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ABSTRACT
Background: Obesity is now occurring in pandemic proportions and has earned a new name as “Globesity”
for it. Unlike earlier times developing countries too are facing the challenge of obesity and the modern
epidemics have a common root cause tapering to obesity. Obesity during adolescent and young adulthood
usually persists to adulthood in almost 50% cases and gives rise to early onset of type 2 diabetes mellitus,
cardiovascular disorders and metabolic syndrome for which insulin resistance being the common link to all.
Objective: The present study was taken up to study the prevalence of insulin resistance in apparently healthy
young adult obese population and study its correlation with different cardiovascular risk factors like lipid
profile and sdLDL-C.
Material and Methods: In a randomized control study 106 apparently healthy young adults in the age group
of 21-34 years were chosen from the community out of which 45 were obese and 61were age and gender
matched non-obese controls. They were divided in obese and non-obese groups based on cut-off BMI of
25Kg/m2. Along with physical parameters fasting plasma glucose, lipid profile and routine biochemical
parameters were assayed by standard kit methods and plasma insulin was measured by sandwich ELISA
method. Different lipid ratios, atherogenic index and insulin resistance were calculated. Atherogenic index
was calculated and insulin resistance was measured by HOMA-IR model and QUICKI index. Small dense
LDL-C (sdLDL-C) was quantified by modified Tsutomu –Hirano method.
Results: In the obese group BMI, waist circumference (WC) and waist-hip ratio (WHR) elevated significantly
(p=0.0001) and TG, VLDL-C and sdLDL-C as well as atherogenic index elevated significantly
(p<0.001).Significant Hyperinsulinaemia (p<0.0001) was found in the obese group and 50% of obese cases
had hyperinsulinaemia. Insulin resistance calculated by HOMA-IR and QUICKI index was statistically
significant (p<0.0001) in obese. Linear regression analysis showed sdLDL-C (R2=0.08, p=0.05 at 95% C.I.),
hyperinsulinaemia (R2=0.089, p=0.054 at 95% C.I.) and insulin resistance (R 2=0.099, p=0.03 at 95% C.I.)
significantly dependent on WC and atherogenic index was significantly dependent on TG (R 2=0.0036, p=0.05
at 95% C.I.) rather than any other lipid factors. On ROC analysis either method of insulin resistance showed
equal efficacy (AUC for HOMA-IR= 80.3% and QUICKI = 80.14%; C.I. 95%) and atherogenic index turned out
to be a better predictor than sdLDL-C (AUC for Atherogenic index= 76.14% and QUICKI = 71.46%).
Conclusions: For Indian subpopulation WC and WHR should also be evaluated along with BMI. Insulin
resistance should be identified early and interventional measures should be taken in terms of low
carbohydrate protein-rich diet, physical exercise and insulin receptor sensitizers for a short-term. sdLDL-C
rises earlier than total cholesterol and hence can be accepted as CVS risk predictor. Not many studies have
been done in India on young adult health which is the group that can be targeted for early prevention of the
modern epidemics like DM, Metabolic syndrome, CVS disorders and cancers.
Key words: Hyperinsulinaemia, insulin resistance, Small dense-low density lipoprotein, Type-2 diabetes
mellitus, metabolic syndrome.

INTRODUCTION
The looming health crisis around the
world due to excessive weight gain has
earned the epidemic of obesity a new name
“Globesity”. Obesity which was thought to be
the problem of developed countries is now
equally shared by the developing countries
and both malnutrition and obesity occur
within the same countries. In India too

obesity has reached epidemic proportions
and as other countries, childhood obesity
and obesity in youth is becoming more
prevalent with little gender difference. As per
2007 National Family Health Survey data
Tamilnadu ranked 4th in obesity amongst all
states of India [1]. Approximately 50% of
obese adolescents with a body mass index at
or above the 95th percentile become obese
adults [2]. There has been an escalation of
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cardiovascular
risk
factors
like
dyslipidaemia, hypertension and metabolic
syndrome in urban Asian Indian adult
population that traces its pathophysiology in
childhood and adolescent obesity [3]. More
than 30 million overweight children are
living in developing countries and 10 million
in developed countries [2]. The worldwide
prevalence of childhood overweight and
obesity increased from 4.2% (95% CI: 3.2%,
5.2%) in 1990 to 6.7% (95% CI: 5.6%, 7.7%)
in 2010. This trend is expected to reach 9.1%
(95% CI: 7.3%, 10.9%), or 60 million, in 2020
[4]. Young adults, the age group that is
defined differently ranging from 16-35 years,
are a transition from adolescent to
adulthood and health challenges faced
during the period is a gateway to many
disease processes in the adulthood and
hence need special attention.
South Asians have a different
tendency for adiposity and have at least 3 to
5% higher body fat for the same BMI as
compared to Caucasians. The fat is typically
located ‘centrally’ (i.e. waist, trunk) and
around
visceral
organs
which
is
metabolically
more
dangerous
than
peripheral fat [5]. Overall prevalence of
obesity has reached 6.8% and for overweight
33.5% in India [6]. Obesity plays a central
role in the insulin resistance syndrome,
which
includes
hyperinsulinaemia,
hypertension, hyperlipidaemia, type 2
diabetes mellitus, and an increased risk of
atherosclerotic cardiovascular disease [3].
The typical dyslipidaemia of obesity consists
of increased triglycerides (TG) and FFA,
decreased HDL-C with HDL dysfunction and
normal or slightly increased LDL-C with
increased small dense LDL. A lower amount
of cholesterol in LDL generates smaller,
denser particles (sometimes referred to as
LDL subclass B) known as sdLDL-C. LDL-C
and sdLDL-C are susceptible for oxidation
and generate oLDL (oxidised LDL). The
damage caused by oLDL leads to a cascade
of immune response which over time
produces foam cells and eventually
atheroma [7].
Hyperinsulinemia
and
insulin
resistance are pervasive features of obesity,
increasing with weight gain and diminishing
with weight loss. Insulin resistance is more
strongly linked to intra-abdominal fat than
to fat in other depots. The molecular link

between obesity and insulin resistance in
tissues such as fat, muscle, and liver has
been sought for many years. Major factors
under investigation include: (1) insulin itself,
by inducing receptor down regulation; (2)
free fatty acids, known to be increased and
capable of impairing insulin action; (3)
intracellular lipid accumulation; and (4)
various circulating peptides produced by
adipocytes, including the cytokines TNF-α
and interleukin (IL)-6 , and the “adipokines”
Adiponectin and resistin, which are
produced by adipocytes, have altered
expression in obese adipocytes, and are
capable of modifying insulin action. Insulin
resistance is associated with hyperglycemia,
dyslipidaemia with high TG and low HDL-C,
central obesity and hypertension greater
than 130/80. Upto 92% Type 2 DM people
show insulin resistance and insulin
resistance can precede diagnosis of type 2
DM by upto 12 years. But the risk of
atherosclerosis is apparently comparable in
non-diabetic, insulin-resistant individuals
and in those with type 2 diabetes [8].
The present study was taken up to
study the prevalence of insulin resistance in
apparently healthy young adult obese
population and study its correlation with
different cardiovascular risk factors like lipid
profile and sdLDL-C.
MATERIAL AND METHOD
This study was done in the
department of Biochemistry, Vinayaka
Mission’s Medical College and Hospital
Karaikal taking 106 apparently healthy
young adults in the age range 21-35 years
from the community out of which 56 were
obese (25 Kg/m2); 34 males and 22 females
and 50 age and age and gender matched
controls; 22males and 28 females. Persons
with known endocrinal diseases such as
hypothyroidism,
PCOS,
Cushing’s
syndrome, DM, any cardiovascular diseases
or any chronic illnesses, undergoing
treatment for infertility, taking contraceptive
pills, any other steroids or any other
treatment, smokers and alcoholics and
pregnant woman or women breast-feeding
were excluded from the study.
A fasting blood sample of 7 ml was
collected out of which 1.5 ml blood was
collected in EDTA tube for plasma extraction
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and rest was allowed to clot. Fasting plasma
glucose, Urea, Creatinine and Lipid profile
were analysed. SdLDL-C (small dense LDLC) was quantitated by a modified method of
Tsutomu Hirano et al [9]. In this method
Lipoproteins of density < 1.044 g/ml which
includes Very low density lipoprotein (VLDL),
Intermediate density lipoprotein (IDL) and
large buoyant low density lipoprotein (lbLDL)
is precipitated first by a precipitating agent
consisting of manganese chloride (MnCl2)
and heparin sodium salt and the total
cholesterol content in the supernatant is
assayed from which value of HDL-C is
deducted to obtain the value of small dense
Low density lipoprotein-cholesterol (sdLDLC).

Plasma Insulin was assayed by
sandwich
ELISA
method.
Statistical
analyses were done by Microsoft Excel and
Graph pad prism software. Continuous
variables were compared by Student’s T-test.
Linear regression was applied to identify and
characterize different risk factors and
individual prognostication. Chi-square test
was also applied to study the risk factor
association. ROC analysis was done to
compare the performance of different indices
and predictive value of risk factors.
RESULTS AND DISCUSSION
The study was done with 106
subjects chosen from community after
taking their informed consent and obtaining
institutional ethical clearance.

Table 1: Comparison of physical parameters of controls
Physical parameters
Controls (n=50)
Cases (n= 56)
Mean± SD
Mean± SD
Age (years)
21.97± 2.97
22.86±3.32
Pulse rate
72.21± 5.72
71.95± 5.46
SBP (mmHg)
115± 13.2
122.8±12.2
DBP (mmHg)
78±10.2
79.5± 11.2
BMI (Kg/m2)
21.29± 2.39
30.11 ± 3.26
WC (in)
31.88 ± 2.66
37.7 ± 2.88
WHR (females)
0.8 ± 0.07
0.98 ± 0.06
WHR (males)
0.88 ± 0.06
0.99 ± 0.07
Table-1 shows the comparison of the
physical factors among the obese and nonobese controls. SBP was significantly higher
in obese group. BMI, waist circumference
(WC), waist-hip ratio (WHR) was significantly
higher in the obese group. In Indian
Table-2 Chi-square table showing
F/H of Obesity Obese
Yes
30
No
26
Table-2 shows that family history of
obesity was not significantly associated with
the present obese group that were studied.
Though genetic defects and different
syndromes are associated with early-onset
morbid obesity, they are extremely rare.
Since in the present study group none of the

and cases
t value
0.16
0.82
1.98
0.2
6.37
2.78
3.49
9.4

p value
0.87
0.42
0.05
0.85
0.0001
0.0065
0.0011
0.0001

subpopulation there is a tendency of adipose
tissue deposition around the visceral organs
and hence while evaluating for obesity WC
and WHR also should be taken into
consideration.
association of obesity with F/H
Non-obese
23
OR=1.35
P=0.25
27
subjects were found to be morbidly obese
and hence family history may not play an
important role in development of obesity.
However, in the causation of obesity
environmental and dietary factors weigh
more than genetic factors [10].
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Table-3 Comparison
Biochemical parameters
(mg/dl)
TC
TG
HDL-C
VLDL-C
LDL-C
sdLDL-C
NHDL-C
LDL/HDL-C
TC/LDL-C
NHDL/ LDL-C
Atherogenic index
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of Lipid profile, lipid ratios between controls and cases
Controls (n=50)
Cases (n= 56)
t value
p value
Mean± SD
Mean± SD
146.6 ± 31.24
141.51 ± 31.08
0.66
0.5
106.75 ± 34.3
147.25 ± 40.43
6.43
0.0001
51.2± 11.9
48.58± 13.47
0.3
0.76
21.35± 6.86
29.43 ± 7.9
4.65
0.0001
74.05± 32.23
73± 33.28
0.08
0.94
38.21 ± 14.11
55.75 ± 26.3
2.5
0.01
95.4 ± 31.87
92.94± 27.2
0.67
0.5
1.58 ± 0.86
1.62 ± 0.96
0.29
0.77
2.18 ± 0.83
2.46 ± 0.79
0.08
0.94
1.34 ± 0.23
1.6 ± 0.45
0.01
0.99
0.31± 0.19
0.48± 0.16
2.38
0.0001

Table-3 shows TG, VLDL-C and
sdLDL-C to be significantly higher in obese
group. Atherogenic index was also was
significantly high. Researchers have shown
that obesity increases cardiovascular risk
through risk factors such as increasing
fasting triglycerides, high LDL-C, low HDLC, elevated blood glucose and insulin level in
blood and high blood pressure [11]. In the
present study however NHDL-C or no other
lipid ratios were significantly altered in the
obese group. A significant rise in atherogenic
index (p=0.0001) shows the impending
cardiovascular risk in the obese group.
Obesity leads to dyslipidaemia which leads
to atherogenic changes over time, one of the
factor being inhibition of clearance of LDL-C
and small dense LDL-C (sdLDL-C) through

LDL scavenging pathway that leads to
oxidation of LDL-C and deposition for
atheromatous plaque formation. sdLDL-C
gets deposited in the arterial wall and
escapes the scavenging pathway due to its
size and over time its ApoB is modified and
serves as a ligand for the scavenger receptors
of monocyte and macrophage. Cholesterol
accumulates and gives rise to foam cells and
in the long run atherosclerosis. In
Framingham offspring study sdLDL-C was
found to be elevated in CHD patients [12]. In
this study since most of the subjects are in
early young adulthood yet subtle changes of
lipid profile and atherogenicity has been
observed, interventional measures should be
started in forms of dietary modification and
physical exercises.

Table-4 Comparison of plasma insulin and insulin resistance in the study groups
Parameters
Controls (n=50)
Cases (n= 56)
t value
p value
Mean± SD
Mean± SD
Insulin (µIU/ml)
11.58 ± 7.45
18.39± 7.8
2.87
0.005
IR (HOMA-IR)
2.09± 1.03
3.63±1.68
9.08
0.0001
IR (QUICKI)
0.32± 0.02
0.35±0.03
3.86
0.0002
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Fig-1 Comparison of IR by HOMA-IR and QUICKI
Obese
group
had
statistically
significant hyperinsulinaemia and insulin
resistance (Table-4) and almost 50% of the
obese
had
moderate
to
severe
hyperinsulinaemia
(Table-5).
Different
researchers have found that with mild to

moderate exercise insulin level decreases
and insulin resistance improves. Abdominal
adipose tissue is resistant to insulin action
for lipolysis and leads to increased FFA level
in blood. That leads to TG accumulation and
hepatic insulin resistance [13]. With

Table-5 Level of plasma insulin in obese group
Plasma insulin
n= 56
percentage
Normal (<10 IU/ml)
30
53.5%
Mild hyperinsulinaemia 12
21.4%
(10-14 IU/ml)
Mod/severe
14
25%
hyperinsulinaemia (>14
IU/ml)
Table-6 shows linear regression of
waist circumference as independent variable
with other parameters out of which sdLDLC, insulin and insulin resistance by both
HOMA-IR and QUICKI index were found to

be significantly dependent on waist
circumference. Anoop Misra et al have found
that WC cut-off point should be lowered for
Indian ethnic population as they develop
higher morbidity at lower WC [14].
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Table-6 Comparison of WC as independent variables with TC, TG, LDL-C, atherogenic
index, insulin and insulin resistance by linear regression
Dependent variables
R2
p
TC
0.023
0.32
TG
6.81
0.99
LDL-C
0.05
0.15
sdLDL-C
0.08
0.05
Atherogenic index
0.16
0.7
Insulin
0.09
0.04
HOMA-IR
0.099
0.03
IR by QUICKI index
0.099
0.04
Atherogenic index was statistically
significantly dependent on TG but however,
the linear regression graph shows positive

linearity with insulin, insulin resistance and
atherogenic index (Fig.2).
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Fig. 2 Linear regression model taking TG as independent variable
CONCLUSIONS
It was found that in early young
adulthood though there is no overt
pathology, there has been undercurrent
biochemical and hormonal changes. TG and
sdLDL-C being the earliest alteration in lipid
profile a dietary shift from carbohydrate-rich
one to protein predominant one and physical

exercise are highly recommended. While
evaluating and treating obesity, insulin and
insulin resistance should be taken into
consideration as through a complex
interplay of events insulin resistance leads
to development of dyslipidaemia and CHD
and a short-term treatment with insulin
receptor sensitizers may be included in the
therapy.

REFERENCES:
1.
2.
3.
4.
5.

Third National Family Health Survey. Mumbai: International Institute for Population Sciences. 2006.
William H. Dietz. Childhood Weight Affects Adult Morbidity and Mortality. J. Nutr. February 1, 1998
vol. 128 no. 2 411S-414S.
Rajeev Gupta, Anoop Misra, Naval K Vikram et al. Younger age of escalation of cardiovascular risk
factors in Asian Indian subjects. BMC Cardiovascular Disorders 2009, 9:28 .
Mercedes de Onis, Monika Blo¨ssner, and Elaine Borghi. Global prevalence and trends of overweight
and obesity among preschool children. Am J Clin Nutr 2010; 92:1257–64.
Swati Bhardwaj, Anoop Misra , Ranjita Misra et al. High Prevalence of Abdominal, Intra-Abdominal
and Subcutaneous Adiposity and Clustering of Risk Factors among Urban Asian Indians in North
India. PLoS One. 2011; 6(9): e24362.

International Journal of Clinical Biochemistry and Research, January – March 2015;Vol.2(1):41-47

46

Acharya & Toora

6.
7.
8.
9.
10.
11.
12.
13.
14.

A Study of SDLDL-C and Insulin Resistance in Apparently Healthy…

Kalra S, Unnikrishnan A G. Obesity in India: The weight of the nation. J Med Nutr Nutraceut 2012;1:3741.
Sparrow, CP; Olszewski, J (1993 Jul). "Cellular oxidation of low density lipoprotein is caused by thiol
production in media containing transition metal ions". Journal of lipid research 34 (7): 1219–28.
S. Rudenski and D. R. Matthews and J. C. Levy and R. C. Turner (September 1991). "Understanding
insulin resistance: Both glucose resistance and insulin resistance are required to model human
diabetes". Metabolism 40 (9): 908–917.
Ranjith R S, Jayakumari N. A Simple Economical Method for Assay of Atherogenic Small Dense LowDensity Lipoprotein-Cholesterol (sdLDL-C). Ind J Clin Biochem (Oct-Dec 2011) 26(4):385–388.
Flier J S, Flier E M. Obesity. In: Harrison’s Principles of Internal Medicine. 16th ed. Mc Graw Hill,
Medical publishing division, USA.2005: 422-430.
Boudewijn Klop, Jan Willem F. Elte and Manuel Castro Cabezas. Dyslipidaemia in obesity: Mechanisms
and potential targets. Nutrients 2013, 5, 1218-1240.
Masumi A, Otokozawa S, Astzalos B F et al. Small Dense LDL Cholesterol and Coronary Heart Disease:
Results from the Framingham Offspring Study. Endocrine Abstracts (2012) 29 P333.
Hamdy O, Ledbury S, Moolluly C et al. Lifestyle Modification Improves Endothelial Function in Obese
Subjects With the Insulin Resistance Syndrome. Diabetes Care July 2003 vol. 26no. 7 , 2119-2125.
Misra A, Wasir J S and Vikram N K. Waist circumference criteria for the diagnosis of abdominal obesity
are not applicable uniformly to all populations and ethnic groups. Nutrition. September 2005, Volume
21, Issue 9, Pages 969–976.

International Journal of Clinical Biochemistry and Research, January – March 2015;Vol.2(1):41-47

47

