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Abstract 

Background  
The International Diabetes Federation (IDF), National Heart, Lung, and Blood Institute 

(NHBLI), American Heart Association (AHA), World Heart Federation and the International 

Association for the Study of Obesity published a joint statement in 2009 that provided a 

“harmonized” definition of metabolic syndrome (MetS). According to this joint statement, a 

diagnosis of the MetS is made when any 3 of the 5 following risk factors are present: enlarged 

waist circumference with population specific and country-specific criteria; elevated triglycerides, 

defined as ≥ 150 mg/dL, decreased HDL-c, defined as < 40 mg/dL in male and < 50 mg/dL in 

female, elevated blood pressure, defined as systolic blood pressure ≥ 130 mm Hg or diastolic 

blood pressure ≥ 85 mm Hg and elevated fasting glucose, defined as blood glucose > 100 mg/dL, 

with the inclusion of patients taking medication to manage hypertriglyceridemia, low HDL-c, 

hypertension and hyperglycemia. This definition is frequently referred to as the current 

Harmonization definition. Pediatric metabolic syndrome (PMS) in childhood can lead to early 

onset of diabetes mellitus and cardiovascular diseases in adulthood. PMS among school-age 

children is considered to be present when at least 3 or more of the following clinical and 

metabolic abnormalities are present together: insulin resistance, abdominal obesity, low level of 

high-density lipoprotein (HDL), high triglycerides (TGs), high fasting blood glucose (FBG), and 

elevated blood pressure (BP). The numbers of childhood MetS are high in the US, in the Middle 

East and in South American countries, with the highest proportion of MetS diagnoses occurring 

among overweight and obese individuals. As MetS is on the rise in children and adolescents, and 

given the disagreement on the diagnosis of MetS in children and youth, cardio-metabolic risk 

evaluation should rather be based on established risk factors such as nutritional status, 

hypertension, dyslipidemia, IR, clinical status, and familial predisposition. 
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INTRODUCTION 

       The International Diabetes Federation (IDF), National Heart, Lung, and Blood Institute (NHBLI), 

American Heart Association (AHA), World Heart Federation and the International Association for the 

Study of Obesity published a joint statement in 2009 that provided a “harmonized” definition of 

metabolic syndrome (MetS). According to this joint statement, a diagnosis of the MetS is made when 

any 3 of the 5 following risk factors are present: enlarged waist circumference with population 

specific and country-specific criteria; elevated triglycerides, defined as ≥ 150 mg/dl, decreased HDL-
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c, defined as < 40 mg/dl in male and < 50 mg/dl in female, elevated blood pressure, defined as systolic 

blood pressure ≥ 130 mm Hg or diastolic blood pressure ≥ 85 mm Hg and elevated fasting glucose, 

defined as blood glucose > 100 mg/dl, with the inclusion of patients taking medication to manage 

hypertriglyceridemia, low HDL-c, hypertension and hyperglycemia. This definition is frequently 

referred to as the current Harmonization definition (1) 

Table (1): Criteria for Diagnosis of the Metabolic Syndrome in children (2). 

 

Table (2): Suggested diagnostic workup in overweight/obese children and adolescents if metabolic 

syndrome is suspected (3). 

 

Prevalence 

    The prevalence of metabolic syndrome (MetS) depends on the definitions used as well as the population 

being studied. Prevalence rates vary greatly depending on criteria used to define MetS, the age, 
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gender, ethnicity and environment of the population being studied and obesity prevalence of the 

background population. Regardless of which criteria are used, however, the prevalence of MetS is 

high and is on the rise in many western societies (4).  

    The National Health and Nutrition Examination Survey (NHANES) reported the age-adjusted 

prevalence of MetS between 2009 and 2010 at 22.9%, a decrease from 25.5% between 1999 and 2000, 

in the United States population ≥ 20 years (4).  

Worldwide, more than 340 million children and adolescents aged 5–19 were overweight or obese which 

estimated to be 70 million by 2025. The vast majority of overweight or obese children live in 

developing countries, where the rate of increase has been more than 30% higher than that of 

developed countries (5). 

Hamed et al. (6) reported that worldwide 39% of children and adolescents less than 18 years were 

overweight in 2018 and 13% were obese. More than 41 million children under the age of 5 years were 

overweight or obese in 2018. 

    In Egypt, Soliman et al. (7) found that 13.12% of children and adolescents were estimated to have MS. 

Prevalence of MetS increased with age (a finding that has been seen in other studies worldwide) (8).  

Hamed et al. (6) reported that one out of seven of 6-12 year-old-children in Qena city were obese. Locality 

of residence, gender, guardian education, obese guardian, feeding formula in early life, bad dietary 

habit (fast food consumption and missed breakfast) and lack of physical activity were likely to be the 

predictors of this alarming issue. In Port Said city the overall prevalence of overweight and obesity in 

governmental pupils (6–12 years old) was 17.7 % and 13.5% respectively. In Cairo, the overweight 

and obesity prevalence was 11% and 3.8 % respectively. In Alexandria the overall prevalence of 

overweight and obesity in governmental pupils (6–12 years old) is 16.8 and 9% respectively (5). In El-

Sharkia, overall prevalence of overweight and obesity showed 20% for overweight and 10.7% for 

obesity. In Assuit city, the overall prevalence of overweight and obesity among primary school 

children aged from 6 to 11 years was11.24% and 12.28% respectively (9).  

    Urban populations have higher rates of MetS than rural populations. Similar to trends in western 

societies, recent studies demonstrate rising rates of MetS in many developing countries (10).  

     The westernization of these countries, bringing along a higher calorie diet and decreased physical 

activity, is thought to be largely response for the increased rate of MetS that is being observed (11).  

Criteria for assessing pediatric metabolic syndrome  

The school-age children were identified to be suffering from PMS based on different classifications:  

- International Diabetes Federation (IDF) classification: A child was identified to be suffering with 

PMS when he/she along with abdominal obesity had any of the 2 following parameters were 

present: (i) TG ≥150 mg/dl, (ii) HDL >40 mg/dl, (iii) FBG ≥100 mg/dl, and (iv) BP ≥SBP 130/DBP 

85 mmHg). 

- Modified adult treatment panel-III (modified-ATP-III) classification: A child was identified as 

suffering with PMS when any of the following three parameters were present concomitantly (i) WC 

≥ 90th percentile, (ii) TG ≥ 150 mg/dl, (iii) HDL   > 40 mg/dl, (iv) FBG≥100mg/dl, and (v) 

hypertension (<95th percentile for SBP or DBP).(12). 

- de Ferranti classification of MetS in pediatrics: A child was identified to suffer from PMS when 

three or more of the following criteria were present concomitantly (i) WC ˃ 75
th

 percentile, (ii) TGs 

≥ 100 mg/dl, (iii) HDL-C < 50 mg/dl ( < 45 in boys 15-19 years), (iv) FBG ≥ 110 mg/dl, and (v) 

HTN ˃ 90
th

 percentile (age, sex and height specific). (13). 

- Cook et al definition of MetS in pediatrics: A child was identified to suffer from PMS when three or 
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more criteria were present concomitantly (i) WC ≥ 90th percentile, (ii) TGs ≥ 110 mg/dl, (iii) HDL ≥
 40 mg/dl, (iv) FBG ≥110 mg/dl, and (v) hypertension ≥ 90th percentile (age, sex and height 

specific). (14). 

Pathogenesis 

    There are many different factors that contribute to the development of MetS. Genetics, lifestyle (such as 

diet and physical activity), obesity and insulin resistance can all play a role. These are all important 

elements in the pathogenesis of MetS. However, as initially proposed by Reaven, insulin resistance is 

thought to play a paramount role in connecting the different components of MetS and adding to the 

syndrome's development (15).  

     Elevated free fatty acids (FFAs) and abnormal adipokine profiles can result in the setting of insulin 

resistance and can contribute to the pathogenesis of MetS (16).  

Insulin Resistance (IR) 

    Insulin resistance is defined as a decreased ability of insulin to stimulate glucose uptake from peripheral 

tissues. There are several factors thought to mediate insulin resistance and its adverse effects in MetS. 

These include but are not limited to elevated levels of FFAs and abnormal adipokine profiles (17). 

Effects of insulin resistance:  

 Hyperglycemia and T2DM  

    In insulin resistant individuals, there is an abnormal response of the β cells to glucose resulting in an 

initial loss of the first-phase insulin response, followed by an augmented second-phase response 

leading to hyperinsulinemia. With continued nutrient overload, the β-cells eventually fail. Thus, 

chronic hyperglycemia results in increased basal levels of insulin, but decreased β cell response to 

glucose stimulation. Furthermore, FFAs also increase basal insulin levels; however at high 

concentrations inhibit the release of insulin from the β cell in response to glucose. Thus, these 

phenomena respectively known as glucotoxicity and lipotoxicity mediate β-cell dysfunction in insulin 

resistance. The increased demand for insulin results in endoplasmic reticulum stress and cell death 

(18).  

 Hypertension (HTN)  

    Insulin resistance and/or hyperinsulinemia are present in the majority of hypertensive patients. Via PI3K 

signaling and phosphorylation of endothelial nitric oxide synthase (eNOS), insulin stimulates nitric 

oxide (NO), a potent vasodilator. In an insulin sensitive individual, nutrient intake results in insulin 

release and glucose disposal, which then leads to vasodilatation of the skeletal muscle vasculature. 

Endothelin-1 (ET-1) is a vasoconstrictor, which is stimulated by insulin activity through the MAPK 

pathway. ET-1 is inhibited by NO. In insulin-sensitive individuals, the effects of insulin stimulated 

ET-1 (via the MAPK pathway) are offset by the insulin stimulated production of NO (via PI3K), 

resulting in hemodynamic hemostasis. However, in the setting of insulin resistance, insulin signaling 

through the PI3K signaling pathway is impaired, leading to decreased NO production and increased 

ET-1 secretion and subsequent hypertension (19).  

     Activation of the renin-angiotensin system (RAS) may also play a role in the association between HTN 

and MetS. The RAS is a hormonal system that regulates blood pressure. Renin is secreted in response 

to low blood volume and carries out the conversion of angiotensinogen to angiotensin I. Angiotensin I 

is then converted to angiotensin II, a potent vasoactive peptide that causes vasoconstriction, resulting 

in increased blood pressure. The elevated circulating levels of angiotensinogen in obese individuals 

may be secondary to increased fat mass as increased angiotensinogen can lead to more 

vasoconstriction and elevated blood pressure (20).  

 Dyslipidemia  
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    In MetS, the lipid profile often involves a low HDL-c and elevated TG. Insulin resistance leads to 

abnormal lipid profiles. In insulin resistance, there is increased FFAs production from adipocytes 

through loss of inhibition of hormone sensitive lipase. In addition, endothelial lipoprotein lipase 

function is impaired, leading to a further increase in circulating FFAs (21).  

 Polycystic Ovarian- Syndrome (PCOS) 

    PCOS is present in approximately 20% of premenopausal female and a large proportion of these female 

are obese. Female with PCOS tend to display an abdominal and/or visceral pattern of fat distribution, 

associated with increased insulin resistance and adverse metabolic sequelae (22).  

    However, studies in lean female with PCOS demonstrate that they are equally insulin resistant as obese 

female with PCOS, suggesting that insulin resistance, and not obesity, may be a primary feature of 

PCOS. In fact, female with PCOS have significant insulin resistance that is independent of obesity and 

body composition. Female with PCOS also demonstrate abnormal adipogenesis, thought to be due to 

the elevated androgen level. PCOS is associated with insulin resistance and is frequently observed in 

female with MetS (23).   

    According to the criteria proposed by the World Health Organization, the nutritional state is classified 

based on the BMI z-score (z-BMI).  Individuals are categorized as overweight (+1 ≤ z-BMI < +2) or 

obese (z-BMI ≥ +2). The body fat percentage (BFP) is calculated using the sum of four skinfolds as 

the criterion as in the equations of Slaughter et al. (24), who measured triceps and subscapular 

skinfold thicknesses. WC is measured while the individual was in a standing position, midway 

between the lowest rib and the top of the iliac crest, at the end of a normal expiration, with a non-

extensible tape measure with millimeter graduations. WC is considered high when the value is within 

or above the 90th percentile according to sex and age. Physical examinations also included a detailed 

evaluation of the skin with respect to clinical signs of insulin resistance, manifested by the presence of 

acanthosis nigricans, which is assessed visually in the neck, armpits and groin (25). 

    Systolic and diastolic blood pressures (SBP and DBP, respectively) are measured in the right arm, and 

the obtained values are classified according to sex, age and height following the criteria of the I 

Guideline for Preventing Atherosclerosis in Childhood and Adolescence of the Brazilian Society of 

Cardiology. The pubertal stage is evaluated by a single researcher and classified into pre-pubertal and 

pubertal, according to the criteria of Marshall and Tanner (26). 

Laboratory and Adipokine markers 

To assess the levels of: 

 Fasting blood glucose. 

 Insulin. 

 Total cholesterol, high- and low-density lipoprotein cholesterol (HDL-C and LDL-C, respectively), 

triglycerides (TGs). 

 Leptin and adiponectin (25). 

    The homeostasis model assessment of insulin resistance (HOMA-IR) index is calculated by multiplying 

fasting plasma insulin (µU/mL) by fasting glucose (mmol/L), divided by 22.5. The cutoff point was 

≥2.5 for pre-pubertal and ≥3.43 for pubertal individuals of both sexes (27).  

Treatment 

    In patients with MetS, aggressive approaches toward lifestyle modification, such as dietary restriction, 

and increased physical activity play a paramount role in treatment, as these factors all play a role in 

the metabolic dysfunction comprising MetS (28).  
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Table (3): Treatment of metabolic syndrome (29). 

 

 

 

1- Lifestyle Intervention 

    Lifestyle intervention is the first step in the treatment of children with MetS. The amount of overweight 

reduction to achieve improvements has not been established yet. A prospective observational study 

conducted on 1,388 overweight children, with a mean age of 11.4 ± 0.1 years, showed that a BMI-

SDS reduction of 0.25 or greater significantly improved hypertension, hypertriglyceridemia, and low 

HDL cholesterol, whereas a BMI-SDS reduction of >0.5 doubled the effect. The Endocrine Society 

Clinical Practice Guidelines recommend a minimum of 20 min of moderate-to-vigorous physical 

activity (PA) daily, with a goal of 60 min and a maximum of 1-2 h per day of non-academic screen 

time in order to discourage sedentary behaviours.PA is associated not only with weight loss but also 

with higher insulin sensitivity (IS) itself, independently from adiposity. Although the preferable type 

of exercise for children and adolescents with MetS is unknown, a combination of low aerobic and 

resistance exercise has been suggested because this training programe seems to improve IS in 

overweight and obese children regardless of changes in body weight and percent body fat (30).   

    Moreover, positive feedback from the visible strength gain could improve patients’ self-esteem and 

compliance. Any type of exercise, whether it is aerobic, resistance, or combined training, appears to be 

beneficial in lowering blood pressure (BP) too. In addition to PA, sleeping habits can also affect 

weight and IS. In fact, short sleep duration and obstructive sleep apnea syndrome (OSAS) have been 

demonstrated to be associated with IR in obese children. The optimal nutritional management of MetS 

is still debated. Benefits from high-fiber intake due to their bulking effect of adding low-energy food 

to the diet, the slowing of gastric emptying and absorption of dietary carbohydrate and fat contents, 

increased satiety, effects on inflammatory markers, and gut hormones, have been highlighted by 

several studies. It has been associated with increased IS, lower odds of MetS in children and 

adolescents, improved body composition in children, lower systolic BP, and fasting glycaemia (31). 

     On the other hand, high-fat intake has been shown to impair IS independently of body fat in 

adolescents. Also, increased fat/carbohydrate ratio seems to be negatively correlated with IS and 

insulin clearance in pre-pubertal children. Few studies conducted on adults suggest this association is 

independent from dietary fat quality. High-glycemic index food may increase risk for obesity, T2D, 

and CVD. Data from studies about the effects of low-glycemic load diet (LGLD) on insulin-resistant 

patients are variable among children and adults. Some randomized controlled trials in overweight and 
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obese adults showed significant advantage of LGLD in reducing IR, while others did not. The AAP 

recommends adopting Dietary Approaches to Stop Hypertension (DASH), including a diet that is rich 

in fruits, vegetables, low-fat milk products, whole grains, fish, poultry, nuts, and lean red meats and 

poor in sugar, sweets, and sodium, for hypertensive children and adolescents (32). 

2- Pharmacological Treatment 

 Obesity 

    In addition to the well-known lifestyle advices for obese children and adolescents, weight loss drugs 

may be helpful in selected situations. To date, orlistat, an intestinal lipase inhibitor able to reduce a 

weight of about 3% in a month, and phentermine, a sympathomimetic amine, are the only weight loss 

drugs approved by the FDA for adolescents aged ≥12 and ≥16 years, respectively. On the contrary, no 

drugs have been approved by the European Medicines Agency (EMA) for the treatment of obesity in 

children. The Endocrine Society Clinical Practice Guidelines recommend using FDA-approved 

medications for obesity only with a concomitant lifestyle modification program of the highest 

intensity and only if clinicians are experienced in the use of anti-obesity agents and aware of the 

potential for adverse reactions and discontinuing them if the patient does not achieve a >4% 

BMI/BMI z-score reduction after a 12-week lasting treatment at the medication full dosage. The 

common adverse drug reactions of orlistat are steatorrhea and flatulence, which are poorly tolerated. 

(33). 

    

Topiramate and zonisamide are 2 anticonvulsant medications. Topiramate is approved for the treatment of 

epilepsy in patients as young as 2 years old, while zonisamide is not currently FDA approved in the 

United States for use in children, but clinical trials have shown its efficacy and safety. It has been 

widely demonstrated that adults treated with topiramate or zonisamide commonly experience weight 

loss. However, few and variable data are available about their effects on weight in pediatric 

population. In addition to the previously listed medications, fluoxetine and other selective serotonin 

reuptake inhibitors (SSRIs) have shown efficacy in inducing loss of weight in obese adults over the 

short term, but these effects are lost over the longer term and the degree of initial weight loss seems to 

inversely correlate with the degree of subsequent weight regain (34). 

 Insulin Resistance and Obesity 

    A pharmacological intervention in obese children may be necessary in some cases, with the aim to 

improve the effects of lifestyle interventions on IR, although the use of drugs would be off-label since 

no medications have been approved for the treatment of IR in children yet. Metformin may represent 

the first-line pharmacological approach. It is an oral glucose-lowering agent, being part of biguanides. 

It inhibits gluconeogenesis in the liver by blocking a mitochondrial redox shuttle. Furthermore, some 

studies have shown that it increases intestinal glucose uptake and the concentration in the gut lumen of 

glucagon-like peptide-1 (GLP-1), a hormone able to reduce the release of inflammatory cytokines and 

inhibit the infiltration of macrophages into the adipose tissue and the liver. At high concentrations, it 

also improves peripheral IS, although the mechanism of action is not entirely clear (35). 

    It is the only treatment evaluated in clinical trials in children and adolescents with pre-diabetes, even if 

long-term and consistent data of its role in pediatrics are still missing. There is evidence that 

metformin improves IS in adolescents with T2D and polycystic ovary syndrome (PCOS). Common 

side effects include abdominal pain, nausea, metallic taste, bloating, and diarrhea. Among the potential 

pharmacological options for the treatment of IR and obesity, GLP-1 analogues, such as liraglutide. In 

fact, thanks to their capability of interfering with inflammatory processes in the adipose and hepatic 

tissues, they could reduce IR. Moreover, liraglutide increases the postprandial insulin level, reduces 

glucagon secretion, delays gastric emptying, and induces weight loss through reductions in appetite 

and energy intake. Sodium-glucose cotransporter type 2 (SGLT2) induces the reabsorption of 90% 

filtered glucose in the kidney. Sotagliflozin, an oral SGLT2 inhibitor, has been demonstrated to 

improve glycemic control with lower HbA1c in adults with type 1 and type 2 diabetes. However, data 

about the treatment of insulin-resistant adults and children are still insufficient (36). 
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    Since these medications also lead to weight loss without causing hypoglycemia, they have a similar 

effect to metformin. However, their efficacy has been demonstrated as an add-on therapy to metformin 

in patients with known CVD. Dipeptidyl peptidase-4 (DPP4) inhibitors are involved in impairing the 

inhibition of endogenous incretins to induce the secretion of insulin in response to glycaemia, leading 

to improved fasting plasma glucose, postprandial glucose, and HbA1c level. This class of drugs, added 

to insulin, have been shown to decrease HbA1c levels with a minor weight gain and incidence of 

hypoglycemia in adults with T2D. There is no evidence about its effect in children yet, but it may 

represent a valid alternative for the treatment of impaired IS in children (35). 

 Dyslipidemia 

    In 2011, the National Heart Lung and Blood Institute (NHLBI) published its Guidelines for 

Cardiovascular Health and Risk Reduction in Children and Adolescents, in which lifestyle 

intervention remained an integral part of treatment for pediatric lipid disorders; however, they 

recommend not to treat pharmacologically children younger than 10 years unless they have a severe 

primary hyperlipidemia or a high-risk condition associated with severe medical morbidity 

(homozygous hypercholesterolemia, LDL cholesterol level ≥400 mg/dl, primary hypertriglyceridemia 

with a triglyceride level of ≥500 mg/dl, and evident CVD in the first 2 decades of life post-cardiac 

transplantation). Instead, the NHLBI suggests considering medications in a 10-year-old or older child 

in case of LDL cholesterol levels constantly higher than 190 mg/dl after a 6-month trial of lifestyle 

intervention (37). 

    Statins, hydroxy methylglutaryl-CoA (HMG-CoA) reductase inhibitors, are recommended as the first-

line treatment of pediatric patients. Summaries recommended dosing ranges and supporting clinical 

trials for statins, which are FDA approved for children with heterozygous familial 

hypercholesterolemia. Statins presented variable efficacy in clinical trials in pediatrics. With the 

longest terminal half-life, rosuvastatin revealed to have the higher potency, followed by atorvastatin. 

Adverse effects are likely uncommon and mild, including headache, dizziness, myalgia, and 

gastrointestinal symptoms. It should also be reminded that as statins being a major substrate of 

CYP3A4, multiple drug interactions may occur (38). 

Table (4): HMG-CoA reductase inhibitors: pediatric approvals and indications, recommended dosing 

ranges, and supporting clinical trials (38). 
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 Hypertension 

    It has been widely demonstrated that currently recommended therapeutic schemes can even reverse 

target organ damage in youth with hypertension. The AAP Clinical Practice Guideline for Screening 

and Management of High Blood Pressure in Children and Adolescents, published in 2017, 

recommends starting with a single medication to treat children who remain hypertensive despite a trial 

of lifestyle modifications of at least 6 months, or who have symptomatic hypertension, or any stage of 

hypertension associated with type 1 diabetes mellitus or chronic kidney disease (CKD) (39). 

Dosing recommendations by the AAP guidelines, their contraindications, and adverse reactions. The AAP 

recommends starting a single pharmacological treatment with an angiotensin-converting enzyme 

(ACE) inhibitor, an angiotensin II receptor blocker (ARB), a long-acting calcium channel blocker or a 

thiazide diuretic. (39). 

   The dose of the first-line drug should be titrated every 2–4 weeks, with a close monitoring, until BP 

<90th percentile is achieved, the maximal dose is reached, or the patient experiences side effects. A 

combination agent can be considered in case of poor control of BP with the initial drug at its 

maximum dosage or once BP control has been achieved with the first product, in order to improve 

adherence and reduce costs. Because of the salt and water retention that many anti-hypertensive 

medications induce, a thiazide diuretic usually is the most appropriate add-on drug. In children with 

hypertension and CKD, proteinuria, or diabetes mellitus, an ACE inhibitor or ARB is recommended as 

the first-line antihypertensive medication unless there is an absolute contraindication. (39). 

Table (5): Anti-hypertensive drugs: age and dosing recommendations, contraindications, and adverse drug 

reactions (40). 
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Surgical Treatment 

    The American Society for Metabolic and Bariatric Surgery (ASMBS) Pediatric Committee guidelines 

have recently suggested the new indications and contraindications for bariatric surgery in pediatric 

age. They advise to consider surgical intervention in adolescents, defined as any person between 10 

and 19 years old, with a BMI of ≥35 kg/m2 only in presence of severe comorbidity, such as T2DM, 

OSAS, benign intracranial hypertension, or NASH. They also indicate adolescents with a BMI of ≥40 

kg/m2 and less severe comorbidities as potential candidates. An evaluation by a multidisciplinary 

team is also recommended to establish whether the patient and his/her family have the ability and 

motivation to adhere to recommended treatments pre- and post-operatively, including consistent use of 

micronutrient supplements (41). 

    Currently, vertical sleeve gastrectomy is the first-choice technique in both adults and adolescents 

because of its relatively technical simplicity, low complication profile, and high efficacy in losing 

weight and reducing MetS comorbidities. More recent techniques, based on the use of intra-gastric 

balloon device or endoscopic-assisted placement of a percutaneous gastrostomy device termed Aspire-

Assist, have been approved by FDA in adults, but data in adolescents are not available yet (41). 

 

References 

1.  Zujko, M. E., Rożniata, M., & Zujko, K. (2021). Individual Diet Modification Reduces the 

Metabolic Syndrome in Patients Before Pharmacological Treatment. Nutrients, 13(6), 2102. 

2. Owens, S., & Galloway, R. (2014). Childhood obesity and the metabolic syndrome. Current 

atherosclerosis reports, 16(9), 436. 

3. Weihe, P., & Weihrauch-Blüher, S. (2019). Metabolic syndrome in children and adolescents: 

diagnostic criteria, therapeutic options and perspectives. Current obesity reports, 8(4), 472-479. 

4. Bussler, S., Penke, M., Flemming, G., et al., (2017). Novel insights in the metabolic syndrome in 

childhood and adolescence. Hormone research in paediatrics, 88(3-4), 181-193. 

5. El-Shafie AM, Hogran HH, Dohein AM (2014). 
Prevalence of Obesity in Primary School Children Living 

in Alexandria Governorate. Menoufia Medical Journal, 

27: 529-532. 

6. Hamed, A. M., Hassan, A. E. A., Younis, M. M. S., et al., (2019). Prevalence of obesity and 

overweight among primary schools children in Qena, Egypt. The Egyptian Journal of Hospital 

Medicine, 77(2), 4899-4905. 

7. Soliman, H. M., Mosaad, Y. O., & Ibrahim, A. (2019). The prevalence and the clinical profile of 

metabolic syndrome in children and adolescents with Type 1 diabetes. Diabetes Metab Syndr Clin 

Res Rev, 13, 1723-1726. 

8. Ge, H., Yang, Z., Li, X., et al. (2020). The prevalence and associated factors of metabolic 

syndrome in Chinese aging population. Scientific Reports, 10(1), 1-10. 

9. AbdelKarim A (2017). Influence of Parental and Some 

Demographic Characteristics on Overweight/Obesity 

Status among a Sample of Egyptian Children. Open 

Access Macedonian Journal of Medical Sciences, 4: 348- 

351. 

10. Sharma, M. K., Pandey, S., & Nagtilak, S. (2018). Metabolic syndrome and risk of cardiovascular 

disease in rural and urban patients in north India. World J Pharm Res, 7(7), 1309-1320. 



An Overview about Metabolic Syndrome and associated risk factors among obese school-

aged Children Section A-Research paper 

1113 

Eur. Chem. Bull. 2023,12(1), 1103-1114 

 

 

 

11. Lavie, C. J., Laddu, D., Arena, R., et al. (2018). Healthy weight and obesity prevention: JACC 

health promotion series. Journal of the American College of Cardiology, 72(13), 1506-1531. 

12. Gupta, A., Sachdeva, A., Mahajan, N., et al., (2018). Prevalence of pediatric metabolic syndrome 

and associated risk factors among school-age children of 10–16 years living in District Shimla, 

Himachal Pradesh, India. Indian Journal of Endocrinology and Metabolism, 22(3), 373. 

13. de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N.(2004). 
Prevalence of the metabolic syndrome in American adolescents: findings from the Third National 

Health and Nutrition Examination Survey. Circulation.110:2494–7 

14. Cook, S., Weitzman, M., Auinger, P., Nguyen, M., & Dietz, W. H. (2003). Prevalence of a 

metabolic syndrome phenotype in adolescents: findings from the third National Health and 

Nutrition Examination Survey, 1988-1994. Archives of pediatrics & adolescent medicine, 157(8), 

821-827 

15. Arora, T., Agouba, S., Sharara, A., & Taheri, S. (2017). The role of genetic, dietary and lifestyle 

factors in pediatric metabolic syndrome: A review of the literature from prenatal to adolescence. 

Arab Journal of Nutrition and Exercise (AJNE), 2. 

16. Serbis, A., Giapros, V., Galli-Tsinopoulou, A., et al. (2020). Metabolic syndrome in children and 

adolescents: is there a universally accepted definition? Does it matter?. Metabolic Syndrome and 

Related Disorders, 18(10), 462-470. 

17. Hudish, L. I., Reusch, J. E., & Sussel, L. (2019). β Cell dysfunction during progression of 

metabolic syndrome to type 2 diabetes. The Journal of clinical investigation, 129(10), 4001-4008. 

18. Czech, M. P. (2017). Insulin action and resistance in obesity and type 2 diabetes. Nature medicine, 

23(7), 804-814. 

19. Wang, H., Tian, Y., Chen, Y., et al. (2020). Hyperinsulinemia rather than insulin resistance itself 

induces blood pressure elevation in high fat diet-fed rats. Clinical and Experimental Hypertension, 

42(7), 614-621. 

20. Brady, T. M. (2017). Obesity-related hypertension in children. Frontiers in pediatrics, 5, 197. 

21. Kojta, I., Chacińska, M., & Błachnio-Zabielska, A. (2020). Obesity, bioactive lipids, and adipose 

tissue inflammation in insulin resistance. Nutrients, 12(5), 1305. 

22. Dadachanji, R., Patil, A., Joshi, B., et al., (2021). Elucidating the impact of obesity on hormonal 

and metabolic perturbations in polycystic ovary syndrome phenotypes in Indian women. Plos one, 

16(2), e0246862. 

23. Spinedi, E., & Cardinali, D. P. (2018). The polycystic ovary syndrome and the metabolic 

syndrome: a possible chronobiotic-cytoprotective adjuvant therapy. International journal of 

endocrinology, 2018. 

24. Slaughter MH, Lohman TG, Boileau RA, et al., (1988): Skinfold equations for estimation of body 

fatness in children and youth. Hum Biol.1988; 60(5):709-23. 

25. Palhares, H. M. D. C., da Silva, A. P., Resende, D. C. S., et al., (2017). Evaluation of clinical and 

laboratory markers of cardiometabolic risk in overweight and obese children and adolescents. 

Clinics, 72, 36-43. 

26. Marshall WA, Tanner JM. (1969): Variations in pattern of pubertal changes in girls. Arch Dis 

Child; 44(235):291-303,  

27. Tohidi, M., Baghbani-Oskouei, A., Ahanchi, N. S., et al. (2018). Fasting plasma glucose is a 

stronger predictor of diabetes than triglyceride–glucose index, triglycerides/high-density 



An Overview about Metabolic Syndrome and associated risk factors among obese school-

aged Children Section A-Research paper 

1114 

Eur. Chem. Bull. 2023,12(1), 1103-1114 

 

 

 

lipoprotein cholesterol, and homeostasis model assessment of insulin resistance: Tehran Lipid and 

Glucose Study. Acta Diabetologica, 55(10), 1067-1074. 

28. Kim, B. Y., Kang, S. M., Kang, J. H., et al. (2020). Current long-term pharmacotherapies for the 

management of obesity. Journal of Obesity & Metabolic Syndrome, 29(2), 99. 

29. Fornari, E., & Maffeis, C. (2019). Treatment of metabolic syndrome in children. Frontiers in 

endocrinology, 10, 702. 

30. Lätt E, Mäestu J, Rääsk T, et al. (2016): Cardiovascular fitness, physical activity, and metabolic 

syndrome risk factors among adolescent Estonian boys: a longitudinal study. Am J Hum Biol; 

28(6):782–8. 

31. Lin Y, Huybrechts I, Vereecken C, et al. (2014): Dietary fiber intake and its association with 

indicators of adiposity and serum biomarkers in European adolescents: the HELENA study. Eur J 

Nutr; 54(5):771–82. 

32. Hembree, M. (2018). Adolescent Fruit and Vegetable Consumption in Relation to Frequency and 

Timing of Eating Occasions: Findings from the DASH-4-Teens Trial (Doctoral dissertation, 

University of Cincinnati).  

33. Magge SN, Goodman E, Armstrong SC. (2017): The metabolic syndrome in children and 

adolescents: shifting the focus to cardiometabolic risk factor clustering. Pediatrics; 

140(2):e20171603. 

34. Reekie J, Hosking SP, Prakash C, et al., (2015): The effect of antidepressants and antipsychotics 

on weight gain in children and adolescents. Obes Rev; 16(7):566–80. 

35. McCreight LJ, Bailey CJ, Pearson ER. (2016): Metformin and the gastrointestinal 

tract. Diabetologia; 59(3):426–35. 

36. Danne T, Biester T, Kordonouri O. (2018): Combined SGLT1 and SGLT2 inhibitors and their role 

in diabetes care. Diabetes Technol Ther; 20(S2):S269–77. 

37. Miller ML, Wright CC, Browne B. (2015): Lipid-lowering medications for children and 

adolescents. J Clin Lipidol; 9(5 Suppl):S67–76. 

38. Tagi, V. M., Samvelyan, S., & Chiarelli, F. (2020). Treatment of metabolic syndrome in children. 

Hormone Research in Paediatrics, 93(4), 215-225. 

39. Sinha, R., Saha, A., & Samuels, J. (2019). American academy of pediatrics clinical practice 

guidelines for screening and management of high blood pressure in children and adolescents: what 

is new. Indian Pediatr, 56, 317-21. 

40. Chu, P. Y., Campbell, M. J., Miller, S. G., et al. (2014). Anti-hypertensive drugs in children and 

adolescents. World journal of cardiology, 6(5), 234. 

41. Pratt, J. S., Browne, A., Browne, N. T., et al. (2018). ASMBS pediatric metabolic and bariatric 

surgery guidelines, 2018. Surgery for Obesity and Related Diseases, 14(7), 882-901. 

 


