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Abstract

Metabolic syndrome (MS) has been associated with increased risks of cardiovascular diseases, type 2 diabetes, stroke, and
numerous other chronic health conditions. The escalation of MS is primarily attributed to unhealthy lifestyle behavior, poor dietary
choices, lack of physical activity, and a rise in sedentary habits. However, the importance of MS is underscored by its potential to
contribute to a range of diseases, resulting in a cascade of harmful health consequences that go beyond individual components.
The prevalence of MS is rising at an alarming rate in the gulf cooperation council (GCC) region including Oman. Early detection and
intervention are critical, as the syndrome frequently remains undetected until it reaches advanced stages, thereby making timely
and focused preventive strategies essential. Maintaining a healthy lifestyle is essential to prevent or delay the development of MS in
at-risk individuals, as well as for averting cardiovascular disease and type 2 diabetes in those already diagnosed with MS. Healthcare
providers ought to implement the most effective strategies for lifestyle changes that focus on preventing MS and improving

cardiometabolic health in children and adolescents.
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Introduction

Metabolic Syndrome (MS) is characterized as a collection of cardio-metabolic disorders that elevate the likelihood of developing
cardiovascular diseases and type 2 diabetes, which are among the primary causes of mortality globally [1]. The risk factors include central
obesity, insulin resistance, impaired glucose tolerance and dyslipidemia [2]. The industrialized era and modern lifestyle are associated
with deskbound routine and increased consumption of refined foods, consequently leading to increasing rates of obesity among young
adults. Obesity is linked with low grade inflammation that leads to endothelial dysfunction and increased risk of cardiovascular disease
and type 2 diabetes [3,4]. Study from NHANES revealed dramatic increase in the prevalence of MS in young individuals within the range of
20-39-year-old (from 16.2-21.3%), while among Asian and Hispanic race participants (from 19.9 to 26.2%; and 32.9-40.4%), respectively
[5,6]. The identification of high-risk individuals will provide an opportunity to provide targeted counseling for relevant dietary and
lifestyle changes [7].
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Literature Review
Prevalence and epidemiology

The prevalence of MS among adolescents was 5.5% in high-income countries, and 7.0% in low-income countries. In addition, the
prevalence of MS in children in northwestern Europe was found to be 8.2%. The highest prevalence in children was reported in countries
namely, Nicaragua, Iran and Mexico (5.2, 8.8, and 12.3%), respectively, while among adolescents the trend was seen in Iran, United Arab
Emirates and Spain (9.0, 9.8, 9.9%), respectively [8]. The prevalence of MS is rising at an alarming rate in the gulf cooperation council
(GCC) region including, Oman, Saudi Arabia, and the United Arab Emirates. Moreover, it has been demonstrated that adult-onset type
2 diabetes and cardiovascular diseases are highly prevalent among these countries [9,10]. Study among Omani adults demonstrated
high prevalence of MS and its components with one in four adults being categorized as having MS [11]. A survey report among Omani
population showed high prevalence of biological risk factors including blood pressure, cholesterol, blood sugar level and overweight and
obesity to be 33, 36, 16, and 66%, respectively [12]. The global prevalence of MS in young population is increasing. College students are
an understudied population in respect to prevalence of MS. However, this is becoming increasingly prevalent even in young adults [13,14].
There are studies demonstrating that college students experience weight gain faster than average adults [15-17]. The same pattern has
been observed in Omani students with increasing prevalence of overweight and obesity especially in males as compared to females [18].

One study reported high prevalence of insulin resistance (16%) and obesity (26%) among healthy young Omani medical students [19].

Lifestyle behavior, unhealthy diet and low level of physical activity are important attributable factors leading towards high prevalence of
MS and associated symptoms. The predisposition to dysmetabolic syndrome in earlier life is a risk factor towards increased development
of MS and CVD [20]. A recent study among Iraqi university students (18-25-year-old) were shown to have significantly high prevalence of
MS (66.9% female and 33.1% male) with components such as high fasting blood glucose, and increased waist circumference. Moreover,
the associated risk factors included female gender, increasing age, high BMI, low level of physical activity and fast food consumption. The
study emphasized the need for early detection in order to minimize the future risk [21]. Based on NCEP-ATP III criteria, study performed
by Campo-Arias., et al. demonstrated heterogeneity of MS prevalence among college students ranging from 0-19.2%. Lifestyle behaviors
were shown to be causative factors for this variation [22]. Similar results obtained from Saudi, Egypt and US students also demonstrated
the risk of developing prevalence of MS as 17.7, 16.7 and 15%, respectively [23-25]. The prevalence of MS was moderately high among
university students in Sudan with a direct relation with BMI [26]. Risk factors such as physical inactivity, and lack of knowledge about
healthy foods were shown to be associated with obese and overweight Omani college students [18]. A similar study demonstrated the

same causal factors such as unhealthy diet behavior and lack of knowledge among obese Omani females (30-49 years) [27].

Arecent study revealed that the prevalence of metabolic syndrome (MS) among obese adolescent students in northern Oman is 10.7%.
The same study highlighted the importance of improving health-related fitness components to decrease the prevalence of MS [28]. Omani
adolescent school children demonstrated a high prevalence of behavioral risk factors (such as physical inactivity, high BMI, fast food
consumption, smoking) of CVD [29]. In general, the prevalence of MS in young population is low as compared to adult but in case of obese
and overweight adolescents, its prevalence is presumably high (29%) [30,31]. Hence, early detection of MS and its components among
the predisposed section of university student is crucial and would prove helpful for focused interventions and limiting the development
of MS and related disease such as CVD and diabetes.

Prevention and management

Adolescenceis considered the second window of opportunity in planning nutrition related interventions to improve the health outcomes
later in life. Numerous studies have shown that early risk factor identification can contribute to planning preventive interventions and
enhance quality of life [32]. The initial steps are to act on modifiable factors such as obesity, physical inactivity, and atherogenic diet

through lifestyle changes. The lifestyle recommendations encompass the cessation of smoking, engaging in physical activity, adhering to
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the Mediterranean diet with or without energy restriction and for individuals who are overweight or have obesity, following a healthy diet
designed by a specialist to attain the desired Body Mass Index (BMI) (<25 kg/m?) [33].

The role of dietary modification in managing MS has been shown to be positively associated with health indicators and several clinical
and epidemiological studies had shown the beneficial effect of diet in reducing the prevalence of MS [34,35]. Previous studies demonstrate
that in patient with MS, physical activity aids in decreasing body weight, improving peripheral insulin resistance, and reducing anxiety
[36-38]. The prevention of excessive weight in children and adolescents is a critical goal and high adherence to diet quality has a positive
effect on obesity measures and MS in children and adolescents. The prevalence of the MS was found to be high among obese children and
adolescents [39]. The association of high BMI or obesity is not just limited to MS, but it also affects its diagnostic criteria (lipid profiles,
WC, BP and FPG level) [40]. The nutritional shift occurring in Oman, marked by a rise in the intake of processed foods that are rich in
saturated fats and sugars, alongside a decrease in traditional eating habits, could further exacerbate the increasing incidence of MS [41].
In the revised 2024 guidelines [42,43], the United States Preventive Services Task Force (USPSTF) emphasized the importance of early
intervention when pediatric obesity is detected, advocating for intensive lifestyle therapy (ILT) to be initiated as early as 6 years of age.
The recommendation for obesity screening using BMI calculations has been eliminated, as this is now considered a standard component
of clinical practice. Hence, earlier intervention is beneficial to establish healthy habits early in a child’s development [44] before puberty,

which may contribute to a heightened long-term cardiometabolic risk [45].

Conclusion and Recommendation

By tackling MS at an early stage, encouraging healthier lifestyles, and enhancing access to healthcare, we can alleviate the impact of MS

and avert its related complications, resulting in better health outcomes for adolescents and communities globally.

Healthcare providers in Oman should focus on personalized nutrition counseling, based on individual preferences, cultural factors, and
medical conditions. Regular follow up and support from healthcare professionals, including dietitians, can help children and adolescent
overcome barriers and maintain long-term healthy behaviors. Public health initiatives and policies play a crucial role in encouraging
healthy dietary choices and decreasing the incidence of MS. Awareness campaigns in Omani schools and universities that highlight the
significance of lifestyle and behavioral factors in the prevention and management of MS can enable individuals to make educated food

choices and contribute to the reduction of its prevalence.
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