrate. 
AKT – protein kinase B, mTOR – mammalian target of 
rapamycin, P – phosphorylation, NASH - nonalcoholic 
steatohepatitis, HCC – hepatocellular carcinoma)

Leptin (LEP)
When obesity develops, plasma LEP levels increase and 
when weight is lost, they drop. The hypothalamus and 
brain stem contain the majority of leptin receptors, and 
signals from these receptors regulate neuroendocrine 
function, energy expenditure, and satiety. Therefore, 
many overweight people will have leptin resistance.49 
Adiposity and plasma leptin concentrations are asso-
ciated, and hyperleptinemia is in fact believed to be a 
separate risk factor for CVD and also nonalcoholic ste-
atohepatitis (NASH).50 Research carried out in Kyrgyz 
population, the leptin receptor gene shows the associ-
ation with a higher level of insulinemia and glycemia, 
therefore, this gene may be the marker of insulin resis-
tance.51 Their research shows that LEP AA genotype car-
riers has the higher incidence of Metabolic Syndrome 
and the G2548A gene of leptin polymorphism BMI 
and FBS is correlated with the G2548A gene of leptin 
polymorphism. So, the research confirms that Leptin 

G2548A loci will alone be the risk factor for Metabol-
ic Syndrome. Their findings show that the homozygous 
genotype LEP 2548AA is a risk factor for developing 
high cholesterol levels (Fig. 5).52

Lipoprotein lipase (LPL)
The LPL gene is located on the human chromosome 
8p22 and helps in the transport and metabolism of li-
poprotein. The SNPs for each gene were associated with 
an increased risk of obesity, and the LPL protein in-
teracts functionally to regulate lipid metabolism. The 
study shows that the C allele and the CC allele of the 
rs13702 C/T SNP of LPL gene is significantly correlat-
ing with type 2 diabetes. Their research states that this 
may be due to increased level of LPL that will be lead-
ing to insulin resistance.53 An interventional study was 
conducted in Taiwan among metabolic syndrome, who 
are subjected to do aerobic exercise. Their result shows 
that the polymorphism of the LPL gene (rs3779788) ex-
pressed in TT carrying individuals who did aerobic ex-
ercise shows the improvement in metabolic syndrome 
compared with CC/CT carrying individuals.54

Apolipoprotein A1 (APOA-1)
Apoa1 gene is located in chromosome 11q23. the main 
protein found in HDL particles, which provides protec-
tion against CVD risk. The SNP in the APOA-I gene af-
fects the HDL level, leading to many CVD risks.55 A study 
conducted with 1000 adult obese, states that, Apoa1 
rs570 gene has an influence on glucose, HOMA-IR, in-
sulin and anthropometric measurement. Central obesi-
ty, low HDL levels, diabetes are shown in males without 
A alleles.56 Studies conducted in the Malaysian popula-
tion states that patients with DM2, Apoa1 -75G>A genet-
ic polymorphism can be considered as susceptibility to 
myocardial infraction. The variation of the Apoa1 gene 
is also associated with arterial stiffness, since the Apoa1 
gene is involved in the synthesis, transport, and HDL pro-
cess.57 Research conducted in Tehran shows that, individ-
ual who are regularly eat the western diet pattern and 
fat-sweet dietary pattern are associated with Apoa1 gene 
polymorphism linked with Metabolic Syndrome risk.58

Apolipoprotein A2 (APOA-2)
Apoa2 is the second most abundant protein in HDL. 
Apoa2 appears to affect the process of reverse cholester-
ol transport and the antioxidant role of HDL cholesterol, 
which is consistent with the observation that increased 
Apoa2 levels and SNP in this gene promote the develop-
ment of atherosclerosis and other CVD risks. Research 
done in Egypt states that CC genotype SNP is associ-
ated with insulin resistance.59 Study conducted among 
Egyptian adolescents, results show that, after adjusting 
for multivariate, individuals with homozygous CC gen-
otype exhibit higher levels of body fat percentage, more 
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WC, visceral adipose tissue, and HDL cholesterol when 
compared to the TT or TC genotype. In common, these 
individuals were consuming more food, so they con-
clude that individuals with homozygous C allele have 
more risk of obesity than the individuals with T allele. 
And they mentioned the link between Apoa2 c.-492T 
>C SNP and food intake.60 Apoa2 rs5082 polymorphism 
can serve as marker to forecast the effectiveness of dig-
ital healthcare and lifestyle interventions, where geno-
type-based personalized medicine is required.61

Genetics causes various changes in the body, espe-
cially by increasing certain diseases or due to inherited 
genetic factors. Genetic predisposition is the probability 
of having a high risk of metabolic syndrome. Therefore, 
genetic screening is also highly important to predict met-
abolic syndrome and its related disease. A limitation of 
these studies is that they are often population-specific.

The limitations of these studies are often popula-
tion-specific, focusing on particular ethnic groups. The 
findings may not be generalizable to other populations 
with different genetic backgrounds, lifestyle factors, or 
environmental exposures. Results from these populations 
may not apply to larger and more diverse populations. 
Depending on the study, sample sizes may be relatively 
small, limiting the ability to detect the effects of genet-
ic variants on metabolic syndrome. Smaller sample sizes 
also increase the risk of type I or type II errors, leading to 
negative results. Genetic variants may not have uniform 
effects among individuals within the same population 
due to genetic heterogeneity. The influence of specific 
SNPs may vary based on other genetic factors, making it 
difficult to predict individual responses to these variants. 
Environmental factors, including lifestyle choices (eg, 
diet, exercise), environmental exposures, and other exter-
nal factors, can interact with genetic factors in influenc-
ing metabolic outcomes. If these factors are not properly 
considered, they could confound the observed genetic 
associations. Genotyping technologies and the choice of 
SNPs may vary between studies, potentially leading to in-
consistencies in the results. Additionally, the relevance of 
certain SNPs might be influenced by gene-environment 
interactions or epigenetic modifications that are not cap-
tured in these studies. 

Lifestyle modification
As sedentary lifestyle is more common these days, the 
rising incidence of metabolic syndrome among young 
adults and children is more prevalent. Lifestyle chang-
es in daily life will help in preventing various diseas-
es. Metabolic syndrome is one of the diseases, where it 
can be treated by altering individual lifestyle habits like, 
regular physical activity, quitting smoking and alcohol, 
following healthy diet patterns, reducing or managing 
stress, maintaining healthy weight, having good quality 
of sleep, regular ingestion of medication, in case of hy-

pertension, diabetes, dyslipidemia. Lifestyle modifica-
tion plays a key role in the metabolic syndrome.62

Conclusion
Metabolic syndrome is the characterization of a combi-
nation of physiological, biochemical, clinical, metabolic 
factors, genetic factors, diet and lifestyle modification, 
and environmental changes. This will increase the risk 
of hypertension, obesity, cardiac related problems, in-
sulin resistance, T2DM, dyslipidemia, genetic predispo-
sition and stress. Metabolic syndrome can be treated by 
lifestyle modifications such as healthy eating habits, fol-
lowing regular physical activity, quitting smoking and 
alcohol, balanced weight, and stress management. Life-
style modification is required to overcome metabolic 
syndrome. medications will be required if the metabol-
ic syndrome is not treated. Genetic predisposition is the 
major factor in developing metabolic syndrome. Many 
studies are undergoing to find various genetic polymor-
phism markers to detect the risk of metabolic syndrome 
risk. In general, it provides a strong foundation for dis-
cussing metabolic syndrome by demonstrating its sig-
nificance in both clinical and public health contexts.
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