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SUMMARY 

 

 
I 

Summary 

Metabolic Syndrome is a clustering metabolic abnormalities including 

abdominal obesity, hyperglycemia, hypertriglyceridemia, hypertension, and low 

high-density lipoprotein cholesterol levels. A case control study has been 

conducted during the period from the first of November 2019 to the end of 

September 2020 and classified into four groups (No.138 subjects): first: central 

obesity patients group ,second: central obesity and Hypertension patients group 

and third: central obesity, Hypertension and Diabetes Mellitus patients group: (30 

patients for each group), in addition to apparently healthy individuals (48 

individuals), these group was mixed of males and females with age range 18-66 

years old. Blood Samples has been Collected , five milliliter of blood for each case 

of groups were collected from vein puncture :(2 ml) for MCP1 ELISA assay 

procedure and (3 ml) for extraction of  DNA then (catalase gene polymorphism 

will be detected by using RFLP-PCR , and RNA extraction then (quantified the 

expression  levels of  miRNA 33/122  by using real-time PCR .   

       Concerning Catalase SNP results of present study demonstrated that the 

heterozygous C/T genotype was significantly (p = 0.041) less frequent in central 

obesity group than in control group, 5 (16.7 %) versus 20 (41.7 %), respectively. 

Thus, the heterozygous C/T genotype acted as protective factor against central 

obesity with an odds ratio of 0.34 and a preventive fraction of 0.30. When the 

comparison was made between central obesity and hypertensive group with the  

control group, The heterozygous C/T genotype showed highly significant 

difference  (p = 0.002)  with less frequently in central obesity and hypertensive 

group than in control group, 2 (6.7 %) versus 20 (41.7 %), respectively. Thus, the 

heterozygous C/T genotype acted as protective factor against central obesity and 

hypertension with an odds ratio of 0.11 and a preventive fraction of 0.42. when the 
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II 

comparison was made between central obesity , hypertensive and diabetes group 

with control group. The heterozygous C/T genotype showed no significant 

variation between those groups (p = 0.477). Thus, the heterozygous C/T genotype 

cannot be regarded as protective or preventive factor.  In present study There was 

also highly significant variation in the level of miR-33, and miR122 among study 

groups (p < 0.001),the highest level was seen in group of central obesity , 

hypertension and diabetes groups followed by central obesity and hypertensive 

group then by central obesity group and finally by control group, There was also 

highly significant variation in the level of MCP1 among study groups , the highest 

level was seen in group of central obesity , hypertension and diabetes groups 

followed by central obesity and hypertensive group then by central obesity group 

and finally by control group (p < 0.001; p < 0.001; p < 0.001  respectively);  ROC 

analysis supported good diagnosis accuracy of these miRNAs. The sensitivity, and  

specificity of miR-33/122 were 100%,100 %, respectively for each one, Which can 

be beneficial in disease fallow up. ROC analysis was done for MCP 1 such 

measurements would be the most relevant for clinical practice, which seemed a 

promising approach in aiming towards MCP 1 measurements in serum samples. 

The sensitivity, and  specificity of MCP 1 were  100 %, 68.75 % respectively . 

     In Conclusions Catalase heterozygous C/T genotype acted as protective 

factor in patients groups, except  in central obesity, hypertension and diabetes 

group cannot be regarded as protective or preventive factor according to statistical 

analysis. Moreover  homozygous TT genotype was limited to all three patients 

group and it acted as a risk factor. Both of these two miRNAs (miR-33 / miR-122) 

and MCP1 can be as diagnostic and prognostic biomarker give more accuracy and 

precise results.  
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1.1.Introduction  

Metabolic Syndrome concept gathers in a single entity a set of metabolic 

abnormalities that have in common a close relationship with ectopic deposit of 

lipids, insulin resistance, and chronic low-grade inflammation (Carlos and Tannia 

,2019). In many cases, a chronic exposure to a positive caloric balance is the 

driving force for the appearance and progression of this condition. The main traits 

included in MetS diagnosis are arterial hypertension, central adiposity, 

hyperglycemia, and atherogenic dyslipidemia (O'Neill  and  O'Driscoll ,2015). The 

main long-term complications of MetS are type 2 diabetes (Salehinia et al.,2018), 

atherogenesis (Riahi et al.,2018), and cognitive impairment (Ng et al.,2016).  MetS 

is a risk factor for mortality among normal-weight and obese adults, In Ting et 

al.,(2020) study, suggested that interventions should also focus on MetS patients 

with normal weight.  The mechanism by which the MetS components share aspects 

of their pathophysiology is a matter of intense research. The capacity of the 

adipose tissue to expand and store energy substrates plays a critical role in its 

pathophysiology. However, other metabolic pathways should be involved since the 

same metabolic abnormalities seen in MetS could happen in lean individuals 

(Carobbio et al.,2017). 

Recently noticed the prevalence of the type II diabetes mellitus and related 

adult-onset disorders have reported to be high in the Gulf Cooperation Council 

countries (Seungmin and Haemi ,2020)and  in UAE, the prevalence of MetS 

among adults is high, and extrapolation from younger ages is plausible (Malik and 

Razig , 2008). In Iraq , metabolic syndrome is high with regardless of the criteria 

that used (Omar,2018). Multiple genetic loci associated with MetS and its 

components have been identified by genome-wide association studies (GWAS), 

Genetic polymorphisms of antioxidant enzymes and  the effect of single nucleotide 
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polymorphism (SNPs ) of catalase enzyme may has effect over the output of 

several variables in people with obesity and its complications (César et al., 2018; 

Seung et al., 2020). However, few such genetic studies have been performed, 

especially in Iraq. 

Proinflammatory cytokines such as tumor necrosis factor, leptin, 

adiponectin, plasminogen activator inhibitor, and resistin, are released from the 

enlarged adipose tissue, which alters and impacts insulin handling adversely 

(White et al.,2018). Insulin resistance can be acquired or may be due to genetic 

disposition. Impairment of the signaling pathway, insulin receptor defects, and 

defective insulin secretion can all contribute towards insulin resistance (Catharina 

et al.,2018). Over time, the culmination of this cause development of metabolic 

syndrome that presents as vascular and autonomic damage (Cozma et al., 2018).  

          Biomarkers in metabolic syndrome have reached an outstanding and 

remarkable revision in the very recent years, since the increasing update of the 

biomolecular scientific literature in the field. Besides the diagnostic and prognostic 

role of some pro-inflammatory markers, such as CRP, IL-6, TNF-𝛼, or IL-1𝛽, 

many further molecules and biological factors in the serum or cells compartment 

have been added to the list, including tissue derived cytokines (myokines, 

adipokines, MCP1), growth factor-like molecules, hormones, and microRNAs 

(Alexandru et al., 2018), And Among many different actions, miRNAs are now 

recognized as regulators of lipid and glucose metabolism and as involved in the 

development of metabolic and cardiovascular diseases (Rotllan et al., 2016). so 

these microRNAs have a role in  Lipid metabolic disorders which have become a 

major global public health concern. Fatty liver and dyslipidemia are major 

manifestations of these disorders. Recently, MicroRNA-33 (miR-33), has been 

considered as a good therapeutic target for these disorders (Yaoye  et al.,2020) due 
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to it is important for cholesterol regulation (Shantikumar et al., 2012). Also The 

liver-enriched miR-122 (now identified as miR-122-5p) was the first miRNA to be 

recognized functionally associated with a metabolic phenotype, and in particularly 

to regulate cholesterol and lipid metabolism (Elmén  et al., 2008; Elmén  et al. 

,2008). The present study showed the problems caused by  metabolic syndrome 

such as weight gain and the associated sudden development of diabetes mellitus 

and the possibility of stroke due to increased blood pressure. Therefore, the present 

study was designed to reveal predictive signs of the development of diabetes 

mellitus and high blood pressure before it occurs or worsens and thus the 

possibility of best treatment, According to such information, the aim of present 

study is: 

Aim of study: 

       The aim of the present study was to  find weather catalase gene polymorphism  

have an impact on disease susceptibility and investigate whether patients with 

metabolic disorder have distinct expression of (miRNA33  and miRNA-122) when 

compared with different disease groups and the association of some immunological 

markers such as monocytes chemotactic protein 1 (MCP1) with Metabolic 

Syndrome.  by the following objectives: 

1-  Identification of catalase Genes Polymorphisms by RFLP- PCR 

and the association of its susceptibility to Mets. 

2- Mesurment of the expression of (miRNA 33 and miRNA -122)  by 

real time PCR . 

3- Mesurment of the serum levels of MCP-1 were measured by using 

MCP1  ELISA kit. 
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2. Literatures Review 

2.1. Overview of Metabolic Syndrome (MetS). 

      Since 1988, when Reaven first described it as ―Syndrome X (Reaven ,1988), 

the definition and diagnostic criteria have been proposed and modified several 

times by different public health organizations.  This definition will continue to 

develop as our ability to predict the metabolic consequences, in regard to diabetes 

and cardiovascular disease also develops (Gallagher et.al .,2008). In the 

development of the definitions, the debate has been focused on whether obesity or 

insulin resistance is the unifying feature and underlying cause for MetS. Indeed, 

MetS has been renamed ―Insulin Resistance Syndrome‖ by the European Group for 

Study of Insulin Resistance (EGIR) in 1999 and American Association of Clinical 

Endocrinologists (AACE) in 2003.  

      The metabolic syndrome—otherwise called syndrome X, insulin resistance 

syndrome, Reaven syndrome, and ―the deadly quartet‖—is the name given to the 

aggregate of clinical conditions comprising central and abdominal obesity, 

systemic hypertension, insulin resistance (or type 2 diabetes mellitus), and 

atherogenic dyslipidemia (Bengmark ,2015). Metabolic: Relating to the chemical 

changes in living cells by which energy is provided for vital processes and 

activities and new material is assimilated and Syndrome: A group of signs and 

symptoms that occur together and characterize a particular abnormality or 

condition(Shmerling,2020). Metabolic syndrome (MetS), is a complex of 

metabolic abnormalities, that have in common a close relationship with ectopic 

deposit of lipids, insulin resistance, and chronic low-grade inflammation which 

serves as a risk factor for type2 diabetes mellitus(T2D) and cardiovascular diseases 

(CVD) (Carlos and Tannia ,2019).  
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        The main characteristic components of MetS. include hyperglycemia, raised 

blood pressure, elevated triglyceride levels, low HDL-cholesterol levels, and 

obesity (particularly central adiposity) (Emma et al.,2018). So, It is a 

prothrombotic and proinflammatory state characterized by increased inflammatory 

cytokine activity (Matias et al.,2020). In addition to inflammatory dermatoses such 

as psoriasis, lichen planus, and hidradenitis suppurativa (Misitzis et al.,2019), 

metabolic syndrome is also commonly associated with accelerated atherosclerotic 

cardiovascular disease, hyperuricemia/gout, chronic kidney disease, and 

obstructive sleep apnea. Current therapeutic options for metabolic syndrome are 

limited to individual treatments for hypertension, hyperglycemia, and 

hypertriglyceridemia, as well as dietary control measures and regular exercise. 

(Emma et al., 2018). 

2.2.Epidemiology  

            Worldwide prevalence of MetS ranges from <10% to as much as 84%, 

depending on the region, urban or rural environment, composition (sex, age, race, 

and ethnicity)   of the population studied, and the definition of the syndrome used  

(Desroches and  Lamarche , 2007;  Kolovou et.al.,2007) . In general, estimates that 

one-quarter of the world‘s adult population has the MetS. (Wang et al .,2008). 

Higher socioeconomic status, sedentary lifestyle, and high Body Mass Index 

(BMI) were significantly associated with MetS. (Cameron et al. ,2004) have 

concluded that the differences in genetic background, diet, levels of physical 

activity, smoking, family history of diabetes, and education all influence the 

prevalence of the MetS and its components (Cameron et al., 2004.).  

A healthy lifestyle is critical to prevent or delay the onset of MetS in 

susceptible individuals and to prevent cardiovascular disease and type 2 diabetes in 
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those with existing MetS (Martínez et al., 2017 ). Physical inactivity is identified 

as the fourth leading risk factor for global mortality (WHO,2009) Regular physical 

activity leads to enhanced energy consumption and is associated with reduced risk 

of prevalent diseases such as obesity, MetS, T2DM, CVD, cognitive impairment, 

depression, and osteoporosis (Warburton et al.,2006). In MetS, the excess energy 

that is accumulated in adipose tissue and also stored ectopically in non-adipose 

tissues like the liver will cause metabolic disturbances that lead to increases in BP, 

blood glucose, TGs, and inflammation (Despres et al.,2008). These metabolic 

alterations can be prevented or reduced if physical activity is performed daily, 

preferentially involving large muscle groups, and increasing physical activity may 

also have substantial beneficial effects on person (Janiszewski and Ross ,2009). 

The observed prevalence of the MetS in National Health and Nutrition 

Examination Survey (NHANES) was 5% among the subjects of normal weight, 

22% among the overweight, and 60% among the obese (Park et al.,2003). It further 

increases with age (10% in individuals aged 20–29, 20% in individuals aged 40–

49, and 45% in individuals aged 60–69 (Ford et al., 2002 ).   The prevalence of 

MetS (based on NCEP-ATP III criteria, 2001) varied from (8- 43 % )in men and 

from (7- 56 % )in women around the world (Ford et al., 2002). Park et al. noticed 

that there is an increase in the prevalence of MetS from 20 years old through the 

sixth and seventh decade of life for males and females, respectively. (Ponholzer et 

al.,2008) Reported that the relishing prevalence of MetS among postmenopausal 

women, which varies from 32.6% to 41.5% (Ponholzer et al.,2008).                        

  A Framingham Heart Study report indicated that a weight increase of 

≥2.25kg over a period of 16year was associated with an up to 45% increased risk 

of developing the MetS (Wilson et al ., 1999), and it has been shown by 

Palaniappan et al., that each 11cm increase in waist circumference (WC) is 



Chapter  two                                                     Literatures Review 

7 
 

associated with an adjusted 80% increased risk of developing the syndrome within 

5 years (Palaniappan et al ., 2004). The  metabolic alterations occur simultaneously 

more frequently than would be expected by chance and the concurrence of several 

factors increases cardiovascular risk over and above the risk associated with the 

individual factors alone (Reilly and Rader,2003). The risk increases with the 

number of MetS components present (Andreadis et al .,2007). 

There are also gender- and race-based variations in MetS. , Ford and 

colleagues described the distribution of MetS components in the USA based on 

gender and race using NHANES data collected between 1988 and 1994 (Ford  et al 

., 2002). The prevalence of MetS in African-American women was 57% higher 

than in African-American men , and 26% higher in Hispanic women compared 

with Hispanic men. Among the components of MetS, insulin resistance is more 

common in Hispanics, hypertension in African-Americans, and dyslipidemia in 

Whites (Grundy ,2008). 

       It is estimated that around 20 to 25% of the world‘s adult population have 

metabolic syndrome and they are twice as likely to have a heart attack or stroke 

compared with people without the syndrome (Puppet et al.,2009).  Approximately 

one-fourth of the adult European population is estimated to have metabolic 

syndrome (Grundy , 2008).  In the United States, the prevalence is 23.7%, which is 

similar to Europe, and appears to be higher in population with advanced age (Ford 

et al ., 2002).  It can reach up to 47.2% in the 80 to 89-year age group in men and 

64.4% for women in the corresponding age group (Wysokiński et al ., 2012). 

       Recently higher prevalence of MetS among a younger population also in 

addition to men  , in Southern Asians (60%), followed by Northern Africans 

(50.7%) and Western Asians (46.8%) (Syed et al.,2020). There is a high 
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prevalence of MetS in the Iranian adult population, with large variations based on 

different measurement criteria ,The lack of consensus on MetS definitions has 

resulted in different reports of its prevalence. However, even considering the 

lowest prevalence of 34.6%, the prevalence of MetS in Iran is considerably higher 

than the estimated prevalence around the world (20 - 25%)(Amirkalali et al.,2015). 

 The prevalence of metabolic syndrome reported In Asia in different 

countries varies, ranging from 21.9% in Thailand to 49.4% in Malaysia. The 

prevalence of metabolic syndrome in Korea has been shown to be notably 

increased from 24.9% in 1998 to 31.3% in 2007 (Lim et al .,2011).  The 

prevalence has been reported to be 29.3% in middle-aged Chinese men and 26.8% 

in Hong Kong professional drivers (Ford et al .,2002).  In Turkey, it is 33.9%, 

differs significantly in men (28%) and women (39.6%) (Ford et al .,2002).  In 

Northern Jordan, the prevalence is 36.3%, significantly higher in women 

(Tenenbaum  and Fisman , 2011). 

        Iraq is undergoing an epidemiological transition with an increasing burden of 

chronic non communicable diseases (Mokdad et al.,2013). particularly diabetes 

and hypertension that are major risk factors for cardiovascular diseases, a leading 

cause of death in humans. Insulin resistance and hyperglycemia combine to make 

hypertension more prevalent in type 2 diabetics. Approximately 15% of the 

hypertensives are diabetic, and approximately 75% of type 2 diabetics are 

hypertensive (Mansour,2012). In 2010, the International Diabetes Federation 

reported a diabetes prevalence of 7.8% in Iraq (Yasso et al .,2013).  Metabolic 

syndrome among Iraqi obese is relatively common. Female gender, old age, and 

multiparity can be regarded as risk factors(Asmaa  et al .,2017 ) recently, the 

metabolic syndrome is high in this Iraqi cohort, and in all other previous studies 

done in Iraq, regardless of the criteria used (Omar , 2018).   
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2.3. Risk Factors  of Metabolic Syndrome  

        The following conditions have all been described as risk factors for the 

development of MetS (Emma et al., 2018): 

• Positive family history 

• Smoking 

• Increasing age 

• Obesity 

• Low socioeconomic status 

• Mexican American ethnicity 

• Postmenopausal status 

• Physical inactivity 

• Sugary drink and soft drink consumption 

• Excessive alcohol consumption 

• Western dietary patterns 

• Low cardiorespiratory fitness 

• Excessive television watching 

• Use of antiretroviral drugs in human immunodeficiency virus infection 

• Atypical antipsychotic drug use (e.g. clozapine) 
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2.4. Etiology  and Proposed Pathophysiologic Mechanisms of the 

Metabolic Syndrome  

           The etiology of metabolic syndrome is extra weight, obesity, lack of 

physical activity, and genetic predisposition. The crux of the syndrome is a buildup 

of adipose tissue and tissue dysfunction that in turn leads to insulin resistance. 

Proinflammatory cytokines such as tumor necrosis factor, leptin, adiponectin, 

plasminogen activator inhibitor, and resistin, are released from the enlarged 

adipose tissue (Cho et al.,2019), which alters and impacts insulin handling 

adversely. Insulin resistance can be acquired or may be due to genetic disposition. 

Impairment of the signaling pathway, insulin receptor defects, and defective 

insulin secretion can all contribute towards insulin resistance. Over time, the 

culmination of this cause development of metabolic syndrome that presents as 

vascular and autonomic damage (White et al .,2018; Catharina et al ., 2018; Cozma 

et al .,2018). 

         The distribution of body fat is also important, Fat accumulation can be 

intraperitoneal (visceral fat) or subcutaneous.  Visceral fat may contribute to 

insulin resistance more strongly than subcutaneous fat(Chait and Hartigh , 2020). 

However, both are known to play a role in the development of the metabolic 

syndrome. In upper body obesity, high levels of nonesterified fatty acids are 

released from the adipose tissue causing lipid to accumulate in other parts of the 

body such as liver and muscle (Kojta et al.,2020), further perpetuating insulin 

resistance ,Figure (2-1). 
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Figure (2-1): pathophysiologic mechanisms of the metabolic syndrome .Reab 

(reabsorption). FFA (free fatty acid), HDL (highdensity lipoprotein), LDL 

(low-density lipoprotein), PAI-1 (plasminogen activator inhibitor-1), TNF-α 

(tumor necrosis factor-α), VLDL (very low density lipoprotein), CRP (C 

reactive protein), BP (blood pressure), IL-6 (interleukin-6). (Boukortt et 

al.,2011) 

 

Although research has been carried out in recent decades on MetS, the exact 

underlying etiology is still not completely understood (Lee et al.,2020). Many 

contributing factors and mechanisms have been proposed, The major contributors 

are discussed in the following paragraphs: 
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2.4.1. Insulin Resistance :  

MetS is also widely known as insulin resistance syndrome due to the 

causative role insulin resistance plays in the syndrome (Alberti et al ., 2005 ; Guo, 

2014). Insulin, together with glucose, stimulates glucose uptake from circulation 

into cells for glycolysis or is stored as glycogen in the liver, muscle, or adipose 

(Chadt and Al-Hasani ,2020). This results in the suppression of hepatic 

gluconeogenesis. All these physiological processes work together to bring down 

the blood glucose to the normal basal level range. GLUT4 is one of the most 

important glucose transporters, mainly expressed in muscle and adipose tissue. 

Under the stimulation of insulin, GLUT4 is mobilized from the cytosol to the cell 

membrane to transport glucose from outside of the cell to inside. This is the rate-

limiting step in glucose uptake and muscle glycogen synthesis (Armoni et al ., 

2007; Karnieli and Armoni ,2008).  

Insulin not only regulates glucose metabolism, but also modulates lipid 

metabolism. Lipogenesis is enhanced in response to insulin, while lipolysis is 

inhibited. In an abnormal, or insulin-resistant state, there is a loss of initial insulin 

secretion (first phase) in response to a glucose load, resulting in postprandial 

hyperglycemia (Sámano et al.,2017). Subsequently, an exaggerated second-phase 

insulin response causes chronic hyperinsulinemia. Insulin-responsive tissues 

cannot sensitize or respond to insulin efficiently. Insulin-mediated glucose uptake, 

glycolysis, and glycogen synthesis are all impaired. Over time, insulin resistance 

worsens and pancreatic β-cells gradually become stressed, fatigued and apoptotic, 

until they completely lose their function (Weir et al .,2001; LeRoith,2002). 

Without insulin, hyperglycemia persists. Thus, the late-stage type 2 diabetic 

patients are similar to type 1 diabetic patients, who solely rely on external insulin 

injection to bring down blood glucose to a relatively normal level. As the disease 
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progresses, even insulin injection may not help with blood glucose control, due to 

severe insulin resistance in the late stage (Kolb et al.,2020).  

2.4.2. Pancreatic β-Cell Dysfunction :  

 The β-cell function (BCF) is closely related with MetS (Rutter et al.,2020). 

A study of the Cleveland clinic suggested that β-cell dysfunction is highly 

correlated with the severity of MetS independent of sex, body fat, blood lipids, 

blood pressure, insulin resistance, and glucose metabolism (Malin, et al ., 2014), 

Therefore,  improving BCF can be an important strategy to ameliorate MetS. It is 

suggested that increased cardiorespiratory fitness (CRF) is positively associated 

with enhanced BCF in individuals with MetS, independent of body fat%, and other 

confounding factors (Ramos et al.,2017). The researchers recommended that 

―Equal, if not more attention should be dedicated to CRF improvement relative to 

fat-loss for favorable pancreatic BCF and thus a possible reduction in CVD risk in 

individuals with MetS‖ (Ramos et al ., 2017).  

2.4.3. Cellular Dysfunction by Protein Kinases and Phosphatases Normally, 

insulin can bind to the insulin receptor in the cell membrane, resulting in excitation 

of insulin receptor tyrosine kinase. Subsequently, insulin receptor substrate-1 

(IRS1) and -2 (IRS2) are recruited and phosphorylated on the tyrosine sites to 

continue to phosphorylate the downstream target signaling proteins (Hall et 

al.,2020), either phosphatidylinositide 3-kinases (PI3K) or a class of small GTPase 

(RAS), which are two major pathways in insulin-mediated activities. PI3K→Akt 

pathway is the major channel of the metabolic effects of insulin. Phosphorylated 

PI3K catalyzes the generation of phosphatidylinositol 3,4,5-trisphosphate (PIP3) 

from phosphatidylinositol 4,5-trisphosphate (PIP2), resulting in phosphoinositide-
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dependent protein kinase (PDK1/PDK2) and Akt binding to PIP3 (Fayard et al 

.,2012). 

 PDK1/PDK2 then phosphorylates Akt , which phosphorylates a number of 

downstream targets to mediate the effect of insulin on enhancing GLUT4 

translocation, glycogen synthesis, protein synthesis, and lipogenesis, as well as 

inhibiting apoptosis and hepatic gluconeogenesis. Some of these metabolic effects 

work through Akt phosphorylation of FOXO1 (Peng et al.,2020). FOXO1 is 

required in the nucleus for the transcription of some of the gluconeogenic and 

lipogenic genes. Upon phosphorylation by Akt,FOXO1 translocates from nucleus 

to cytosol, suppressing glucose production in the liver and promoting cell survival 

in the heart (Guo and Guo ,2017).  Under insulin resistance, the phosphorylation 

signaling pathway becomes impaired, which leads to decreased GLUT4 

expression, or dysfunction of translocation, resulting in impaired glucose transport, 

suppressed glycogen storage, and inhibited protein synthesis. GLUT4 activation by 

insulin is also important during the glucose disposal, and p38 MAPK may be 

involved in this process (Furtado et al ., 2002). Under insulin resistance state, both 

GLUT4 translocation and activation are affected (Michelle et al ., 2003). 

Meanwhile, deficits in insulin signaling pathway release FOXO1 back to the 

nucleus to promote the expression of gluconeogenic genes and a rise in very-low-

density lipoprotein (VLDL) secretion (Houde et al., 2010). The real mechanism of 

insulin resistance is still not completely understood. However, many factors have 

been shown to interact with each other, and contribute to insulin resistance. For 

example, hyperinsulinemia results in serine/threonine phosphorylation of IRS 

(which promotes IRS degradation) and prevention of tyrosine phosphorylation 

(which is the classic phosphorylation in insulin signaling pathways involved in 

PI3K→Akt→FOXO1) (Pederson et al.,2001). 
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In central nervous system (CNS) , insulin resistance is the main cause of 

obesity by regulating appetite and food intake behavior (Kullmann et al.,2020); 

insulin resistance in adipose tissue results in hyperlipidemia and inflammation; 

hepatic insulin resistance causes hyperglycemia; cardiac insulin resistance 

promotes heart failure; pancreatic insulin resistance results in impaired β-cell 

regeneration; insulin resistance in vascular endothelium promotes hypertension and 

disrupts glucose homeostasis; insulin resistance in skeletal muscle shortens 

lifespan, and insulin resistance in bone impairs glucose homeostasis (Guo,2014). 

 Insulin signaling is also governed by phosphatases. Phosphorylated tyrosine 

residues in IRS1and 2 can be dephosphorylated by protein tyrosine phosphatase 1B 

(PTP1B) and T cell protein tyrosine phosphatase (TCPTP) which results in 

termination of insulin signaling. Both of these have been proposed to be potential 

therapeutic targets due to their inhibitory effect on insulin signaling (Zhang et al ., 

2015). In the pancreas, FOXO1 promotes beta-cell differentiation and insulin 

secretion (Talchai  et al ., 2012), probably contributing to hyper insulinemia in 

T2D. Phosphorylated FOXO1-S253 can be dephosphorylated by protein 

phosphatase 2A (PP2A), MAPK phosphatase-3 (MKP3), or a nuclear phosphatase 

SCP4. Thus, suppressing the activities of these protein phosphatases may enhance 

FOXO1-S253 phosphorylation, suppression of FOXO1, and hepatic glucose 

production (Cao et al.,2017). 

2.4.4. Suppression of Insulin receptor substrate 1/2 Gene Expression 

and Function:   

IRS1 and IRS2 have crucial roles in the insulin signaling cascade. 

Dysfunction of IRS1 and IRS2 in different tissues contributes local, or even 

systemic insulin resistance, and pathogenesis of metabolic diseases (Guo. 
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2014;Patin  et al., 2019). For example, loss of IRS1 and IRS2 in the heart causes 

impaired insulin signaling and heart failure. It has been suggested that chronic 

hyperinsulinemia activates p38 (p38α MAPK mitogen-activated protein kinase) 

which can reduce IRS1 and IRS2 proteins by promoting their ubiquitination and/or 

degradation, resulting in insulin resistance (Everard et al.,2011). During insulin 

resistance in rodents and humans, glucose uptake mediated by IRS1 was severely 

impaired whereas salt reabsorption in kidney proximal tubule mediated by IRS2 

was reserved. This explains how insulin resistance results in a state of salt 

overload, leading to hypertension (Soleimani ,2015). 

2.4.5. Oxidative Stress and Glucose Toxicity :  

Oxidative stress, defined as an imbalance in the production and degradation 

of ROS, is closely associated with MetS, leading to carcinogenesis, obesity, 

diabetes, and CVD ( Rani et al.,2016). Increased low density lipoprotein (LDL), 

and decreased high density lipoprotein (HDL) levels are frequently observed in an 

environment of oxidative stress (Chiesa and Charakida  ,2019).  

Respiratory circuit occurs in the Mitochondria and uses reducing equivalents 

generated from the tricarboxylic acid cycle (TCA) cycle and oxygen to produce 

adenosine triphosphate (ATP), and water through the electron transport chain 

(ETC). It is estimated that up to 2% oxygen consumed can be diverted to the 

production of reactive oxygen species (ROS) formation by mitochondria (Murphy, 

2009), which can be utilized and balanced out by the anti-oxidative system in a 

normal state. A high-energy diet could increase the metabolic load of the 

mitochondria resulting in an overactive ETC that can form excessive ROS as the 

by-product (Cano et al.,2020).  ROS contributes to mitochondrial damage affecting 

normal cellular signaling and metabolic processes. TNFα and free fatty acids 
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(FFA) can also be linked with oxidative stress and inflammation (Kojta et 

al.,2020). Obesity in animal models, both diet-induced and genetic, has shown 

over expression of NOX (NADPH oxidase) subunits which positively correlates 

with increased oxidative stress in MetS. Some evidence has shown that abnormal 

generation of ROS can induce adipogenesis via pre-adipocytes proliferation and 

differentiation and therefore contributes to the development of obesity and MetS. 

ROS serves not only as the trigger, but also the outcome of obesity (Masschelin et 

al.,2020) .  

Available evidence shows that obesity can cause systemic oxidative stress 

through NOX activation, endoplasmic reticulum (ER) stress in adipocytes, and 

excessive ROS production subsequent to high-fat high-carbohydrate diet and 

suppressed anti-oxidative system (Yecies et al., 2011; Jiang et al., 2011). 

Oxidative stress in metabolic disorder leads to diabetes and CVD. The elevated 

levels of glucose can cause mitochondrial dysfunction, such as an increase in ROS 

production and insulin resistance. ROS also induces beta-cell dysfunction, 

defective proliferation, and growth. Glucose flux through the hexosamine 

biosynthetic pathway (HBP) causes the post-translational modification of 

cytoplasmic and nuclear proteins by O-linked beta-N-acetylglucosamine (O-

GlcNAc) (Gurel and Sheibani , 2018), which serves as a nutrient sensor for control 

of insulin signaling in cells. For example, glucose and OGT-mediated 

glycosylation of Akt at Thr-308 can prevent the Akt-Thr308 phosphorylation by 

insulin signaling. This also provide same chanism by which hyperglycemia can 

induce insulin resistance at the molecular level (Yang et al., 2008).  

Therefore, therapeutic strategies to overcome glucose toxicity and stress-

induced metabolic abnormalities can be feasible by control of HBP. Exercise can 

also improve the antioxidant system of the body, which helps manage the oxidative 
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stress by scavenging harmful free radicals (Rani et al.,2016).Hyperglycemia, 

hyperinsulinemia, and hyperlipidemia coexist in patients with T2D. Indeed, 

hyperglycemia can promote lipogenesis at least in the liver. O-GlcNAcylation, an 

important glucose-dependent posttranslational modification, stabilizes 

carbohydrate responsive element binding protein (ChREBP) and increases its 

transcriptional activity, thus promoting lipogenesis, through upregulating lipogenic 

genes such as acetyl-CoA carboxylase and fatty acid synthase. OGT(O-GlcNAc 

transferase) overexpression increased ChREBP in mouse liver, leading to fatty 

liver. However, OGA (O-GlcNAcase) overexpression also reduced ChREBP and 

therefore decreased lipogenesis, and improved lipid profile of OGA-treated db/db 

mice (Guinez et al., 2011). 

2.4.6. Chronic Inflammation : Chronic low-grade inflammation has been 

observed in obesity,T2D,CVD ,and other MetS-related chronic diseases (Mesquida 

et al.,2020). It is widely established that immune cells play an important role in 

this pathogenesis. Metabolic disturbances activate the immune system and result in 

immune cells activation in tissues such as the adipose, liver, pancreas, and 

vasculature. Systematically it increases plasma inflammatory markers, such as 

TNFα, IL-6, IL-1b, etc. (Andersen et al., 2016). Among the immune cells, 

macrophages polarized activation has drawn much attention in the last decades and 

seems to play a crucial role in local and systemic chronic inflammation (Winer et 

al., 2009; Bremer et al.,2011).    

Adipose tissue macrophages have been studied increasingly in recent years 

and have been shown to be a key contributor to adipose inflammation and systemic 

inflammation. Adipose is not only for fat storage, but also a powerful autocrine and 

endocrine organ. Under some conditions, such as fat accumulation, fat cells secrete 

not only adipokines but also cytokines, such as TNFα and MCP1, etc                
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(Sheikhansari  et al.,2019 ; Savaş et al.,2020). These signals attract monocytes in 

circulation and recruit them to local adipose tissue. Here the monocytes 

differentiate to macrophages, infiltrating adipose tissue, particularly the 

surrounding fat cells, forming a crown-like structure (Xu et al., 2014).  

          Different macrophage subpopulations may exhibit a scale of different 

properties such as a two polar of function: pro-inflammatory or anti-inflammatory. 

Upon classically pro-inflammatory activation (called M1), usually by LPS, TNFα, 

macrophages can produce more pro-inflammatory cytokines to exacerbate 

inflammation (Schulert& Grom, 2015; Mehta et al.,2020). When macrophages are 

alternatively activated (called M2), usually by IL-4, they produce anti-

inflammatory cytokines such as IL-10 which ameliorate inflammation and assists 

in tissue repair. TNFα decreases insulin sensitivity (Rafael et al., 2016).  

          Nuclear factor kappa-light-chain-enhancer of activated B cells (NFκB) and 

JNK phosphorylation are the main pathways involved in inflammatory responses, 

so they are widely used as indicators of inflammation (Hammouda et al.,2020  ). 

Evidence has demonstrated that local adipose inflammatory responses contribute to 

local insulin resistance, and further contribute to systemic inflammation and insulin 

resistance. Many studies have been conducted in an effort to find the 

modulator/regulator of macrophage activation in attempts to control the 

macrophage activation pattern. It is believed this is either by M1 or M2. By 

switching M1 to M2, inflammation can be reversed and insulin resistance can be 

ameliorated (Xu et al., 2014).  

         T cells have also been shown to play a similar role in inflammation. We 

previously found that heme oxygenase-1 (Hmox1 or HO-1) is a target of FOXO1 

in the liver impairing mitochondrial biogenesis and function (Cheng et al., 2009). 
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Hmox-1 is highly expressed in the cell in response to oxidative stress. It is an 

enzyme that catalyzes the degradation of heme that produces biliverdin, ferrous 

iron, and carbon monoxide. Heme is an essential component for mitochondrial 

electron transport chain, There is evidence that levels of heme oxygenase are 

positive predictors of metabolic disease, insulin resistance, and metaflammation 

(Peterson et al.,2020). This is supported by a recent study demonstrating that HO-1 

is one of the strongest positive predictors of metabolic disease in both mice and 

humans. Conditional HO-1 deletion in mice, either hepatocytes or macrophages, 

protects mice from HFD-induced inflammation and insulin resistance. The reduced 

meta-inflammation upon HO-1 deletion dramatically reduced metabolic disease, 

such as steatosis (Jais et al., 2014). 

        Research has uncovered the pivotal role of toll-like receptors (TLRs), 

especially TLR2 and TLR4, in chronic inflammation, insulin resistance, and 

pathogenesis of obesity and MetS. TLRs can serve as effective therapeutic 

targets to reverse diabetes and MetS (Jialal et al., 2014). The inflammatory 

signaling cascades initiate activation of NFκB, JNK, and inflammasomes, and 

interfere with insulin signaling. NFκB signaling indifferent tissues, such as adipose 

tissue, liver, hypothalamus, skeletal muscle, endothelial cells, and macrophages, 

contributes to the development of obesity and related MetS (Catrysse and van Loo, 

2017). Suppression of obesity-associated inflammation in different tissues, 

including adipose tissue, liver, intestine etc. by different nutritional interventions 

can operate separately or synergistically to ameliorate systemic insulin sensitivity 

and metabolic homeostasis ( Botchlett et al., 2017).  
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2.4.6.1. Monocyte Chemoattractant Protein-1 (MCP-1) 

Monocyte chemoattractant protein-1 (MCP-1), also known as C-C motif 

chemokine ligand 2 (CCL2), is a member of the chemokine family, a collection of 

small, secreted, chemotactic cytokines, named after their best known function of 

attracting cells (Baggiolini,1998) ,is an important chemotactic factor for monocytes 

and macrophages. Inflammation of the vessel walls in response to oxidative stress 

results in synthesis of chemokines, including MCP-1, by endothelial cells, smooth 

muscle cells, and macrophages. MCP-1 induces monocyte migration to vascular 

walls and activates monocytes during atherosclerosis development (Deshmane et 

al. ,2009; Lin et al.,2014) .  

Previous studies had shown that MCP-1 increases the risk of cardiovascular 

disease and contributes to the development of coronary artery diseases such as 

atherosclerosis ( Bai et al., 2015). MCP-1 plays a vital role in endothelial 

dysfunction (Ohman and Eitzman, 2009) and the instability and subsequent rupture 

of atheromatous plaques (Alekperov and Nadzhafov. 2010) resulting in myocardial 

infarction (Niu and Kolattukudy, 2009) and cerebral infarction (Arakelyan et al., 

2014; Bonifacˇic´ et al., 2016).  

Hence, the MCP-1 dependent pathway, which is activated during 

atherosclerosis development, represents an important therapeutic target (Winter et 

al.,2018). MCP-1 is involved in the pathogenesis of metabolic syndrome and is 

associated with various metabolic parameters, such as obesity (Sell and Eckel  

,2007; Panee,2012) diabetes (Panee,2012) and essential hypertension. The 

quantitative evaluation of MCP-1 is a diagnostic and prognostic marker of 

atherosclerotic disease (Melgarejo et al., 2008).The MCP-1 concentration was 

positively correlated with blood pressure among smokers, Long-term smokers with 
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high blood pressure may be more susceptible to plaque rupture at atherosclerotic 

lesion sites (Maki et al., 2018). 

    Many studies were  related to ‗‗MCP-1‘‘ and ‗‗obesity‘‘ or ‗‗diabetes‘‘, 

implicating a rapidly growing interest in the pathological role of this chemokine 

under obese and diabetic conditions (Wu and Ballantyne ,2020). The gene 

expression of CC chemokines and their receptors (such as MCP-1 and CCR2) was 

found higher in the visceral and subcutaneous adipose tissues of obese patients 

compared to lean controls (Huber et al. 2008). Furthermore, MCP-1 protein 

expression was higher in omental fat than in subcutaneous fat in severely obese 

patients, which was paralleled by elevated macrophage infiltration into omental fat 

(Harman- et al. ,2007). The plasma level of MCP-1 has been generally found 

increased in obese adults (Catalán et al. ,2007) and obese children (Breslin et 

al.,2012) compared to lean controls. It correlated with the number and volume of 

omental adipocytes in baboos (Bose et al., 2009) and was similarly affected by 

visceral adiposity in human (Lee et al. ,2010). The high levels of circulating MCP-

1 in obese patients were further increased by fructose consumption (Cox et al. , 

2011). 

  In Mice, with CCR2 deficiency had attenuated deposition of visceral fat and 

insulin resistance when challenged with a high fat diet (Weisberg et al. 

,2006).Moreover, MCP-1 had angiogenic effect on endothelial cells  and therefore 

it can contribute to the expansion and remodeling of adipose tissues. Efforts have 

been exerted to inhibit MCP-1 over-production and ameliorate obesity-related 

syndromes, such as insulin resistance and type 2 diabetes(Salcedo et al.,2000). 
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2.4.7. Genetics and Epigenetics : 

 Gene structure and function can be influenced by the environment 

(Fumagalli et al.,2015). It is known that genetic factors, interacting with the 

environment  contribute to MetS, Detecting these specific genes associated with 

the disease or modulating genes related to the environment can be two strategies 

for gene therapy (Khan et al.,2015). In the meantime, gene-nutrition interaction 

(nutrigenomics) has attracted more attention and has innovated the field of 

personalized nutrition. Women with the genotype of IRS1-rs2943641 TT exhibit 

reduction of insulin resistance and T2D risk when circulating vitamin D-25(OH)D 

is higher. The beneficial effect of high circulating 25(OH)D for carriers of the 

major allele (rs2943641 C) is not as strong. Differential Vitamin D 

supplementation levels have the potential to be applied to people based on their 

genotype, however more research is needed to confirm this theory (Zheng et al., 

2014).  

As previously mentioned, IRS protein tyrosine and threonine/serein 

phosphorylation can determine insulin sensitivity. Recently, research has shown 

that HFD can enhance acetylation of a number of proteins, of which one is p300. 

This is a global transcriptional cofactor that enhances FOXO1-mediated gene 

expression (Guo et al.,2001), acetylates IRS1, 2, and subsequently impairs IRS 

interaction with insulin receptors, resulting in insulin resistance (Cao et al.,2017). 

Thus,  diets and nutrients can modify proteins and regulate their functionality in 

control of metabolism in the cells and body (Chena et al.,2018). 

2.4.8. Catalase polymorphisms and metabolic syndrome  

The multifactorial etiology of Mets. involves a complex interaction between 

environment, feeding, physical activity, culture, and genetic factors   (Rukh et al., 
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2013; Bombak,2014). Until now, the initial strategy to control the obesogenic 

process in a person is to reduce the caloric intake and to increase the energetic 

expenditure by means of physical activity. However, due to genetic background of 

diverse single-nucleotide polymorphisms (SNPs), evidence in the literature has 

shown a different response for people with obesity or associated obesity diseases 

under a caloric restriction program to modify body composition [Suchánek et 

al.,2015), peripheral lipid concentration (Brahe et al., 2013), blood pressure (Chu 

et al.,2016) and insulin resistance (Black et al., 2015). 

The SNPs of antioxidant enzymes as catalase, have been identified in coding 

and regulatory untranslated regions of the gene, which affect the net activity of the 

enzymes (Lubos et al., 2011; Kase et al., 2012; Crawford et al., 2012;  Lourdhu et 

al.,2014). These enzymes work as a key factor to avoid the appearance of oxidative 

stress condition, inactivating the generation and propagation of endogenous free 

radicals produced by the cell metabolism (Lei et al., 2016). 

The oxidative stress condition plays an important role in the etiology of the 

principal comorbidities of obesity (Abu Naila et al .,2020) . That condition appears 

when an imbalance of pro-oxidant systems overtakes the antioxidant defense. 

Diverse mechanisms increase the generation of free radicals in people with obesity 

as hyperleptinemia, endothelial reactive oxygen species production, chronic 

inflammation, elevated tissue lipid levels, hyperglycemia, and inadequate 

antioxidants intake (Manna and Jain , 2015). The genetic characteristics of people 

have been identified as a pivotal factor involved in the etiology of metabolic 

pathologies as obesity. SNPs of catalase (CAT) have been associated with obesity 

and its principal comorbidities ((Duarte et al.,2016; Bitarafan et al., 2017).  
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Regarding the role of oxidative stress, special focus should be given to 

catalase (CAT), is one of the major enzymatic antioxidant systems (Ruperez et al., 

2014). CAT converts hydrogen peroxide into molecular oxygen and water, thus, 

preventing the accumulation of hydrogen peroxide that fuels aging, inflammation 

and cancer (Lisanti et al., 2011). Animal studies led in a context of metabolic 

diseases and their comorbidities have shown that CAT overexpression delays 

atherosclerosis onset (Suvorava et al., 2005), decreases blood pressure (BP) 

(Suvorava and Kojda ,2009), and increases lifespan [Schriner et al. ,2005). 

However, clinical studies have posted conflicting results on the association 

between CAT activity and pathologies (Tarnai, et al., 2007).  Difficulties in CAT 

activity assessment may explain these divergent results. CAT activity is usually 

assessed in the blood compartment instead of tissue in which the oxidative stress is 

involved in every disorder context.  these studies is the difficulty in estimating the 

full set of parameters that influence CAT activity, such as environmental and 

dietary factors (Miranda-Vilela et al., 2010). Acatalasemic and hypo-catalasemic 

cases have been described in the Japanese, the Swiss and the Hungarian 

populations (Goth et al., 2004).  

The study of the Hungarian cases revealed that decreased CAT activity was 

possibly linked to impaired lipid and carbohydrate metabolisms and diabetes 

(Goth, 2008).  These acatalasemic and hypocatalasemic phenotypes mostly result 

from splicing mutations or mutation causing a frameshift in the amino acid 

sequence that leads to the production of a truncated CAT (Goth et al.,2004). The 

discovery of the genetic origin of these traits enhanced researches into CAT gene 

polymorphisms. The CAT gene is located on chromosome 11 (11p13) and contains 

12 introns and 13 exons that encode the 526-amino acid protein. However, several 

single nucleotide polymorphisms (SNPs) present differences in allelic frequencies 
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according to ethnic origin of the population. In particular, reverse allelic 

frequencies were revealed for some SNPs in Asiatic and Caucasian populations 

(Fabre et al. ,2008). 

  Many studies have considered haplotypes rather than each SNP separately 

and several studies have attributed this approach to the vicinity of the considered 

SNPs, particularly 50-UTR SNPs (Wang and Wang ,2010), Finally, most studies 

on CAT SNPs have considered them as putative risk factors for the wide range of 

pathologies in which oxidative stress is involved (Goth et al., 2004). Several 

studies have already highlighted that systemic oxidative stress is strongly 

associated with visceral fat accumulation and metabolic syndrome (Fujita et al. 

,2006).  

SNPs of antioxidant enzymes, as catalase (− 262C>T CAT, rs1001179, and 

− 21A>TCAT, rs7943316)( Hernández-Guerrero et al.,2018) have been identified 

in coding and regulatory untranslated regions of the gene, which affect the net 

activity of the enzyme (Lourdhu et al.,2014). These enzyme work as a key factor to 

avoid the appearance of oxidative stress condition, inactivating the generation and 

propagation of endogenous free radicals produced by the cell metabolism (Lei et 

al.,2016). 

lung catalase may play an important and previously unrecognized protective 

role in Respiratory syncytial virus (RSV) , association of catalase rs1001179 with 

decreased RSV bronchiolitis severity, co-morbidities and other predisposing 

genetic factors are likely to play an important role in patients with the CT/TT 

genotype who present with different illness severities (Ansar et al.,2020). At the 

functional level, rs1001179 (−262C/T) may influence catalase gene transcription 

by affecting transcription factor binding, and carriers of the less common −262T 
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allele have higher amounts of catalase in different types of cells, including 

erythrocytes and in whole blood (Chambliss et al.,2020).  Diabetes and Oxidative 

stress doubles the risk of cardiovascular disease (Sarwar et al., 2010) 

Consequently, many studies have explored the association of CAT SNPs 

with microangiopathic and macroangiopathic complications as well as diabetic 

neuropathy. (Flekac et al., 2008).Hypertension is a complex multifactorial 

disorder, and may depend on multiple genes and  accumulated evidence on the role 

of oxidative stress in the development of hypertension (Mansego et al. , 2011) and 

in another study, found that the CAT gene polymorphisms are unlikely to related 

with hypertension vulnerability that CAT polymorphisms and haplotypes are not 

correlated with hypertension (Dawood et al.,2020). 

2.4.9. Biomarkers: 

       In medicine, biomarkers are designed to reflect the severity or other state of a 

disease. Generally, a biomarker is being used as an indicator for physiological state 

of an organism or to indicate the precise state of a disease (Zlibut et al.,2018).  

A working group of National Institute of Health defined the biomarkers as 

―a characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacological responses 

to a therapeutic intervention,.‖ Biomarkers are comprised of genetic variations, 

genes, metabolic expression differences and proteins from different body fluids or 

tissues (Huss, 2015). Normally, when a biomarker is used for gene expression then 

mRNA of that gene is measured. On the other hand, for gene amplification, single 

nucleotide polymorphism (SNPs) and chromosomal abnormalities, the genetic 

markers comprise a micro RNA (miRNA) and classic mRNA (Piantadosi, 2017). 

The ideal biomarker is deliberated as identifiable for high risk individuals, should 
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screen the disease progression, monitor the response to cures and should be able to 

predict the recurrence. Furthermore, a consistent, economical, quantifiable, easily 

approachable and non-invasive biomarker is preferred (Velonas et al., 2013).  

 

2.4.9.1. MicroRNAs in Metabolic Syndrome: 

        In the search for key molecular pathways that could elucidate the complex 

physiopathology of MetS, as well as serve as therapeutic tools, microRNAs 

(miRNAs) have emerged as attractive molecules (Landrier et al.,2019 ) given their 

role as important components of complex gene regulatory networks (Yousef et al. 

,2014). MicroRNAs (miRNAs) are small non-coding RNAs composed of 20–24 

nucleotides, which can bind to the sequence site of target mRNA at 3′-

untranslational (UTR) region, causing degradation of mRNA or inhibition of 

protein translation (Trzybulska et al.,2018). Because the miRNA–mRNA binding 

site is very short (8–14 nt), each miRNA has the potential to regulate many target 

genes, and one gene may be targeted by several miRNAs (Bartel, 2009). MiRNAs 

can exist stably in serum, liver, skeletal muscle (SM), heart muscle, adipose tissue 

(AT) and βcells, because of their ability to escape the digestion of RNase (Huang 

et al.,2018). 

The complex biology of miRNAs is hence compatible with a key role in 

metabolic functions. Thus, analysis of their deregulation in MetS patients could 

help to develop better therapeutic strategies to improve the quality of life of the 

increasing population of MetS patients (Wei et al.,2018).  Interestingly, several 

miRNAs have recently been found to regulate adipose tissue biology (development 

and metabolism), insulin secretion and action, and therefore their imbalance may 

play a role in the development of obesity and related metabolic complications 
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(Derghal et al.,2016). For instance, miR-14, miR-278 and let-7 are involved in the 

metabolism of lipid and glucose (Frost and Olson ,2011). 

Growing evidence suggests that faulty regulation of lipid metabolism 

promotes metabolic diseases. In addition to the classical transcriptional regulators, 

SREBPs and LXRs, several miRNAs have been shown to post-transcriptionally 

regulate the expression of key genes involved in lipid homeostasis (Desgagné et 

al.,2016), including miR-122, miR-33, miR-106, miR-758, miR-26, miR-370, 

miR-378/378*, let-7, miR-27, miR-143, miR34a and miR-3356–21. Figure (2-2) 

 

Figure (2-2): microRNA (miRNA) regulation of lipid metabolism, insulin signaling, and 

glucose homeostasis.( IRS indicates insulin receptor substrate 2; SIRT 6, sirtuin 6; AMPK, 

AMP-activated kinase; ABC, ATP binding cassette; NPC1, Niemann-Pick C1; CROT, 

carnitine O-octanyl transferase; CPT, carnitine palmitoyltransferase; HMGCR, 3-

hydroxy-3-methylglutaryl-coenzyme A reductase; MTTP, microsomal TG transfer protein; 

CAV1, caveolin-1; PPAR, peroxisome proliferator-activated receptor; MCT 1, 

monocarboxylate transporter 1; and MTPN, miR-375 targets myotrophin). (Fernández-

Hernando et al.,2013) 
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In the present review we will focus our attention on the well-characterized intronic 

miR-33 and the liver specific miR-122. 

 

2.4.9.1.1. MicroRNA-33(miR-33) and metabolic syndrome 

 Metabolic disorders have become a major global public health concern.  

DM, Fatty liver and dyslipidemia are major manifestations of these disorders. 

Recently, MicroRNA-33 (miR-33), a post-transcriptional regulator of genes 

involved in cholesterol efflux and fatty acid oxidation, has been considered as a 

good therapeutic target for these disorders (Tao et al.,2020). MiR-33 mediated 

regulation in the metabolic pathways such as lipid metabolism (cholesterol 

homeostasis, HDL biogenesis, and fatty acid, phospholipids, and triglyceride, and 

bile acid metabolism), inflammatory response, insulin signaling, and glucose 

homeostasis( Musso et al.,2010).  

The miR-33 family consists of two intronic miRNAs, miR-33a and miR-

33b, which are encoded in the introns of SREBF2 and SREBF1, respectively 

(Rayner et al., 2010). The sterol regulatory element-binding proteins (SREBPs) are 

a family of membrane-bound transcription factors that regulate fatty acid and 

cholesterol synthesis.   SREBF1 encodes SREBP-1a and -1c, which mainly 

regulate lipogenic genes, such as fatty acid synthase (FAS), stearoyl-CoA 

desaturase (SCD), and acyl-CoA carboxylase 1 (ACC1) (Xiaoli et al.,2019). 

SREBF2 encodes SREBP-2, which mainly regulates cholesterol-regulating genes, 

such as 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), and low-density 

lipoprotein receptor (LDLR) ( Brown and Goldstein , 1997).  
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In humans, miR-33a and miR-33b are encoded in the introns of SREBF2 and 

SREBF1 respectively (Najafi-Shoushtari et al., 2010) , whereas in rodents there is 

a deletion in the miR-33b encoding sequence and miR-33b cannot be expressed 

(Fig. 2-3). Furthermore, miR-33a and miR-33b share the same seed sequence and 

differ in only three nucleotides. The fact that miR-33a and miR-33b are 

cotranscribed with their respective host genes suggests that they regulate lipid 

homeostasis with their host genes ((Kulkarni et al., 2018). 

 

Fig. (2-3): Potential role of SREBPs and miR-33a and -b in metabolic syndrome. In 

hepatocytes, conditions of low intracellular cholesterol (or statins) induce SREBP-2, leading to 

increased lipoprotein uptake and endogenous cholesterol biosynthesis. Hyperinsulinemia or 

insulin resistance induces SREBP-1, leading to increased fatty acid and triglycerides synthesis. 

The activation of Srebps induces miR-33a and -b expression, leading to decreased HDL 

cholesterol levels by targeting ABCA1, reduced insulin signaling by targeting IRS2, and reduced 

cellular β-oxidation by targeting different fatty acid oxidation enzymes. Therapeutic inhibition of 

miR-33 might result in increased plasma HDL cholesterol levels, reduced VLDL secretion, and 
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increased insulin signaling, thus improving the prognosis of patients with metabolic 

syndrome(Dávalosa et al.,2011) 

  Several groups have shown that miR-33a targets genes involved in 

cholesterol export table (2-1), such as ATP-binding cassette transporter A1 

(Abca1) and Abcg1 in vivo, using either antisense technology or by generating 

miR-33a-deficient (knockout) mice (Horie et al.,2010; Rayner et al., 2010). 

Table (2-1): miR-33 (Tissue/Cell Type,Target Genes and Function) 

Regulator Tissue/Cell Type Target Genes Function References 

miR-33a/b Huh-7,HepG2, mouse 

liver Huh-7,HepG2, 

mouse liver Huh-7, 

HepG2,mouse liver 

MIN6 cells,mouse 

and human pancreatic 

β islets 

ABCA1, ABCG1, 

ABCB11, ATP8B1, 

NPC1, CROT, 

CPT1A, HADHB, 

AMPKα,1IRS2 

SIRT6, ABCA1 

↓Cholesterol 

transport/export 

(Marquart et 

al.,2010; 

Allen et 

al.,2012) 

 

miR-33a knockout mice also showed a significant increase in the expression 

of ABCA1 and ABCG1 and a 25–40% increase in serum HDL-C (Horie ,2010). 

Anti-miR-33a therapy has been shown to contribute to enhance the RCT pathway 

not only by increasing HDL-C through ABCA1 and ABCG1 upregulation but also 

by increasing bile secretion through upregulation of ABCB11 and ATP8B1, which 

are the other targets of miR-33a/b (Allen et al., 2012). Using an in vivo assay to 

measure the efficiency of RCT, it was shown that the HDL-C generated by miR-

33a inhibition was functional and increased the transport of cellular radiolabeled 

cholesterol to the plasma, liver, bile acid, and feces. Interestingly, in contrast to the 
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results with miR-33a-deficient mice, HDL-C levels in miR-33b knock-in (KI) 

mice, which has miR-33b in the same intron as in humans (Horie et al., 2014). 

miRNAs are able to directly regulate the expression of transcription factors 

and signaling molecules and play critical roles in numerous diseases. Given the 

role of miR-33a/b in repressing cholesterol efflux and atheroprotective effects, 

pharmacological targeting of miR-33a/b may be a promising strategy for the 

treatment of metabolic disorders (Tao et al.,2020 ). Recent reports have 

demonstrated the ability of exogenously administered miRNA inhibitors or 

miRNA mimics to modulate these pathological processes, thereby ameliorating 

disease, which opens the door for novel therapeutic approaches in the future (Ono 

,2016). 

2.4.9.1.2. MicroRNA-122(miR-122)   

miR-122 is a liver specific miRNA and it‘s as potential biomarker of liver 

injury and probably prognosis (Franck et al.,2020). with approximately up to      

135000 copies per human hepatocyte, accounting for ≈75% of total miRNA 

expression in this organ (Tsai et al.,2012) making it one of the most highly 

expressed miRNAs in any tissue (Valdmanis et al.,2018). miR-122 derives from a 

single genomic locus on chromosome 18 in humans and expression of miR-122 

has been detected in 18 vertebrate species, including human, zebrafish, and frog 

(Chang et al.,2004), figure (2-4). 
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Figure (2-4): Impact of miR-122 on the triglyceride biosynthesis 

pathway. An increase of FFA in the bloodstream due to TG hydrolysis(Chai et 

al.,2017) 

 

miR-122 plays important roles in a wide variety of liver functions, ranging 

from cholesterol metabolism, iron homeostasis and is a tumor suppressor (Kunden 

et al.,2020), stress responses and viral infection to circadian regulation of hepatic 

genes (Bandiera et al.,2015). The pathways by which miR-122 targets play a role 

in modulating cholesterol metabolism are not fully understood, but it appears that 

indirect regulation of cholesterol biosynthesis genes may be important and 

confirmed mRNA targets include Aldolase A (AldoA) and N-myc downstream 

regulated gene 3 (Ndrg3) (Elmén et al.,2008) , table(2-2). miR-122 has also been 

shown to modulate systemic iron homeostasis by supressing the target mRNAs, 

hemojuvelin (Hjv) and hemochromatosis (Hfe) (Castoldi et al.,2011).  
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Table (2-2): miR-122 (Tissue/Cell Type,Target Genes and Function) 

Regulator Tissue/Cell Type Target Genes Function References 

miR-122 Mouse liverHepG2 HMGCR, 

ALDO, G6PC, 

AMPKα1 

↑Cholesterol 

synthesis 

Krützfeldt et 

al.,2005 

 

miR-122 is a tumor suppressor and its expression is frequently reduced or 

abolished in hepatocellular carcinoma (HCC) and overexpression of miR-122 

showed anti-tumorigenic properties of HCC in cell lines (Wei et al.,2019). miR-

122 overexpression also sensitizes HCC cells to chemotherapeutic agents like 

sorafenib and doxorubicin (Pan et al.,2016; Pratama et al.,2019).  Further, multiple 

miR-122 target genes have been linked to inflammation, fibrosis, and 

tumorigenesis, including ADAM10, Igf1R, SRF, cyclin G1, and ADAM17 (Nakao 

et al.,2014). The factors governing reduced miR-122 expression in HCC have not 

been fully elucidated, but miR-122 levels correlate with those of several liver-

specific transcription factors, including HNF-4a, suggesting a regulatory role for 

these proteins (Li et al.,2011). 

Several circulating miRNAs have been associated with obesity and 

metabolic disorders in humans. The first miRNA associated with a metabolic 

phenotype was miR‐122. This is a liver‐enriched miRNA involved in the 

regulation of cholesterol and lipid metabolism (Krutzfeldt et al. 2005; Elmén et al. 

2008).  the expression level of circulating miR‐122 is correlated positively with 

BMI (Ameling et al., 2015;Wang et al. 2015) and in a prospective, population‐

based study, Willeit and colleagues reported that circulating miR-122 was 
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associated with future development of the metabolic syndrome (Willeit et al. 

2017). 

miR‐122-5p levels correlated positively with several markers of body 

composition at baseline: body weight, waist circumference, sagittal height, lean 

body mass, and, in particular, visceral adipose tissue . the reduced level of 

circulating miR‐122-5p in the participants after the intervention could indicate 

improved liver health (Valdmanis et al.,2018), The reasoning is supported by the 

strong positive correlation between circulating miR‐122-5p and the liver enzymes 

ASAT and ALAT observed at baseline and during the intervention (Hess et 

al.,2020).  

However, circulating levels of miR‐122 were positively correlated with 

triglycerides at baseline. The significant positive correlation between the change in 

miR‐122-5p and the change in visceral adipose tissue and blood pressure, along 

with the results regarding ASAT and ALAT, could suggest a negative correlation 

between miR‐122-5p and improved metabolic health (Huang et al.,2018). We 

demonstrated a potential of miR‐122-5p as constituting a biomarker of the 

presence of the metabolic syndrome as the level of circulating miR‐122-5p 

increased with the number of metabolic syndrome criteria present, and the level 

was significantly higher in participants classified with the metabolic syndrome 

compared with participants without the metabolic syndrome (Anne et al., 2020) .  

 (Willeit et al., 2017) suggest a possible diagnostic use of circulating miR‐

122-5p in the characterization of the progression of the metabolic syndrome, 

thereby determining whether individuals are metabolically unhealthy independent 

of the degree of obesity. study findings support a recent systematic review and 

meta‐analysis on the circulatory levels of miR-122 in relation to nonalcoholic fatty 
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liver disease showing a general upregulation of circulating miR-122 levels in 

nonalcoholic fatty liver disease (Esau et al. 2006).which supports notion that 

decreased miR-122 levels following weight loss could reflect improved liver 

steatosis (Anne et al., 2020).   

  miR-122 was downregulated in NAFLD, and this was correlated with 

increased expression of lipogenic genes in human livers (Cheung et al.,2008) 

Knockdown of miR-122 in HepG2 cells recapitulated the lipogenic gene 

expression profile observed in individuals with NAFLD. In this case, it seems 

likely that miR-122 downregulation is a compensatory mechanism that counters 

increasing hepatic lipid levels, rather than a causative agent in the development of 

NAFLD. Future studies should clarify this apparent discrepancy. In line with these 

observations, some of the above-mentioned reports have also shown that 

antagonism of miR-122, in both mice and nonhuman primates, not only lowers 

low-density lipoproteins levels but the levels of high-density lipoproteins (HDL) as 

well. These a priori adverse effects, together with the recently reported increased 

risk of developing hepatocellular carcinoma,( Hsu et al.,2012;, Tsai et al.,2012) 

challenge the therapeutic approach of miR-122 inhibition for the treatment of 

metabolic lipid diseases. 

 Finally,  circulating miRNAs are dysregulated in human obesity. Apart 

from detecting the involvement of aberrant circulating miR-122 under an obese 

state, we found that circulating miR-122 levels were closely correlated with 

glucose regulation and insulin sensitivity in adults (Okamatsu-Ogura et al.,2019). 

Most importantly,  that miR-122 was positively associated with increased odds of 

insulin resistance in humans, indicating its potential diagnostic value. so 

circulating miR-122 may act as a promising biomarker of obesity and insulin 

resistance (Wang et al.,2015; Willeit et al.,2017). 
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3. Materials and Methods: 

3.1. Materials 

3.1.1. Equipment and Instruments: 

 The equipment and instruments used in the current study have been listed in the 

tables below (table 3-1),( 3-2). 

Table (3-1): Equipment used in this study with their companies and countries 

of origin: 

No. Equipment Company Country 

1 Beakers AMSCO Germany 

2 Blood collection EDTA 

tube 

AFCO Jordan 

3 Cylinder (100 ml) AMSCO Germany 

4 Eppendroff tubes Eppendrof Korea 

5 Flasks AMSCO Germany 

6 Gloves Broche Malaysia 

7 Plain test tube AFCO-DISPO Jordan 

8 Rack Sterellin Ltd. UK 

9 Serum Gel Tube AFCO-DISPO Jordan 

10 Sterile syringes Sterile EO. China 

11 Tips Sterellin Ltd. UK 
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Table (3-2): Instruments used in this study with their companies and countries 

of origin: 

N

o 

Instrument  Company           Country 

1 Digital camera Sony  Japan 

2 Exispin vortex centrifuge    Bioneer  Korea 

3 High speed Cold 

Centrifuge 

Eppendorf Germany 

4 Hot plat stirrer Labtech  Korea 

5 Incubator Memmert  Germany 

6 Micropipettes (different 

volumes) 

Eppendorf  Germany 

7 Miniopticon Real Time 

PCR 

Bio-Rad USA 

8 Nanodrop Thermo Scientific UK 

9 Refrigerator Concord Lebanon 

10 Sensitive balance Sartorius  Germany 

11 T100 Thermal cycler PCR   BioRad  USA 

12 Vortex CYAN/  Belgium 

13 Water bath Kottermann  Germany 
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3.1.2. Chemicals and Biological Materials: 

 The chemicals and biological materials used in this study are listed in table (3-3). 

  

Table (3-3): Chemicals and Biological Materials used in this study with their 

companies and countries of origin. 

No. Chemicals Company Country 

1 Absolute Ethanol  Chem Belgium 

2 Agarose BioBasic  Canada 

3 Chloroform Chem Belgium 

4 DEPC water Bioneer Korea 

5 Ehidium Bromide             

(10 mg/ml) 

BioBasic  Canada 

6 Isopropanol Chem Belgium 

7 Ladder ( 50bp and 100 bp) iNtRON  Korea 

8 nuclease  free water Bioneer Korea 

9 TBE buffer 10X BioBasic  Canada 
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3.1.3. DNA Extraction Kits. 

    The DNA Extraction kits  used in this study (with their companies and countries 

of origin) are  listed in Table (3-4): 

Table (3-4): DNA Kit s Contents with their companies and countries of origin: 

No. Kit Company Country 

1 G-spin
TM

 Total DNA 

Extraction Kit 

iNtRON Korea 

 Buffer BL   

Buffer WA 

Buffer WB 

Buffer CE 

Spin column 

Collection tube 2ml 

Proteinase K 11mg/ml 

2 Maxime
 
PCR PreMix kit iNtRON Korea 

 Taq DNA polymerase 

dNTPs (dATP, dCTP, dGTP, 

dTTP) 

Tris.HCl pH 9.0 

KCl 

MgCl2 

 Loading dye 
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3.1.4  : RNA Extraction Kits. 

    The RNA Extraction kits  which used in this study (with their companies and 

countries of origin) are  listed in Table (3-5): 

Table (3-5): RNA Kit s Contents with their companies and countries of origin: 

No. Kit Company Country 

1   easy-BLUE™ Total RNA Extraction 

Kit 

iNtRON Korea 

 Trizol reagent 100ml 

2 DNase I enzyme kit Promega USA 

 DNase I enzyme 

10x buffer 

Free nuclease water 

Stop reaction 

3 HiSenScript RH (-) RT PreMix kit iNtRON Korea 

 RT Buffer, dNTPMixture 

DNase/RNase FreeWater 

HiSenScript™ RH(-) RT PreMix 

4 RealMOD
TM

 Green SF 2X qPCR mix iNtRON Korea 

 qPCR Master mix for SYBER Green dye 

hot start Taq DNA polymerase 

dNTPs (dATP, dCTP, dGTP, dTTP) and 

10X buffer 
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3.1.5. Primers  

   The Primers for miRNA33 and miRNA122 were design in this study by 

using (The Sanger Center miRNA database Registry) to selected miRNA sequence 

and using miRNA Primer Design Tool. Whereas, RFLP PCR primers for Catalase 

C-262T Gene were carried out according to (Despotovic et al., 2017), These 

primers and probe were provided by (Macrogen company, Korea) as listed in table 

(3-6):   

Table (3-6): Primer Sequence with their product size and references. 

SEQUENCE PRIMER 

185bp 

TAAGAGCTGAGAAAGCATAGCT F RFLP PCR 

Catalase C-262T 

Gene 
AGAGCCTCGCCCCGCCGGACCG R 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA

CTGCAAT 

RT primer 

(specific) hsa-miR-

33 

AACACGCGTGCATTGTAGTT F miR-33 qPCR 

primer GTCGTATCCAGTGCAGGGT R 

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACC

AAACA 

RT primer 

(specific) hsa-

miR-122 

AACCGGTGGAGTGTGACAAT F miR-122 qPCR 

primer GTCGTATCCAGTGCAGGGT R 

TCAGCCGCATCTTCTTTTGC F GAPDH 

qPCR primer TTAAAAGCAGCCCTGGTGAC R 
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3.1.6. Restriction enzyme. 

     The restriction enzymes used in RFLP-PCR assay with their company and 

country of origin (Despotovic et al., 2017) are listed in Table (3-7): 

Table (3-7): Restriction Enzymes with their company and country of origin 

Restriction enzymes 

 

Polymorphism Company/Country 

Sma I from Serratia 

marcescens Sb 

(SmaI) 

C/T New England Biolabs. UK 

 

3.1.7. Immunological Kit: 

      The immunological kit (Human monocyte chemotactic protein 1 /MCP1 

(CCL2) ELISA kit ) that use in this study with its company and country of origin 

are listed in table (3-8) 

Table (3-8): Immunological Kit with its company and country of origin.  

Immunological Kits Company Country 

Human monocyte chemotactic protein 1 

/MCP1 (CCL2) ELISA kit 

Abbexa Cambridge, UK 
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3.1.7.1. Human MCP1 (CCL2) enzyme –linked immunosorbent assay kit 

       This ELISA kit which used for the quantitative determination of MCP1 

(CCL2) concentration in serum with Its Components are listed in table   (3-9).  

Table (3-9): ELISA Kit Components for MCP1 (CCL2) Estimation. 

no. Reagent Quantity 

1 One pre-coated 96 Micro ELISA Plate 8 wells ×12 strips 

2 Standard 2 tubes 

3 Standard Diluent buffer 1vial 20mL 

4 Wash Buffer (30 x) 20ml. dilution : 1:30 

5 Detection Reagent A(100x) 120μL 

6 Detection Reagent B (100x) 120μL 

7 Diluent A  1vial 12mL 

8 Diluent B 1vial 12 mL 

9 TMB Substrate  1vial 9 mL 

10 Stop Solution 1vial 6 mL 

11 Plate Sealer  4 

 

3.2. Methods 

3.2.1. Patients and apparently healthy Control Subjects 

3.2.1.1. Study Design 

      A case-control study was conducted on the following study groups during the 

period from the first of November 2019 to the end of September 2020. In this study 
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patients were grouped into three groups:first: Obese patients group ,second: Obese 

and Hypertension patients group ,third: Obese , Hypertension and Diabetes 

Mellitus II patients group , each of these group include (30) patients mixed of 

males and females with age range 18-66 years old. Samples have been collected 

from Al-Diwaniyah Teaching Hospital. The patients were diagnosed clinically by 

physician as having at least three of the five metabolic disorder criteria factors to 

be diagnosed with metabolic syndrome. Patients were interviewed directly by 

using an anonymous questionnaire form which covered age, sex, Family size, 

Residence, Family history of obese, history of Hypertension, history of Diabetes, 

history of Heart disease and others (see appendix 1). in addition to forth group 

:apparently healthy individuals were clinically considered as a control group 

include (48) individual. This study was done in agreement with clinical ethical 

concern of  Al-Diwaniyah Teaching Hospital and verbal informed consent was 

obtained from all participants. 

3.2.1.2 Inclusion criteria 

3.2.1.2.1 Inclusion criteria of patients 

- Male and female subjects were 18 to 66 years of age. 

- Diagnosis of metabolic disease syndrome was carried out according to the 

physician and laboratory test.  

- No features of other diseases. 

- Patients with  obese, D.M., smoking and hypertension. 

- Whose families accepted to participate in the study. 
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3.2.1.2.2. Inclusion criteria of apparently healthy controls 

- Male and female subjects were 18 to 66 years of age. 

- volunteer with No current systemic diseases. 

- Spouse or friends but not a relative . 

- Whose families accepted to participate in the study. 

- Patients with no (obese, DM. II  and hypertension) and not received medications  

3.2.1.3. Exclusion Criteria 

3.2.1.3.1. Exclusion Criteria of Patients 

- Pregnant and lactating women were excluded because of the rapid increase in 

weight that is not in correlation with true Body Mass Index . 

- patients with secondary obesity like Cushing syndrome and hypothyroidism were 

excluded. 

- all ages under 18 years old and more than 66 years.. 

- Patients not consenting. 

- Patients with severe trauma , surgery or organ ischemia. 

2.2.1.3.2. Exclusion Criteria of apparently healthy  control 

- Subjects with any serious organ disorder. 

- Subjects younger than 18 years of age. 
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3.2.2 Diagnostic and classification criteria according to American 

Heart Association 

The patients were divided into three groups based on criteria approved by the 

American Heart Association  (AHA) which we adopted here in this study. These 

criteria was: 

•Elevated waist circumference: 

                -Men – greater than 40 inches (102 cm) 

                -Women – greater than 35 inches (88 cm) 

•Elevated triglycerides: Equal to or greater than 150 mg/dL (1.7 mmol/L) 

•Reduced HDL ("good") cholesterol: 

               -Men – Less than 40 mg/dL (1.03 mmol/L) 

               -Women – Less than 50 mg/dL (1.29 mmol/L) 

•Elevated blood pressure: Equal to or greater than 130/85 mm Hg or use of 

medication for hypertension 

•Elevated fasting glucose: Equal to or greater than 100 mg/dL (5.6 mmol/L) or 

use of medication for hyperglycemia 

3.2.3. Collection of Blood Samples: 

          Five milliliter of blood for each case of three groups and control groups were 

collected from vein puncture as follow: 
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- (2 ml) of blood collected in sterile test tubes (Plain tube) or Serum-separating 

tubes (SST), which contain a special  gel that separates blood cells from serum, 

as well as to cause blood to clot quickly within few minutes at room 

temperature then followed by separation of serum from the clot by 

centrifugation for 10 minutes at 2500 r.p.m. and stored at -20°C for MCP1 

ELISA assay procedure . 

-  (3 ml) of blood collected in K3-EDTA anticoagulated tube and stored at   -

20°C for DNA and RNA will extracted :  

 Quantified the expression  levels of  miRNA 122  and miRNA 33 by using 

real-time PCR after (RNA extraction).    

  In addition catalase gene polymorphism will be detected by using RFLP-

PCR after (DNA extraction), And the data will be analyzed along with 

clinical parameters. 

3.2.4. Catalase gene polymorphism detection : 

3.2.4.1. Genomic DNA Extraction  

         Genomic DNA was extracted from blood samples by using G-spin
TM

 Total 

DNA Extraction Kit and done according to company instructions as following 

steps: 

1. A 200μl of blood was transferred  to sterile 1.5ml microcentrifuge tube, and 

then added 20μl of proteinase K and mixed by vortex. And incubated at RT 

for 5 minutes. 

2. After that, 200μl of Buffer BL  was added to each tube and mixed by vortex 

vigorously, and then all tubes were incubated at 58℃ for 10 minutes, and  

inverted every 3 minutes through incubation periods. 
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3. A  200μl absolute ethanol were added to lysate and immediately mixed by 

shaking vigorously. 

4.  DNA spin column was placed in a 2 ml collection tube and transferred all of 

the mixture (including any precipitate) to column. Then centrifuged at 

10000rpm for 5 minutes. And the 2 ml collection tube containing the 

flow.through  were discarded and placed the column in a new 2 ml 

collection tube. 

5. A 600μl WA buffer were added to the DNA spin column, then centrifuge at 

10000rpm for 30 seconds. The flow.through was discarded and placed the 

column back in the 2 ml collection tube. 

6. A 600μl WB Buffer (ethanol) was added to each column. Then centrifuged 

at 10000rpm for 30 seconds. The flow.through was discarded and placed the 

column back in the 2 ml collection tube. 

7. All the tubes were centrifuged again for 3 minutes at 10000 rpm. to dry the 

column matrix. 

8. The dried DNA spin column was transferred to a clean 1.5 ml 

microcentrifuge tube and 50 μl of pre.heated CE buffer were added to the 

center of the column matrix. 

9. The tubes were let stand for at least 5 minutes to ensure the elution buffer 

was absorbed by the matrix. Then centrifuged at 10000 rpm. for 30 seconds 

to elute the purified DNA. 

3.2.4.2- Genomic DNA estimation 

            The extracted blood genomic DNA was checked by using Nanodrop 

spectrophotometer (THERMO. USA), which measured DNA concentration 

(ng/µL) and check the DNA purity by reading the absorbance at (260 /280 nm) . 
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3.2.4.3- Restriction fragment length polymorphism (RFLP)-PCR Technique 

      

 RFLP-PCR technique was performed for detecting Catalase C-262T Gene 

Variant gene polymorphism in metabolic diseases  patients and in healthy control 

blood samples.  This method was carried out according to Despotovic et al., (2017) 

as the following steps:   

 

3.2.4.3.1- PCR master mix preparation 

     PCR master mix was prepared by using (Maxime PCR PreMix kit) and this 

master mix done according to company instructions as following table: 

Table (3-10): PCR master mix preparation for each reaction: 

PCR Master mix Volume 

DNA template 5µl 

Forward primer (10pmol) 1µl 

Reveres primer (10pmol) 1µl 

Free nuclease water 13µl 

Total volume 20µl 

    

           After that, these PCR master mix component that mentioned in table above 

placed in standard Maxime PCR PreMix Kit that contains all other components 

which needed to PCR reaction such as (Taq DNA polymerase, dNTPs, Tris-HCl 

pH: 9.0, KCl, MgCl2,stabilizer, and loading dye).  Then, all the PCR tubes 

transferred into Exispin vortex centrifuge at 3000rpm for 3 minutes. Then placed in 

T100 thermal PCR Thermocycler.  
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3.2.4.2- PCR Thermocycler Conditions 

   PCR thermocycler conditions were done for each gene independent (Despotovic 

et al., 2017) as following tables: 

Table (3-11): PCR Thermocycler program:  

PCR step Temp. Time Repeat 

Initial denaturation 94°C 5min. 1 

Denaturation 94°C 30 sec. 35cycle 

Annealing 62°C 30 sec. 

Extension 72°C 30 sec. 

Final extension 72°C 5min 1 

Hold 4°C  - 

 

3.2.4.3- PCR product analysis  

         

The PCR products were analyzed by agarose gel electrophoresis following 

steps: 

1- prepare 2% Agarose gel  in using 1X TBE and dissolving in water bath at 100 

°C for 15 minutes, after that,  left to cool 50°C.  

2- Then 3µL of ethidium bromide stain were added into agarose gel solution. 

3- Agarose gel solution was poured in tray after fixed the comb in proper position 

after that, left to solidified for 15 minutes at room temperature, then the comb was 

removed gently .  
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4- The gel tray was fixed in electrophoresis chamber and filled by 1X TBE buffer. 

5- the tray and 10µl of PCR product were added in to each comb well and 5µl of 

(100bp Ladder) in First well. 

6- Then electric current was performed at 100 volt and 80 AM for 1hour. 

7- The PCR products were visualized by using UV transilluminator. 

 

3.2.4.4- RFLP-PCR mix preparation 

     RFLP-PCR mix was for Catalase C-262T Gene Variant gene polymorphism 

was prepared by using SmaI restriction enzyme (New England Biolabs. UK) and 

this master mix done independent according to company instructions as following 

table: 

Table (3-12): RFLP-PCR master mix preparation for each reaction: 

RFLP-PCR Master mix Volume 

PCR product 10µl 

SmaI Restriction enzyme 

buffer 10X 
2 µl 

SmaI (10 unit) 1 µl 

Free nuclease water 7 µl 

Total volume 20 µl 

 

         After that, this master mix placed in Exispin vortex centrifuge at 3000rpm for 

2 minutes, then transferred into incubation at 37°C for overnight. After that, RFLP-

PCR product was analysis by 3% agarose gel electrophoresis methods that mention 

in PCR product analysis. The  (CC) wild type homozygote, the product was 

digested by restriction enzyme into  155bp and invisible 30bp band. The (TT) 



Chapter three                                             Materials and Methods 
 
 

54 
 

mutant type homozygote, the product  was undigested by restriction enzyme and 

still 185bp band. The (C/T) heterozygote, the product was digested by restriction 

enzyme into  185bp, 155bp and invisible 30bp band. 

 

3.2.5. STEM-LOOP RT-qPCR  

           The stem loop RT-qPCR was used in quantification of miRNA33 and 

miRNA122  expression analysis that normalized by housekeeping gene (GAPDH) 

in whole blood patients and normal samples by using Real-Time PCR technique 

and this method was carried out according to method described by Varkonyi and 

Hellens ,(2011) and include the following steps: 

 

3.2.5.1. Total RNA extraction 

       Total RNA were extracted from whole blood samples by using (TRIzol® 

reagent kit) and done according to company instructions as following steps: 

1- A 250µl whole blood samples were placed in 1.5 microcentrifuge tube then 

750µl TRIzol® reagent was added to each tubes.  

2- Then, 200μl chloroform was added to each tube and shaken vigorously for 60 

seconds. 

3- The mixture was incubated on ice for 5 minutes. Then centrifuged at 12000 

rpm., 4C°, for 15 minutes. 

5- Supernatant was transferred into a new eppendorf tube, and 500μl isopropanol 

was added. Then, mixture mixed by inverting the tube 4-5 times and incubated 

at 4C° for 10 minutes. Then, centrifuged at 12,000 rpm. , 4C° for 10 minutes. 

8- Supernatant was discarded, and 1ml 80% Ethanol was added and mixed by 

vortex again. Then, centrifuge at 12000 rpm, 4C° for 5 minutes. 
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9- The supernatant was discarded and the RNA pellet was left to air to dry. 

12- 50μl DEPC water was added to each sample to dissolve the RNA pellet, Then, 

the extracted RNA sample was kept at -20. 

 

3.2.5.2. Estimation RNA yield and quality 

    The extracted genomic RNA was checked by using Nanodrop 

spectrophotometer (THERMO. USA) that check RNA concentration and 

estimation of RNA purity through reading the absorbance in at (260 /280 nm) . 

 

3.2.5.3. DNase I Treatment 

     The extracted RNA were treated with DNase I enzyme to remove the trace 

amounts of genomic DNA from the eluted total RNA by using samples (DNase I 

enzyme kit) and done according to method described by Promega company( USA) 

instructions as follow:  

 

Table (3-13): DNase I Treatment preparation for each reaction: 

Volume Mix 

10 µl Total RNA 100ng/ µl 

1 µl DNase I enzyme 

4 µl 10X buffer 

5 µl DEPC water 

20 µl Total 

After that, The mixture was incubated at 37C° for 30 minutes. Then, 1μl 

stop solution was added and incubated at 65C° for 10 minutes for inactivation of 

DNase enzyme action. 
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3.2.5.4. cDNA synthesis 

3.2.5.4.1. cDNA synthesis for miRNA33 and miRNA122  

         DNase-I treated RNA samples were used in miRNA cDNA synthesis step for 

21miRNA by using  HiSenScript RH (-) RT PreMix kit and done according to 

company instructions as following table (3-14):  

Table (3-14): cDNA master mix : 

RTmaster mix Volume 

Total RNA 100 ng/ µl 10 µl 

miRNA RT primer 20 pmol 2 µl 

DEPC WATER 8 µl 

TOTAL 20 µl 

 

           Then the tubes were placed in vortex and briefly spinning down. The RNA 

converted into cDNA in thermocycler under the following thermocycler conditions 

,Table(3-15): 

Table (3- 15): cDNA thermocycler program: 

Time Temperature Step 

1 hour 42 °C cDNA synthesis (RT step) 

5 minutes 95 °C Heat inactivation 
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3.2.5.4.2.  cDNA synthesis for GAPDH gene   

     DNase-I treated RNA samples were also used in cDNA synthesis step for 

GAPDH gene  by using M-MLV Reverse Transcriptase kit and done according to 

company instructions as following table (3-16), (Appendix VI):  

Table (3-16): GAPDH gene  RT master mix :  

RTmaster mix Volume 

Total RNA 100 ng/ µl 10 µl 

Random Hexamer primer 2 µl 

DEPC WATER 8 µl 

TOTAL 20 µl 

 

         Then the tubes were placed in vortex and briefly spinning down. The RNA 

converted into cDNA in thermocycler under the following thermocycler conditions 

, table (3-17): 

Table(3-17): GAPDH gene  thermocycler conditions: 

Time Temperature Step 

1 hour 42 °C cDNA synthesis 

(RT step) 

5 minutes 95 °C Heat inactivation 
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3.2.5.5.  miRNA qPCR master mix preparation   

       

  qPCR master mix was prepared by using RealMODTM Green SF 2X qPCR 

mix kit that dependant on SYBER Green dye detection of gene amplification in 

Real-Time PCR system and include the follow table (3-18): 

 

table (3-18): miRNA qPCR master mix preparation (Standard protocol)  

Volume qPCR master mix 

5µL miRNA cDNA template (20ng) 

1µL Forward primer(10pmol) 

1µL Reverse primer (10pmol) 

10 µL qPCR master mix 

3µL DEPC water 

20 µL Total 

      

          After that, these qPCR master mix component that mentioned above placed 

in qPCR premix standard plate tubes that contain the other PCR  amplification 

components, then the plate mixed by Exispin vortex centrifuge for 3 minutes, then 

placed in Miniopticon Real-Time PCR system. 

3.2.5.6.  miRNA qPCR Thermocycler conditions  

       After that, the qPCR plate was loaded and the following thermocycler protocol 

in the following table(3-19): 
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Table (3-19): miRNA qPCR Thermocycler conditions 

Repeat cycle Time Temperature qPCR step 

1 5min 95 °C Initial Denaturation 

40 20 sec 95 °C Denaturation 

30 sec 60 °C Annealing\Extention 

Detection(scan) 

 

3.2.5.7. Quantitative Real-Time PCR (qPCR)  

     The quantitative Real-Time PCR used in quantification of housekeeping gene 

(GAPDH) that used in normalization of  miRNA33 and  miRNA122 expression 

analysis as following steps: 

1- qPCR master mix preparation   

     qPCR master mix was prepared by using RealMODTM Green SF 2X qPCR 

mix kit and include the follow, table (3-20): 

table (3-20): qPCR master mix preparation   

Volume qPCR master mix 

5µL cDNA template (20ng) 

1µL Forward primer(10pmol) 

1µL Reverse primer (10pmol) 

10 µL qPCR master mix 

3µL DEPC water 

20 µL Total 
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 After that, these qPCR master mix component that mentioned above placed 

in qPCR premix standard plate tubes that contain the other PCR SYBR green dye 

amplification components, then the plate mixed by Exispin vortex centrifuge for 3 

minutes, then placed in Miniopticon Real-Time PCR system. 

2- qPCR Thermocycler conditions 

After that, the qPCR plate was loaded and the following thermocycler protocol in 

the following table, Table (3-21): 

Table (3-21): qPCR Thermocycler conditions 

Repeat cycle Time Temperature qPCR step 

1 5min 95 °C Initial Denaturation 

40 20 sec 95 °C Denaturation 

30 sec 58 °C Annealing\Extention 

Detection(scan) 

 

3.2.5.8. Data analysis of qPCR  

      The data results of qPCR for miRNA and housekeeping gene were analyzed by 

the relative quantification gene expression levels (fold change) by using The ΔCT 

Method Using a Reference that described by (Livak and Schmittgen, 2001) as 

following equations: 

First, normalize the CT of the target gene to that of the reference (ref) gene, for 

both the test sample and the control sample: 
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∆CT(test) = CT(target, test) – CT(ref, test) 

∆CT(control) = CT(target, control) – CT(ref, control) 

Second, normalize the ∆CT of the test sample to the ∆CT of the control: 

∆∆CT = ∆CT(test) – ∆CT(control) 

Finally, calculate the expression ratio: 

2
–∆∆CT

 = Normalized expression ratio 

3.2.6. Immunological study 

        The reagents preparation and assay procedure were carried out according to 

manufacturer’s description. 

3.2.6.1. Enzyme–linked immunosorbent assay of MCP1 (CCL2) 

3.2.6.1.1. Assay Principle 

This kit was based on sandwich enzyme-linked immuno-sorbent assay 

technology. An antibody is pre-coated onto a 96-well plate. Standards, test 

samples, and biotin-conjugated reagent are added to the wells and incubated. The 

HRP-conjugated reagent is then added, and the whole plate is incubated. Unbound 

conjugates are removed using wash buffer at each stage. TMB substrate is used to 

quantify the HRP enzymatic reaction. After TMB substrate is added, only wells 

that contain sufficient CCL2 will produce a blue coloured product, which then 

changes to yellow after adding the acidic stop solution. The intensity of the yellow 

colour was proportional to the CCL2 amount bound on the plate. The Optical 
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Density (OD) was measured spectrophotometrically at 450 nm in a microplate 

reader, from which the concentration of CCL2 can be calculated. 

 

3.2.6.1.2. Reagent Preparation : 

1) Standard: Prepare the standard with the recommended volume of Standard 

Diluent Buffer, to make the standard solution. Then use the Standard Diluent 

buffer to carry out serial dilutions of the standard solution, as instructed in the 

Protocol.  

2) Wash Buffer: Dilute the concentrated Wash Buffer with distilled water, as 

instructed in the Protocol.  

3) Detection Reagent Preparation: Calculate the total volume of working solution 

required. Dilute Detection Reagent A and Detection Reagent B with Diluent A and 

Diluent B, respectively, at 1:100. 

3.2.6.1.3. Assay Procedure 

     Before begging the assay, all kit reagents and samples were brought at room 

temperature. 

1.A 100μL of Standard, Blank, or Sample were added per micro ELISA plate well. 

The blank well is added with Reference Standard  Dilute. After that solutions 

mixed gently and cover the plate with sealer, and then incubated for 60 minutes at 

37℃.  

2.Removed the liquid without washing the plate. 



Chapter three                                             Materials and Methods 
 
 

63 
 

2. Aliquot 100 µl of Detection Reagent A: The liquid of each well were removed, 

and immediately 100μL Detection A working solution was added to each well and 

covered with the plate sealer and then incubated for 1 hour at 37°C. 

3. Wash: All plate wells were aspirated and washed, and repeated the process three 

times. The wash done by filling each well with Wash Buffer (approximately 

350μL) using a squirt bottle.  

4. Aliquot 100 µl of Detection Reagent B working solution was added to each well 

and covered with the plate sealer. And then incubated for 30 minutes at 37°C. 

 5. Wash: The wash process was repeated for five times as conducted in step 3.  

6. Substrate: 90μL of TMB substrate Solution was added to each well and covered 

with a new Plate sealer, then incubated for about 10-20 minutes at 37°C.  

7. Stop: 50μLof Stop Solution was added to each well. Then, the color turns to 

yellow immediately.  

8. OD Measurement: for determine the optical density (OD value) of each well at 

once, used a micro-plate reader set at 450 nm.  

3.2.6.1.4. Calculation of results: 

The ELISA results were calculated depending on the average of the duplicate 

readings for each standard and samples optical density. Then create a standard 

curve by plotting the mean OD value for each standard on the y-axis against the 

concentration on the x-axis and draw a best fit curve through the points on the 

graph. 
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3.2.6.1.5. Standard Curve For MCP1 Human ELISA. 

Figure (3-1): Standard curve for MIF Human ELISA . 

3.3. Statistical analysis 

Data were collected, summarized, analyzed and presented using statistical package 

for social sciences (SPSS) version 23 and Microsoft Office Excel 2010. 

Qualitative (categorical) variables were expressed as number and percentage, 

whereas, quantitative (numeric) variables were first evaluated for normality 

distribution using Kolmogorov-Smirnov test, and then accordingly normally 

distributed numeric variables were expressed as mean (an index of central 

tendency) and standard deviation (an index of dispersion), while those numeric 

variables that are not normally distributed were expressed as median (an index of 

central tendency) and inter-quartile range (an index of dispersion). The following 

statistical tests were used: 

1. Chi-square test was used to evaluate association between any two 

categorical variables provided that less than 20 % of cells have expected 

count of less than 5.  

y = 432.45x - 37.647 
R² = 0.9938 
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2. One way analysis of variance (ANOVA) was used to evaluate difference in 

mean of numeric variables among more than two groups provided that these 

numeric variables were normally distributed; but Kruskal Wallis test was 

chosen in case of non-normally distributed variables. One way ANOVA 

was followed by pos hoc LSD test to evaluate individual differences in 

mean values between any two groups among groups tested primarily using 

one way ANOVA; whereas, Kruskal Wallis test was followed by Mann 

Whitney U test for the same purpose in case of non-normally distributed 

numeric variables.  

3. Spearman correlation was used to evaluate the correlation between any 2 

numeric variables and the results were expressed as correlation co-efficient 

(r) and the level of significance (P). 

4. In order to detect the cutoff value that predict a positive finding, receiver 

operator characteristic (ROC) curve analysis was used with its 

corresponding area under the curve (AUC), accuracy level, sensitivity, 

specificity and level of significance (P).  

5. Risk analysis was done based on odds ratio calculation with corresponding 

95% confidence interval in addition to calculation of etiologic fraction when 

odds ratio is > 1 and the preventive fraction when the odds ratio is < 1.   

The level of significance was considered at P-value of equal or less than 0.05. The 

level of high significance was considered at P-value of equal or less than 0.01.   
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4. Results 

4.1. Demographic characteristics of patients and control subjects.. 

Some Demographic characteristics of patients and control subjects are 

shown in table 4.1.  There were significant difference in mean age among study 

group (p < 0.001) according to the following order: The highest age was observed 

in patients with central obesity, hypertension and diabetes (53.93 ±5.94 years) 

followed by patients with central obesity and hypertension (48.30 ±8.51 years) 

then patients with only central obesity (39.50 ±7.82 years) compared with control 

subjects (30.90 ±7.57 years), as shown in (figure 4.1).  

The present  study, demonstrated that occurrence of MetS to increase with 

age  , such data could be explained according to the fact that link  biochemical 

changes with aging process and metabolic syndrome/diabetes  (Stout et al.,2017) , 

Advancing age is associated with progressive declines in physiological function 

that lead to overt chronic disease, frailty, and eventual mortality. Importantly, age-

related physiological changes occur in cellularity, insulin-responsiveness, secretory 

profiles, and inflammatory status of adipose tissue, leading to adipose tissue 

dysfunction (Burhans et al.,2018 ; Zatterale et al.,2020). Although the mechanisms 

underlying adipose tissue dysfunction are multifactorial, the consequences result in 

secretion of proinflammatory cytokines and chemokines, immune cell infiltration, 

an accumulation of senescent cells, and an increase in senescence-associated 

secretory phenotype (SASP) (Cuollo et al.,2020). These processes synergistically 

promote chronic sterile inflammation, insulin resistance, and lipid redistribution 

away from subcutaneous adipose tissue. Without intervention, these effects 

contribute to age-related systemic metabolic dysfunction, physical limitations, and 

frailty. Thus adipose tissue dysfunction may be a fundamental contributor to the 



Chapter Four                                                              Results and Discussion 
  

67 
 

elevated risk of chronic disease, disability, and adverse health outcomes with 

advancing age (Stout et al.,2016). 

A European study reported a prevalence of approximately 10, 20 and 38% in 

19–39, 40–49 and 60–78 year age ranges respectively (Vishram et al.,2014) , which 

means also there’s increase of Mets  with age as it came with present results. The 

onset of MetS in the middle east  population is approximately twice as early 

compared to European populations. Increase of prevalent central obesity , 

hypertension and DM in the current study reflected the transition to urban 

lifestyles, dietary changes and lack of health education, for which a low healthcare 

coverage and inefficient health care system (Ling et al.,2011). 

With aging, there is a chance for having all criteria of Mets. may be due to 

adipose tissue undergoes dramatic changes in functional capacity, which is 

implicated in systemic pro-inflammatory status and several other biological 

hallmarks of aging, including cellular senescence, mitochondrial dysfunction, 

metabolic declines, and dysregulated nutrient sensing pathways(Stout et al.,2016). 

This cascade of molecular and cellular changes in adipose tissue can drive 

systemic pathophysiological processes that result in age-related chronic disease 

such as diabetes,  atherosclerosis which come from Circulation of reactive oxygen 

species (free radicals), e.g., from accumulative effect of smoking or air pollutants 

or prolong use of medications as well as declines in physical function and frailty. 

adipose tissue dysfunction may be a fundamental contributor to the elevated risk of 

chronic disease, disability, and adverse health outcomes with advancing age. 

Regarding the frequency distribution of patients and subjects according to 

gender there were overall no significant variation (p = 0.113); however, In present  

study the overall central  obesity alone was similar among men and women, and it 
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was observed that patients in group with central obesity and hypertension were 

mostly women (21 (70.0 %). . Factors positively may associated with hypertension 

correlated in woman were old age, low education,  low physical activity  and high 

BMI and pregnancy also ,the central  obesity and hypertension was higher among 

women (associated with female sex) and this agree with the result of (Zhang et 

al.,2019; Craig et al.,2020) who found the prevalence of obesity in females was 

indeed significantly higher than that in males and the prevalence of hypertension in 

females also seemed to be higher than that in males because there were a consistent 

correlation between suboptimal health status and systolic blood pressure, total 

cholesterol, and high-density lipoprotein cholesterol in males and females, and that 

suboptimal health status is more prevalent in females than in males (Yan et 

al.,2011). This may be explicable reason of sex difference in hypertensive and 

obesity In terms of the effect of overweight on hypertension which suggested the 

risk of hypertension in females was increased by a much larger increment with the 

rise of BMI than that in males. So, strict weight control appeared to be of great 

importance to females.( Gao et al.,2016). This no significant variation according to 

gender in the present  results were not agree with study done in Qatar where the 

men (56.7%) had a higher prevalence compared to women (42.5%) according to  

(Syed et al.,2020) study , but in the European population, MetS was more 

prevalent in women (32.1%) compared to men (19.9%) (Vishram et al.,2014). 

Similarly, a systematic review reported a higher prevalence of MetS in women 

(32.1 to 42.7%) compared to men (20.7 to 37.2%) in Gulf Cooperative Council 

countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab 

Emirates) (Mabry et al.,2010). Individuals who developed Type II DM were more 

likely to be older and males with higher BMI, WC(waist circumference), 

TC(triglyceride), BP, and FPG(Fasting Plasma Glucose) values than those without 

T II DM here our results was agree with (Lee et al.,2020).  
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Table 4.1: Demographic characteristics of patients and apparently healthy 

control subjects  

Characteristi

c 

Contro

l  

n = 48 

central 

obesity  

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes n = 30 

P 

Age (years) 
 

   
 

Mean 

±SD 

30.90 

±7.57 

D 

39.50 

±7.82 

C 

48.30 ±8.51 

B 

53.93 ±5.94 

A 

< 

0.001 

O 

HS Range 18 -55 25 -54 30 -66 42 -65 

Sex 
 

   
 

Male, 

n (%) 

23 

(47.9) 
18 (60.0) 9 (30.0) 16 (53.3) 0.113 

C 

NS 
Female

, n (%) 

25 

(52.1) 
12 (40.0) 21 (70.0) 14 (46.7) 

n: number of cases; SD: standard deviation; O: one way ANOVA; C: Chi-square test; HS: 

highly significant at p ≤ 0.01; NS: not significant at p > 0.05; Capital letters A, B, C and D were 

used to indicate level of significance following post hoc Dunnett’s T3 multiple comparison test 

so that different letters indicate significant difference at p ≤ 0.05  

 

 

 

Figure 4.1: Bar chart showing comparison of mean age among study groups 
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4.2. Family history 

The rate of positive family history of metabolic syndrome in patients and 

control subjects is shown in table 4.2. There was highly significant variation in this 

rate (p < 0.001), as there were no control subject with positive family history. The 

highest rate was observed in group of central obesity and hypertension (66.7%)  

and group of central obesity,hypertension and diabetes (66.7%) and this rate was 

significantly higher than that seen in patients with only central obesity (33.3 %) (p 

< 0.05).  

Table 4.2: The rate of positive family history of metabolic syndrome in 

patients groups and apparently healthy control subjects 

Family 

history 

Control  

n = 48 

central 

obesity 

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes  

n = 30 

P 

Positive, n 

(%) 

0 (0.0) 

C 

10 (33.3) 

B 

20 (66.7) 

A 

20 (66.7) 

A 
< 

0.001 

C 

HS 
Negative, 

n (%) 
48 (100.0) 20 (66.7) 10 (33.3) 10 (33.3) 

n: number of cases; C: Chi-square test; HS: highly significant at p ≤ 0.01; Capital letters A, B, C 

and D were used to indicate level of significance following Chi-square or Fischer exact tests 

between every two groups so that different letters indicate significant difference at p ≤ 0.05 

whereas similar letter indicate no significant difference at p > 0.05 

 

According to the present results it is possible to say that the more severe the 

metabolic disorder and the development of its components, it is under the influence 

of a family history of the disease. 

There were a strong genetic basis for MetS components; therefore, people 

with a family history of MetS could be regarded to be at higher cardiovascular risk 

and included in early preventive efforts to reduce those risk factors. apparently 

healthy offspring of parents with MetS may demonstrate metabolic alterations that 
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are typical for MetS.and this finding was in agreement with Lipińska et al.,(2014). 

A strong genetic basis of the components of MetS has been revealed in several 

studies. Family history reflects both inherited genetic susceptibilities and shared 

environmental exposures that include cultural factors (Albuquerque et al.,2017). In 

agreement with present findings, individuals with a family history of MetS were 

found to have abnormal BMI and lipid disorders. Moreover, individuals with a 

parental history of hypertension, IHD, stroke, or DM were more likely to develop 

MetS or insulin resistance than subjects without a family history of these 

conditions. Typically, family history is associated with risk awareness and risk-

reducing behaviors. Thus, it can be a useful tool to identify increased-risk 

individuals and target behavior modifications that could potentially delay disease 

onset and improve health outcomes (Baptiste-Roberts et al.,2011). Young people 

with a family history of chronic disease should be regarded as being at higher 

cardiometabolic risk and included in early screening and preventive efforts to 

reduce those inter-relating and interacting risk factors. Many diabetologists have 

supposed that a family history of diabetes has influence on the metabolic aspects of 

patients (Bener et al.,2014). 

Furthermore, a parental history of MetS increases the risk of developing 

MetS among their offspring. This is advocated by the findings that genetic factors 

may account for as much as 50% of the variable in level of the MetS traits in 

offspring according to several studies such as Harrison et al., (2003) and Siewert et 

al.,(2007), It was clear from present study that the proportions of subjects with 

family history of MetS who have DM and hypertension were significantly higher 

than that who did not have DM and hypertension. Genetics and genomics provide a 

major opportunity to investigate the remaining variability of BP. Data from family 

studies suggested that BP was moderately heritable (30–50%) (Zuk et al.,2012).  
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Abundant evidence from family studies has demonstrated genetic influence 

for familial clustering of MetS-related traits including obesity, insulin resistance, 

dyslipidemia, and hypertension as explained in (Xiang et al.,2001) study. The 

genetic correlation extends to novel risk factors associated with inflammation, 

impaired fibrinolytic activity, and hyperuricemia. Only a few studies have partly 

addressed this issue (Freeman et al.,2003; Kent et al.,2004; de Maat et al.,2004;  

Best et al.,2004). 

4.3. The rate of hypertriglyceridemia in patients and control 

subjects  

The rate of hypertriglyceridemia in patients and control subjects is shown in 

table 4.3. There were highly significant variation in this rate (p < 0.001), as there 

was no control subject with hypertriglyceridemia. The highest rate was observed in 

group of central obesity and hypertension and group of central obesity , 

hypertension and diabetes (90.0 %) and (100.0 %), respectively, these rates were 

significantly higher than that seen in patients with only central obesity (30.0 %) (p 

< 0.05).   

Table 4.3: The rate of hypertriglyceridemia in patients groups and apparently 

healthy control subjects  

Triglycer

ide 

Control  

n = 48 

central 

obesity  

n = 30 

central obesity  and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes  

n = 30 

P 

High, n 

(%) 

0 (0.0) 

C 

9 (30.0) 

B 

27 (90.0) 

A 

30 (100.0) 

A 
< 

0.001 

C 

HS 
Normal, n 

(%) 
48 (100.0) 21 (70.0) 3 (10.0) 0 (0.0) 

n: number of cases; C: Chi-square test; HS: highly significant at p ≤ 0.01; Capital letters A, B, C 

and D were used to indicate level of significance following Chi-square or Fischer exact tests 

between every two groups so that different letters indicate significant difference at p ≤ 0.05 

whereas similar letter indicate no significant difference at p > 0.05 
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In the present study, there were an increase in the concentration of 

triglycerides in the blood with an increase in the severity of the metabolic disorder. 

High triglycerides associated to atherosclerosis , thickening of the artery walls 

(atherosclerosis) increases the risk of stroke, heart attack and heart disease (Virani 

et al.,2020) . high triglycerides can lead to severe inflammation of the pancreas 

(pancreatitis) (Munoz et al.,2020). High triglycerides are often a sign of other 

conditions that increase the risk of heart disease and stroke, including obesity and 

metabolic syndrome: It is a group of conditions that include a very large amount of 

fat around the waist, high blood pressure, high triglycerides, high blood sugar and 

abnormal cholesterol levels (Shmerling,2020). 

Hypertriglyceridemia (HTG) is a very common problem in clinical practice 

with a prevalence of approximately 10%. The cause of  Elevations in plasma 

triglyceride are the result of overproduction and impaired clearance of triglyceride-

rich lipoproteins—very low-density lipoproteins (VLDL) and chylomicrons 

(Packard et al., 2020). The elevated risk of atherosclerotic cardiovascular disease 

in hypertriglyceridemia is believed to result from the exposure of the artery wall to 

these aberrant lipoprotein species. Plasma triglyceride (TG) concentration is a 

biomarker for TG rich lipoproteins (TRL) and their remnants, which have emerged 

as important contributors to atherosclerotic cardiovascular disease and pancreatitis 

(Laufs et al., 2020).So, rates of hypertriglyceridemia were significantly higher in 

patients with hypertension and DM along with obesity than that seen in patients 

with only central obesity that’s come in present results. The present study has 

revealed a hypertriglyceridemia is in patients with established hypertension and 

diabetes thus its come in agreement with the results of Lawler et al.,(2020) , Toth 

et al.,(2019) andBoden et al.,(2019). 
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4.4. The rate of smoking in patients and apparently healthy control 

subjects 

The rate of smoking in patients and control subjects is shown in table 4.4. 

Control group,while smoking was seen in all patients’ groups; therefore, the 

variation in rate of smoking was highly significant (p = 0.002). The highest rate 

was seen in central obesity group and group of central obesity, hypertension and 

diabetes, 22 (73.3 %) for each and followed by central obesity and hypertension 

group 24(80.0 %); however, there was no significant difference among patients’ 

groups (p > 0.05).   

Table 4.4: The rate of smoking in patients and apparently healthy control 

subjects 

Smoking 
Control  

n = 48 

Obese  

n = 30 

Obese  

and 

hypertension  

n = 30 

Obese 

hypertension  

and diabetes  

n = 30 

p 

Non Smoker, n 

(%) 

48 

(100.0) 

B 

8 (26.7) 

A 

6 (20.0) 

A 

8 (26.7) 

A 
0.002 

C 

HS 
Smoker, n (%) 0 (00.0) 

22 

(73.3) 
24 (80.0) 22 (73.3) 

n: number of cases; C: Chi-square test; HS: highly significant at p ≤ 0.01; Capital letters A, B, C 

and D were used to indicate level of significance following Chi-square or Fischer exact tests 

between every two groups so that different letters indicate significant difference at p ≤ 0.05 

whereas similar letter indicate no significant difference at p > 0.05 

 

One of the major advances in understanding the link between cigarette 

smoke and cardiovascular diseases came in 1992 from a study that used insulin-

mediated glucose uptake techniques to show that smokers are more insulin 

resistant (and had compensatory hyperinsulinaemia) than nonsmokers (Facchini et 

al.,1992). Smokers also have higher plasma levels of triglycerides and lower levels 

of HDL cholesterol (Facchini et al.,1992).. These findings have since been 
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reproduced in numerous studies ( Kong et al.,2001) and support the notion that 

insulin resistance leads to dyslipidaemia and endothelial dysfunction (Steinberg et 

al.,1996) in smokers. Smoking is also a major risk factor for nonalcoholic fatty 

liver disease (Sinha et al.,2014). Although normal in some individuals, excess fat 

deposition in the liver can lead to liver inflammation and scarring in severe cases, 

liver failure (Farrell  et al.,2008; Postic and Girard,2008; Trauner et al.,2010) . 

Both current and former smokers had more visceral adipose tissue (VAT) 

than those who had never smoked (Lee et al.,2012).   Ex-smokers,  had more 

visceral adiposity, a larger ratio of visceral to subcutaneous adipose tissue and a 

higher incidence of elevated plasma triglyceride levels, hyperglycaemia and the 

metabolic syndrome than nonsmokers according to  (Harris et al.,2016). 

 

4.5. Physical activity and metabolic syndrome 

 

The rate of regular physical activity in patients and control subjects is shown 

in table 4.5. The highest rate of regular physical activity was seen in control 

subjects (25.0 %) followed by central obesity group (20.0 %), with no significant 

difference between these two groups (p > 0.05), then followed by central obesity 

and hypertension groups (10.0 %), this rate was significantly lower than central 

obesity group (p < 0.05). The last group, central obesity , hypertension and 

diabetes group included patients with no regular physical activity.   
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Table 4.5: Physical activity of patients and apparently healthy control subjects 

Physical 

activity 

Control  

n = 48 

central 

obesity 

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes  

n = 30 

P 

Yes, n (%) 
12 (25.0) 

A 

6 (20.0) 

A 

3 (10.0) 

B 

0 (0.0) 

C 
0.018 

C  

S 

No, n (%) 36 (75.0) 24 (80.0) 27 (90.0) 30 (100.0) 

n: number of cases; C: Chi-square test; S: significant at p ≤ 0.05; Capital letters A, B, C and D 

were used to indicate level of significance following Chi-square or Fischer exact tests between 

every two groups so that different letters indicate significant difference at p ≤ 0.05 whereas 

similar letter indicate no significant difference at p > 0.05 

 

Lifestyle factors such as diet and physical activity can strongly influence 

metabolic parameters such as FPG( Fasting Plasma Glucose), triglycerides, HDL-

cholesterol, BP, and waist circumference (Huang et al., 2015). Clinical trials have 

shown that lifestyle modifications can substantially reduce the risk of developing 

diabetes for example according to the study done by Knowler,  et al.,(2002), who 

demonstrated that   exercise prevented the accumulation of senescent cells and 

alleviated the functional declines that accompanied the diet. Progressive declines in 

physical function are principal factors associated with frailty, sedentary behavior 

may effect on Redistribution of lipid due to adipose tissue dysfunction and may 

lead to functional declines (Palmer and Kirkland,2016; De Carvalho et al.,2019 ). 

advancing weight results in an increase in lipid infiltration into muscle, including 

intermuscular adipocytes along with intramuscular (within muscle but between 

fibers) and intramyocellular lipid accumulation which have been implicated in 

functional impairments in obese adults (Biltz et al.,2020) ,There is a strong inverse 

relationship between the number and size of myofiber lipid droplets and loss of 

contraction speed and power generation of single muscle fibers and these likely 
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contribute to reduced muscle force  (Choi et al.,2016). Thus there are links 

between amount and location of fat and muscle function at the cellular and 

systemic levels  adults, and these impairments could limit functional ability 

important for mobility. Such effects on function are further compounded when 

accompanied by sedentary behavior, since muscular lipid redistribution and 

physical inactivity can exacerbate lipotoxicity and blunt anabolic signaling within 

muscles (Stout et al.,2017). 

Both observational and interventional studies suggest an important role for 

physical activity and higher fitness in mitigating the metabolic syndrome. Each 

component of the metabolic syndrome is, to a certain extent, favorably influenced 

by interventions that include physical activity. Given that the prevalence of the 

metabolic syndrome and its individual components (particularly obesity and insulin 

resistance) has increased significantly in recent decades(Myers et al.,2019). 

The results confirmed that physical activity had a favorable effect on 

reducing the occurrence of metabolic syndrome and this agree with the study of 

Lee et al.,(2016) who explain that the effects of physical activity varied 

significantly depending on the type and frequency of the physical activity 

participation. Regular physical activity and the avoidance of physical inactivity are 

key principles for the prevention of metabolic syndrome . 

  However, the present study demonstrated that the lack or decrease in the 

performance of physical exercises in patients groups in general, and this may 

related  reasons  :. First, the inability of the participants to have an adequate 

adherence to the nutritional intervention at home, lack of support from their 

families to implement new healthy behaviors, and lack of possibility for the 

participants to develop two different menus due to cost and time. Secondly, the 
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inability to perform the 30 min of daily physical activity due to a lack of time 

(work, chores, commute) or not having an adequate place to exercise 

(overcrowding or unsafe conditions). These findings on the cultural and 

environmental conflicts are not new. 

 

4.6. The rate of intake of chronic medications use in patients and 

control subjects 

The rate of intake of chronic medications use in patients and control subjects 

is shown in table 4.6. Both central obesity and hypertension group and central 

obesity , hypertensive and diabetic group included members who are on regular 

chronic medications for control of hypertension and diabetes.   

 

Table 4.6: The rate of intake of chronic medications use in patients and 

apparently healthy control subjects 

Medicati

ons 

Control  

n = 48 

central 

obesity 

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes  

n = 30 

P 

Yes, n 

(%) 

0 (0.0) 

B 

0 (0.0) 

B 

28 (93.3) 

A 

30 (100.0) 

A 
< 

0.001 

C 

HS 
No, n 

(%) 
48 (100.0) 30 (100.0) 2 (6.7) 0 (0.0) 

n: number of cases; C: Chi-square test; HS: highly significant at p ≤ 0.01; Capital letters A, B, C 

and D were used to indicate level of significance following Chi-square or Fischer exact tests 

between every two groups so that different letters indicate significant difference at p ≤ 0.05 

whereas similar letter indicate no significant difference at p > 0.05 

 

Moderately intense physical activity, such as 30–45 min of brisk walking 

most days of the week, has been shown to lower blood pressure (Brook et 

al.,2013). Regular exercise may lower blood pressure, necessitating dose 
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adjustment of antihypertension medications (Colberg et al.,2016). β-Blockers may 

reduce maximal exercise capacity, while diuretics may increase risk of 

dehydration. Physical activities should be promoted in all patients including older 

adults with physical limitations. The type and intensity of physical activities should 

be adapted to the preferences and functional status of the patient. Weight reduction 

should be considered in the management of blood pressure. The loss of 1 kg in 

body weight has been associated with a decrease in blood pressure of ∼1 mmHg 

(Semlitsch et al.,2016) 

Treatment for hypertension should include drug classes demonstrated to 

reduce cardiovascular events in patients with diabetes (de Boer et al., 2017). 

 

4.7. Catalase SNP and Metabolic Disease Susceptibility  

The frequency of catalase genotypes and alleles in control group and 

patients’ groups is shown in tables 4.7 through 4.9, Appendix (II, III)  . The CC 

genotype is the most frequent genotype; therefore it is going to be regarded as the 

reference genotype. 

In table 4.7, the comparison was made between central obesity group and 

control group. The heterozygous C/T genotype was significantly (p = 0.041) less 

frequent in central obesity group than in control group, 5 (16.7 %) versus 20 (41.7 

%), respectively. Thus, the heterozygous C/T genotype acted as protective factor 

against central obesity with an odds ratio of 0.34 and a preventive fraction of 0.30.  

While The homozygous TT genotype was limited to central obesity group; 

however, the difference carried borderline significance level (between 0.05 and 

0.1) of 0.098 and it acted as a risk factor for obesity with an approximate odds ratio 

of 8.87.         
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Table 4.7: The frequency of catalase genotypes and alleles frequency in 

apparently healthy control group and central obesity group:  

Catalase genotype 

rs1001179 (CAT-

262C >T)    

Control  

n = 48 

central 

obesity 

n = 30 

P OR 
95 % 

CI 
EF PF 

CC 28 (58.3 %) 22 (73.3 %) Reference 

CT 20 (41.7 %) 5 (16.7 %) 
0.041 C 

S 
0.34 

0.10-

0.98 
--- 0.30 

TT 0 (0.0 %) 3 (10.0 %) 
0.098 F 

NS 
8.87* --- --- --- 

 

Catalase allele 
Control 

n = 96 

central 

obesity 

n = 60 

P OR 95 % CI EF PF 

C 76 (79.2 %) 49 (81.7 %) 0.703 

C 

NS 

1.1

7 
0.52 -2.66 

0.0

6 
--- 

T 20 (20.8 %) 11 (18.3 %) 
0.8

5 
0.38 -1.93 --- 

0.0

6 

n: number of cases; C: Chi-square test; F: Fischer exact test; OR: odds ratio; *: approximate 

odds ratio; S: significant at p ≤ 0.05; CI: confidence interval ;NS: not significant at p > 0.05; EF: 

etiologic fraction; PF: preventive fraction   

  Moreover, There was no significant difference in C and T alleles frequencies 

between both groups (p = 0.703); thus, they cannot be regarded as preventive or 

risk factors.   

In table 4.8, the comparison was made between central obesity and 

hypertensive group with the  control group. The heterozygous C/T genotype was 

highly significantly (p = 0.002) less frequent in central obesity and hypertensive 

group than in control group, 2 (6.7 %) versus 20 (41.7 %), respectively. Thus, the 

heterozygous C/T genotype acted as protective factor against obesity and 

hypertension with an odds ratio of 0.11 and a preventive fraction of 0.42. The 

homozygous TT genotype was limited to central obesity and hypertensive group; 

however, the difference carried borderline significance level (between 0.05 and 
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0.1) of 0.098 and it acted as a risk factor for obesity and hypertension with an 

approximate odds ratio of 7.82. 

Table 4.8: The frequency of catalase genotypes and alleles frequency in 

apparently healthy control group and central obesity and hypertension group 

Catalase genotype 

rs1001179 (CAT-

262C >T)    

Control  

n = 48 

central obesity and 

hypertension  

n = 30 

P OR 
95 % 

CI 

E

F 
PF 

CC 
28 (58.3 

%) 
25 (83.3 %) Reference 

CT 
20 (41.7 

%) 
2 (6.7 %) 

0.002 

C 

HS 

0.11 
0.02-

0.53 

--

- 

0.4

2 

TT 0 (0.0 %) 3 (10.0 %) 

0.098 

F 

NS 

7.82

* 
--- 

--

- 
--- 

 

 

Catalase allele 
Control 

n = 96 

central obesity and 

hypertension 

n = 60 

P OR 
95 % 

CI 
EF PF 

C 
76 (79.2 

%) 
52 (86.7 %) 

0.235 C 

NS 

1.7

1 

0.70 -

4.18 

0.1

7 
--- 

T 
20 (20.8 

%) 
8 (13.3 %) 

0.5

8 

0.24 -

1.43 
--- 

0.1

7 

n: number of cases; C: Chi-square test; F: Fischer exact test; OR: odds ratio; *: approximate 

odds ratio; HS: highly significant at p ≤ 0.01; NS: not significant at p > 0.05; CI: confidence 

interval; EF: etiologic fraction; PF: preventive fraction 

Moreover, There was no significant difference in C and T alleles frequencies 

between both groups (p = 0.235); thus, they cannot be regarded as preventive or 

risk factors. 

In table 4.9, the comparison was made between central obesity , 

hypertensive and diabetes group and control group. The heterozygous C/T 

genotype showed no significant variation between groups (p = 0.477). Thus, the 

heterozygous C/T genotype cannot be regarded as protective or preventive factor. 

The homozygous TT genotype was limited to obese, hypertensive and diabetes 
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group; however, the difference carried borderline significance level (between 0.05 

and 0.1) of 0.098 and it acted as a risk factor for obesity, hypertension and diabetes 

with an approximate odds ratio of 10.78. 

Table 4.9: The frequency of catalase genotypes and alleles frequency in 

apparently healthy control group and central obesity , hypertension and 

diabetes group 

Catalase genotype 

rs1001179 (CAT-

262C >T)    

Control  

n = 48 

central obesity 

hypertension  

and diabetes  

n = 30 

P OR 
95 % 

CI 

E

F 
PF 

CC 
28 (58.3 

%) 
18 (60.0 %) Reference 

CT 
20 (41.7 

%) 
9 (30.0 %) 

0.477 

C 

NS 

0.70 
0.26-

1.87 
--- 

0.1

2 

TT 
0 (0.0 

%) 
3 (10.0 %) 

0.098 

F 

NS 

10.78

* 
--- --- --- 

 

Catalase allele 
Control 

n = 96 

central obesity 

hypertension 

and diabetes 

n = 60 

P OR 
95 % 

CI 
EF PF 

C 
76 (79.2 

%) 
45 (75.0 %) 0.544 

C 

NS 

0.7

9 

0.37 -

1.70 
--- 

0.0

9 

T 
20 (20.8 

%) 
15 (25.0 %) 

1.2

7 

0.59 -

2.72 

0.0

9 
--- 

n: number of cases; C: Chi-square test; F: Fischer exact test; OR: odds ratio; *: approximate 

odds ratio; NS: not significant at p > 0.05; CI: confidence interval; EF: etiologic fraction; PF: 

preventive fraction 

 

Moreover,  There was no significant difference in C and T alleles 

frequencies between both groups (p = 0.544); thus, they cannot be regarded as 

preventive or risk factors. 
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Catalase enzyme represents the most effective antioxidant defense in the 

body under conditions of increased oxidative stress, its main function is an 

intracellular antioxidant enzyme that prevents cells against ROS damage by 

converting hydrogen peroxide into water and oxygen to avoid cell damage 

(Karakus,2020) . rs1001179 (CAT-262C >T) is its most extensively studied gene 

polymorphism. The present work addresses the participation of one SNP of the 

principal antioxidant enzyme, from a nutrigenetic point of view in people living 

with central obesity , Hypertension and DM. These particular SNP were selected 

due to their role in the etiology of obesity and its principal comorbidities, 

worldwide and in our population. 

SNPs of catalase enzymes (− 262C>T CAT, rs1001179) have been identified 

in coding and regulatory untranslated regions of the gene, which affect the net 

activity of the enzymes as its explaining by (Kase et al.,2012; Crawford et al.,2012; 

Lourdhu Mary et al.,2014). These enzymes work as a key factor to avoid the 

appearance of oxidative stress condition, inactivating the generation and 

propagation of endogenous free radicals produced by the cell metabolism and this 

is in agreement with Lei et al.,(2016) and Hernández-Guerrero et al.,(2018) In the 

case of the polymorphism − 262C>T CAT (rs1001179). A common polymorphism 

in the CAT gene promoter region is the substitution of T for C in position T -262 in 

the 5′ region ( Forsberg et al,2001) which is considered to lead to a decrease in 

enzyme activity.  

The present results showed the RFLP-PCR product analysis of Catalase C-

262T Gene polymorphism by using SmaI restriction enzyme in 2.5% agarose gel. 

Lane (CC) wild type homozygote, the product digested by restriction enzyme into 

155bp and invisible 30bp bands.  Lane (TT) mutant type homozygote that showed 

undigested by restriction enzyme and still 185bp  bands. Lane (C/T) heterozygote, 
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the product digested by restriction enzyme into 185bp , 155bp  and invisible 30bp 

bands (Appendix III). In the promoter region of the CAT gene, polymorphism may 

decrease gene expression, eventually decreasing enzymatic activity and increasing 

oxidative stress and this agree with Lourdhu et al.,(2014) results. The CAT-262 

SNP has not earlier been examined for blood pressure values, although the CAT-

262 T allele is linked with the catalase gene’s greater expression level (Forsberg et 

al.,2001). 

The CAT TT genotype could be responsible for a reduction in the 

antioxidant defense and a subsequent increase in oxidative damage and this come 

in agreement with Babusikovaa et al.,(2013), So T allele in TT genotype carriers of 

the central obesity group, were prone to regain abdominal fat compared with those 

control so this agree with Lin et al.,(2015) result . The C allele was associated with 

lower body weight as this appear in  Hohmann et al.,(2012) and Olza et al.,(2013) 

studies. Current results suggest that the TT genotype is a risk factor for  central 

obesity in all patient groups in the present syudy , So this agree with the result of 

Goulas et al.,(2017) who suggested that the TT genotype is a risk factor for  

increased plasma triglycerides and that this association is modulated by the BMI 

and/or age of the patients thus,subjects with the homozygous TT genotype have a 

higher incidence of metabolic disorder (Barliana et al.,2019) and this agree with 

Góth et al.(2012) whom explained that the  TT genotype in −262C>T may have 

elevated risk for diabetes complications It can be concluded that this polymorphism 

is a considerable risk factor for obesity and its comorbidities among the Iraqi 

population, and more research should be conducted in this field. 

Catalase  CC and TC genotype showed higher catalase activity as compared 

to TT genotypes and  this come in agreement with Ahn et al.,(2005) results. 

Despite the findings of present study may come in disagreement with other studies 
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which found different genotype correlated with central obesity which may be CC 

or C/T but , it is now well known that obesity is a complex disorder involving a 

multitude of genetic, behavioral, and environmental factors (Hassan et al.,2018) 

thus , polymorphism in such gene (catalase) could pave the way for enviromental 

factors (diet, physical activity) for development of obesity. Previous analyses of 

the association between the gene polymorphism and obesity or BMI are 

controversial among different ethnic population and geographic area.  This current 

results is inconsistent with a study done by Dawood et al., (2020) who found that 

there was no significant difference within the C/T genotype frequencies of catalase 

among patients with hypertension and controls using the P=0.06, OR =7.36 (0.77-

69.5). 

To sum up, these findings indicate that CAT gene polymorphisms are likely 

to related with hypertension and DM, so this came in agreement with Liu et 

al.,(2005) and Dawood et al., (2020) study , the results of Goulas, et al.,(2017) 

suggested that the TT genotype is a risk factor for increased plasma triglycerides 

and hypertension , and that this association is modulated by the BMI and/or age of 

the patients , this result agree with present study that showed that The homozygous 

TT genotype was limited to all patient groups ,in central obesity and hypertensive 

group the difference carried borderline significance level (between 0.05 and 0.1) of 

0.098 and it acted as a risk factor for obesity and hypertension with an approximate 

odds ratio of 7.82 and in central obesity , hypertensive and DM group the 

difference carried borderline significance level (between 0.05 and 0.1) of 0.098 

and it acted as a risk factor for obesity and hypertension with an approximate odds 

ratio of 10.78.  

Because obesity,  Inflammation, oxidation and genetic predisposition are the 

most important factors for endothelial damage followed by macrophage cell 
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infiltration and smooth muscle cell (SMC) impaired function (Griendling and 

FitzGerald,2003) because a chronic inflammation is secondary to prolonged 

exposure to oxidative stressors and involves multiple cell types and cellular 

mediators. Oxidized lipids derived from low-density lipoprotein contribute to 

multiple stages of atherosclerotic plaque development and progression through 

production of inflammatory cytokines (Alfarisi et al.,2020) then cause increase 

blood pressure or  atherosclerosis (Tabas et al.,2015; Lara-Guzmán  et al.,2018). 

atherosclerosis which is a chronic arterial inflammation secondary to prolonged 

exposure to oxidative stressors and involves multiple cell types and cellular 

mediators. Oxidized lipids derived from low-density lipoprotein contribute to 

multiple stages of atherosclerotic plaque development and progression through 

production of inflammatory cytokines (Alfarisi et al.,2020). 

The present data is investigated the relation between a polymorphism of the 

catalase gene and diabetic problems of patients with type 2 diabetes ,Though 

catalase has mostly been researched, little studies have been specially examined 

relations of catalase polymorphisms through diseases and this agree with  Goth et 

al.,(2004) study, presented findings provision the hypothesis which the 

polymorphism in the catalase enzyme  may be connected to diabetes. And this not 

agreement with data explained by hypothesis of catalase SNP does not affect DM 

susceptibility and the polymorphism of the catalase gene not related to the risk of 

cardiovascular diseases among type 2 diabetes mellitus in Finnish population 

(Gross et al.,2005) and also among type 1 diabetes mellitus patients in Czech 

population and exhibited No association between the catalase polymorphism and 

DM was detected in diabetic patients of type 2 Caucasian Brazilian (Nordlie et 

al.,2005) the present study not agree with all these studies. Also not agree  with 

another study like Swedish populations, the concentration of erythrocytic catalase 
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in individuals carrying the TT genotype was high compared to those of the CC 

genotype (Forsberg et al.,2001), In Russian populations the individuals carrying 

the CC genotype have a higher risk of developing type 1 diabetes than those 

carrying the TT genotype (Chistiakov et al.,2004) So these studies were not agree 

with present study results.  

  The distribution of the allelic polymorphisms of the CAT-262C / T gene 

showed NO significant difference between the C and T alleles of all patient groups 

compared to the controls with no apparent sensitivity. However, In study 

population, the T allele appears to be less common in central obesity group, central 

obesity hypertension group and central obesity hypertension and diabetes  group 

(11(18.3%),  8(13.3%) and 15 (25.0 %) compared to controls (20(20.8%), 

20(20.8%) and 20 (20.8 %) but with a risk of developing disease with TT 

genotype. Demonstrated homozygous CC genotype was the most prevalent among 

patients and the healthy groups and for this we can consider that  it’s  not 

correlated  with disease , but heterozygous C/T genotype was a protective factor 

from disease and its frequency was higher significant in control group . Whereas in 

the central obesity , hypertension and DM group it had no significantly  association 

with the disease , and it was no consider as a protective factor at all , while the 

homozygous TT genotype was limited by the disease  groups and a consider as a 

risk factor in all metabolic syndrome. TT genotype of rs11001179 have a risk for 

disease susceptibility due to their decreased blood catalase It may mean that the 

increased hydrogen peroxide concentration due to the low catalase activity may 

contribute to the damage of the oxidation sensitive pancreatic beta--cells.  
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4.8. Comparison of miR-33 and miR-122 among study groups 

The comparison of miR-33 and miR-122 among study groups are shown in 

table 4.10 , figures 4.2 , 4.3 and  Appendix IV,V  . There was highly significant 

variation in the level of miR-33 among study groups (p < 0.001); the highest level 

was seen in group of central obesity , hypertension and diabetes groups followed 

by central obesity and hypertensive group then by central obesity group and finally 

by control group, (figure 4.2). 

There was also highly significant variation in the level of miR-122 among 

study groups (p < 0.001); the highest level was seen in group of central obesity, 

hypertension and diabetes groups followed by central obesity and hypertensive 

group then by central obesity group and finally by control group,( figure 4.3).   

Table 4.10: Comparison of miR-33 and miR-122 among study groups 

Characterist

ic 

Control  

n = 48 

central 

obesity 

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity  

hypertension  

and diabetes  

n = 30 

p 

miR-33 
 

   
 

Medi

an 

(IQR) 

1.00 (0.79) 

D 

22.67 

(19.80) 

C 

25.99 (15.54) 

B 

30.42 (8.95) 

A 
<0.00

1 K 

HS Rang

e 
0.26 -4.67 2.69 -91.93 7.22 -151.27 21.95 -132.87 

miR-122 
     

Medi

an 

(IQR) 

0.98 (1.04) 

D 

24.60 

(21.26) 

C 

38.90 (22.45) 

B 

46.45 (14.80) 

A 
<0.00

1 K 

HS Rang

e 
0.18 -6.12 4.73 -233.07 15.03 -75.25 24.38 -72.88 

n: number of cases; K: Kruskal Wallis test; HS: highly significant at p ≤ 0.01; Capital letters A, 

B, C and D were used to indicate level of significance following Mann Whitney U test between 

every two groups so that different letters indicate significant difference at p ≤ 0.05 whereas 

similar letter indicate no significant difference at p > 0.05 
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Figure 4.2: Box plot showing comparison of miR-33 expression level among 

study groups  
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Figure 4.3: Box plot showing comparison of miR-122 expression level among 

study groups 

 

Growing evidence suggests that faulty regulation of lipid metabolism 

promotes metabolic diseases. Through the results of the present study, its observed 

a gradual increase in the expression of miRNA (33,122) in conjunction with the 

development of the stage of metabolic disorder, according to the study groups 

compared with the control group,  This difference in the level of gene expression 

from the normal level in the control group has indications that may be predictive or 

may be diagnostic indications. However, here it is necessary not to confuse the role 
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of miRNA in regulatory function or as a biomarker, but with its increase, consider  

a sign of   important value must explaining.   

Mammalian circulating miRNAs are packaged inside lipid or lipidprotein 

complexes, such as microvesicles, exosomes or apoptotic bodies (Hunter et 

al.,2008; Zernecke et al.,2009;). Studies have shown that associations with proteins 

(Wang et al.,2010 ; Turchinovich et al.,2011) also make miRNAs resistant to 

ribonuclease activity. miRNAs secreted inside exosomes may have a different fate 

compared with those associated with proteins or HDL (Vickers et al.,2011; , 

Eichelser et al.,2014). Specific miRNAs tend to be preferentially released by cells 

and are thus more prone to be found in circulation (Guduric-Fuchs et al.,2012); 

however, changes in the levels of circulating miRNAs do not necessarily reflect 

deregulation of miRNAs expression inside cells (Wang et al.,2009). Therefore, the 

use of miRNAs as biomarkers should not be confounded with their regulatory 

functions inside the cells. Although emerging evidence has established that 

extracellular miRNAs contained in the body fluids have distinct physiological 

function (Mitchell et al.,2008;Chen et al.,2008, Gilad et al.,2008), the main 

function and the meaning of the existence of circulating miRNAs remain elusive. 

The role of miRNAs in diabetes and obesity has recently been studied. Ortega et al. 

(Ortega et al.,2013) established the foundation to motivate further global 

investigations of miRNAs as circulating biomarkers for obesity in humans. 

Its noticed  overexpressed miR-33a and its observed the accumulation of 

intracellular triglycerides in the patients groups compared with the control groups . 

may be due to  an increase in SREBP1, SREBP2 :which are transcription factors 

that regulate the expression of genes required for the synthesis of fatty acids and 

cholesterol , and FASN expression. Knockdown of either SREBP1 or SREBP2 

decreased levels of fatty acids as a result of decreased expression of SREBP target 
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genes required for lipid biosynthesis (Wen et al..2018) . Therefore, that miR-33a 

likely influenced the amount of TG through SREBPs and FASN and this was in 

agreement with the result of ( Zhang  et al.,2020) , triglyceride accumulation via 

SREBP2 and miR-33a is encoded within SREBP2,(Horie et al.,2010; Rayner et 

al.2010)  we speculated that miR-33a could be a key regulator  triglyceride 

accumulation and we explored the function of miR-33a in triglyceride metabolism.  

MiR-33a is a key regulator of lipid metabolism and is encoded within 

SREBP2. A study by Rayner et al.,(2010) aroused considerable interest in miR-33 

as a therapeutic target in cardiovascular disease owing to its important role in 

cholesterol metabolism ,Goedeke et al.,(2013) showed a significant role for miR-

33 in fatty acid metabolism,  We identified a role for miR-33a in hepatic lipid 

metabolism and triglyceride accumulation. Clinically, elevated serum miR-33a is 

considered a risk factor for dyslipidemia. Because of its essential role in hepatic 

lipid metabolism and potential diagnostic value, miR-33a might serve as a 

biomarker or therapeutic target for metabolic disorders and we can considered it as 

Mets specific miRNA,  its target genes are (ABCA1, ABCG1, ABCB11, ATP8B1, 

NPC1, CROT, CPT1A, HADHB, AMPKα,1IRS2 SIRT6, ABCA1) , and its 

function is decrease Cholesterol transport/export . miR-33a  is located in the 16th 

intron of the human sterol regulatory element binding transcription factor SREBP-

2 and SREBP-1 respectively, gene on chromosome 22 (Rottiers and Näär ,2012). 

This highly conserved intronic miRNA regulates the genes that control cholesterol 

uptake or synthesis (Fernández-Hernando et al.,2011). SREBFs activate the 

expression of >30 genes involved in the synthesis or cellular uptake of cholesterol, 

triglycerides, phospholipids and fatty acids, along with the NADPH cofactors 

required to synthesize these biomolecules (Brown and Goldstein ,1997), inhibit the 

expression of cholesterol transporters (ABCA1 and ABCG1) in mammalsl; ATP-
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binding cassette (ABC) A1 and ABCG1 are well characterized as cholesterol 

transporters in various cell types (Li et al.,2017; Zeng et al.,2018). ABCA1 

transports cholesterol and phospholipids to apolipoprotein A-1 (ApoA-1) while 

ABCG1 transports cholesterol to mature high density lipoprotein (HDL). In this 

context, ABCA1 malfunction is associated with atherosclerosis. Cholesterol 

accumulation causes a decrease in ABCA1 level enhancing intracellular 

cholesterol excess in macrophages. This leads to inflammation and cell apoptosis 

which eventually resulting in atherosclerosis (Feng and Tabas,2002).  . In addition, 

the SREBF signaling pathway regulates various cellular processes, including 

phagocytosis and cell cycle progression (Bengoechea and Ericsson,2007). In 

healthy tissues, transcriptional activation of SREBF-2 upregulates miR-33a, 

consequently enhancing cellular lipid metabolism, including that of cholesterol 

(Bengoechea and Ericsson,2007). Studies have demonstrated that cholesterol is 

involved in apoptosis, whereas the SREBP/miR-33 axis participates in cell growth 

and cell cycle progression (Boren and Brindle ,2012; Gharipour and 

Sadeghi,2013). Therefore, dysregulation of miR-33a levels may contribute to 

tumorigenesis by affecting cholesterol levels (Gao et al.,2020).  short-term anti-

miR-33 in mice resulted in decreased atherosclerosis with no observed side effects  

while long-term use led to increased circulating TG levels and hepatosteatosis 

suggesting that off-target/pleiotropic effects were significant (Trajkovski et 

al.,2011).  Upregulated miR-33 expression in the liver (Lendvai et al.,2014) and it 

has been found to be a regulator of lipid metabolism and transport and insulin 

signaling pathways, its main targets being sterol regulatory element-binding 

proteins (SREBPs) and ATP binding cassette subfamily A member 1 (Davalos  et 

al.,2011; Rayner et al.,2011; Rotllan  et al.,2013). Moreover, it has been 

demonstrated that miR-33 inhibition attenuates atherosclerosis progression (Rayner 

et al.,2011; Rotllan  et al.,2013). 
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The miR-33 microRNAs are crucial regulators of cholesterol/lipids and may 

represent therapeutic targets for the treatment of atherosclerosis. A recent report by 

Price et al.,(2018 showed that miR-33 mice exhibit obesity, insulin resistance, and 

increased food intake, suggesting that metabolic regulation by miR-33 is more 

complex than previously known so, its agree with the (Näär,2018) who suggested 

that complete miR-33 loss in mice,  can have important deleterious metabolic 

consequences that were similar to obesity-associated insulin resistance, type 2 

diabetes and inflammation in humans. Interestingly, endogenous inhibition of miR-

33 in human hepatic cells increases the degradation of fatty acids, suggesting that 

anti-miR-33 therapy may be useful for treating hepatic steatosis by increasing the 

degradation rate of fatty acids in the liver (Davalos et al.,2011). In this regard,  

treated with anti-miR-33 oligonucleotides show a significant reduction of plasma 

VLDL levels (Rayner et al.,2011). These results could be explained by a reduced 

lipidation and secretion of ApoB-containing lipoproteins due to the increased fatty 

acid oxidation that might be occurring in the liver of non-human primates treated 

with anti-miR-33 oligonucleotides. This indicates that miR-33 regulation is 

somehow involved in central metabolic control of feeding, however altered levels 

of feeding-regulating hormones such as ghrelin or leptin appeared not to be 

involved (Price et al.,2018),  because all that and until this point we can considered 

miR-33 as a prognostic value for metabolic syndrome. 

As given in Table 4.10,  circulating miRNAs significantly differed between 

patients and control subjects,  Previous studies have shown that miR-122 is 

dysregulated in liver metabolic disorders and is involved in cholesterol and lipid 

regulation (Esau et al,,2006; Elmen et al.,2008). Therefore, the expression of 

circulating miR-122 was selected for further validation. 
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Elevated circulating miR-122 is positively  found to be associated with stage 

of metabolic syndrome . These findings provide a better understanding regarding 

the role of miRNAs in adiposity and insulin sensitivity (Wang et al.,2015) Ortega 

et al. (2013) found that plasma miR-122 concentration increased in moderately 

obese patients but decreased in morbidly obese patients. Intriguingly, circulating 

miR-122 concentrations significantly decreased after surgery-induced weight loss. 

By contrast, Wang et al.,(2015) data demonstrated that circulating miR-122 was 

robustly elevated in the obese patients and exhibited a tendency to increase with 

the degree of obesity. Moreover, we observed a significantly direct association 

between serum miR-122 levels and Mets developing in  adults, in contrast Ortega 

et al. (2013) reported an inverse correlation between circulating miR-122 

concentrations and BMI in white men. It is likely that this disparity is partly related 

to the variance in the definition of obesity, comparably healthier glucose metabolic 

state. 

miR-122 is the main miRNA in the liver and is involved in many biological 

processes. , the previous studies showed that miR-122 is essential in processes 

such as fatty acid, triglyceride, and cholesterol metabolism and also in terminal 

differentiation of hepatocytes by regulating its targets, including FASN, ACC, 

SCD1, and SREBPs, among others (Esau et al.,2006; Tsai  et al.,2012; Liu  et 

al.,2016; Valdmanis  et al.,2018; Ye  et al.,2018). 

Aside from its role in the development of liver diseases, miR-122 also stands 

out due to its involvement in CVD since it is able to regulate lipid metabolism 

genes so it is can consider as Mets specific its  Target Genes (HMGCR, ALDO, 

G6PC, AMPKα1),its Function (↑Cholesterol synthesis).. Nevertheless, the 

experimental results obtained in clinical studies related .to vascular complications 

are sparse. miR-122 levels are elevated in patients with hyperlipidemia (Gao et 
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al.,2012) and acute coronary syndrome (Li et al.,2015). Moreover, how statins 

might reduce the levels of miR-122 in circulation has been described (Willeit et 

al.,2017). other studies have reported negative associations between miR-122 and 

cardiovascular outcomes (Corsten et al.,2010, D'Alessandra et al.,2010). 

Furthermore, assessment of miR-122-5p could be an indicator of an adverse 

metabolic health status independent of obesity (Hess et al.,2020). 

The first miRNA linked to metabolic control, miR-122, is primarily 

expressed in the liver and is initially shown to affect hepatic cholesterol and fatty-

acid metabolism  (Krutzfeldt et al.,2005; Esau et al.,2006). In a subsequent study, 

miR-122 was targeted by antisense inhibitors in African green monkeys, resulting 

in dose-dependent lowering of plasma cholesterol (Elmen et al.,2008). In this case, 

it seems likely that miR-122 down-regulation is a compensatory mechanism that 

counters increasing hepatic lipid levels,  , some of the above-mentioned reports 

have also shown that antagonism of miR-122, in both mice and non-human 

primates, not only lowers low-density lipoproteins (LDL) levels but the levels of 

high-density lipoproteins (HDL) as well (Tsai et al.,2012). the molecular 

mechanisms and the mRNA targets that mediate this effect remain unknown. 

In summary, this study provided clinical evidence revealing that circulating 

miRNAs were dysregulated in human metabolic disorder. Apart from detecting the 

involvement of aberrant circulating miR-33/122 under a Metabolic disorders, we 

found The miR-33 and miR-122  microRNAs were crucial regulators of 

cholesterol/lipids and may represent therapeutic targets for the treatment of 

atherosclerosis , and with glucose regulation also , Most importantly, other studies 

demonstrated that miR-122 was positively associated with increased odds of 

insulin resistance and developing into DM in humans, indicating its potential 

diagnostic value. present findings suggested that circulating miR-33 and miR-122 
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may act as a promising biomarker of obesity ,HP and DM. In addition, there can be 

conflicting observations regarding changes in miRNA levels. These disparities can 

be attributed to differences in sample size, time of sampling, miRNA quantification 

methods, and miRNA normalization parameters  

In order to calculate the cutoff values of miR-33 and miR-122 for the 

Metabolic syndrome  as diagnostic tests or tests, ROC curve analysis was carried 

out and the results were shown in figure 4.4 and 4.5 and tables 4.11 

 

Figure 4.4: Receiver operator characteristic curve to find the best miR-33 

cutoff value that can predict diagnosis of metabolic syndrome 
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Figure 4.5: Receiver operator characteristic curve to find the best miR-122 

cutoff value that can predict diagnosis of metabolic syndrome 

 

 

The diagnostic role of miR-33, miR-122 in metabolic syndrome was shown 

in figures 4.4 through 4.5 and table 4.11. The cutoff value of miR-33 was >4.67 

fold change with 100 % sensitivity, 100 % specificity and 100 % accuracy level. 

The cutoff value of miR-122 was >6.12 fold change with 100 % sensitivity, 100 % 

specificity and 100 % accuracy level.  miR-33, along with miR-122, could be used 

to diagnose /prognostic biomarker with high sensitivity and specificity for 

metabolic disorders and cardiovascular disease  this may be due to it is tissue 

specific ,this in agreement with Najafi-Shoushtari(2011).Therefore, in present 

results found that the circulating miRNAs may be used as a suitable biomarker for 

the detection , prognostic and fallow up of many metabolic disorders like 
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hypertension, obesity and that associated with abnormal glucose metabolism, 

including DM and its secondary complications (Sharma et al., 2017) . 

 

Table 4.11: Sensitivity and specificity of miR-33 and miR-122 level in 

metabolic syndrome patients: 

Characteristic miR-33 miR-122 

Cutoff >4.67 >6.12 

AUC (95 % CI) 1.000 (0.966 to 1.000) 1.000 (0.966 to 1.000) 

Accuracy % 100 100 

P-value 
< 0.001 

HS 

< 0.001 

HS 

Sensitivity % 100 100 

Specificity % 100 100 

AUC: area under the curve; CI: confidence interval; HS: highly significant at p ≤ 0.01 

 

This reinforces the concept that increased circulating miR-122 might flag a 

problem with liver metabolisms and require further laboratory and clinical analyses 

going beyond the normal routine. One of the advantages of using these RNAs as 

diagnostic indicators for metabolic diseases is because they are fast, sensitive, 

compared to traditional methods that require time and effort to link all the criteria 

for metabolic disorder. 

4.9. MCP1 serum level and metabolic syndrome 

The comparison of MCP1 level among study groups were shown in table 

4.12 and figure 4.6. There were also highly significant variation in the level of 

MCP1 among study groups (p < 0.001); the highest level was seen in group of 

central obesity , hypertension and diabetes groups followed by central obesity and 
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hypertensive group then by central obesity group and finally by control group, 

figure 4.6 

Table 4.12: Comparison of MCP1 level among study groups 

MCP1 
Control  

n = 48 

central 

obesity 

n = 30 

central obesity and 

hypertension  

n = 30 

central obesity 

hypertension  

and diabetes  

n = 30 

P 

Median 

(IQR) 

130.36 

(163.58) 

D 

271.99 

(60.55) 

C 

315.34 (63.57) 

B 

366.44 (56.22) 

A 
<0.00

1 K 

HS 
Range 

51.01 -

499.46 

156.09 -

375.34 
241.28 -409.51 318.20 -412.47 

n: number of cases; K: Kruskal Wallis test; HS: highly significant at p ≤ 0.01; Capital letters A, 

B, C and D were used to indicate level of significance following Mann Whitney U test between 

every two groups so that different letters indicate significant difference at p ≤ 0.05 whereas 

similar letter indicate no significant difference at p > 0.05 

 

 

Figure 4.6: Box plot showing comparison of MCP1 level among study groups 

 



Chapter Four                                                              Results and Discussion 
  

101 
 

In present study, the highest level of MPC1 was observed in the central 

obesity, hypertension and diabetes group, followed by the central obesity, 

hypertension group, then the central obesity group and finally the control group, 

which means an increase in the level of MPC1 along with development of the 

metabolic disorder, this may due to The Role of MPC1 in Regulating Inflammation 

and Metabolic Disorders which  may be happened because of Hypoxia, adipocyte 

death, or both (Cancello et al.,2005, Rausch et al.,2008) (as a response to a 

metabolic overload) which may be responsible for the fat infiltration of 

inflammatory cells but secretion of chemokines, mainly MPC1, is a necessary 

condition  and plays a central role in monocyte recruitment, lesion formation, and 

vascular repair. 

MPC1 Tissue Expression and Its General Impact in Metabolism may be due 

to its important for pathogenic macrophage infiltration into adipose tissue, insulin 

resistance, and hepatic steatosis induced by a high-fat diet (Kanda et al.,2006). 

Moreover, studies indicated that MCP-1 in adipose tissue induces macrophage 

recruitment and insulin resistance (Kamei et al.,2006; Weisberg et al.,2006).MCP 

1 Expression   in Insulin Resistance in Obesity (which is a major component of 

insulin resistance in obese).A note of caution has been introduced by Inouye et al. 

(2007), who reported that the absence of MCP-1 does not attenuate obesity-

associated macrophage recruitment and appears to cause metabolic derangements,  

Although the lack of macrophage recruitment may be masked by different 

experimental conditions, these results clearly indicate that MCP-1 may have 

independent effects on metabolism that should be ascertained in future studies.  

        these results suggested that hyperlipidemia, which was common in obesity 

and metabolic syndrome, may be a confounding factor, and that the absence of 

MCP-1 may be as metabolically deleterious as overexpression of MCP-1 in certain 
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conditions. Under these circumstances, it is therefore possible that MCP-1 may act 

as hormone rather than as a cytokine (Rull et al.,2010). Growing evidence supports 

in  Metabolic syndrome to the presence of a systemic chronic inflammation 

associated with immune imbalance in all of these disorders, where chemokines 

play a crucial role (Pérez et al.,2020).  

Monocyte chemoattractant protein 1 (MCP-1) is perhaps the most widely 

investigated chemokine in this regard. It is increased in white adipose tissue of 

obese subjects resulting in recruitment of bone-derived monocytes, which infiltrate 

the tissue from circulation (Cranford et al.,2016), Emerging evidence now links T 

cells to obesity-mediated insulin resistance and the systemic inflammatory 

response. In fact, it has been reported that infiltration of CD8+ T cells precedes 

that of macrophages during high-fat-diet feedings and that this T cell subset is 

necessary for macrophage accumulation and activation during adipose tissue 

inflammation (Nishimura et al.,2009). Similarly, it has been reported that enlarged 

adipocytes stimulate CD4+ T cells resulting in increased inflammation (Xiao et 

al.,2015). 

Chemokines act as inflammatory mediators that trigger the cell stress 

response in tissues and produce a general response that is not limited to local 

effects but instead may be associated with the generation of multiple responses. 

Therefore, crosstalk between cells, hormones, and chemokines is fundamental for 

maintaining metabolic homeostasis. Specifically, MCP-1 is a multifunctional 

chemokine implicated as a potential target in many disease states has ability to 

regulate monocytes, macrophages, and other inflammatory cells at sites of 

inflammation, but it has recently been shown to be a major component of insulin 

resistance in obese . Moreover, MCP-1 is an insulin-responsive gene that decreases 

insulin-stimulated glucose uptake and increases the expression of adipogenic genes 
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(Losko et al.,2020), The elevated MCP-1 may alter adipocyte function because 

addition of MCP-1 to differentiated adipocytes in vitro decreases insulin-

stimulated glucose uptake and the expression of several adipogenic genes (LpL, 

adipsin, GLUT-4, aP2, β3-adrenergic receptor, and peroxisome proliferator-

activated receptor γ). These results suggest that elevated MCP-1 may induce 

adipocyte dedifferentiation and contribute to pathologies associated with 

hyperinsulinemia and obesity, including type II diabetes (Sartipy and 

Loskutoff,2003). 

In order to calculate the cutoff values of MCP1 for the Metabolic syndrome  

as diagnostic tests or adjuvant diagnostic tests, ROC curve analysis was carried out 

and the results were shown in tables 4.13 and figure 4.7 

 

 

Figure 4.7: Receiver operator characteristic curve to find the best MCP1 

cutoff value that can predict diagnosis of metabolic syndrome 
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 The diagnostic role of MCP1 in metabolic syndrome is shown in figures 

4.7 through table 4.13. The cutoff value of MCP1 was >206.25 fold change with 

68.75 % sensitivity, 100 % specificity and 84.8 % accuracy level.     

Table 4.13: Sensitivity and specificity of MCP1 level in metabolic syndrome 

patients: 

Characteristic MCP1 

Cutoff >206.25 

AUC (95 % CI) 0.848 (0.766 to 0.910) 

Accuracy % 84.8 

P-value 
< 0.001 

HS 

Sensitivity % 100 

Specificity % 68.75 

AUC: area under the curve; CI: confidence interval; HS: highly significant at p ≤ 0.01 

 

Receiver operating characteristic (ROC) curve analyses revealed MCP-1 

cutoff points which could be used in the diagnosis of Mets with highest sensitivity 

and specificity. MCP-1 as , having serum   levels above cutoffs were significant 

independent predictors for metabolic syndrome this results agree with 

(Savaş,2020).  

In conclusion,  higher circulating levels of MCP-1 among Mets-individuals 

are associated with increased long-term risk of metabolic diseases. These results 

indicates that excessive production of ROS disturbs redox status and can modulate 

the expression of inflammatory chemokines leading to inflammatory processes, 

exacerbating inflammation and affecting tissue damage association with disease. 
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4.10. Correlations of catalase genotypes to miR-33, miR-122 and 

MCP1  

The Correlations of catalase genotypes to miR-33, miR-122 and MCP1 are 

shown in table 4.14. Catalase genotype polymorphism was no significantly 

correlated to any of the markers in all groups (p > 0.05).  

Table 4.14: Correlations of catalase genotypes to miR-33, miR-122 and MCP1 

Marker 
Control central obesity central obesity 

and hypertension 

central obesity,  

hypertension  

and diabetes 

R P R P R P R P 

miR-33 -0.211 0.151 0.127 0.505 0.561 0.321 -0.235 0.212 

miR-122 -0.081 0.585 0.271 0.148 0.030 0.874 0.013 0.945 

MCP1  -0.252 0.084 0.172 0.363 -0.122 0.521 -0.032 0.867 

 

The Correlations of catalase genotypes to miR-33, miR-122 and MCP1 are 

was no significantly correlated to any of the markers in all groups (p > 0.05). In 

Addition to that unfortunately there is no previous study conducted to reveal the 

correlation between the studded miRNAs and Catalase gene SNP. the lack of such 

significant correlations in the present results might be due to several reasons, the 

most important of which are: the difference in the sample size that was dealt with 

in study, the statistical analysis that was used, the impact of the environmental 

condition on research samples, or because of the need for more specific techniques. 
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Conclusions:  

1- Catalase heterozygous C/T genotype acted as protective factor in central 

obesity/ central obesity, hypertensive groups, while same heterozygous C/T 

genotype cannot be regarded as protective or preventive factor in central 

obesity, hypertension and diabetes group according to statistical analysis. 

Moreover  homozygous TT genotype was limited to all three patients group 

and it acted as a risk factor. 

2- The Comparison of miR-33 and miR-122 among study groups of the present 

study shows highly significant upregulations in the level of miR-33 and 

miR-122 among studied groups, when compared with healthy control group. 

3- ROC analysis supported good diagnosis accuracy of these miRNAs. The 

sensitivity and  specificity of miR-33 , miR-122 were  100 %, 100 % 

respectively for both. Thus, both of these two miRNAs can be as diagnostic 

and prognostic biomarker give more accuracy and precise results. Which can 

be beneficial in disease fallow up. 

4- There were also highly significant variation in the level of MCP1 among 

study groups (p < 0.001).  ROC analysis supported good diagnosis accuracy 

of MCP 1. The sensitivity and  specificity were  100 %, 68.75 % 

respectively. 

5- Catalase genotype polymorphism was no significantly correlated to any of 

the markers (miRNA 33/122 and MCP1) in all groups (p > 0.05). 
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Recommendations: 

1. Large multi-centric study based on much reasonable number of cases to 

minimize the effect of statistical variation on the results of SNP. 

2. Conducting another study to test another bio-marker that could have ability 

to discriminate between healthy control and Mets patients such as cytokines. 

3. Conducting another study design depending on using high microarray 

analysis which gives us actual expression pattern of all human miRNAs with 

their targets. 

4. Engagement of their biomarkers in the screening diagnosis and progression 

workup for patients with suspected Mets to avoid over diagnosis and over 

treatment. 
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APPENDICES 



Appendix (I) 

Questionnaire 

GROUP: central obesity   →[       ] 

                     central obesity & HP →[      ] 

               central obesity ,HP. &DM  →[      ] 

 

Name / tel. number   

Age   

sex   

Family history   

Body weight or BMI   

HP   

DM   

TG   

WEIST CIRCUMFERENCE   

SMOKING   

PHYSICAL ACTIVITY   

SLEEP DISRUPT   

MEDICATIONS   



Appendix (II) 

 

 

Appendix (II): 

Agarose gel electrophoresis image that showed the PCR product analysis 

of catalase gene  at  1.5 % agarose. Where M: marker (2000-100bp), 

lane (1-9) some positive catalase  gene PCR amplification at  185bp 

PCR product size. 

 



Appendix (III) 

 

 

Appendix (III): 

Agarose gel electrophoresis image that showed the RFLP-PCR product 

analysis of Catalase C-262T Gene polymorphism by using SmaI 

restriction enzyme in 2.5% agarose gel. Where M: marker (2000-50bp).  

Lane (CC) wild type homozygote, the product digested by restriction 

enzyme into 155bp and invisible 30bp bands.  Lane (TT) mutant type 

homozygote that showed undigested by restriction enzyme and still 

185bp  bands. Lane (C/T) heterozygote, the product digested by 

restriction enzyme into 158bp , 155bp  and invisible 30bp bands. 

 



Appendix (IV) 

 

Appendix (IV):  

The qPCR amplification plots for miRNA-33 that showed the 

differences in qPCR threshold cycle numbers between groups. 

Where, the  red plots  (group central obesity  patients), the  blue 

plots  (group central obesity  and hypertension patients), the  

green plots  (group central obesity  and hypertension patients 

and DM patients), and the  yellow plots  (group of healthy 

control). 

 



Appendix  V 

 

Appendix  V:  

The qPCR amplification plots for miRNA-122 that showed the 

differences in qPCR threshold cycle numbers between groups. 

Where, the  red plots  (group central obesity  patients), the  blue 

plots  (group central obesity  and hypertension patients), the  

green plots  (group central obesity  and hypertension patients 

and DM patients patients), and the  yellow plots  (group healthy 

control). 

 



Appendix VI 

 

Appendix VI:  

The qPCR amplification plots for GAPDH that showed the no 

differences in qPCR threshold cycle numbers between groups. 

Where, the  red plots  (group central obesity patients), the  blue 

plots  (group central obesity and hypertension patients), the  

green plots  (group central obesity and hypertension and DM 

patients), and the  yellow plots  (group healthy control). 
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 أ

 الخالصة

ٍزالصٍخ اىزَضٞو اىغزائٜ ٕٜ ػجبسح ػِ رشٕ٘بد اسزقالثٞخ ٍزجَؼخ ثَب فٜ رىل اىسَْخ فٜ ٍْطقخ اىجطِ, 

اسرفبع اىسنش فٜ اىذً, صٝبدح شحً٘ اىذً, اسرفبع ضغظ اىذً ٗ اّخقبع ٍسز٘ٝبد م٘ىٞسزشٗه اىجشٗرِٞ اىذْٕٜ 

إىٚ ّٖبٝخ سجزَجش  9102ه ٍِ ّ٘فَجش خاله اىفزشح ٍِ األٗ (ضبثطخ -حبىخ)ػبىٜ اىنضبفخ ,  رٌ إجشاء دساسخ 

شخظب(: أٗالً: ٍجَ٘ػخ ٍشضٚ اىسَْخ اىَشمضٝخ ،  031ٗرٌ رظْٞفٖب إىٚ أسثغ ٍجَ٘ػبد )اىؼذد:  9191

ٗاىضبّٞخ: ٍجَ٘ػخ ٍشضٚ اىسَْخ اىَشمضٝخ ٍٗشضٚ اسرفبع ضغظ اىذً ٗ صبىضًب: ٍجَ٘ػخ ٍشضٚ اىسَْخ 

ب ىنو ٍجَ٘ػخ( ، ثبإلضبفخ إىٚ األفشاد األطحبء ٍشٝضً  31اىَشمضٝخ ٗاسرفبع ضغظ اىذً ٗاىسنشٛ: )

 66-01فشدًا( ، ٗمبّذ ٕزٓ اىَجَ٘ػخ ٍخزيطخ ٍِ اىزم٘س ٗاإلّبس اىزِٝ رزشاٗح أػَبسٌٕ ثِٞ  81ظبٕشًٝب )

ب. ًٍ  9ت اى٘سٝذ: )رٌ جَغ ػْٞبد اىذً ، ٗرٌ جَغ خَسخ ٍيٞيزش ٍِ اىذً ىنو حبىخ ٍِ اىَجَ٘ػبد ٍِ صق ػب

ٍسز٘ٝبد اىَظو فٜ احز٘ائٔ ػيٚ اىجشٗرِٞ اىجبرة ىيخالٝب احبدٝخ اىْ٘اح ٗرىل ثبسزخذاً قٞبط  ٍِ اىذً فٍٜو(

اىنبربىٞض  ألّضٌٝزحذٝذ االشنبه اىجْٞٞخ ىالسزخالص اىذّب ٗ ٍِ اىذً ٍو(3ٗ )ٍجَ٘ػخ االىٞضا اىخبطخ ىٔ .

( ػِ 099/ 33) اىجْٜٞ ىيَبٝنشٗسّب رحذٝذ اىزؼجٞشٗ اسزخالص اىشّباٝضب ٗث٘اسطخ )اىشفيت ثٜ سٜ اس 

  .                                                                       (طشٝق ) رفبػو اىجيَشح اىَزسيسو اى٘قذ اىحقٞقٜ

ثشنو ٍيح٘ظ  ٍؼْ٘ٝبمبُ أقو  اىَزغبٝش س/تاىذساسخ اىحبىٞخ أُ اىَْظ اى٘ساصٜ  نتائجأظٖشد           

%( ٍقبثو  06.1) 5( فٜ ٍجَ٘ػخ اىسَْخ اىَشمضٝخ ٍقبسّخ ثَجَ٘ػخ اىزحنٌ ، 1,180)ٍسز٘ٙ احزَبىٞخ = 

اىَزغبٝش مبُ ثَضبثخ ػبٍو ٗقبئٜ ضذ اىسَْخ  س/تفئُ اىَْظ اى٘ساصٜ  . ٕٗنزااىز٘اىٜ%( ػيٚ 80,1) 91

ثِٞ اىسَْخ اىَشمضٝخ ٍٗجَ٘ػخ اسرفبع ,  ػْذ اىَقبسّخ 1,31ٗجضء ٗقبئٜ  1,38اىَشمضٝخ ٍغ ّسجخ سجحبُ 

ٍزغبٝش اىضٝج٘د ػبىًٞب )ٍسز٘ٙ االحزَبىٞخ= س/ت ضغظ اىذً ٍغ اىَجَ٘ػخ اىضبثطخ. مبُ اىَْظ اى٘ساصٜ 

 6,1) 9أقو ر٘ارًشا فٜ اىسَْخ اىَشمضٝخ ٍٗجَ٘ػخ اسرفبع ضغظ اىذً ٍقبسّخ ثبىَجَ٘ػخ اىضبثطخ  (1,119

ٍزغبٝش اىضٝج٘د مبُ ثَضبثخ س/ت ٕٗنزا ، فئُ اىَْظ اى٘ساصٜ %( ػيٚ اىز٘اىٜ.  80,1) 91%( ٍقبثو 

, ٗأجشٝذ اىَقبسّخ  1,89ٗجضء ٗقبئٜ  1,00 ػبٍو ٗقبئٜ ضذ اىسَْخ ٗاسرفبع ضغظ اىذً ثْسجخ احزَبالد

ثِٞ ٍجَ٘ػخ اىجذاّخ اىَشمضٝخ ، ٗاسرفبع ضغظ اىذً ، ٗاىسنشٛ ، ٗاىَجَ٘ػخ اىضبثطخ. ىٌ ٝظٖش اىَْظ 

ٗثبىزبىٜ  (1,811أٛ اخزالف ٍؼْ٘ٛ ثِٞ اىَجَ٘ػبد ) ٍسز٘ٙ احزَبىٞخ = ٍزغبٝش اىضٝج٘دس/ت  اى٘ساصٜ

. فٜ اىذساسخ اىحبىٞخ فٜ ٕزٓ اىَجَ٘ػخ ٗقبئًٞبػبٍالً  ٍزغبٝش اىضٝج٘دس/ت ، ال َٝنِ اػزجبس اىَْظ اى٘ساصٜ 

)ٍسز٘ٙ احزَبىٞخ  ثِٞ ٍجَ٘ػبد اىذساسخ (099/ 33مبُ ْٕبك أًٝضب رجبِٝ مجٞش فٜ ٍسز٘ٙ اىَبٝنشٗسّب )

ى٘حع أػيٚ ٍسز٘ٙ فٜ ٍجَ٘ػخ اىسَْخ اىَشمضٝخ ٗاسرفبع ضغظ اىذً ٗاىسنشٛ ٝيٖٞب اىسَْخ  ( ,1,110>



 الخالصة
--------------------------------------------------------------------------------  

 
 ب

اىَشمضٝخ ٍٗجَ٘ػخ اسرفبع ضغظ اىذً صٌ ٍجَ٘ػخ اىسَْخ اىَشمضٝخ ٗأخٞشاً اىَجَ٘ػخ اىضبثطخ, مبُ ْٕبك 

ثِٞ ٍجَ٘ػبد اىذساسخ )ٍسز٘ٙ احزَبىٞخ  خ اىْ٘اح(أًٝضب رجبِٝ مجٞش فٜ ٍسز٘ٙ اىجشٗرِٞ اىجبرة ىيخالٝب احبدٝ

حع أػيٚ ٍسز٘ٙ فٜ ٍجَ٘ػخ اىسَْخ اىَشمضٝخ ٗاسرفبع ضغظ اىذً ٗاىسنشٛ ريٖٞب اىسَْخ ى٘( ,  1,110ٗ>

 .            شمضٝخ ٗأخٞشاً اىَجَ٘ػخ اىضبثطخ اىَشمضٝخ ٍٗجَ٘ػخ اسرفبع ضغظ اىذً صٌ ٍجَ٘ػخ اىسَْخ اىَ

ٗسّب شسّب ٗمبّذ حسبسٞخ ٗخظ٘طٞخ اىَبٝندقخ اىزشخٞض اىجٞذح ىٖزٓ اىَبٝنشٗالروك ٞو دػٌ رحي             

%( ػيٚ اىز٘اىٜ ىنيَٖٞب. ٗثبىزبىٜ ، َٝنِ أُ ٝنُ٘ 011=  099 ٗسّبشاىَبٝن% , 011= 33ٗسّب شاىَبٝن)

ٍِ اىذقخ ٗاىْزبئج ٕزاُ اىْ٘ػبُ ٍِ اىجضٝئبد اىذقٞقخ ثَضبثخ ػالٍخ ثٞ٘ى٘جٞخ رشخٞظٞخ ٗإّزاسٝخ رؼطٜ ٍضٝذًا 

رٌ اسزٖذاف قٞبسبد اىجشٗرِٞ اىجبرة  مَب . اىَشع رشخٞض ٍٗزبثؼخ  اىذقٞقخ. ٗاىزٜ َٝنِ أُ رنُ٘ ٍفٞذح فٜ

اىجشٗرِٞ اىجبرة ىيخالٝب احبدٝخ  حٞش مبّذ حسبسٞخ ٗخظ٘طٞخفٜ ػْٞبد اىَظو.  1- ىيخالٝب احبدٝخ اىْ٘اح

 ،  % ػيٚ اىز٘اىٜ(61,15% ٗ 011) 0-اىْ٘اح 

فٜ ثَضبثخ ػبٍو ٗقبئٜ  اىنبربىٞض ىألّضٌٝاىَزغبٝش  الوراثي سي تمبُ اىزشمٞت  : االستنتاجات فٜ         

 ٓال َٝنِ اػزجبس اسرفبع ضغظ اىذًٗ اىسَْخ اىَشمضٝخ / اىسَْخ اىَشمضٝخٍجبٍٞغ اىَشضٚ ٍبػذا ٍجَ٘ػخ 

اىَشضٚ  بٍٞغاىَزَبصو ػيٚ ٍج ت/ت اىجْٜٞٗفقًب ىيزحيٞو اإلحظبئٜ. ػالٗح ػيٚ رىل ، اقزظش اىَْظ ػبٍالً 

ٍَنِ  اىجشٗرِٞ اىجبرة ىيخالٝب احبدٝخ اىْ٘اح(099ٗٗ 33اىَبٝنشٗسّب  مال. .اىضالصخ ٗمبُ ثَضبثخ ػبٍو خطش

مَقٞبط ٍفٞذ ىَزالصٍخ اىزَضٞو اىغزائٜ ٗإٍنبّٞخ اسزخذاٍٖب مَقٞبط ثذٝو فٜ دساسبد اىَزالصٍخ ىِ رنُ٘ 

  اىغزائٞخ  اىزشخٞظٞخ ٗاىزْجؤٝخ. 

 

 


