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Abstract 
Obesity among children in the U.S. and across the world is a significant problem for public health, yet very less is documented 
about the health effects of pre-teen and/or child obesity. Adiposity in children has been viewed as a potential risk to community 
health since it has been shown to be a predictor of chronic illness, which is becoming more frequent at a younger age. Although 
the waist circumference (WC) in the child community is not a standard assessment in the clinical settings, numerous studies have 
proven the fact that in children and adolescents, WC is a predictor for cardio-metabolic health. In a cross-sectional assessment 
that included several regression models, WC explained a higher fraction of variation in key variables for cardiovascular disease 
than BMI. The results of different studies comparing body mass index (BMI) to WC have been inconsistent. While combining BMI 
and WC did not strengthen prediction over either BMI or WC alone, in stratified analysis, high WC was observed to increase the 
likelihood of coronary artery disease among BMI subgroups. Moreover, the BMI and WC are significantly linked, their value in 
screening children at risk for metabolic syndrome (MetS) is still controversial. In this study we are thus examining the prognostic 
likelihoods of BMI, WC and their combinations with children MetS. 
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Introduction 
The MetS is a term that most doctors and health professionals have heard or read about. For example, as 
of July 2021, a PubMed search for "metabolic syndrome" returned almost 389077 papers since Grundy 
and colleagues introduced the idea in 2001[1]. Although many medical practitioners are familiar with the 
NCEP-ATP III's five diagnostic criteria (abnormal lipid profiles, specifically hypertension, impaired glucose 
tolerance, reduced HDL cholesterol and central obesity or WC), variables used and the rationale for 
establishing cut-offs remain obscure to many people. Additionally, a description of MetS based on 
conceptual definitions is sometimes confounded with the diagnostic methods (the five necessary 
elements) that have been presented[2, 3]. 
In America and across the globe, obesity in children is a significant community health problem, but much 
less is documented on the health implications of prenatal and/or childhood obesity. In most High income 
nations as well as in several countries of low and medium income, childhood overweight and obesity 
increased throughout the 1980s as well as 1990s to present days. In the U.S., about 17% of children aged 
2 to 19 are overweight, while another 16% are at risk of overweight [4, 5]. Children's obesity is becoming 
an issue of public health as chronic illnesses including stroke, CVD, hypertension, diabetes, osteoarthritis, 
several malignant diseases are likely to be predictive and increasingly common at an even earlier age [6, 
7]. Childhood obesity increases concern that the total morbidity and death will start earlier than expected 
in adulthood [8]. This metabolic dysregulation is facilitated by complicated interactions between an 
unhealthy or insufficient food, insufficient physical exercise or a sedentary lifestyle, and genetic 
predisposition[9, 10]. In children under the age of five the prevalence of weight gain as well as obesity is 
usually increasing. Childhood obesity and overweight persist throughout adulthood, which means that 
patterns in early childhood give insight into future disease incidence. Recognizing young children with 
raised MSRF characteristics is becoming a public health and clinical priority, as it is achievable that 
appropriate strategies aimed at reducing cardiovascular risk can be implemented more successfully in 
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children than it is to modify behaviours later in life after detrimental health practises have become 
developed[11]. There is no consensus on what this level should be, and it is evident that both the overall 
percentage of body fat and the associated health hazards vary by sex, age, and a variety of other variables 
and are not constant between BMI categories. Overall, age and sex adjusted BMIs were utilised to identify 
child obesity since the weight and height scales and easily available universal growth charts may be 
achieved with relative simplicity. Additionally, because waist circumference (WC) is a measurement for 
visceral fat, a kind of adipose tissue that has been linked with a greater risk of metabolic illness, individuals 
with a higher level of visceral fat are at a greater risk of metabolic disease [12]. The results of several 
research compared BMI to WC were conflicting. Nevertheless, Janssen et al. [13] released a paper that 
exhibits While combining BMI and WC did not strengthen prediction over either BMI or WC alone, in 
stratified analysis, high WC was observed to increase the likelihood of coronary artery disease among BMI 
subgroups. Another research study in Jansse et al found that the projected chance of adult MetS in BMIs 
in children between the 50th and 84th percentiles and between the 85th and 94th percentiles rose with 
WC — notably around the 90th percentile mark. In addition, the scientific enhancement has proven the 
usefulness of WC for preventing metabolic diseases in children with normal weights. Several studies have 
indicated that WC is an independent predictor of an abnormal lipid profile, hypertension, and insulin 
resistance[14-17]. Although the WC in the child community is not a standard assessment in the clinical 
settings, numerous studies have proven the fact that in children and adolescents, WC is an excellent 
predictor for CVD risk factors. In-addition, several findings consistent with above research. Savva et al. 
[18] found that WC in cross-sectional study employing multiple regression analysis explains a larger 
percentage of cardiovascular variability risk factors than BMI. Additionally, Sellers et al.[19] reported that 
WC was linked with insulin resistance more strongly than BMI in a dataset of Australian Aboriginal 
children. Moreno et al. [20] found that, in spite of a statistically significant difference in AUC between BMI 
and WC, WC appears to be the best anthropometric screening technique in children for MetS. Naturally, 
this variation is due to changes in study design, demographic characteristics, anthropometric indices, WC 
measurement location, and statistical methodology. However, the BMI and WC are significantly linked, 
their value in screening children at risk for metabolic syndrome is still controversial. In this study we are 
thus examining the prognostic likelihoods of BMI, WC and their combinations with children MetS. 

 
Selection of literature review 
Articles were retrieved by manual screening of relevant reference lists in Pub Med, Cochrane, 
ScienceDirect, Embase, and Springer. While multiple keywords were used in addition to the literature 
review, including BMI Range in Children, Epidemiology of Childhood MetS, Pathophysiology of MetS in 
Association with Central Obesity, Relationship between central obesity or waist circumference and 
metabolic syndrome, and Association between higher BMFI predictive for metabolic syndrome, this 
article. Additionally, reference lists are checked for papers that were not included in the first search. 

 

MetS pathophysiology in relation to BMI and central obesity models 
In adults the BMI is defined as being overweight in 25.0–29.9 kg/m2 and the BMI as being obese in 30 
kg/m2 or higher[21]. A higher BMI was recognised by updated epidemiological studies as a risk factor to 
a growing spectrum of chronic diseases [22]. Additionally, for every five units rise in BMI above 25 kg/m2, 
total death increases by 29 percent, vascular mortality increases by 41 percent, and diabetes-related 
mortality increases by 210 percent[23]. The cardiometabolism risk forecast, which is not immediately 
determinable by high BMI, is calculated by measurements of central or abdominal adiposity such as the 
increased WC[24, 25]. However, emerging researches has established a link between childhood adiposity 
and the eventual development of a cluster of cardiometabolic risk indicators defined by reduced insulin 
sensitivity, hyperlipidemia, and high blood pressure, popularly known the cardiometabolic syndrome[26], 
syndrome X[27], metabolic syndrome[28] and plurimetabolic syndrome[29] (Figure 1). 
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Figure 1: Demonstrate the pathophysiology of metabolic syndrome and its impact on human 

physiology in early adulthood years 
 

The visceral fat, which shows its unique pathphysiologic function, is obviously connected to insulin 
resistance rather than general obesity. Adiposity in the abdomen, as assessed by WC, has been identified 
as a risk factor for stroke, CVD, hypertension, and insulin resistance [30-32]. However, there are conflicting 
processes which have the especially detrimental consequences of visceral fat. While rodent models were 
very beneficial since we were able to modify rat genetics, they do have certain disadvantages. Longitudinal 
studies are complicated, physiological evaluation techniques are sophisticated, and rat obesity may be a 
poor predictor for intermediate human obesity, which contributes for the majority of the prevalent 
population threat. Although rodent recovery increases insulin action [33], there is a 1:1 relationship 
between fat accumulation in rats and humans, which makes it difficult to comprehend. Primate models 
could be more interesting and informative, but interventional studies are hard and expensive; research in 
human intervention are even more complex. 
Adipocytes are now seen to be endocrine cells, which release certain substances into the circulation. 
Although most of these substances are not characterised, others undoubtedly are cytokines, such as IL-6, 
TNF-α and resistin, leptin, adiponectin and visfatin. It is interesting to notice that the insulin sensitivity in 
liver and muscles is determined by these molecules, which might therefore be "bad actors" within the 
context of the metabolic syndrome. An increase in cytokines or inadequate decrease of adiponectin 
release cannot be ruled out as significant contributors for the insulin resistance progression to fat. 
Alternate possibilities include the likely role of the FFAs. According to Arner and his collaborators[34], the 
release of FFAs from visceral fat into the portal vein, which travels directly to the liver, may have a negative 
influence on the insulin activities of FFAs (portal theory). Increasing FFAs are reported to lead to significant 
insulin resistance within a few of hours by infusion of a lipid emulsion[35, 36]. Griffin and colleagues[37] 
investigated the effect of this treatment and believed that FFAs interfere with insulin signalling through a 
serine kinase cascade mediated by protein kinase C, leading in dysfunctional insulin sensing and glucose 
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uptake. Ellmerer and collaborators [38] showed that insulin is significantly hampered by its capability to 
promote macromolecular dispersions in the fat-fed obese dog model as well as by its own access to the 
skeletal muscles. This phenomenon has been replicated in a preliminary manner using lipid infusion. As a 
result, The FFAs are thus strong players for mediating the effects of fat accumulation leading to insulin 
resistance. Interestingly, after many investigations of fat-induced resistance to insulin, we found no 
significant alterations in adipokine gene expression in abdominal or hepatic fat. However, we detected a 
coordinated rise in the expression of gluconeogenic genes in the hepatocytes (fatty acid–binding protein, 
PEPCK, glucose-6 phosphatases, CPT1 ), FFA-induced genes upregulation of the abdominal fat 
accumulation (PPAR–γ, hormone-sensitive lipase, SREBP-1 transcription factor) [39]. Additionally, the 
sympathetic nervous system (SNS) may enhance FFA flow to the hepatocytes and other organs sensitive 
to insulin. Researchers also found the effect of insulin on FFA and glycerol, along with the variation in 
arteriovenous effects across the abdominal fat depot. Moreover, lipolytic burst, with the β3 blocking drug 
bupranolol, was entirely suppressible (the dog's β3-adrenergic main receptors to the visceral fat depot 
are located)[40]. Hsu and his colleagues [41]have also discovered in the preliminary investigations that 
time-dependent alteration of FFA are more insulin resistant to liver than continuous hyperlipidemia. 
Landsberg and colleagues[42] uncovered scientific proof that SNS is active in higher BMI condition and 
this might play a role in hypertension aetiology. SNS activation in obesity together with the pulsatory 
release of FFA from the fat depot of the viscera might potentially enhance FFA release into the portal 
circulation and worsen the liver and skeletal muscle resistance to insulins. Additionally, physiologic 
alterations such as decreased insulin sensitivity and a gradual rise in beta-cell sensitivity to glucose along 
with decreased insulin clearance that results in insulin resistance are produced by a small increase in fat 
consumption in a central obesity model. 

 
Relationship of central obesity or waist circumference with metabolic syndrome 

 

WC has been found in several studies to be a predictor of aberrant lipid levels, hypertension, and insulin 
resistance, regardless of BMI. In contrast, the development of adult MetS is predicted using 
measurements of over-obesity (BMI), Kg/m2, and insulin-resistance (IR) in childhood. Thus, these findings 
from the research comparing BMI to WC have been conflicting. BMI is used to determine the nutritional 
state and is not an accurate indication for adiposity since the body's fat and lean mass cannot be 
determined. A recent study discovered that changes in BMI were more closely connected to changes in 
body fat than changes in WC[43]. However, metabolic Syndrome prevalence is greater in obese 
children/adolescents than in normal weight[44, 45]. Visceral obesity has been proposed as a potential co- 
risk factor, owing to its harmful effects in animal models and the substantial epidemiologic evidence 
implicating it in metabolic dysfunction[46]. Additionally, family connections appear to have an impact on 
the onset and progression of the MetS. For example, increasing WC in mothers is related with a higher 
risk of MetS in their future children [47]. Additionally, it has been found that MetS is linked with an 
increased incidence of CVD, as well as stroke, renal failure, and diabetes, to result in end-organ failure 
[48]. It appears that the prevalence of MetS has increased over the past two decades, at the same time 
as the increasing prevalence of obesity among this age group [49]. In this Context, it is noteworthy to 
highlight that MetS 's prevalence remains virtually unaltered over the last decade, using the same defining 
criteria, comparable to our earlier observation[50]. As we have seen before both in paediatric age, we 
discovered a greater prevalency of MetS in male than female[51] (Figure 2). 
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Figure 2: Demonstrate the relationship of higher BMI and waist circumference in children with central 

adiposity and predictive complication of metabolic syndrome in early adulthood 
 

However, it has been apparent over the past several years that we don't need a count that only predicts 
excess weight, but that we need a count to indicate if an obese patient already has a cardiometabolic risk. 
Actually, the index was usually taken as a tool to measure excess weight. The idea that BMI alone cannot 
adequately describe the risk has resulted in an increased focus on other elements of obesity-related 
cardiometabolic illness[52]. Due to its pathogénic impact in animal models and its considerable 
epidemiologic data, Visceral obesity was recommended as a supplementary risk factor in metabolic 
syndrome[46, 53]. Considering the problems of the BMI, which exclusively determines an over-weight of 
the patient by height, other indexes were developed which also consider the composition of the body, 
body fat and the distribution of fat [17]. This study examines the connection between two novel metrics, 
the body mass fat index (BMFI) and the waist circumference (WC), which was previously considered a very 
accurate Mets signal in addition to body composition. In obese animal models, malfunctioning visceral 
adipocytes act as a source of inflammation and insulin resistance [54, 55]. Indeed, the decreased 
sensitivity to insulin is linked with an greater in human central adiposity[56], and inflammatory condition 
of abdominal adipose tissues is implicated in the pathogenesis insulin resistance, inflammation, and 
endothelial dysfunction, among other variables [57]. Several large cohorts in the community demonstrate 
a link between cardiac metabolism and visceral fat[58], left ventricular remodelling[59], and dysglycemia. 
The bulk of significant studies carried out in the community showed that visceral adiposity, metabolic 
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disease and cardiovascular consequences were linked between obese persons and others (e.g., African 
Americans)[60-63]. Although the Bogalusa Heart Study was initiated before Kalkhoff and team [64, 65] 
established central adiposity as a diabetes-related determinant and other metabolic disorders, scientists 
at Bogalusa showed that persistently high insulin[66] and overweight are linked to higher Mets levels, as 
measured by BMI, later in life instead of WC [67]. 

 

The relationship between a higher Body Mass Fat Index (BMFI) and predictive metabolic syndrome 
 

Although BMI is an excellent predictor of body fat[68, 69]. WC is frequently used to assess abdominal 
adiposity deposition, and comparisons to gold standard methods reveal a high correlation between WC 
and abdominal adipose tissue. There is controversy in choosing the most precise anthropometric index 
for MetS predictions in children. BMI is used to determine dietary status and it is not an accurate adiposity 
indicator, since the body fat is not differentiated from the lean mass. According to a recent study, 
alterations in BMI are more closely connected to changes in body fat than changes in waist 
circumference[70]. Some researchers have shown that BMI provides an insight into CVD risk factors in 
children[71, 72]. A study in Wiley publication revealed that in 6 to 12 years old children MetS was 10.7 
percent higher in males than in girls after an average of 6.6 years of follow-up. The prevalence of MetS in 
the baseline was 9.8 percent, without gender. The increasing prevalence and incidence of MetS in BMI 
and WC were related with this rise. The optimum BMI cut-off values for predicting MetS in children aged 
6–12 years were 16.5 kg/m2 for boys and 16.3 kg/m2 for girls, and 57.5 cm for boys and 56.5 cm for 
girls[73]. Some studies have shown that central obesity is linked to an increasing risk of MetS. Sun & 
coauthor [74] showed that children with BMI or WC higher than specified threshold had a high risk of 
development of adult MetS in longitudinal investigation. Farin and co-workers[75] found, increasing 
obesity deteriorated insulin sensitivity and associated cardio-metabolic risk variables, independent of 
whether BMI or waist circumference was employed to measure excess adiposity. Furthermore, a national 
CASPIAN survey in Iran reveals that the percentage of the CVD risk factors and MetS in children with 
combined obesity was dramatically higher than the number of children of the isolated types of 
obesity[76], evidence which are consistent, indicating that both BMI and WC have a critical role in MetS. 
It is controversial that the anthropometric action is more appropriate for the MetS prognosis of the kid. 
The same predictability for MetS exists for both BMI and WC in this study. Among a cohort research, 
Garnett and colleagues[77], showed that BMI is an established metric for identifying children at greater 
risk of CVD risk factors in adolescents who do not have to assess WC in combination to BMI. BMI has 
demonstrated the greatest predictive ability to identify MetS in a further cross-sectional study[18, 78]. A 
research finding demonstrate the clinical explanation by indicating that the normal BMI group had the 
lowest diastolic and systolic blood pressures while the other BMI groups had the highest. Plasma insulin 
and CRP levels also rose considerably when BMI increased. The existing clinical tools of BMI and waist 
circumference to evaluate obesity risks were strongly linked to visceral fat and the weight changes were 
minor compared to the accompanying changes in visceral or subcutaneous fat. Finally, incident MetS was 
substantially linked to visceral fat (both at one single moment and its change over time). These data imply 
that, even in people with MetS, when BMFI increases, the risk of dyslipidemia, hypertension, and 
inflammation increases[79] (Figure 3). 
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Figure 3: Demonstrate the high fat diet experimental timeline animal model and change in biochemical 

parameters 
Conclusion 
In summary, both BMI and WC are able to predict MetS and children with a little bigger BMI or WC which 
are substantially more vulnerable to MetS. Notably, the severity of MetS with BMI predicts future illness 
and the measurement using WC. The BMI trend in both boys and girls is varied; BMI cut-off values have 
thus been modified for sex and age. Future investigations might determine if there are various variables 
for prediction of MetS in gender and in different ages with varying predictive abilities. Furthermore, the 
high prevalence of MetS in children in the short follow-up period shows the need of early childhood 
intervention efforts. Therefore, primary prevention in late adolescent and young adulthood metabolic 
syndrome development may start with attempts at reducing BMR, WC or early childhood adiposity 
associated insulin resistance. 
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