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ABSTRACT 
 
Genetic variation is a term used to explain the DNA disparity between individuals or the variations 

between populations. Various genetic variations have been reported across the Saudi population. 

While the origin of these variations is attributed to genetic factors, environmental factors also play 

a significant role in the phenotypical expression of the symptoms in MetS. The genetic factors can 

be attributed to natural selection due to the transfer of initially beneficial traits from ancestral 

generations to the present-day generations. Consanguinity marriages and inbreeding play a critical 

role in the genetic inheritance of traits that increase the risk of MetS. High frequency alleles are 

found in the incidence of type 2 diabetes, dyslipidaemia, hypertension and obesity—all of which 

contribute largely to the incidence and prevalence of MetS. This syndrom is more prevalent among 

females than males due to increased levels of inactivity in the former population.   
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INTRODUCTION 

Oil discovery in Arabian countries like 

Saudi Arabia increased the level of wealth, 

marking the beginning of dramatic changes in 

the nutritional requirements of the citizens. 

For instance, there were significant 

socioeconomic transitions from consuming 

locally grown natural foods to westernised fast 

foods and from conventional nomadic 
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lifestyles to urbanised sedentary living 

modalities. Such drastic changes in lifestyle 

have increased the prevalence of nutritional 

disorders—diabetes, obesity and metabolic 

syndrome (MetS). These abnormalities 

become more prevalent as the population 

continually becomes obese.  

The discovery of MetS can be traced 

back to 1923 and is associated with the 

scientific work of Kyln, who described the 

disorder as a combination of high blood 

pressure, high blood sugar and gout1. Ever 

since, MetS has been associated with many 

other abnormalities, including 

microalbuminuria, fibrinolysis, coagulation, 

glucose intolerance, high levels of 

triglycerides, and decreased blood levels of 

high-density lipoproteins (HDL)2. The 

syndrome plays a critical role as a 

predisposing factor in the incidence of 

cardiovascular diseases and type 2 diabetes, 

explaining its scientific significance in 

pathology 3.  

MetS is a universal concern, affecting 

between 20% and 25% of the global 

population with a significant increase over 

time4. The continuous increase in these 

statistics is linked to the progressive 

Westernisation of lifestyles characterised by 

little or no physical activity and high levels of 

obesity2. A wide sample population study 

conducted between 1995 and 2000 reported a 

40% prevalence rate of MetS among adults in 

the Kingdom of Saudi Arabia (KSA)5. Various 

other studies have confirmed the significantly 

high prevalence rates of MetS in the recent 

past. However, there are significant variations 

among populations, ranging between 8% and 

43% in men and from 7% to 56% among 

women6. Other than lifestyle, the prevalence 

of MetS is influenced by other essential 

factors like genetics, socioeconomic status and 

diet7. The differences in the prevalence rates 

are based on the population characteristics, 

including ethnicity, age and sex, geographical 

locations and the specific criteria applied in 

defining MetS 8. This study explores the role 

of genetics in presenting the essential 

manifestations of MetS in the Saudi 

population.  

MetS Risk Factors 

Various factors predispose an 

individual to MetS, whether the individual’s 

origin is Saudi Arabia or any other part of the 

world. For instance, research has noted a 

significant increase in the prevalence of MetS 

with an increase in age. The disease has a 10% 

prevalence among people aged below 20 years 

and a 40% prevalence among populations 

aged 60 and above5,9. However, a study 
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indicated that one in every eight school-going 

children manifests with three or more 

components of the disease 10. Regarding racial 

disparities, the disease is more common 

among Hispanics and Asians than other races 
11,12. Progressive weight gain further affects 

the incidence rates of MetS, considering that 

only 5% of people with a normal weight may 

suffer from the disease compared to a 

prevalence of 22% among overweight people. 

Furthermore, the prevalence rate of MetS may 

increase to 60% in obese persons 13,14. 

Abdominal obesity increases the risk of 

suffering from MetS more than normal 

obesity15.  

MetS is higher among people with a 

family history of type 2 diabetes or gestational 

diabetes15. Other diseases predisposing people 

to MetS include cardiovascular disorders, 

hypertension and polycystic ovary 

syndrome16–19. Polycystic ovary syndrome 

resembles MetS, affecting female reproductive 

hormones and has been associated with higher 

risks of developing MetS among women18. 

Research has further established that physical 

activity involving a 30-minute exercise 

programme for five days a week without any 

medical contraindication played a critical role 

in reducing the incidence of MetS20. It should 

be noted that exercise positively impacts blood 

cholesterol levels, blood pressure and insulin 

sensitivity, thereby reducing the risks of 

developing complications that could 

predispose anyone to MetS. These impacts 

prevail even without significant weight loss20. 

The Mediterranean diet conventionally used in 

Greece, Southern France, Crete and some 

parts of Italy has shown a significant 

improvement in MetS prevention9. The diet 

contains olive oil and reasonable quantities of 

carbohydrates and proteins, including fish and 

chicken; combining these food items with 

fruits and vegetables, nuts and grains 

improves the overall health and reduces the 

risk of developing MetS21. Smoking and 

alcoholism also increase the risk of developing 

the disease22, although genetic factors play a 

major role in influencing the disease 

etiology23.  

Genetics of MetS 

The genetics of MetS can be further 

linked to a history of type 2 diabetes mellitus 

and insulin resistance, which have been 

discussed as two predisposing factors for 

MetS. While a family history of obesity is 

further linked to higher chances of developing 

the disease, specific genetic loci play a pivotal 

role in disease causation and exacerbation due 

to their linkage disequilibrium with MetS24. 

For instance, a genome-wide scan using a 10-
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cM map demonstrated a quantitative trait 

locus on chromosome 3q27 that was strongly 

associated with weight, waist and hip 

circumferences, insulin and leptin 25. In 

another quantitative trait locus on 

chromosome 17p12, a strong linkage with 

plasma leptin levels was reported26.  

In a study among patients with related 

diseases, such as coronary artery disease, there 

was a strong association between the 

incidence of the condition and genetic factors. 

It should be remembered that coronary artery 

disease is one of the predisposing factors for 

MetS. In the study, it was noted that the 

existence of single-nucleotide polymorphisms 

is associated with MetS in the participating 

population27. However, some genes showed an 

association with males more than females in 

the incidence and exacerbation of MetS. The 

specific genes associated with MetS include 

the COL5A2, SELE, LIPC, IL6, TGFB, 

IL1R1 and LDLR gene27. It was also found 

that there was a high frequency of val162 

alleles of the leu162-to-val polymorphism 

expressed in the PPARA gene among research 

participants with abdominal obesity and 

hypertriglyceridemia, both of which are 

strongly associated with MetS, these findings 

were also observed in animal models, 

indicating a strong correlation between MetS 

and genetic variations 28.  

Pathophysiology  

The pathogenesis of MetS is 

commonly associated with insulin resistance, 

explaining why the disease is sometimes 

referred to as insulin resistance syndrome. 

This syndrome is characterised by high levels 

of insulin in the blood due to defective insulin 

action necessary for maintaining euglycemia. 

The greatest contributing factor to insulin 

resistance is excessive circulation of fatty 

acids resulting from enlarged adipose tissue 

masses29. The fatty acids play a critical role in 

blocking insulin receptors, thereby inhibiting 

insulin-mediated glucose uptake. When the 

fatty acids circulate to the liver, they facilitate 

an increased secretion of glucose, triglycerides 

and very low density lipoproteins (VLDL). 

Consequently, there is little or no 

transformation of glucose into glycogen for 

storage and an increase in the levels of 

accumulated triglycerides2. A combination of 

these factors predisposes an individual to 

abdominal obesity—a crucial factor in MetS 

development 30. However, it is important to 

note that people with normal weights could 

also suffer from insulin resistance in what is 

referred to as metabolic obesity in normal 

weight individuals.  
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The pathogenesis of MetS is further 

associated with dyslipidaemia characterised by 

a high secretion of VLDLs in the liver. Under 

normal physiology, insulin plays a critical role 

in reducing the tendency of VLDLs to flow 

into the systemic circulation31. However, 

insulin resistance increases the influx of free 

fatty acids into the hepatic system, thereby 

increasing triglyceride synthesis32,33. As such, 

detecting hypertriglyceridemia has acted as a 

key indicator in MetS diagnosis34. Research 

has also noted a significant decrease in the 

level of high density lipoproteins (HDLs) 

cholesterol in the aetiology of MetS due to 

alterations in the composition and metabolism 

of HDL amidst insulin resistance35. 

Hypertriglyceridemia decreases the blood 

levels of HDL cholesterol content due to a 

decrease in the cholesteryl ester component of 

the lipoprotein core. Notably, the 

modifications in LDL composition occur 

similarly.  

These activities eventually induce 

glucose intolerance due to a characteristic 

failure of insulin action to suppress 

gluconeogenesis in the hepatic system. A 

similar result is the inability of insulin action 

to mediate glucose uptake from highly 

sensitive tissues, including the muscles and 

the adipose tissue36. Insulin resistance is also 

associated with high blood pressure, 

considering that insulin is a vasodilator, 

especially when administered to patients with 

a normal weight, but eliciting secondary 

impacts on renal sodium reabsorption. As 

such, these conditions contribute to a series of 

events that induce MetS37. The susceptibility 

factors described here contribute to the genetic 

variations of MetS in Saudi Arabia.  

Genetic Variations in the Kingdom of Saudi 

Arabia  

Combining the abovementioned 

factors contributes to an increased probability 

of suffering from cardiovascular 

atherosclerotic disease, thereby inducing MetS 

development. In any case, the International 

Diabetes Federation reported that about a 

quarter of the global population suffer from 

MetS. In a literature review conducted to 

investigate the prevalence of MetS in Saudi 

Arabia, the authors reported a variance 

between 13.6% and 57%38. The variation 

could be explained by the existing differences 

in gender, age groups, and the criteria used to 

define MetS. However, it is noticeable that 

females suffer more from the disease than 

their male counterparts—a variation also 

associated with an increase in age. For 

instance, a large cross-sectional survey 

reported a prevalence of 39.3% of MetS 
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among women aged between 30 and 70 years 

in the country27. While genetics play a critical 

role in these variations, the environmental 

factors surrounding the population cannot be 

underestimated, particularly because the 

phenotype influences genotypical outcomes in 

population characteristics.  

Environmental Factors Influencing Genetic 

Variations  

Environmental factors contributing to 

high prevalence rates of MetS in the Kingdom 

of Saudi Arabia include an increased 

consumption of foods high in fat, 

carbohydrates and salts. Further, the disease 

prevalence may be markedly high in cases 

where the consumption of fruits and 

vegetables is reduced and exacerbated by low 

levels of physical activity. Various 

investigations conducted in the Kingdom have 

revealed the role of diet and physical activity 

in influencing the genetic variations existing 

in the aetiology and exacerbation of MetS. A 

recent example can be noted from the findings 

of the Saudi Interview Survey, which was 

conducted to measure health indicators across 

13 administrative regions in the Kingdom. The 

survey followed the lifestyles of 10,735 

participants aged 15 to 65. The findings of the 

survey indicated that only 6.7% of the 

surveyed population served above five 

servings of fruit and vegetables daily39. In 

another survey conducted among military 

personnel involving 10,500 participants, it was 

reported that a significantly large population 

(87.6%) continued to rely on fast foods 

weekly, compared to 44.8% of the population 

that reported serving fruits and 32.6% who 

reported a weekly consumption of 

vegetables39. Similar studies investigating the 

lifestyles of adolescents reported related 

findings, with an increasing trend in the 

consumption of calories and fat. While many 

investigations have associated eating habits 

with a significant predisposition to MetS, the 

consumption of salt has not been widely 

studied to establish its role in the increasing 

prevalence rates of the syndrome. For 

instance, only a limited study involving 87 

participants was found to be significant under 

this review, which indicated that the daily 

consumption of salt among the targeted 

population exceeded the recommended 

quantities39. Furthermore, it is highly likely 

that the frequent consumption of fast foods 

may contribute to high salt intake, considering 

the association of fast foods with a high intake 

of salt. These factors are worsened by 

significant physical inactivity among the 

Saudi population.  
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Research has established that the levels 

of physical inactivity among Saudi Arabian 

adolescents exceed those among similar 

populations in other parts of the world; for 

instance, a cross-cultural review comparing 

the level of physical inactivity between 

adolescents from the United Kingdom and the 

Kingdom of Saudi Arabia revealed that the 

latter population was largely inactive40. In the 

same study, the proportion of individuals 

engaging in physical activities was higher in 

the UK than in Saudi Arabia. The comparative 

study indicated the prevailing role of attitude 

in physical activity, with females showing a 

lesser interest in participating in physical 

exercises41. The situation gets a lot worse, 

considering that some physical activities are 

never practiced by women at all. 

Consequently, females are more likely to live 

sedentary lifestyles than males in the Kingdom 

of Saudi Arabia. The case is also similar in 

adolescents, where more girls are associated 

with sedentary lifestyles than boys. The poor 

attitude of females and girls regarding 

physical exercise could be a cultural factor in 

Saudi Arabia due to the limited support given 

to women towards physical exercise 42. 

Apparently, the exposure of the Saudi 

population to fast foods, limited consumption 

of fruits and vegetables and increased levels of 

physical inactivity contribute significantly to 

the high prevalence of MetS43. Since the level 

of physical inactivity is higher in females than 

in males, it explains the higher prevalence 

rates of the disease among females compared 

to men.  

The genetic variations associated with 

MetS among the Saudi population are linked 

to various determinants that also increase the 

risks of elevating an individual’s blood sugar, 

pressure, dyslipidaemia and obesity. Genome-

wide studies investigated these risk factors and 

found a correlation between the disease and 

various components affecting fat metabolism, 

glucose detection, appetite control, and insulin 

signalling. In a study involving 285 candidates 

resenting MetS symptoms, genetic variants 

related to the vitamin D receptor gene were 

found to be directly linked to the regulation of 

fat metabolism32. As such, these variants 

influence the incidence rates of MetS among 

the target population. However, such studies 

fail to link the genes in proximity to the 

vitamin D gene with the increasing incidence 

rates of MetS in Saudi Arabia.  

Further, the genetic components 

associated with MetS are closely related to 

those linked to the causation and exacerbation 

of diabetes. According to the literature, about 

60 loci are directly linked to the development 
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and progression of type 2 diabetes mellitus in 

European and Asian populations. This genetic 

variation suggests the possibility that different 

genes in proximity at the genome level 

participate in the development of diabetes. 

Nonetheless, studies have established that the 

60 loci could only be associated with about 

10% of the total diabetes heritability44. Up to 

50 single nucleotide polymorphisms 

associated with higher risks of diabetes have 

been investigated in the Kingdom of Saudi 

Arabia, although only 12 out of these 

polymorphisms were directly linked to 

diabetes risk factors45. Nonetheless, 

replication of the study findings was limited, 

probably explained by the relatively small 

sample sizes included in the studies. Other 

than the vitamin D receptor gene, which 

expresses protective responses to the 

development of diabetic symptoms, the rest of 

the genes in the loci indicate higher risks of 

developing the disease, further predisposing 

patients to MetS5. The expression of such 

genes influences insulin secretion by 

interfering with beta cell maturation and the 

insulin signaling process. Other relevant 

genetic variants influence the modulation of 

insulin action in pancreatic beta cells, raising 

the risk of MetS in the Saudi population 45.  

Concurrently, genetic variations 

contributing to hypertension in the target 

population further increase the risk of 

developing MetS in the Saudi population. 

Nevertheless, the number of genetic variants 

associated with increased risks of 

hypertension (and therefore MetS) is lesser 

compared to the previously discussed 

variations in diabetes mellitus. For instance, 

studies conducted so far only associate 32 

single nucleotide polymorphisms associated 

with hypertension in the population compared 

to the 50 polymorphisms associated with the 

former risk factor for MetS. However, 

investigations revolving around hypertension 

have been less successful compared to prior 

studies involving other chronic diseases. Once 

again, small sample sizes in genome-wide 

studies conducted to investigate the role of 

genetic variation in hypertension affect the 

generalisation and replication of the findings.  

Among the Saudi population, genetic 

variations associated with the incidence of 

MetS were found to be closely linked to the 

loci of genes affecting blood pressure through 

different mechanisms. For instance, an 

increase in blood pressure was documented in 

Saudi populations with homozygous 

mutations affecting the 

methylenetetrahydrofolate reductase gene. The 
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aforementioned gene is associated with an 

increase in the levels of homocysteine and 

increased blood pressure associated with 

elevated arteriolar constriction and a 

subsequent increase in the reabsorption rates 

of sodium46. The angiotensin converting 

enzyme gene operates similarly, increasing 

blood pressure through vasoconstrictive 

effects. Another gene involved in blood 

pressure regulation is the cytochrome P450 

gene, which increases the risk of high blood 

pressure by modulating sodium transportation 

in the kidneys. Genes increasing risks of 

hypertension further increase the chances of 

suffering from MetS, explaining the genetic 

variations among the Saudi population 47.  

The genetic components of obesity 

have also been largely associated with a high 

risk of suffering from MetS among the Saudi 

population. However, investigating the genetic 

factors associated with obesity is more 

complicated than investigating the genetics of 

hypertension and diabetes. It should also be 

remembered that obesity is a risk factor for 

diabetes, considering the similar genetic 

components in the two conditions9 In different 

studies conducted across the Saudi population, 

up to 48 single-nucleotide polymorphisms 

associated with obesity have been 

documented. For instance, the frequency of 

the Arg16Gly polymorphism of the β2-

adrenergic receptor gene in Saudi populations 

involved in genome-wide studies was higher 

in obese and overweight participants 

compared to lean controls48. While the 

genotype effects in such studies indicate an 

increase in the incidence rates of obesity, the 

allelic effects are associated with obesity 

protective effects36. However, many studies 

tend to increase the involvement of 

participants with diabetes and obesity as 

comorbidities when studying the genetic 

components of obesity, a situation considered 

to increase the risk of bias. Bias occurs 

because the high likelihood of factors 

affecting diabetic patients also affects obese 

patients due to the associated possibilities of 

lifestyle modifications and the impacts of 

diabetes medications. While the clathrin-

associated adaptor complex was associated 

with the regulation of intracellular vesicle 

transportation, the gene was only common in 

other Asian countries, but uncommon among 

the Saudi population 49.  

Other genes, such as the brain-derived 

neurotrophic factor and the fat mass and 

obesity associated genes, have also been 

linked to changes in eating patterns, 

significantly impacting the incidence rates of 

obesity among Saudi Arabians50. The fat mass 
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and obesity-associated genes along with their 

variants are also linked with diabetes traits, 

explaining the close linkage between the 

development and progression of diabetes, 

obesity and MetS45. Variants in proximity 

with the fat mass and obesity-associated genes 

also play a critical role in increasing the risks 

of diabetes and MetS among Saudi Arabians51. 

Nonetheless, the impact of such genes on type 

2 diabetes mellitus has been postulated to be 

associated with the consequences of an 

individual’s body mass index.  

Genetic variations in the target 

population further revolve around the genetic 

factors influencing the incidence of 

dyslipidaemia. For instance, the 

polymorphisms associated with the HDL 

cholesterol, triglycerides and LDL cholesterol 

levels with about 13 genetic loci involved in 

regulating lipid metabolism have so far been 

detected52. The polymorphisms associated 

with the regulation of lipid metabolism in 

Saudi populations are also linked to an 

increased risk of developing type 2 diabetes 

mellitus, leading to a cascade of events that 

eventually induce MetS. In a study, the 

carriers of Arg16Gly polymorphism of the β2-

adrenergic receptor gene were associated with 

high secretion levels of LDL and triglycerides, 

although HDL secretion was insignificant 45.  

APOA1, APOA2, APOA5 and APOB are all 

apolipoprotein genes that regulate lipid 

metabolism and they were found to be 

significant genotypes for obesity traits that 

may influence MetS risk 53–56. Liam and his 

colleagues reported that in patients with 

T2DM, apoB is substantially associated to 

MetS regardless of LDL-C level. Of the 

components of MetS, TG, and systolic blood 

pressure seemed to be predictors of apoB 57 

According to the Hardy–Weinberg 

law, the frequency of alleles is constant in 

circumstances where genomic traits are 

transferred through generations provided that 

mating occurs randomly across populations 

without selection, migration or mutation58. 

Unfortunately, the Saudi Arabian population 

faces historical factors that may have affected 

allelic frequencies, interfering with the initial 

Hardy–Weinberg equilibrium59. 

 The Kingdom was established about 

80 years ago and is characterised by deserts 

cutting across the geographical region. 

Traditionally, the country faced major 

challenges associated with lack of resources 

right from its inception, making it one of the 

poorest countries globally at that time. 

Considering these circumstances, the 

population could have undergone natural 

selection, eliminating the weak and retaining 
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those that could persevere the prevailing 

conditions. However, the situation changed 

greatly about 20 to 30 years ago after the 

discovery of one of the greatest oil sources in 

the eastern region of the country. The country 

witnessed a significant economic surge in the 

period, changing the lifestyles of the entire 

population. During this period, the population 

witnessed an increase in food supply, leading 

to a change in lifestyles to adopt Westernised 

ways of living. Consequently, many people in 

the country started suffering from obesity and 

overweight, conditions that can be explained 

by the thrifty genotype hypothesis 23.  

Depending on the ability of certain 

people to survive under different prevailing 

conditions, natural selection significantly 

influences allelic frequencies. For instance, 

genotypes that are selected in the natural 

selection process experience an allelic 

frequency under the prevailing conditions 60. 

In situations where an individual carries an 

unselected gene, a reduction in viability and 

fertility is witnessed, leading to reduced 

chances of such a genotype being transferred 

across generations. The thrifty genotype 

hypothesis has been used previously to explain 

variations in the incidence of obesity and type 

2 diabetes among other populations in the 

past45. According to the theory, certain 

genotypes could be beneficial during 

starvation and environmental factors, such as 

limited food availability. Furthermore, natural 

selection could have enhanced the frequency 

and many favoured genotypes that could have 

increased the risk of metabolic disorders like 

obesity and diabetes61. While such genotypes 

could have been advantageous during 

starvation, their maintenance in periods of 

plenty potentiates increased the risk of MetS. 

According to a research done on female 

students at a Saudi university, an increasing 

number of young girls are being identified 

with MetS as a due to bad eating habits, with 

the lack of physical activity producing 

increased body weight and the probable 

advancement of chronic illnesses 53.  

Inbreeding in Saudi Arabia has also 

been extensively discussed in the literature 

and can be used to explain the persistence of 

some of the genetic variations associated with 

MetS in the country. For instance, a study 

established that about 54% to 57% of the 

population engaged in consanguineous marital 

relationships, with a majority being associated 

with first-degree cousins62. The prevalence of 

such marriages is highest in the country’s rural 

areas and depends on various social and 

traditional factors. It is notable that many 

families in the country strictly adhere to 
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cultural behaviours, with marriages between 

first-degree cousins being almost the norm in 

the Kingdom. In any case, natives argue that it 

is easy to mediate marriages between close 

relatives, enhancing the behaviour of bringing 

mating persons to a similar environment. In 

such arrangements, it is easy to initiate spousal 

adjustments postmarriage while enhancing the 

stability of such relationships. Additionally, 

other researchers have reported economic 

reasons for inbreeding, including the ability to 

retain wealth within the same family or tribe62.  

Despite the alleged benefits of 

inbreeding in Saudi Arabian society, various 

disadvantages have been enumerated, 

particularly regarding the increased prevalence 

of MetS in the country. For instance, this 

behaviour increases the aggregation of type 2 

diabetes risk alleles, with many sources of 

literature proposing a persistent synergism 

between consanguineous marriages and type 2 

diabetes63. The degree of inbreeding 

influences the inheritance of commonly shared 

ancestral alleles. If alleles responsible for the 

associated risk factors for MetS are inherited, 

the likelihood of such a disorder persisting in 

the population is significantly high. On many 

occasions, the shared allele is the genotype for 

type 2 diabetes, leading to high levels of 

heredity in the disease transmission. While the 

inherited alleles could be silent, environmental 

factors associated with MetS persist in the 

region, explaining why the genes could be 

expressed randomly across the entire 

population45.  

CONCLUSION 

Saudi Arabia has one of the highest rates of 

Mets in the world. Despite the fact that the 

risk factors for Mets in Saudi society were 

identical to those identified worldwide. MetS 

is characterized as a cluster of interrelated 

biochemical, physiological, clinical, and 

metabolic variables that raise the risk of 

atherosclerotic cardiovascular disease, type 2 

diabetes, and all-cause mortality. For this 

demographic, each individual component of 

Mets, as well as the illness itself, could be 

influenced by genetic factors. A family history 

of obesity, type 2 diabetes, and/or insulin 

resistance significantly increases the 

likelihood of developing Mets. 
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