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ABSTRACT

Background: The rising prevalence of overweight and obesity is associated with development of growing number of
early complications in children and adolescents among that type 2 diabetes mellitus and metabolic syndrome (MS) is
common. Present study has been designed to identify the prevalence of MS in children with overweight risk, overweight
or obesity and to compare anthropometric and biochemical parameters in patients with metabolic syndrome and without
MS.

Methods: This is a cross sectional descriptive study conducted in the department of paediatrics where 120 patients with
obesity were enrolled for this study and various metabolic parameters were compared.

Results: In our study the prevalence of metabolic syndrome was 30% among obese and overweight children. Fasting
insulin (18.65+£13.64 mg/dl versus 16.48+10.32 mg/dl) was significantly higher in patients with MS than without MS
(p is less than 0.05). Homeostatic model assessment of insulin resistance (HOMA-IR) was 5.84+1.43 in MS group and
4.54+1.34 in without MS group. The p value was 0.00. The glycocylated haemoglobin was significantly higher in MS
group than without MS group (5.84+0.78 versus 4.54+0.34).

Conclusions: From our study we can conclude that metabolic syndrome is a common problem in children with
overweight and obesity in our region. Insulin resistance and metabolic abnormality were more common in children with
MS.
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INTRODUCTION

Overweight and obesity are serious public health
challenges of present century. It is a global problem but
majority of overweight or obese children live in
developing countries. The number of overweight or obese
infants and young children has increased from 32 million
globally in 1990 to 41 million in 2016.*? These children
are likely to remain obese in adult age and prone to develop
noncommunicable  diseases like  diabetes and
cardiovascular diseases at a younger age.® The rising
prevalence of overweight and obesity is associated with
development of growing number of early complications in
children and adolescents among that type 2 diabetes

mellitus and metabolic syndrome is common.*° Metabolic
syndrome (MS) is a complex disorder, studies has
suggested it to be a complex interaction between insulin
resistance, obesity and inflammation play an important
role in the development of it.% It is accumulation of several
disorder which together increases the risk for development
of atherosclerotic cardiovascular disease. It is defined as
condition associated with impaired glucose tolerance test,
dyslipidemia, hypertension and obesity.” This definition is
not applicable for adult and there is no uniformly
acceptable definition for MS in children.® This ambiguity
in definition makes difficult to study prevalence of
metabolic syndrome in children and adolescent.
Simunovic et al has concluded in his study that his studies
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shows high prevalence of MS in the obese child and
adolescent population, thus indicating the possibility of
early complications in adulthood. Chen et al has concluded
that prevalence of MS in different countries has been
reported to be 3-4%.1° In 2007 International diabetes
federation has issued a unified definition of metabolic
syndrome in children and adult. With this comparison of
different study has become easy. Various studies are
available regarding prevalence of metabolic syndrome in
children but without uniformity. There is no study
available in our region to evaluate the prevalence of
metabolic syndrome in our population.o:!*

Present study has been designed to identify the prevalence
of metabolic syndrome in children with overweight risk,
overweight or obesity and to compare anthropometric and
biochemical parameters in patients with MS and without
MS.

METHODS

This is a cross sectional descriptive study conducted in the
department of paediatrics Konaseema institute of medical
sciences, Amalapuram India from January 2018 to June
2020.

Ethics

Approval from institutional ethics committee was taken
before start of study. A written informed consent was
obtained from all patients before enrolling them for study.

Selection of patients

Patients attending outpatient department of paediatric with
complain of overweight and obesity were enrolled for this
study as per exclusion and inclusion criteria.

Inclusion criteria

Participants in the age group 5 to 17 years of both the sexes
and obesity >2SD (equivalent to body mass index i.e. BMI
30 kg/m2 at 19 years) were included in the study.*?

Exclusion criteria

Patients suffering from diabetes mellitus, or pre-existing
endocrine disorder and patients taking corticosteroid or
any other medication were excluded from the study.

Method

Patients who satisfy the selection criteria were enrolled for
this study after taking consent from parents. During this
study period 120 patients with obesity were enrolled for
this study. Complete physical and anthropometric
examination was done to all patients by same
paediatrician. Detailed history of patients regarding
sociodemographic pattern, indoor and outdoor activity,
food habit, birth weight, pattern of nutrition, duration of

breastfeeding and obesity, age at onset of obesity family
history = of  obesity, cardiovascular  disorder,
cerebrovascular disorder and diabetes was noted.

Anthropometric measurement

For measurement of height we used Harpenden
stadiometer and were measured to the nearest 0.1 cm.
Weight measurement was done by electronic balance with
light cloth and without shoes. It was measured to the
nearest 0.1 kg. BMI was calculated by formulae body
weight (kg)/square of height (kg/m?).13

For measurement of blood pressure we used ascultatory
method for which sphygmomanometer and stethoscope
was used and systolic blood pressure (SBP) and diastolic
blood pressure (DBP) was based on the appearance and
disappearance of Korotkoff sounds.

Regarding biochemical parameters plasma insulin was
determined by using enzyme linked immunosorbent assay.
Fasting  insulin  >15 mul was  considered
hyperinsulinemia. Homeostasis model assessment-insulin
resistance (HOMA-IR) was calculated by using this
formula (FP1 X FPG)/22.5.4 Score of more than 3.5 is
taken as insulin resistance and score less than 3.5 as insulin
sensitive. Routine enzymatic methods were used for the
estimation of Plasma concentrations of total cholesterol,
high-density lipoprotein (HDL)-cholesterol, low-density
lipoprotein (LDL)-cholesterol, triglycerides and blood
glucose.

International diabetes federation definition of MS was
used as per that if three or more of the following criteria
were present: BMI more than 95th percentile, triglyceride
more than 40 mg/dl, HDL less than 40 mg/dl, fasting
glucose more 110 mg/dl, systolic or diastolic BP more
90th percentile.’®

Statistical analysis

Data were recorded in excel sheet and statistical analysis
was done with software statistical package for social
sciences (SPSS)-14 version. Qualitative data were
calculated as percentage and proportions and were
analyzed by Chi-square test. Quantitative data were
expressed as meanzstandard deviation (SD) and these data
were analyzed by unpaired student t test. The p value less
than 0.05 were taken as significant.

RESULTS

In present study as per enrolment criteria 120 over weight
and obese children between 5 to 17 years of age were
enrolled for this study. As per Table 1, out of 120 children
enrolled 60 were female and 60 were male. The mean age
of patient in male patients were 11.35+2.03 years and
female patients were 10.74+2.58 years which was not
significant statistically. There is significant difference in
BMI in male and female child with obesity (28.23+3.28
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versus 26.03+4.36). Fasting glucose and fasting insulin
label were comparable to each other in both group (p more
than 0.05). There is no significant difference between
HOMA (IR) (3.54+1.54 versus 3.67+1.25) and HbAlc
(5.04+0.87 versus 4.94+0.94) in two groups. Both group
were comparable to each other with respect to plasma
concentration of various lipid like TG (98.42+12.09 versus
99.75+13.19), HDL cholesterol (mg/dl) (40.9+4.08 versus
41.0345.63) LDL cholesterol (mg/dl) (116.43+14.07
versus 117.40£16.24). There is significant difference in
SBP in male and female child with obesity (109.9+12.54
versus 108.4+11.98). Regarding comparison of
anthropometric, metabolic and clinical parameter between
patients with and without MS as per Table 2, out of 120
patients 36 (30%) were having MS and 84 were without
MS. The mean age of patients in metabolic syndrome
group was 12.46+2.75 years and in non-MS group it was
10.26+£2.27 years. This difference was statistically
significant. The BMI of patients in metabolic syndrome
group was 29.25+1.25 kg/m? and in non-metabolic
syndrome group it was 26.85+2.67 kg/m2. This difference
was statistically significant. Fasting glucose (94.34+12.36
mg/dl versus 89.65+10.84 mg/dl) and fasting insulin
(18.65+13.64 mg/dl versus 16.48+10.32) was significantly
higher in patients with MS than without MS (p is less than
0.05). HOMA (IR) was 5.84+1.43 in MS group and
4.54+1.34 in without MS group. The p value was 0.00. The
glycocylated haemoglobin was significantly higher in MS

group than without MS group (5.84+0.78 versus
4.54+0.34). The plasma concentration of TG was
99.42+10.03 mg/dl in MS group and 89.78+11.69 mg/dl in
without MS group. The plasma concentration of LDL was
134.84+14.07mg/dl in MS group and 110.50£17.64 mg/d|
in without MS group, which significantly higher in MS
group. The plasma concentration of HDL was
36.9+5.18mg/dl in MS group and 42.26+6.79 mg/dl in
without MS group, which significantly lower in MS group.
The mean of SBP was 110.9+£10.78 mm of hg in MS group
and 107.9£13.30 mm of Hg in without MS group, which
significantly higher in MS group. Acanthosis Nigricans (A.
Nigricans) was present in 18 patients in MS group and 4
patients in without MS group.

As per comparison of component of MS according to
insulin resistance, out of 120 patient insulin resistance was
found in 28 patients that is 23.3%. Impaired glucose
tolerance test was present in 35.71% in insulin resistance
and 2.27% in without insulin resistance patients.
Triglyceride level was high in 71.43% but in without
insulin resistance it was 34.78%. HDL label was low in
85.71% but in without insulin resistance it was low in
23.91%. Systolic BP (>95th) was high in 71.43% with
insulin resistance and was high in 6.52% patients without
insulin resistance. A. Nigricans was more common in
insulin resistance group that is 57.14%.

Table 1: Comparison of clinical and biochemical parameter with respect to sex.

Variables Male (n=60)
Age (years) 11.35+2.03
BMI (kg/m2) 28.23+3.28
Fasting glucose (mg/dl) 90.45£10.65
Fasting insulin (W/1) 16.6316.24
HOMA (IR) 3.54+1.54
HbA1C 5.04+0.87
TG (mg/dl) 98.42+12.09
HDL cholesterol (mg/dl) 40.9+4.08
LDL cholesterol (mg/dl) 116.43+14.07
SBP (mm of Hg ) 109.9+12.54

Female (n=60) P value
10.74+2.58 0.21
26.03+4.36 0.026
91.48+12.78 0.28
15.73+4.96 0.14
3.67+1.25 0.37
4.94+0.94 0.43
99.75+13.19 0.71
41.03+5.63 0.31
117.40+16.24 0.46
108.4+11.98 0.23

Table 2: Comparison of anthropometric, metabolic and clinical parameter between patients with and without MS.

Variables MS (n=36)
Age 12.46£2.75
BMI (kg/m?) 29.25+1.25
Fasting glucose (mg/dl) 94.34+12.36
Fasting insulin (mu/1) 18.65+13.64
HOMA (IR) 4.65+1.43
HbAlc 5.84+0.78
TG (mg/dl) 99.42+10.03
HDL cholesterol(mg/dl) 36.9+5.18
LDL cholesterol (mg/dl) 134.84+14.07
SBP (mm of Hg ) 110.9+10.78
Acanthosis Nigricans 18

Without MS (n84) P value
10.26+2.27 0.000
26.85+2,67 0.000
89.65+10.84 0.01
16.48+10.32 0.04
3.54+1.58 0.00
4.54+0.34 0.023
89.78+11.69 0.012
42.26+6.79 0.03
110.50+17.64 0.024
107.9+13.30 0.21
4
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Table 3: Comparison of component of MS according to insulin resistance.

With insulin resistance (n=28) (%

Without insulin resistance (n=92

Variable

Impaired GTT 10 (35.71)

TG 20 (71.43)

HDL 24 (85.71)

Systolic BP (>95%) 20 (71.43)

A. Nigricans 16 (57.14)
DISCUSSION

In present cross sectional descriptive study we have
evaluated clinical, metabolic and biochemical parameters
for detection of prevalence of MS in obese and overweight
children. In our study the prevalence of MS was 30%
among obese and overweight children. We have used
International diabetes federation (IDF) definition of
metabolic syndrome for diagnosis of metabolic syndrome.
Sangun et al has concluded that prevalence of MS was
found to be 33% according to the IDF consensus criteria
which support our study.'® Gupta et al has reported that
overall prevalence in general paediatric population was
3.3% but Andrabi et al has concluded that paediatric MS
was more common in obese patient than in normal
population that is 30.7% versus 2.5% which support our
study. 1”18

Clinical and biochemical parameter with respect to sex are
comparable to each other in our study except BMI which
was significantly higher in male obese patients. This
observation is supported by the study of Sangun et al.®
Anthropometric parameters were significantly higher in
MS group than without MS group. This finding
corroborates with the finding of Bluher et al and Agirbasli
et al.1®? Fasting glucose and glycocylated haemoglobin
was high and there were features of insulin resistance like
increased HOMA (IR) and plasma insulin label in patients
with MS. Our finding is supported by the work of Yin et al
and Kurtoglu et al.?>?2 Metabolic parameters like TG, LDL
significantly high and HDL was significantly low in MS
patients and A. Nigricans was common among MS
patients. Cook et al has concluded that children with the
highest BMI-SDS and lowest physical fitness have the
lowest HDL-C values and increased TG, indicating a
higher risk for the metabolic syndrome which support our
study.?® Study of Korsten-Reck et al also support our
finding.?* Jinkyung et al has concluded from his study that
IR is significantly associated with the clustering of MetS
risk factors.> Kostovski et al has concluded that insulin
resistant obese children and adolescents tend to have a
worse metabolic profile in comparison to individuals
without insulin resistance.?® Above two studies support our
finding.

CONCLUSION
From our study we can conclude that MS is a common

problem in children with overweight and obesity in our
region. There is no difference between male and female

2 (2.17)
32 (34.78)
22 (23.91)
21 (22.83)
6 (6.52)

child regarding biochemical profile. Insulin resistance and
metabolic abnormality were more common in children
with MS.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Childhood overweight and obesity. World health
organisation. Available at:
https://www.who.int/dietphysicalactivity/childhood/
en/. Accessed on: 22 September 2020.

2. Facts and figures on childhood obesity. World health
organisation. Available at: https://www.who.int/end-
childhood-obesity/facts/en/.  Accessed on: 22
September 2020.

3. Morrison JA, Friedman LA, Gray-McGuire C.
Metabolic syndrome in childhood predicts adult
cardiovascular disease 25 years later: the Princeton
Lipid Research Clinics Follow-up Study. Pediatrics.
2007;120:340-5.

4.  Wittcopp C, Conroy R Metabolic Syndrome in
Children and  Adolescents.  Pediatr  Rev.
2016;37(5):193-202.

5. D'Adamo E, Santoro N, Caprio S. Metabolic
syndrome in pediatrics: old concepts revised, new
concepts discussed. Curr Probl Pediatr Adolesc
Health Care. 2013;43(5):114-23.

6. Zhang H, Zhang T, Li S, Li Y, Hussain A, Fernandez
C, et al. Long-term impact of childhood adiposity on
adult metabolic syndrome is modified by insulin
resistance: the Bogalusa Heart study. Sci Rep.
2015;5:17885.

7. Swarup S, Goyal A, Grigorova Y. Metabolic
Syndrome. In: StatPearls. Treasure Island (FL):
StatPearls Publishing. Available at:
https://www.ncbi.nlm.nih.gov/books/NBK459248/.
Accessed on: 20 May 2020.

8. Friend A, Craig L, Turner S. The prevalence of
metabolic syndrome in children: a systematic review
of the literature. Metab Synd Relat Disord.
2013;11(2):71-80.

9.  Simunovi¢ M, Bozi¢ J, Mili¢ L, Uni¢ I, Skrabi¢ V.
The Prevalence of Metabolic Syndrome and
Cardiovascular Risk Factors in Obese Children and
Adolescents in Dalmatia: A Hospital Based Study.
Int J Endocrinol. 2016;1823561.

International Journal of Contemporary Pediatrics | December 2020 | Vol 7 | Issue 12 Page 2324



10.

11.

12.

13.

14.

15.

16.

17.

18.

Pratyusha R et al. Int J Contemp Pediatr. 2020 Dec;7(12):2321-2325

Chen W, Bao W, Begum S, Elkasabany A, Srinivasan
SR, Berenson GS. Age-related patterns of the
clustering of cardiovascular risk variables of
syndrome X from childhood to young adulthood in a
population made up of black and white subjects: the
Bogalusa Heart Study. Diabetes. 2000;49:1042-8.
Cook S, Weitzman M, Auinger P, Nguyen M, Dietz
WH. Prevalence of a metabolic syndrome phenotype
in adolescents: findings from the third National
Health and Nutrition Examination Survey, 1988-
1994. Arch Pediatr Adolesc Med. 2003;157:821-7.
BMI-for-age  (5-19 years). World Health
Organisation. Available at:
https://www.who.int/growthref/who2007_bmi_for_a
gelen/. Accessed on: 24 September 2020.
Kolimechkov S. Body Mass Index. The Body Mass
Index. 2016.

Matthews DR, Hosker JP, Rudenski AS.
Homeostasis model assessment: insulin resistance
and beta-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetologia.
1985;28(7):412-9.

Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink
M, Arslanian S, et al. IDF Consensus Group. The
metabolic syndrome in children and adolescents - an
IDF consensus report. Pediatr Diabetes. 2007;8:299-
306.

Sangun O, Diindar B, Kosker M, Pirgon O, Diindar
N. Prevalence of metabolic syndrome in obese
children and adolescents using three different criteria
and evaluation of risk factors. J Clin Res Pediatr
Endocrinol. 2011;3(2):70-6.

Gupta A, Sachdeva A, Mahajan N. 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 J Endocrinol Metab. 2018;22(3):373-8.
Andrabi SM, Bhat MH, Andrabi SR. Prevalence of
metabolic syndrome in 8-18-year-old school-going
children of Srinagar city of Kashmir India. Indian J
Endocrinol Metab. 2013;17(1):95-100.

19.

20.

21.

22.

23.

24.

25.

26.

Bluher S, Molz E, Wiegand S. Body mass index,
waist circumference, and waist-to-height ratio as
predictors of cardiometabolic risk in childhood
obesity depending on pubertal development. J Clin
Endocrinol Metab. 2013;98(8):3384-93.

Agirbasli M, Agaoglu NB, Ergonul O. Comparison
of anthropometric indices in predicting metabolic
syndrome components in children. Metab Synd Relat
Disord. 2011;9(6):453-9.

Yin J, Li M, Xu L. Insulin resistance determined by
Homeostasis Model Assessment (HOMA) and
associations with metabolic syndrome among
Chinese children and teenagers. Diabetol Metab
Synd. 2013;5(71).

Kurtoglu S, Akin L, Kendirci M, Hatipoglu N, EImali
F, Mazicioglu M. The absence of insulin resistance
in  metabolic syndrome definition leads to
underdiagnosing of metabolic risk in obese patients.
Eur J Pediatr. 2012;171(9):1331-7.

Cook S, Kavey RE. Dyslipidemia and pediatric
obesity. Pediatr Clin North Am. 2011;58(6):1363-9.
Korsten-Reck U, Kromeyer-Hauschild K, Korsten K,
Baumstark MW, Dickhuth HH, Berg A. Frequency
of secondary dyslipidemia in obese children. Vasc
Health Risk Manag. 2008;4(5):1089-94.

Cho J, Hong H, Park S, Kim S, Kang H. Insulin
Resistance and Its Association with Metabolic
Syndrome in Korean Children. BioMed Res Int.
2017;8728017.

Kostovski M, Simeonovski V, Mironska K, Tasic V,
Gucev Z. Metabolic Profiles in Obese Children and
Adolescents with Insulin Resistance. Open Access
Maced J Med Sci. 2018;6(3):511-8.

Cite this article as: Pratyusha R, Rao KN. Study of
prevalence of metabolic syndrome in obese children
in Konaseema region of India. Int J Contemp Pediatr
2020;7:2321-5.

International Journal of Contemporary Pediatrics | December 2020 | Vol 7 | Issue 12  Page 2325



