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Abstract

Obesity is the epidemic of the twenty first centuryIn India the incidence of obesity contin-
ues to increase and prevalence among adolescentsies between 10% and 30%.The preva-
lence of metabolic syndrome which is a group of adrosclerotic risk factors is rising at an
alarming rate among young adults of urban India. Cetral obesity which represents the
visceral adipose tissue depots is the most prevatemanifestation of metabolic syndrome.
Adipose tissue , a dynamic endocrine organ secretpso-inflammatory factors called adi-
pokines which causes meta inflammation thereby coributing to insulin resistance. We have
undertaken a pilot study with ninety healthy MBBS sudents aged between 17 and 22 years
from our Institution. These ninety students were futher divided into non-obese, group |
(n=63 ) and obese , group Il (n=27) based on theiraist circumference. We estimated fasting
blood sugar(FBS), post prandial blood sugar(PPBS)gid profile and serum insulin in both
the groups.Insulin resistance (IR) was calculatedsing the Homeostasis Model Assessment
(HOMA) equation. In this study we found that 3.3% d the study population of ninety stu-
dents and 11.1% of the obese group had metabolicrejrome. 70.4% of the obese group had
insulin resistance(IR) suggesting a strong correl&n between obesity and IR.The increasing
prevalence of childhood and adolescent metabolic sgrome implies a future global health
burden. So we emphasize the urgent need for focus prevention and treatment of meta-
bolic syndrome in this age group through intensivéhealth education and awareness pro-
grammes.
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Introduction tissue and is of central importance in the clindiaigno-
sis of metabolic syndrome.[4]. Adipose tissue iswn to

Obesity is a vexing problem in developed as weldlas ©xpress and secrete a variety of factors knowndas a
veloping countries. In developing countries, sirgh pokln_es including Ieptl_n, adiponectin, reS|st|nvaB_II as
undernutrition and overnutrition are seen simultarsty, ~ Cytokines and chemokines such as tumor necrosisriac
the double burden makes the situation more diffidal  @nd Interleukin-6. These adipokines and cytokinaghv
India the incidence of obesity continues to inceeasd is  aré pro-inflammatory markers are the underlying ris
occurring at a younger age, the prevalence among adfact_ors for me_tabollc_ synd_ror_ne. Also the releasedif
lescents varying between 10% and 30% [1]. Obesity ipokln(_es _by adipose tissue infiltrated macrophagadd to
one of the most significant contributors of morbighdi- ~ chronic inflammatory state that could play a centoée
tions like metabolic syndrome. The prevalence ofame [N the development of insulin resistance[s]. Irststudy
bolic syndrome in obese adolescents has been eepart We mten_ded to investigate and identify the comptsef

be between 18 % and 42 % depending on the couftry '€tabolic syndrome among young adults and also exam
origin, suggesting an ethnic based association dextw N€ the relationship between obesity and insulisisre
obesity and metabolic syndrome[2]. There is an -overt@nce .

whelming moral, medical and economic imperative for ]

early identification of individuals with metabolisyn- Materials and Methods

drome because it is associated with an approxichaie

bling of the cardiovascular risk and five fold isased The study was conducted in Rajarajeswari Medicdt Co
risk for incident Type 2 Diabetes mellitus (T2DMJ][ lege and Hospital, Kambipura, Bangalore, Karnataka,
Abdominal obesity is a marker of dysfunctional adi@ India, from March 2012 to January 2013. The subjett
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our study were MBBS students aged between 17 and 22as estimated by cyanmeth-hemoglobin method using
years . A written informed consent was taken frdinthe  EDTA blood sample.
students involved in this study. The ethical cleaeawas
obtained from the Ethical Review Board of the togibn.  Insulin resistance(IR) was derived using the Horz=is
Students diagnosed with juvenile diabetes, anem@ a Model Assessment equation (HOMA = fasting serum in-
those with any acute or chronic illness were exatud sulin (uunits/ml) x fasting plasma glucose (mmol/)/22.5) .
from our study. Students who had a HOMA score of more than 2.5 were
taken as individuals with insulin resistance[6]eTiefer-
These ninety students were further divided into twaence method for assessing insulin sensitivity ésetgly-
groups, group |, which comprised of sixty threenno cemic glucose clamp. However clamps are ill sukied
obese students with waist circumference of <80 nm icause of extensive requirement of cost, time, |aout
females and < 90 cm in males and group Il which intechnical expertise. Simple surrogate indices sllin

cluded twenty seven students who were obese ,vathtw sensitivity like HOMA have been developed and \attdi
circumference 080 cm in females aneB0 cm in males.  and a good corelation has been found[7,8,9].

Fasting blood samples were collected from eachhedd

ninety students under full aseptic precautionstiieres- Blood pressure was measured using sphygmomanometer
timation of Fasting blood sugar (FBS), serum imsaind in sitting position after five minutes rest. Wadstcum-

lipid profile which included total cholesterol(TChigh  ference was measured according to WHO guidelines us
density lipoprotein (HDL) and triglycerides(TGL) A ing a stretch resistant tape after normal expinatid the
postprandial blood sample (two hours after bredkfaas  midpoint between the lowest rib and the iliac cr@ste
obtained on the same day and post prandial bloogheasurement was made with the tape held snuglydiut
sugar(PPBS) was estimated. constricting,and at a level parallel to the flob®]

Blood glucose(FBS and PPBS), serum total Choldsterogigtical analysis

HDL and Triglycerides were estimated on fully autdet  \/5yes were expressed as Mean + SD. Statisticat com
analyzer from Transasia company, ERBA EM 360. parisons were carried out by student 't' test. €atipns

. were done by calculating Pearson's correlationstatiis-
BI(.)Od qucose(FBS and PPBS) was estimated by Gd!‘UCO‘Ttical analysis was done at 5% level of significansig

oxidase-Peroxidase (GOD-POD)method. Total Choless—ta,[istical software SAS 9.2 and SPSS 15.0
terol by Cholesterol oxidase-peroxidase method, HDL ' o
was estimated by direct method, Triglyceride waté- es
mated by Glycerol 3-phosphate oxidase method. VLD

was calculated by the formula VLDL=TGL/5. LDL was ) ) )
calculated using Freidwald's equation. The reference ranges of the different biochemical p

rameters for the whole group (n=90) assessedsrsthiy,
Serum insulin was analyzed on Roche Cobas e41yl fulplong with mean and standard deviation is tabulated
automated instrument by Chemiluminescence Immundable 1.
assay.

I_Results

Figure 1 is a pie chart showing group |, non ol{es®3)
We estimated hemoglobin(Hb) concentration in the st students and group Il, obese students(n=27) based o
dents in order to rule out anemia.The concentraiidib Waist circumference.

Table 1. Reference ranges and descriptive statistics of Blood parameters of students studied.

Biochemical parameter Reference range Mean+SD
FBS (mg/dl) 70-100 85.10+8.37
PPBS (mg/dl) 110-140 100.61+19.22
Blood Urea (mg/dl) 15-40 19.39+5.45
Serum creatinine (mg/dl) 0.5-1.4 1.05+0.16
Total cholesterol (mg/dl) 150-200 154.67+23.88
HDL (mg/dI) >40 in males 40.14+7.81
>50 in females
LDL (mg/dl) <125 93.40+15.15
VLDL (mg/dl) 10-50 20.67+10.78
TGL (mg/dI) <150 103.72+53.34
S insulin (LIU/ml) 3-17 13.48+19.35
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Table 2 shows correlation analysis of serum insulin lev- The important findings of this study is compiled in Table

els with lipid parameters and WC for the whole group of 3 which is a comparative table between biochemical and

ninety students . A positively significant correlation was anthropometric measurements studied between non

observed between serum insulin and triglyceride lev-obese(group 1) and obese(group II) . There were signifi-

els(p<0.001) and also between serum insulin and WCcantly higher levels of Total Cholesterol, VLDL,

(p<0.001). Triglycerides, serum insulin, and HOMA in obese as
compared to non obese group.

Table 2. Pearson correlation of Serum Insulin with WC and Lipid parameters for the whole study population (n=90)

Pair Pearson's Correlation P value
Serum Insulin vs Total cholesterol 0.197 0.062
Serum Insulin vs HDL -0.011 0.918
Serum Insulin vs LDL 0.056 0.600
Serum Insulin vs VLDL 0.294 0.0049*
Serum Insulin vs TGL 0.307 0.0032**
Serum Insulin v/is WC 0.406 0.0007**

** P value <0.01 suggests strong significance

Table3. Comparison of Biochemical and Anthropometric parameters between group | and group |1

Parameter Group | (n=63) Group Il (n=27) P value
Non-obese Obese
Mean+SD Mean+ SD
FBS (mg/dl) 85.5 5+8.47 84.03+8.18 0.433
PPBS(mg/dl) 99.60 +20.47 102.96 +16.04 0.450
Blood Urea (mg/dl) 18.84 +4.50 20.67 £7.13 0.145
S creatinine (mg/dI) 1.0 6+0.16 1.02 £0.17 0.220
Total cholesterol(mg/dl) 151.40 £22.03 162.30 +26.62 0.046
HDL(mg/dl) 39.9 2+8.30 40.67 £6.63 0.678
LDL(mg/dl) 93.11 +14.65 94.07 £16.53 0.784
VLDL(mg/dl) 18.17 +6.57 26.48 +15.63 0.0006**
TGL (mg/dI) 91.46 £32.10 132.33 £77.88 0.0006**
S insulin(uIU/ml) 9.45 1+8.39 17.90 +9.31 0.0001**
wcC 0.85 +£0.06 0.92 +0.07 0.0001**
HOMA 1.99 +1.86 3.74£2.01 0.0001**
Systolic BP 110.52 £7.81 112.66 +5.11 0.194
Diastolic BP 71.56 +4.23 73.03 +4.33 0.137
** P value <0.01 suggests strong significance
B Group I [n=63] (WC < 80
cm in females and < 90 em
in males)
B Group II [n=27] (WC = 80
cm in females and = 90 cm
i miales )
Figure 1. Waist circumference based division of study population (n=90)
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Discussion to be a dynamic endocrine organ that secretes a number of
pro-inflammatory factors like cytokines and adipokines
The new International Diabetic Federation (IDF) criteriathat are directly or indirectly involved in the pathogenesis
defines metabolic syndrome(MetS) as a cluster of cardic@f atherosclerosis, endothelial dysfunction, insulin resis-
vascular risk factors with the following components —tance and vascular remodelling.This low grade inflamma-
increased waist circumference (V0 cm in males &  tOn IS called meta-inflammation or metabolically trig-
80 cm in females), elevated triglgceridesl(SO mg/ dl_), gered inflammation, an intermediate state between basal
low HDL (<40 mg/dl in males & <50 mg/dl in fe- and inflammatory states[16].This leads to a cluster of
males),raised Blood Pressure ( systolic>BB0 mm of conditions like dysglycemia, dyslipidemia, hypertension
Hg and diastolic BR 85 mm of Hg) and raised fasting @1d pro-coagulant state known as metabolic syndrome,
plasma glucoset 100 mg/dl). Any three abnormalities Which is the most frightening complication of obesity.
out of five qualifies a person as having this synMetS is a clustering of components that reflects overnu-

drome.Central obesity is a prerequisite for metabolic Synt_rition, sedentary lifestyle and resultant excess adiposity.

drome and is often associated with insulin resistance[11]Visceral adiposity and insulin resistance appear to play a
pivotal role in the development of MetS and its individual

In this study we have examined the components of met§omponents [3].

bolic syndrome among young adults in the age group of o . ) . )
17— 22 years. The most common MetS indicators oblN€ dyslipidemia associated with MetS is probably a

served were increased waist circumference, low HDL angonsequence of increased transmembrane flux of fatty
increased triglycerides, while the least common compd@Cids. Increased efflux of fatty acids from the adipocytes
nents being, hyperglycemia and elevated BP. The pegesults in increased synthesis of triglycerides, cholesterol
centage of students who had metabolic syndrome in tf@hd Apo B particles by the liver. This re_sults in elevated
whole group of ninety students was 3.3%. Studies on laMLDL and LDL levels in the plasma. Ultimately choles-
ger population by Li et al [12], Singh R et al [13] angterol ester transport protein (CETP) medlatgd exchangg of
Tandon et al [14], have shown an overall MetS prevalencde'® lipids among the different lipoproteins results in
of 3.7%, 4.2% and 3% respectively among adolescentdmall, dense LDL which are characteristic of the athero-
Among the obese group in our study 11.1% had Metggenic dyslipide_mia, thus setting a stage for future devel-
this is consistent with the studies of Lara Nasreddine [JPment of cardiovascular events [17].

and Singh R [13], who have recorded a MetS prevalencE® other dreaded complication of MetS is T2DM. Insu-
of 19.2% and 36.6% respectively among obese grou;'i.n resistance is believed to be a major final pathway from
59 % had increased waist circumference and low HDIOP€sity to T2DM and itis defined as a decreased response
and 29 % had increased waist circumference and elevat@fithe peripheral tissues to insulin action. Endocrine, in-

triglycerides (accounting for two components of MetS)flammatory and neuronal pathways link obesity to IR.
while 70.4 % of them showed insulin resistance. The starting signal of inflammation is overfeeding and the

pathway originates in all metabolic cells like adipocytes,

Among the non obese group 40 % had low HDL, 20.6 ohepatocytes and myocytes.[18]. The pro-inflammatory
showed insulin resistance and 8 % had hyperinsulin&ytokines like TNFe and IL-6, secreted by the adipose
mia.None of the students in this group had metabolifiSSué macrophages(ATMs) and the increased circulating
syndrome and also no subject in the entire study populzﬁr-ee fatty acids associated with obesity lead to dysregula-
tion had more than three components of MetS. tion of several cell intrinsic pathways that have negative

effect on insulin signalling. They activate several ser-
The emergence of obesity in adolescents and young adul§/threonine kinases (JNK, IKK, p38 MAPK) that inhibit
can be contributed to significant nutritional shifts (con-NSulin signalling either directly through insulin receptor
sumption of non traditional fast food), lifestyle transitionsSubstrate-1(IRS-1) or IRS-2 serine phosphorylation or
and a steep increase in sedentary activities like televisidRdirectly through a series of transcriptional events medi-
viewing and computer usage. These changes cause Szf)éed by NF_-kB. _The av_allablllty of increased fatty acids
nificant effects on body composition and metabolism;”md adipokines in the liver can also be explained by the
often resulting in increased body mass index (BMI) andPortal theory"[19].

visceral adiposity. Waist circumference has been recog- o .
nised as the best indirect clinical index of visceral fat ac29-6 % of obese students in our study were found to have

cumulation [15]. normal insulin sensitivity. Studies of metabolic profile of
obese individuals have shown similar findings. Such indi-

Obesity is often defined as a condition of abnormal o¥iduals are grouped as metabolically healthy obese indi-

excessive fat accumulation in adipose tissue to the exte¥jluals. The possible mechanism that could explain the
that health may be impaired. Until relatively recently,Protective metabolic profile in these group of people is

adipocytes were merely considered to be storage cells {82t they have lower visceral, liver and muscle fat content
fat. Now it is known that adipocytes are critical compo-£han insulin resistant -obese people. The metabolically
nents of metabolic control and adipose tissue has emergBgalthy but obese people have better ability to trap free
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A study of the components of metabolic syndrome in young adults.

fatty acids in their adipose tissue[20].
We recommend the screening of all young adults for the
We have observed dyslipidemia and insulin resistance in@mponents of MetS. In addition the contributions of
significant proportion of the non obese group in our studynon-traditional risk factors (IR, pro-inflammatory state,
Many hypotheses have been put forth to explain thesndothelial dysfunction, small dense-LDL, genetic sus-
findings. ceptibility) should also be considered while treating and
defining MetS.
The most common hypothesis is that Asian Indians may
have a primary genetic susceptibility to develop MetSThe major strength of our study is that the study group is
Also Asian Indian men had higher insulin resistance thaa homogeneous population with respect to socioeconomic,
Caucasian men independently of generalized or truncalltural, educational and nutritional background.
obesity indicating de novo insulin resistance [21].
The limitation of this study is that it is a cross sectional
Overall Asians and South Indians are classified as metabtudy with small sample size. Secondly, insulin resistance
olically obese, that is, they have several metabolic ddias been calculated by HOMA equation, rather than the
rangements but are non obese by conventional standardscurate euglycemic clamp model.
Asian Indians are reported to have larger adipocytes,
which are more resistant to the action of insulin as comAcknowledgements
pared to Caucasians [22].
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why at the same BMI, the atherogenic lipoprotein profiIeR feren
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