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Abstract
Metabolic syndrome is defined as a set of metabolic abnormalities that increase the risk of cardiovascular disease. South Asians are at a disproportionately high risk for metabolic syndrome due to their genetic profile as well as lifestyle and cultural factors. One main lifestyle factor adding to their increased prevalence is their dietary patterns, which include many high-risk food items like refined carbohydrates, oils, and saturated fats. These dietary components are interconnected with their cardiometabolic profiles which can lead to increasingly adverse outcomes across future South Asian generations. This paper evaluates the intricate relationship between metabolic syndrome and cardiovascular disease, specifically focusing on the dietary components that drive disease progression. Furthermore, this paper examines the protective cardiometabolic elements already inherent to the regional diet, exploring how traditional South Asian dietary patterns can be strategically modified to optimize preventive care. Ultimately, this review stresses the need for individually tailored, culturally centered dietary interventions to optimize preventive care and mitigate the metabolic burden in both native and diaspora South Asian communities.
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Introduction
Metabolic Syndrome (MetS) comprises a cluster of metabolic abnormalities that significantly elevate the risk of cardiovascular disease (CVD), such as myocardial infarction and peripheral vascular disease, type 2 diabetes mellitus, and complications in the intestinal, liver, and musculoskeletal diseases [1-14]. Uncontrolled diabetes and hyperlipidemia may destabilize atherosclerotic plaque in the carotid and coronary arteries [15-22], lead to steatohepatitis and fatty liver disease [7], peripheral arterial disease, diabetic foot ulcer [23], and musculoskeletal diseases [24], and may further accelerate the underlying pathogenesis of cardiometabolic syndrome. Many pharmaceutical agents, including second-generation anti-depressants may induce weight gain [25]. There is a complex interplay between stress to epithelial and endothelial cells, infections, immune signaling, and microbial factors supporting the role of inflammation due to metabolic syndrome and gut dysbiosis in the immune-metabolic interaction in cardiometabolic diseases [26-31]. It is indeed critical to effectively manage hyperglycemia and other risk factors of cardiometabolic syndrome [32-34].
 Clinical diagnosis requires the presence of at least three diagnostic criteria, which include abdominal obesity (elevated waist circumference), impaired fasting glucose, and elevated systolic or diastolic blood pressure [1-4]. Globally, the prevalence of MetS continues to surge, affecting an estimated 1 billion individuals, with the number of cases doubling over the past two decades [35].  
The South Asian region contributes disproportionately to this global burden, exhibiting some of the highest prevalence rates worldwide [35,36]. Consequently, South Asian populations face an accelerated risk of premature cardiometabolic morbidity. Many genetic factors play a role in this risk. Extensive research has shown that South Asian populations store less fat subcutaneously and more fat viscerally, contributing to abdominal obesity which is the primary driver of metabolic syndrome [37]. Additionally, there is marked insulin resistance and decreased pancreatic beta cell function in these populations, leading to a higher risk of type 2 diabetes which also contributes to MetS [37]. 
While genetic predispositions play a critical role, the high prevalence of MetS in South Asians is primarily driven by a dietary shift toward refined grains, fried foods, sugary beverages, and ultra-processed foods. Refined carbohydrates, such as white rice and all-purpose flour, alongside excessive dietary oil intake, and reduced protein intake are major culprits that exacerbate systemic inflammation, dyslipidemia, and insulin resistance, thereby predisposing South Asian individuals to MetS [38]. Conversely, distinct traditional components of the South Asian diet, most notably cardioprotective spices and fiber-rich lentils, offer substantial metabolic benefits [39]. 
However, translating these nutritional benefits into sustainable dietary changes is complicated by socioeconomic and cultural phenomena. Factors such as the high cost of fresh produce, increased working hours, and rapid adaptation to new cultures drive individuals toward low-quality, processed convenience foods rather than traditional, whole food items [40,41]. Furthermore, household gender dynamics and culinary traditions present challenges to individual dietary modification. This paper will evaluate the relationship between genetic susceptibility and dietary factors in driving South Asian MetS prevalence. Additionally, this review will examine the underlying socioeconomic and cultural barriers that hinder healthy eating behaviors, providing a framework for how traditional South Asian dietary patterns can be modified to serve as an effective preventative measure against cardiovascular disease.

Methodology
The region of South Asia and the specific populations studied were defined according to world population databases. South Asia consists of the following nations: India, Pakistan, Bangladesh, Iran, Afghanistan, Nepal, Sri Lanka, Bhutan, and the Maldives. For the most part, this paper focused on the diets and practices of the three most populous nations of those listed - India, Bangladesh, and Pakistan [36]. This information was extracted from the Worldometer database using keywords like “South Asia” and “population” which resulted in data for each nation in the region. The data is split by year, spanning the years of 1955-2026, with the 2026 values being utilized for this paper.
The information in this article was gathered from sources published within the past 15 years found in the PubMed database (maintained by the National Library of Medicine). Using keywords such as “diet”, “insulin resistance”, “metabolic syndrome”, “ectopic fat”, and “gut dysbiosis”, relevant journal articles were found. These sources were especially helpful to understand the epidemiology and cardiometabolic characteristics of metabolic syndrome within South Asian populations, and which specific dietary components may lead to the diagnosis MetS.  

Epidemiology of Metabolic Syndrome
The escalating burden of MetS within South Asia exhibits distinct geographic, demographic, and generational patterns driven by the collision of genetic susceptibility with rapid environmental transitions. Regionally, the prevalence of MetS is significantly higher in urban centers than in rural or suburban areas [42]. This disparity is primarily driven by rapid urbanization, which introduces obesogenic elements, such as marked physical inactivity and energy-dense, ultra-processed diets, that severely exacerbate underlying genetic predispositions toward central adiposity and insulin resistance. Within these shifting populations, sex-specific differences further delineate risk; South Asian females experience a higher prevalence of MetS than their male counterparts, a vulnerability linked to elevated ectopic fat deposition and lower average skeletal muscle mass in women [42].
This gene-environment mismatch is even more pronounced among South Asian diaspora populations who migrate to Western nations, where the risk of type 2 diabetes mellitus (T2DM) and MetS escalates drastically relative to native cohorts. Data from the landmark Metabolic Syndrome and Atherosclerosis in South Asians Living in America (MASALA) study demonstrates that US-based South Asians experience a striking 23–27% prevalence of T2DM, compared to just 6–8% observed in non-Hispanic white cohorts [43]. While traditional regional diets possess inherent cardioprotective elements, diaspora populations frequently adopt distinct Western dietary risks like high-fat dairy products and high-sugar snacks, rapidly overwhelming their baseline metabolic tolerance [43].
On a longitudinal scale, tracking over the past three decades reveals a downward age shift in metabolic pathology. A particularly alarming trend is the manifestation of MetS risk factors within South Asian pediatric and adolescent populations, driven by physical inactivity early in childhood and the Westernization of youth diets [44]. When this early lifestyle shift meets a profound genetic predisposition for visceral adiposity and low lean mass, it results in premature metabolic programming, severely compromising the health of younger generations [45]. This localized public health crisis reflects a massive global macroeconomic shift; between 1990 and 2021, the global burden of diabetes- and hypertension-related mortality structurally displaced from high-income nations to low- and middle-income regions, positioning the South Asian subcontinent at the epicenter of the global cardiometabolic epidemic [46].

Characteristics of Cardiometabolic Diseases
Higher rates of obesity are prevalent among South Asians. Their phenotypes have been proven to display increased abdominal obesity at a lower BMI than White/Caucasian populations [47,48]. Even when BMI is slightly elevated, total and regional adiposity is elevated, which may be explained by metabolic hormones like leptin. Adipocytes directly secrete leptin as part of a negative feedback loop, and given the increased fat content in South Asians, leptin is produced much more significantly and is strongly associated with adiposity [48]. As displayed in Figure 1, the combination of higher insulin and leptin levels, indicating higher body fat, has been coined as the "thin-fat" phenotype [49]. This phenotype is considered a leading risk factor for MetS, and when combined with other factors such as lower skeletal muscle mass, South Asians are at much higher risk for the comorbidities associated with metabolic syndrome, including Type 2 Diabetes. Furthermore, the modernization and urbanization of the region reflect lifestyle changes noted in South Asians, including inadequate exercise patterns and increased 
consumption of refined carbohydrates and saturated fats [47,50].
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Figure 1: Metabolic Depiction of the South Asian “Thin Fat” Phenotype. The combination of elevated insulin and leptin levels, along with reduced skeletal muscle mass, contributes to the development of the “thin fat” phenotype commonly observed in South Asian populations [49]. This phenotype should be considered in routine screening and preventive health assessments, as individuals may present with a relatively lean overall appearance alongside increased central adiposity, which can be clinically misleading but is associated with a higher risk of metabolic syndrome.



Most cardiometabolic syndromes are interconnected, making it difficult to determine which condition develops first and subsequently contributes to another. Insulin resistance causes MetS and Type 2 Diabetes, both of which are highly prevalent in South Asian populations due to their diets and unique central fat distribution. However, this may represent a parallel mechanism wherein a higher propensity for ectopic hepatic fat accumulation and intramyocellular fat deposition contributes to insulin sensitivity abnormalities [51]. This, in turn, leads to impaired beta cell function and insulin action, increasing the likelihood of developing MetS and its co-existing conditions [49,51].
As a result of these interconnected metabolic and lifestyle factors, South Asians are more prone to dyslipidemia than European populations. This dyslipidemic profile is characterized by elevated LDL cholesterol, triglycerides, and lipoprotein(a), as well as decreased HDL cholesterol with more dysfunctional particles [52]. The accumulation of LDL cholesterol can contribute to atherosclerosis and hypertension, thereby increasing the likelihood of MetS. Additionally, these processes may lead to endothelial dysfunction, arterial stiffness, and premature vascular aging [53]. In contrast, HDL cholesterol serves a more protective role against atherosclerotic cardiovascular disease (ASCVD), and therefore lower levels are associated with an increased risk of cardiometabolic disorders [54].
Dietary patterns may further contribute to this cardiometabolic risk profile. Vegetarians make up 32.8% of the South Asian population, which has some benefits when they consume greater amounts of legumes, vegetables, root foods, and dairy, but it also means they may lack certain nutrients that are predominantly found in meat products, such as Vitamin B12 [49,50]. High folate levels and low B12 cause intrauterine undernutrition, leading to the development of a small, “thin fat” baby. If overnutrition occurs after birth, these individuals may subsequently develop obesity and hyperglycemia [49]. Additionally, vegetarians often consume more carbohydrates and less protein, leading to lower muscle mass compared with their non-vegetarian counterparts, which may place them at higher risk for MetS.

Mechanisms Linking Dietary Components to Cardiometabolic Risk
South Asian diets are especially high in refined carbohydrates with most meals including some form of bread or rice, as depicted in Figure 3 [55-57]. Not only do these carbohydrate-rich foods make meals more filling, but they are also easy to incorporate and affordable, making them an integral part of dietary practices. Unfortunately, refined grain-based foods have a high glycemic load, causing impaired insulin signaling due to the rapid influx of glucose followed by increased insulin secretion to lower blood glucose levels. Over time, insulin receptors downregulate and decrease in sensitivity, resulting in insulin resistance (IR), impaired GLUT4 signaling, and hyperinsulinemia [58,59]. A notable marker of metabolic disorders, IR is commonly associated with Type 2 Diabetes Mellitus, MetS, Polyendocrine Metabolic Ovarian Syndrome (PMOS), cardiovascular disease, and metabolic dysfunction-associated steatotic liver disease (MASLD) [2-4,7,58].
Beyond their effects on insulin signaling, refined carbohydrates also contribute to systemic inflammation. A statistical analysis demonstrated a significant positive correlation between the inflammatory quality of diet, which is worsened by refined carbohydrate intake, and the increased incidence of cardiometabolic diseases [60]. Additionally, diets high in saturated fats and glucose promote the overproduction of reactive oxygen species (ROS), leading to oxidative stress [61]. This triggers inflammatory pathways that are modulated by factors such as NF-κB, cytokines, and CRP [62]. The oxidative stress and resulting chronic low-grade inflammation further alter the gut microbiome promoting the translocation of bacterial products which exacerbate systemic inflammation [61,63]. 
These inflammatory and microbiome alterations are accompanied by dyslipidemia and visceral adiposity, as these dietary patterns also promote ectopic fat accumulation in organs such as the liver, pancreas, and heart [58,59]. These metabolic disturbances are further influenced by the role of dietary fats in regulating cellular function through pathways involved in maintaining cardiometabolic health, such as gene transcription, mitochondrial function, membrane composition, and inflammatory signaling pathways [63]. Excess saturated fat intake results in endothelial dysfunction, which contributes to visceral adiposity and ectopic fat deposition [63]. As displayed in Figure 2, these pathways are highly interconnected, with oxidative stress, inflammation, gut microbiome alterations, and lipid dysregulation reinforcing one another in a feed-forward manner that amplifies metabolic dysfunction. Collectively, these metabolic disturbances increase overall cardiometabolic risk.
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Figure 2: Mechanisms Linking Diet to Cardiometabolic Disease. Specific dietary components in South Asian diets, including refined carbohydrates, saturated fats, and ultra-processed foods, are associated with an increased risk of metabolic syndrome [58,59,60,61,63]. The mechanisms underlying this association are illustrated in the figure; however, it is important to note that these pathways are highly interconnected rather than strictly linear.


To help lower this risk, these dietary patterns can be modified to better protect against cardiometabolic disorders. Certain foods, such as different types of lentils and spices (depicted in the brown box in Figure 3), have a lower glycemic index. By lowering the demand for insulin, digestion is slowed, allowing the compounds present in these foods with anti-inflammatory properties to exert beneficial effects. Modern diets should transition to incorporate a greater proportion of these foods, which may help prevent chronic inflammation, dyslipidemia, endothelial dysfunction, hyperinsulinemia, oxidative stress, and gut dysbiosis.
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Figure 3: Examples of South Asian Foods Linked to Increased Cardiometabolic Risk. The foods/drinks/sweets listed in the different boxes are commonly used in both traditional and modern Asian diets [55-57]. Focusing on limiting or replacing items in these categories (as shown in the right box of protective foods) can help guide South Asian populations to create meals which are more protective against and reduce risks of developing cardiometabolic disorders.





Discussion 
The typical elements of a South Asian diet should be looked at with respect to the unique genetic and cardiometabolic risk profile. Cardiometabolic multimorbidity (CMM), defined as the co-occurrence of two or more cardiometabolic conditions such as diabetes, ischemic heart disease, stroke, and other cardiovascular diseases, represents an increasingly important consequence of metabolic dysfunction in South Asian populations [64]. Dietary factors play a significant role in modulating this risk, as higher intakes of vitamin E, total fatty acids, polyunsaturated fatty acids, and monounsaturated fatty acids have been associated with a lower risk of CMM [64].
Conversely, several components of the traditional South Asian diet may contribute to cardiometabolic risk. Refined carbohydrates from white rice and excessive consumption of oil and sweets promote oxidative stress and metabolic dysfunction. The South Asian population’s genetic predisposition for lower skeletal muscle mass and decreased insulin sensitivity further exacerbates these effects, resulting in disproportionately exaggerated metabolic damage when compared to other ethnic groups [65]. However, protective elements are also prevalent within a South Asian diet. Lentils such as dal and chana provide high-fiber, low-glycemic loads that slow carbohydrate absorption and reduce insulin demands, while specific active compounds found in various spices exhibit anti-inflammatory properties that may help counteract the chronic systemic inflammation associated with MetS [2-4,66,67]. 
There are multiple socioeconomic and cultural barriers that limit adherence to a well-balanced diet. South Asian diaspora populations in Western nations are often faced with longer working hours and commute times, which steer them more towards cheap less nutritious foods. Oftentimes, it is difficult to convince older family members to make dietary changes because of tradition. South Asian meals have consisted of meals rich in oil and rice for many decades and many generations, and making this change, even gradually, can be difficult. 

Implications and Future Directions
South Asians may require a different approach to cardiometabolic risk assessment because traditional risk markers may underestimate disease burden. Through preventative measures such as clinical recognition of the "thin-fat" phenotype, earlier screening, and personalized dietary counseling, the prevalence of MetS among South Asians may be reduced.
Clinicians should recognize that South Asian patients may develop cardiometabolic abnormalities despite their relatively "thin" stature. Physicians may be accustomed to conventional BMI standards, where visually obese patients are considered at higher risk for MetS; however, this may not be the case for South Asian populations. Due to increased visceral adiposity, individuals with normal BMI values may still be at elevated cardiometabolic risk.
Screening for diabetes, metabolic syndrome, and cardiovascular disease at younger ages may also facilitate diagnosis at earlier stages of disease or identify patients with borderline values that place them at risk for future disease. Considering that adiposity is increased even at lower BMI values, lower thresholds for BMI and other parameters, such as waist circumference due to central obesity, should be considered when screening for MetS.
Rapid urbanization has accelerated the adoption of refined, energy-dense processed foods. While younger generations have been increasingly exposed to Western dietary patterns, dietary recommendations from clinicians often entail generic Western-style diets, such as the Mediterranean diet, which has demonstrated benefits against cardiometabolic conditions. However, these recommendations may not be effectively implemented because they differ substantially from traditional South Asian dietary practices. Instead, advising patients to reduce refined carbohydrates, deep-fried foods, and added sugars, while providing examples of commonly consumed foods within these categories (as depicted in Figure 3), may have a greater impact. Additionally, promoting traditional high-fiber and cardioprotective foods, such as vegetables, legumes, millets, dal, and chickpeas, could provide patients with a clearer understanding of what dietary changes are needed and how to implement them effectively. Promoting education through community nutrition programs, school-based interventions, public awareness campaigns, and preventative dietary counseling for individuals with a family history of cardiometabolic disease or associated risk factors may also help reduce disease prevalence.

Conclusion
South Asians experience disproportionately high rates of metabolic syndrome and cardiovascular disease. This results from a combination of genetic susceptibility, and the transition to a more modern diet with increased refined carbohydrates, oils, and saturated fats. The urbanization of the region has rapidly modified both the diets and lifestyles (with inadequate exercise) of these populations. Traditional dietary practices contain both harmful and protective elements. Strategic and personalized modifications which preserve culturally important foods while reducing metabolically harmful components may substantially reduce cardiometabolic risk. To promote health outcomes, future prevention efforts should prioritize inventions specifically designed for South Asian populations, such as understanding South Asian phenotypes, personalizing dietary meal plans, promoting vitamin supplements that may be missing from current diets, and early screenings which keep in mind lower thresholds for BMIs and other metrics used to diagnose cardiometabolic diseases. 
The success of these prevention techniques relies on accounting for the socioeconomic realities of food access and costs, alongside the deeply ingrained familial structures that govern South Asian households. Because dietary habits are rarely individual choices in this community, interventions must shift away from standard primary care mandates toward inclusive, family-centered models of care. As the global burden of metabolic disease continues to concentrate within South Asian populations, implementing these strategies is an urgent imperative required to dismantle this profound gene-environment mismatch and safeguard the metabolic longevity of future generations.

Key Points
· Metabolic syndrome and cardiovascular disease are disproportionately prevalent in South Asian populations due to the interaction between genetic susceptibility and rapid dietary and lifestyle transitions.
· A unique cardiometabolic phenotype characterized by increased visceral adiposity, insulin resistance, decreased pancreatic β-cell function, and lower skeletal muscle mass contributes to elevated metabolic risk, even at lower BMI values.
· The "thin fat" phenotype, characterized by increased body fat despite a relatively lean appearance, is a major contributor to the development of metabolic syndrome and Type 2 Diabetes.
· Rapid urbanization, westernization of dietary patterns, and physical inactivity have accelerated the prevalence of metabolic syndrome across both native and diaspora populations.
· Traditional dietary patterns high in refined carbohydrates, saturated fats, excessive oils, and ultra-processed foods contribute to insulin resistance, chronic inflammation, oxidative stress, dyslipidemia, and endothelial dysfunction.
· These metabolic disturbances promote ectopic fat accumulation, gut microbiome alterations, and a feed-forward cycle of cardiometabolic dysfunction that increases the risk of cardiovascular disease and cardiometabolic multimorbidity.
· A characteristic dyslipidemia profile consisting of elevated triglycerides, LDL cholesterol, and lipoprotein(a), together with decreased HDL cholesterol, further increases cardiovascular risk.
· Protective dietary components, including lentils, legumes, millets, vegetables, and bioactive compounds found in spices, may improve glycemic control, reduce inflammation, and lower cardiometabolic risk.
· Traditional cardiometabolic risk assessments may underestimate disease burden; therefore, earlier screening, recognition of the "thin fat" phenotype, and lower BMI and waist circumference thresholds should be considered.
· Personalized and culturally tailored dietary modifications that preserve traditional protective foods while reducing metabolically harmful dietary components may substantially reduce the burden of metabolic syndrome and cardiovascular disease.
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