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Abstract

Background: Childhood obesity is a growing public health challenge and is closely linked to metabolic
syndrome, a cluster of cardiometabolic abnormalities that predispose to type 2 diabetes and cardiovascular
disease. Data on the prevalence and determinants of metabolic syndrome among Indian children,
particularly in underserved regions, remain limited.

Objective: The aim of the study is to estimate the prevalence and predictors of metabolic syndrome among
overweight and obese children attending a tertiary care hospital in JTharkhand, India.

Methods: A hospital-based cross-sectional study was conducted between January 2024 and March 2025
among 250 overweight and obese children aged 5-15 years at AIIMS Deoghar. Anthropometric measures,
blood pressure, and fasting biochemical parameters (glucose, triglycerides, high-density lipoprotein, low-
density lipoprotein, and total cholesterol) were assessed. Metabolic syndrome was defined using the Indian
Academy of Pediatrics (IAP) criteria. Statistical analyses included chi-square tests, t-tests, and logistic
regression to determine independent predictors.

Results: The prevalence of metabolic syndrome was 38% (n=95; 95% CI: 31.9-44.1). Significant risk factors
included family history of obesity (OR: 1.7, 95% CI: 1.22-2.48), excess junk food intake (OR: 1.58, 95% CI:
1.18-2.11), abnormal developmental history (OR: 2.07, 95% CI: 1.39-3.08), low physical activity (<1
hour/day; OR: 1.67, 95% CI: 1.07-2.59), screen time >2 hours/day (OR: 1.44, 95% CI: 1.01-2.07), and birth
weight <2.5 kg (adjusted OR: 1.43, 95% CI: 1.09-1.88). Protective factors included exclusive breastfeeding for
six months (p<0.001). No significant association was observed with gender or parental education.

Conclusion: Metabolic syndrome is highly prevalent among overweight and obese children in Jharkhand,
with both lifestyle-related (diet, physical activity, and screen time) and perinatal (low birth weight and
maternal diabetes/hypertension) factors contributing. Early interventions targeting modifiable risk factors
through lifestyle modification and health education are essential to reduce long-term cardiometabolic risks
in this population.

Categories: Public Health, Pediatrics, Endocrinology/Diabetes/Metabolism
Keywords: childhood obesity, cross-sectional study, dyslipidemia, india, jharkhand, metabolic syndrome, overweight,
risk factors

Introduction

Childhood obesity is now a global epidemic in developed nations. It leads to numerous health problems,
raising both illness rates and early mortality [1]. The drivers of obesity during childhood and youth are varied
and complex [2]. Worldwide rates of pediatric obesity have risen sharply in recent decades. The fastest
increase has occurred in low- and middle-income countries. This rapid rise is contributed to by sedentary
lifestyles, higher incomes, ongoing urbanization, and broader access to calorie-dense, processed foods.

Childhood overweight and obesity are well-established precursors to cardiometabolic disease. They
significantly increase the likelihood of developing metabolic syndrome at an early age [3]. Metabolic
syndrome is a cluster of cardiometabolic abnormalities. These include central obesity, dyslipidemia, high
blood pressure, and elevated blood glucose. Together, they strongly increase the risk of adult type 2 diabetes
and cardiovascular disease. Over the past two decades, rising pediatric obesity has driven an escalating
global burden of metabolic syndrome in young people [4]. General population surveys show metabolic
syndrome in approximately 3.6% of all children, 11% of overweight youth, and 29.2% of adolescents [5,6].
However, the prevalence is substantially higher among children with obesity [5,6]. Key lifestyle factors
contribute directly to this risk -- sedentary habits, prolonged screen time, skipped meals, and inadequate
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sleep are all closely linked to metabolic syndrome even in pre-adolescents [7,8].

South Asian populations, including Indians, develop cardiometabolic diseases at lower body mass index
(BMI) thresholds and younger ages. National estimates indicate an overall metabolic syndrome prevalence of
5.2% among adolescents. This burden is notably higher in higher socioeconomic status, urban

population presenting with central obesity, elevated blood pressure, and dyslipidemia [9,10]. While general
lifestyle factors are commonly evaluated, cross-sectional studies frequently omit data on perinatal insults,
specifically low birth weight and distinct maternal and paternal cardiometabolic clustering. Although
physical inactivity and caloric surplus are established correlates of pediatric obesity, conventional risk
assessments rarely measure screen time exposure and low birth weight. Consequently, investigating the
regional rise in pediatric metabolic syndrome is critically important.

We conducted this study to assess the prevalence and associated factors of metabolic syndrome among
overweight and obese children in Jharkhand.

Materials And Methods
Study design

This was an observational cross-sectional hospital-based study.

Inclusion criteria

Overweight and obese children aged 5-15 years who visited the OPD/IPD of the All India Institute of Medical
Sciences, Deoghar, from May 2024 to May 2025 were included.

Exclusion criteria

Overweight and obese children with unstable vitals or previously diagnosed with comorbidities, with
underlying chronic medical conditions, including genetic syndromes, secondary obesity from
endocrinopathies and other causes (except exogenous nutritional factor), familial or primary
hypercholesterolemia, inherited inborn error of metabolism, or any liver, kidney, respiratory, neurological,
gastrointestinal, genitourinary and heart diseases, were excluded from this study.

Sampling strategy

Participants were recruited using a convenience sampling strategy, whereby eligible overweight and obese
children attending the pediatric outpatient and inpatient department during the study period were
consecutively enrolled until the required sample size was achieved.

Sample size calculation

The sample size was calculated to be 250 using the formula N = (Z1—a/2)?p(1-p)/d?, where Z;-a/, represents
the standard normal deviate at a 95% confidence level, and p represents the previously reported proportion
of metabolic syndrome (3.6%) among overweight and obese children. The calculation used 15% relative
precision, 95% confidence limits, and a 10% allowance for non-response [11].

Ethical clearance

After obtaining ethical clearance from the Institutional Ethics Committee (IEC No. 2024-301-IND-04),
written informed consent was obtained from the parents/guardians and assent from eligible children. The
included cases were subsequently approached, clinically evaluated, and managed according to the guidelines
recommended by the Indian Academy of Pediatrics (IAP) and the European Society for Paediatric
Endocrinology [12,13].

Study outcomes

Clinical history and anthropometric measurements such as body weight, height, BMI, and waist
circumference (WC) were recorded.

Anthropometry and vital measurement

Body weight was measured in kilograms up to one decimal place using a digital weighing scale, and height
was measured up to one decimal place using a standard stadiometer. BMI was expressed in kg/m2 by
dividing weight (in kilograms) by the square of the height (in meters). WC was measured using a measuring
tape, midway between the lowest ribs and the iliac crest, in the standing position [14]. Blood pressure was
measured using a digital blood pressure machine, recorded manually, and interpreted using a BP percentile
chart [15].

Blood parameter measurement
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A fasting venous blood sample of 2 mL was collected under aseptic conditions after taking informed written
consent, and the following biochemical parameter values were documented, including fasting blood glucose,
triglycerides (TGs), total cholesterol, high-density lipoprotein (HDL), and low-density lipoprotein (LDL). The
samples were processed in the central biochemistry laboratory using the dry chemical calorimetric method
on an automated Vitros 5600 instrument. The LDL-cholesterol level was calculated by the Friedewald
formula for TG concentrations up to 250 mg/dL in the laboratory itself. For TG values greater

than 250 mg/dL, it was directly assessed in Vitros 5600 [16].

Statistical analysis

Data were entered in Microsoft Excel (Microsoft Corp., Redmond, WA, USA) and analyzed using SPSS
software version 24.0 (IBM Corp., Armonk, NY). Descriptions of categorical study variables were calculated
as percentages, and those of continuous variables as mean and standard deviation. The proportion of
metabolic syndrome among overweight and obese children was calculated and reported with a 95%
confidence interval. Parametric analysis was performed using one-way analysis of variance and Student’s t-
test. Multiple regression analysis was used to evaluate the independent predictors of metabolic syndrome in
these subjects. All tests were two-tailed, and p-values < 0.05 were considered statistically significant.

Operational definition

Metabolic Syndrome

It was defined as WC >90th percentile for age/gender/Indian ethnicity (as per IAP reference charts) plus any
two or more of the following components: (1) serum TGs >150mg/dL, (2) HDL-cholesterol <40mg/dL, (3)
fasting plasma glucose >100mg/dL, and (4) blood pressure >130/85mmHg or >95th percentile for
age/height/sex [17].

Overweight
Overweight was defined as a BMI exceeding 23 kg/m? in adults [18].
Obesity

Obesity was defined as a BMI >27 kg/m?, based on the Indian cut-offs derived from the IAP 2015 BMI-for-age
charts, which were developed using adult BMI criteria [14,18].

Screen Time

Screen time was defined according to the IAP guidelines, and a threshold of >2 hours/day was adopted for
the age groups included in our study. Parents were instructed to record their child’s daily mobile phone
usage using either a diary method or the Digital Wellbeing/Screen Time feature available on the mobile
phone [18].

Results

A total of 250 children aged 5 to 15 years who were overweight and obese participated in this study. The
prevalence of metabolic syndrome was 38% (95 out of 250), with a confidence interval ranging from 31.9 to
44.1 (Figure 1).
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FIGURE 1: Distribution of metabolic syndrome (38%) among overweight
and obese children

Out of 95 participants with metabolic syndrome, 21 (22%) had all defining components of metabolic
syndrome. Among the 155 participants who do not have metabolic syndrome, 67 (43.22%) have a WC above
the 90th percentile (Figure 2).
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Number of children

25 28
. . ] 21

Components of Metabolic syndrome

® Participants having no components of metabolic syndrome
® Participants having waist circumference>90th percentile

¥ Participants having waist circumference>90th percentile + raised serum TAG (>150mg/dl)and
low HDL(<40mg/dl)

®  Participants having waist circumference>90th percentile + raised FBS + raised blood pressure

B Participants having waist circumference>90th percentile + raised FBS + raised blood pressure +
low value of HDL(<40mg/dl)

®  Participants having waist circumference>90th percentile + raised FBS + raised blood pressure +
low value of HDL(<40mg/dl)+raised TAG (>150mg/dl)
- J

FIGURE 2: Distribution of children according to the number of
metabolic syndrome components

FBS, fasting blood sugar; HDL, high-density lipoprotein; TAG, triglyceride.

Table I shows that out of 250 participants, 154 (61.6%) were males. There was a higher proportion of
females than males in the metabolic syndrome group. Among 154 males, 35.06% had metabolic syndrome,
and among 96 females, 42.71% had metabolic syndrome. A total of 177 (70.8%) participants were
overweight, and 73 (29.2%) were obese, with the highest percentage of metabolic syndrome among obese
children. Those children whose mothers had a history of gestational diabetes mellitus and hypertension
during pregnancy have a higher risk of developing metabolic syndrome, with 64.60% and 64.70%,
respectively. The mean difference between the groups was significant, with p-values of 0.009 and 0.019,
respectively. There was a history of NICU admissions in 42 participants, out of which 26 (61.9%) belonged to
the metabolic syndrome group. Upon analyzing the data, 143 (57.2%) participants were exclusively breastfed,
and of them, 105 (73.43%) were protected against metabolic syndrome; thus, exclusive breastfeeding for the
initial six months of life acts as a protective factor against metabolic syndrome. Children with a family
history of obesity are at 28% higher risk of developing metabolic syndrome, and it is also found to be an
independent risk factor for metabolic syndrome.

Parameter Total Metabolic syndrome Non-metabolic syndrome Chi-square p-

(N=250) (N=95 (38%)) (N=155 (62%)) value value
Age group

128 (51%) 48 (37.5%) 80 (62.5%)
<10 years 0.0278 0.868
>10 years 122 (48%) 47 (38.5%) 75 (61.48%)
Gender 154

o 54 (35.06%) 100 (64.94%)
Male (61.6%)
1.4664 0.226

Female % 41 (42.71%) 55 (57.29%)

(384‘%) . (J . (J
Father education

5 (2%) 2 (40%) 3 (60%)
Below metric

131 1.5643 0.457
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Metric until intermediate (52.4%) 45 (34.35%) 86 (65.65%)
114 0 o
Graduate (45.60%) 48 (42.11%) 66 (57.80%)
Mother education
10 (4%) 5 (50%) 5 (50%)
Below metric
. . . 204 3.4455 0.179
Metric until intermediate (81.6%) 72 (35.29%) 132 (64.7%) ) :
B 0
36 o 0
Graduate (14.4%) 18 (50%) 18 (50%)
Family history of obesity
70 (28%) 45 (25%) 135 (75%)
Obesity present 6.7392 <0.001
Obesity absent 180 (72%) 50 (71.43%) 20 (28.57%)
Family history of diabetes mellitus 69
27 69 44 (63.77%) 25 (36.23%)
Diabetes mellitus present (27.6%)
46.613 <0.001
) . 181 o o
Diabetes mellitus absent (72.40%) 51 (28.18%) 130 (71.82%)
Family history of hypertension 57
29 89 36 (63.16%) 21 (36.84%)
Hypertension present (22.8%)
5.5217 <0.001
193
sen . () Y o
Absent (77.2%) 59 (30.57%) 134 (69.43%)
- 0
Family history of cardiovascular
i 26
diseases (CVDs) (oo 10 (38:46%) 16 (61.54%)
CVD present 1.2214 0.959
224 0 o
CVD absent (89.60%) 85 (37.95%) 139 (62.06%)
Developmental history 236
85 (36.02%) 151 (63.98%)
Normal naltiss) 7.0342 0.008
Abnormal 14 (5.6%) 10 (38.46%) 4 (28.57%)
Prenatal parameter
Gestational diabetes mellitus (GDM) 22 14 (63.64%) 8 (36.36%)
in pregnancy (8.80%) o R
26.8579 0.009
Gestational diabetes mellitus present
. ) . 228
Gestational diabetes mellitus absent (91.20%) 81 (35.53%) 147 (64.47%)
- 0
Gestational hypertension in
17
pregnancy (6.50%) 11 (64.70%) 6 (35.29%)
Gestational hypertension present 19.8349 0.019
) ) 233 o o
Gestational hypertension absent (93.20%) 84 (36.50%) 149 (63.95%)
Neonatal period 42
26 (61.90%) 16 (38.10%)
e 16.80%)
Hio NI t (
/o NICU admission presen 12.2439 <0.001
. 208 o o
H/o NICU admission absent (83.20%) 69 (33.17%) 139 (66.83%)
) ) 143 o o
Exclusive breastfeeding present (57.20%) 38 (26.57%) 105 (73.43%)
’ 18.5161 <0.001
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107
Exclusive breastfeeding absent (42.80%) 57 (563.27%) 50 (46.73%)
) ) 191 o o
Birth weight >2.5 kg (76.4%) 55 (22.80%) 136 (71.20%)
29.1016 <0.001
) ) 59
Birth weight <2.5 kg (23.6%) 40 (67.80%) 19 (32.20%)

TABLE 1: Sociodemographic history and anthropometry parameters of the study participants

p-value <0.05 is significant, obtained using the chi-square test.

Data are represented as N (total number of individuals in the category).

Upon analyzing the dietary history and lifestyle as shown in Table 2, it has been found that children who
consume a diet with more calories than required and excessive junk food are more prone to developing
metabolic syndrome. Lack of physical activity and screen time of more than two hours also contribute.
Children with increased screen time are at three times the risk of developing metabolic syndrome. It has
been found that obese children have more clinical signs such as acanthosis nigricans, central fat deposition,
and strike Albicans than overweight children.
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Total
Parameter

(N=250)
Type of diet

171 (68.4%)
Mixed
Veg 79 (31.6%)

Calories consumed
57 (22.80%)

High

As per required 176
perreq (70.40%)

Low 17 (6.8%)

Excess junk food
34 (13.6%)

Yes
No 216 (86.4%)
Physical activity >1
h 95 (38%)
Present
Absent 155 (62%)
Screen time
92 (36.80%)
>2h
155
<2h
(63.20%)
Clinical parameters
107
Fat deposition
(42.80%)
Present
Absent 143
(57.20%)
Acanthosis
nigricans 52 (20.80%)
Present
Absent 198
(79.20%)
Striae albicans
70 (28%)
Present
Absent 180 (72%)

Metabolic syndrome present
(N=95)

71 (41.52%)

24 (30.38%)

46 (80.70%)

42 (23.86%)

7 (41.18%)

29 (85.29%)

66 (30.56%)

18 (18.95%)

77 (49.68%)

58 (63.04%)

37 (23.42%)

98 (91.59%)

57 (39.86%)

41 (78.85%)

54 (27.27%)

56 (80%)

95 (38%)

Metabolic syndrome absent
(N=155)

100 (58.48%)

55 (69.62%)

11 (19.30%)

134 (76.14%)

10 (58.82%)

5 (14.71%)

150 (69.44%)

77 (81.05%)

78 (50.32%)

34 (36.96%)

121 (76.58%)

9 (8.41%)

86 (60.24%)

11 (21.15%)

144 (72.73%)

14 (20%)

155 (62%)

Chi-square
value

2.8467

59.1167

42.8851

46.4949

38.7512

6.7732

46.4949

72.7929

TABLE 2: Distribution of dietary and clinical parameter with metabolic syndrome

p-value <0.05 is significant, obtained using the Pearson chi-square test.

p-
value

0.092

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Table 3 shows that regression analysis was performed to remove the confounding factors. It was found that
there is an independent association between metabolic syndrome and parameters such as family history of

obesity, excess junk food, abnormal developmental history, physical activity <1 h, screen time >2 h, and
birth weight <2.5 kg.
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Parameter p-value  z-value Adjusted odds ratio 95% CI lower limit 95% Cl upper limit
Family history of obesity 0.002 3.1 1.7 1.22 2.48
Excess junk food 0.002 3.14 1.58 1.18 211
Development history abnormal <0.001 3.62 2.07 1.39 3.08
Physical activity <1 h 0.023 2.28 1.67 1.07 2.59
Screen time >2 h 0.049 1.97 1.44 1.01 2.07
Birth weight <2.5 kg 0.009 2.61 1.43 1.09 1.88

TABLE 3: Association of various parameters with metabolic syndrome on logistic regression

z-value >1.96 and p<0.05 indicate statistical significance, obtained against logistic regression.

Discussion

Metabolic syndrome represents an escalating pediatric health concern that predisposes children to severe
cardiometabolic outcomes, including cardiovascular disease and stroke. The interplay of these metabolic
risk factors exerts a synergistic effect that leads to an increase in prevalence rates. Consequently, our
findings raised an urgent clinical concern: metabolic syndrome can no longer be regarded strictly as an
adult-onset pathology.

In our study, we have found that the prevalence of metabolic syndrome among overweight and obese
children is 38%, while in a study carried out in Jammu and Kashmir, the prevalence of metabolic syndrome
was 3.8% (boys: 3.9%, girls: 3.8%) and the prevalence of obesity was 9.9% (boys: 9.9%, girls: 10.6%) among
the studied children [11]. In a study carried out in Himachal Pradesh, the prevalence of metabolic syndrome
was 3% [19]. This can be due to population and geographical differences. Even the study conducted in Korea
estimates that the overall weighted prevalence of metabolic syndrome in adolescents was 13.0% [20]. These
studies were carried out in the pre-COVID era; therefore, this also contributes to differences in findings.

Our findings indicate that children exposed to more than one hour of screen time per day exhibited an
approximately three-fold higher risk of developing metabolic syndrome than those with less than one hour
of daily exposure. In alignment with IAP guidelines, a threshold of >1 hour per day was adopted [21].
Discrepancies across international literature may stem from variations in defined thresholds, as India
implements a more conservative cut-off relative to other nations.

In our study, we found a significant positive correlation between metabolic syndrome and screen time,
consistent with evidence from China demonstrating elevated metabolic syndrome rates among individuals
with high sedentary behavior; specifically, screen time of >3 hours per day was associated with a 1.15-fold
and 1.14-fold increased risk of abdominal obesity and metabolic syndrome, respectively. That study noted
that sedentary behavior and moderate-to-vigorous physical activity exert distinct, independent influences
on abdominal adiposity compartments and metabolic risk profiles [21-23]. Conversely, investigations from
Canada reported no statistically significant relationship between elevated screen time and the prevalence of
metabolic syndrome [24-26].

In our study, sedentary behavior -- defined as less than one hour of physical activity per day -- was
significantly linked to abdominal obesity. Abdominal obesity is a well-known risk factor, the most common
sign of metabolic syndrome, and a marker of dysfunctional fat tissue. We observed a strong inverse
relationship between physical activity and both visceral fat buildup and metabolic syndrome, which aligns
with earlier studies [25,26]. This suggests that classifying physical inactivity into more detailed levels in
future research could help clarify the mechanisms behind these findings.

Our findings indicate that dietary patterns marked by a high intake of snacks and processed foods are
associated with an increased risk of metabolic syndrome. Similar results were reported in a study conducted
in Korea, where diets high in sodium and sugar were linked to a higher risk of hypertension and abdominal
obesity, both of which contribute to the development of metabolic syndrome [26,27].

In our study, a birth weight of less than 2.5 kg emerged as a strong predictor of metabolic syndrome. This
finding diverges from several reports indicating that high birth weight, rather than low birth weight, is
significantly associated with metabolic syndrome in the general population [28-31]. Conversely, evidence
from China identified low birth weight as an independent risk factor for metabolic syndrome, driven by its
association with elevated plasma glucose, fasting insulin, serum triglycerides, and blood pressure; notably,
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each 1-kg increment in birth weight corresponded to a 2.9 mmHg reduction in systolic blood pressure.

A family history of obesity was identified as a critical risk factor that heightens susceptibility to long-term
obesity, cardiovascular disease, and metabolic complications. However, relatively few studies have
evaluated this variable as a primary determinant of metabolic syndrome [32]. A study conducted in China
demonstrated that the risk of pediatric metabolic syndrome was markedly higher in children of mothers with
obesity than in those with paternal obesity [33]. Furthermore, parental overweight exhibited a significant
positive correlation with elevated risks of metabolic syndrome, abdominal obesity, and reduced HDL-
cholesterol levels across both sexes [33].

Our study also evaluated whether the association between developmental delay and metabolic

syndrome remained independent of potential confounding factors. Developmental history has not been
investigated as a primary risk factor in major studies till now, making this the first report to demonstrate a
direct link between developmental milestones and metabolic syndrome. Emerging evidence suggests that
early growth failure and developmental delays significantly increase susceptibility to metabolic syndrome.
Supporting this concept, a study conducted in the United States showed that early childhood infections and
growth failure adversely affect physical and cognitive development while serving as key contributors to
adult cardiovascular and metabolic diseases [32].

We observed no significant sex-specific disparities in the prevalence of metabolic syndrome within our study
group. In contrast, a systematic review among children and adolescents demonstrated that boys exhibited a
higher vulnerability to metabolic syndrome compared with girls, aligning with the broader literature [32,33].
These inconsistent findings may stem from differences in the age groups evaluated and the varied diagnostic
criteria used for pediatric metabolic syndrome. Beyond inherent physiological and genetic differences, fully
characterizing the biological mechanisms underlying these sex disparities remains challenging [20,23,33,34].

Strengths of the study

Key strengths of this study include the systematic evaluation of overweight and obese children attending a
tertiary care hospital and the use of an age-appropriate definition of metabolic syndrome for children.

It is for the first time specifically study on metabolic syndrome is conducted among the overweight and
obese children and that too among tribal predominant of JTharkhand as most of the time this subset of
population is neglected, many were of the view that under nutrition is prevalent among tribes. Still, this
study also shows the changing trends of increasing obesity along with metabolic syndrome prevalence in the
population.

Limitations

It is a hospital-based study. Geographical distribution and food habits influence the outcome, which can
vary from place to place. Further, socially undesirable activities such as increased screen time are often
underreported by parents. Also, many parents, due to a lack of awareness, consider obesity to be healthy and
are unwilling to get regular check-ups and relevant investigations done. Some even fail to follow up on it.

Conclusions

Metabolic syndrome in children arises from an interplay of both modifiable and non-modifiable
determinants. Key contributors identified in this study include poor dietary habits, low birth weight, adverse
early developmental milestones, a positive family history of obesity, and contemporary lifestyle factors --
predominantly physical inactivity and excessive screen time.

Instilling balanced nutritional habits and promoting regular physical activity early in life are pivotal in
altering this trajectory, significantly curtailing the downstream risk of early-onset cardiovascular morbidity
and related metabolic complications.

Crucially, the findings underscore that addressing pediatric obesity cannot occur in isolation. Because
parental body mass index strongly correlates with childhood adiposity and subsequent cardiometabolic risk,
preventive strategies must adopt an intergenerational framework. A targeted public health policy centered
exclusively on early-life obesity -- combining clinical surveillance, school-level behavioral reinforcement,
and family-centered lifestyle modifications -- is essential to arrest the rising burden of adult
cardiometabolic disease at its roots.
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