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Carotid Intima-medial Thickness and Glucose Homeostasis in
Indian Obese Children and Adolescents

Aashima Dabas, Thushanth Thomas, Monita Gahlot', Nandita Gupta, K. Devasenathipathy?, Rajesh Khadgawat
Departments of Endocrinology and Metabolism, 'Dietetics and 2Radiology, All India Institute of Medical Sciences, New Delhi, India

Objective: To evaluate for subclinical atherosclerosis and its risk factors in Indian obese children. Materials and Methods: A cross-sectional,
case—control study was conducted to recruit 80 children aged 6-17 years with constitutional obesity as cases and 23 age- and gender-matched
controls with normal body mass index (BMI). Anthropometric and clinical evaluation was followed by biochemical analysis and body fat
estimation by dual-energy X-ray absorptiometry in cases. Similar evaluation was performed for controls except laboratory parameters. Carotid
intima-media thickness (CIMT) was measured with B-mode ultrasonography in both cases and controls to evaluate subclinical atherosclerosis.
Results: The mean age of cases was 12.8 & 3 years, with mean BMI of 29.2 + 4.8 kg/m?. The mean CIMT was significantly higher in cases
than controls (0.54 + 0.13 vs. 0.42 + 0.08; P < 0.001 across all ages). CIMT was significantly higher in participants who were hypertensive than
nonhypertensive (0.6 £0.11 vs. 0.53 £0.11 mm; P=0.04). CIMT showed a positive correlation with BMI (»=0.23, P=0.02), percentage body fat
and fat mass index (»=0.28 and 0.3 respectively; P <0.001), but not with waist: hip ratio. CIMT showed significant positive correlation with blood
glucose at 60 min (= 0.22; P=0.04), serum insulin at 60 min (= 0.28; P=0.01) while negative correlation with whole body insulin sensitivity
(r=-0.27; P=0.01). Conclusion: CIMT correlated significantly to blood pressure, insulin sensitivity, and body fat in Indian obese children.
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INTRODUCTION

The incidence of childhood obesity has increased globally with
a nearly two-fold increase in its prevalence.l'! The reported
prevalence of overweight and obesity varies from 10%—19%
to 3%—6%, respectively, in India,!"! with recent increase in the
prevalence of obesity which was reported at 9.3%.1

Childhood obesity confers long-term effects on health and
predisposes to obesity in adulthood. Adiposity predisposes
to chronic inflammation, insulin resistance (IR), and
dyslipidemia. Obese participants are prone to develop
neointimal proliferation and increased ventricular wall
thickness predisposing to cardiovascular (CV) morbidity.™
Half of the Central Europe’s overweight and obese children
showed adverse CV risk factors at mean age of 12.6 years,
exponentially increasing their risk of CV disease (CVD) in
later life.!

Carotid intima-media thickness (CIMT) has emerged as an
early, noninvasive, feasible, and cost-effective method for
evaluating atherosclerosis in adults.[) Among children, CIMT
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was significantly raised in obese participants than nonobese
controls in Western literature.[®! However, there are limited
studies which have evaluated carotid arteries for CV risk in
obese Indian children and adolescents.

South Asians like Indians exhibit tendency toward
central adiposity which increases their vulnerability
for CVD.?% They are prone to IR which increases their
likelihood of developing metabolic syndrome and diabetes
mellitus.?! There is a paucity of data to correlate subclinical
atherosclerosis to metabolic functions in Indian obese
children. This study was therefore, undertaken to study
CIMT as a marker of early atherosclerosis in obese Indian
adolescents and correlate it with various clinical and
biochemical parameters.
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MAaTeriALS AND METHODS

This study was conducted as a case—control study in the
Endocrinology Department of large tertiary level hospital in
Northern India. This study was approved by the Institutional
Ethics Committee. Written informed consent was taken from
parents with verbal assent from participants older than 7 years.

The study participants comprised children with constitutional
obesity in the age group 6—17 years recruited from outdoor
endocrinology department. Any participant who was diabetic or
taking metformin or any weight reducing drugs was excluded,
as were also participants with known chronic systemic or
endocrine illness. Similarly, participants with features of
hypothalamic involvement were also excluded from the study.

Weight of all the children was measured with the same
weighing machine and corrected to the nearest 0.5 kg in
minimal clothing without footwear. Height was measured
with wall mounted Holtain’s Stadiometer (Holtain Inc.,
Crymych, Pembs. UK) with the measurement corrected to
the nearest 3 mm. The body mass index (BMI) was calculated
as weight (kg) divided by square of height in meter. Obesity
was defined as per criteria of the International Obesity Task
Force.'” Age- and sex-matched apparently healthy children
and adolescents (recruited from families of hospital staff),
with BMI in normal range, were recruited as controls. One
control of corresponding gender and age (+1 year) was
selected for all cases of same age. The BMI of mother and
father of the study participants were also recorded. The
pubertal staging of both cases and controls was recorded as
per Tanner’s method."!]

Children and adolescents in control group were subjected
to only CIMT measurement while cases underwent detailed
clinical, laboratory, and radiological evaluation. Waist
circumference (WC) was measured at the end of normal
expiration at the midpoint between the iliac crest and the
lower edge of ribs in the midaxillary line with the patient
standing erect with abdomen relaxed while hip circumference
was measured at the point of maximum circumference over
the buttocks and waist: hip ratio (WHR) was calculated.
Blood pressure (BP) was measured in the supine position and
interpreted against the Indian standards in all participants.!'”
Total percentage body fat was measured by dual-energy X-ray
absorptiometry (DXA; Hologic QDR 4500A, Hologic Inc.,
Bedford, MA, USA). The fat mass index (FMI) was calculated
as total fat mass divided by square of height in meters.

Biochemical analysis

After overnight fasting of minimum 9 h, participants were
called in the morning for oral glucose tolerance test. After
baseline sample collection, all participants were given oral
glucose (1.75 g/kg body weight, maximum up to 75 g,
dissolved in 250 ml of water) and samples were collected at
60 and 120 min after ingestion of glucose. Fluoride vial was
used to collect sample for blood glucose. Fasting blood sample
was used for measurement of blood glucose, serum insulin,

liver function tests, lipid profile, and thyroid stimulating
hormone (TSH).

Plasma glucose was measured by glucose oxidase-peroxidase
method in HITACHI 912 autoanalyzer using colorimetric
method. Plasma insulin was measured with Roche Elecsys
2010 electrochemiluminescent autoanalyzer with an
immunoassay format using the sandwich principle. The CV for
this method is 2.1%-2.8%. The area under curve was calculated
for blood glucose and serum insulin using trapezoidal rule.
IR was calculated from a computer-based model called
homeostasis assessment model (HOMA).!'3! The whole body
insulin sensitivity index (whole body ISI) or Matsuda index
was calculated by the formula suggested by Matsuda and
DeFronzo.' Impaired fasting glucose (IFG) was defined as
blood glucose values between 100 and 125 mg/dL and impaired
glucose tolerance (IGT) was defined at blood glucose between
140 and 199 mg/dL after 2 h of glucose loading.!'!

Liver function test, serum cholesterol, triglyceride (TG),
high-density lipoprotein (HDL), and TSH were measured
with an automated analyzer whereas low-density
lipoprotein-cholesterol (LDL-C) was calculated by Friedewald
equation.['¥ Based on the lipid profile values, participants were
classified according to the classification given by NCEP Expert
Panel on Cholesterol Levels.l'” Since NCEP did not provide
pediatric cut points for TG or HDL-cholesterol (HDL-C),
cutoff for these two parameters was taken from a recently
published review.[']

Radiological

B-mode ultrasonography was used to measure CIMT with
7.5-10 MHz probe (PHILIPS EnVisor Ultrasound). CIMT
was measured with the participant in the supine position
with neck extended (achieved by placing pillow beneath the
shoulders) and the head slightly turned to the opposite side.
It was measured at 1 cm proximal to common carotid artery
bifurcation on both sides. Measurement of CIMT was done
by a single radiologist to reduce the interobserver variability.
Images were stored (both cases and controls) and assessed by
another radiologist who was blinded to the participant details.
CIMT was measured as the distance from the leading edge of
the first echogenic line to the second echogenic line. The first
echogenic line represents the lumen-intima interface and the
second line is produced by the collagen containing upper layer
of adventitia.[) The mean of both sides was used for analysis.

Statistical analysis

The statistical analysis was performed using Stata9 program.
For the prevalence of obesity as 5%—6%,!"! the sample size
required to detect 10% difference in CIMT in cases and controls
with power 90% and Type | error as 5%, was calculated as
90 cases (obese patients). Descriptive analysis was carried
out to summarize the study population, check for normal
distribution, and identify potential confounders and interaction
of variables. Comparison of means was done using #-test.
Mann—Whitney test was used for nonparametric parameters.
Correlation () between variables was assessed using Pearson’s
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correlation. In case of nonparametric parameters, Spearman’s
correlation was done. Categorical variables were compared
using Chi-square test. HOMA and Matsuda indices showed
nonnormal range of distribution. Hence, both of them were
converted to log values and then the log values when used in
regression analysis.

ResuLts

The flow of the patients during the study is shown in Figure 1.
At completion of the study, data from total 80 obese patients
and 23 age- and sex-matched controls were used for analysis.
The mean age of cases and controls was 12.8 + 3 years and
12.1 +2.5 years, respectively, with a male:female ratio of 1.29
in cases and 1.1 in controls. Of these 80 cases, 25 patients
were prepubertal (20 boys and 5 girls) whereas rest were
in peri or pubertal stage. The mean BMI of cases was
29.2 + 4.8 (range - 21.7-46.4) kg/m’. The BMI of the study
participants did not show any significant correlation to maternal
or paternal BMI (P> 0.05). Twelve cases (15%) were found to
be hypertensive whereas 65% cases had acanthosis nigricans.

The details of biochemical parameters in cases are shown
in Table 1. In total, 31 patients had abnormalities in glucose
metabolism —30% had IFG, 16.3% had IGT, whereas 7.5%
had both. Participants with acanthosis had significantly higher
levels of fasting as well as 2 h serum insulin while differences
in blood glucose levels were not significant (data not shown).
Among cases, 34.3% had hypercholesterolemia, 26% elevated
LDL-C, 77% had hypertriglyceridemia, and 89.7% had low
HDL-C.

The correlation between glycemic kinetics (logarithmic values
of both HOMA-IR and Matsuda index) and clinical and
biochemical parameters are shown in Table 2. On univariate
analysis, age, BMI and FMI were found to be significantly
associated with both Matsuda index and HOMA-IR, though
none of these remained significantly correlated on multivariate
regression.

91 obese children (age 6-17 years) approached

l 2- Did not consent

89 obese subjects enrolled- Cases

l 7- Incomplete work up

| 82 cases completed the study l

2-Excluded due to extreme values of
fasting serum insulin (0.3 and 228 pU/mL)

‘ 80 cases available for final analysis |

23 age and sex matched controls with normal

body mass index for comparison

Figure 1: Flow of the study patients

The mean CIMT was higher in cases than controls (0.54 +0.13
and 0.42 + 0.08 mm, respectively); P < 0.001 across all ages
(data not shown). There was no significant difference in

Table 1: Clinical and biochemical profile of study participants

Parameter Mean=SD Range
Clinical
Systolic blood pressuretmmHg 119.7+12.1 96-150
Diastolic blood pressuremmHg 79.3£7.9 60-100
Waist: hip ratio 0.91+0.06 0.77-1.09
Body fat percentage by DXA 40.6+6.4 25.1-55.5
Fat mass index (g/m?) 11.9+£3.0 5.9-18.9
Glucose homeostasis
Fasting blood glucose (mg/dL) 95.3+11.8 74-139
Blood glucose 1 h (mg/dL) 135.6+32.8 80-292
Blood glucose 2 h (mg/dL) 119.4+22.6 59-189
Serum insulin at 0 h (WU/mL) 19.9+14.5 0.2-72.9
Serum insulin at 1 h (pU/mL) 126.2+150.1 10.5-1001.2
Serum insulin at 2 h (uU/mL) 117.2+158.6 4.8-959.3
HbAlc 5.35+0.4 4.2-6.7
HOMA-IR* 4.74+£3.5 0.01-17.7
Matsuda index 4.02+3.7 0.6-23.6
Lipid homeostasis
Serum total cholesterol (mg/dL) 158.3£30.8 89-235
Serum triglycerides (mg/dL) 122.9+47.9 45-256
Serum LDL-C (mg/dL) 93.8425.1 37-148
Serum HDL-C (mg/dL) 39.2+5.4 28-60
Others
Thyroid stimulating hormone (U/L) 3.8+2.1 0.55-12.8
AST (U/L)** 34.4+19.2 18-170
ALT (U/L)*** 40.7436.7 10-303

HOMA-IR: Homeostatic model assessment-insulin resistance,

LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density
lipoprotein cholesterol, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, SD: Standard deviation, HbAlc: Glycated hemoglobin,
DXA: Dual-energy X-ray absorptiometry Significance - *P<0.05,
**P<0.01, ***P<0.001

Table 2: Correlation of homeostatic model
assessment-insulin resistance and Matsuda index with
clinical and laboratory parameters

Variable Log HOMA-IR Log Matsuda
r P r P
BMI 0.37 <0.001** —0.5  <0.0001**
wC 042 <0.001** —-0.5  <0.001**
Waist hip ratio 0.12 0.29 —-0.13 0.76
Total body fat percentage - DXA 0.2 0.08 -0.22 0.02%*
Systolic blood pressure 0.28 0.011%* -0.36  <0.0001**
Diastolic blood pressure 0.34  0.002**  —0.42 <0.0001%**
Total cholesterol 0.24 0.04* -0.2 0.07
LDL-C 0.22 0.06 -0.23 0.04*
HDL-C 0.19 0.09 -0.12 0.28
Triglyceride 0.08 0.5 —0.01 0.91

Significance - *P<0.05, **P<0.01. BMI: Body mass index, WC: Waist
circumference, HOMA-IR: Homeostatic model assessment-insulin resistance,
LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density
lipoprotein cholesterol, DXA: Dual-energy X-ray absorptiometry
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CIMT between boys and girls in either group. There was no
significant difference in CIMT across different pubertal age
groups or between patients with or without acanthosis nigricans
(data not shown). CIMT was significantly higher in the patients
who were hypertensive than nonhypertensives (0.6 £ 0.11 vs.
0.53+0.11 mm; P=0.04).

The correlation between CIMT and other clinical and
biochemical parameters is shown in Table 3. Among
measures of body fat estimation, BMI and fat mass estimated
by DXA showed better correlation with CIMT than WC
or WHR. Matsuda index inversely correlated with CIMT
(r=-0.27; P = 0.004) [Figure 2]. The correlation between
CIMT and HOMA was weak; however, after arranging
HOMA-IR into tertiles, a weak significant correlation was
observed between CIMT and HOMA-IR values in the 1 and
2" tertiles (# = 0.0079; P = 0.04).

Discussion

In the present study, we evaluated CIMT in obese Indian
children in the age group of 6-17 years and found it to be
significantly raised than in healthy controls. CIMT correlated
to insulin sensitivity, BP, and FMI in obese children.

CIMT is a well-established screening tool for CV risk in adults. ]
In addition, it correlates to IR even in apparently healthy
individuals as reported among Caucasian populations.['*]
Among studies in obese children, Atabek et al. demonstrated
significant correlations between CIMT and ISIs, quantitative
insulin-sensitivity check index, and HOMA-IR.®® Similarly,
Beauloye et al. showed significant correlation of CIMT
with fasting insulin levels and HOMA-IR in obese children,
unlike with classical CVD risk factors such as familial
history of diabetes or premature CVD, visceral obesity, and
dyslipidemia.[” We found a higher correlation between CIMT
and whole body insulin sensitivity than with HOMA-IR
probably as the former parameter measures both hepatic and
peripheral tissue insulin sensitivity unlike HOMA-IR which
is a reflection of hepatic IR.

As per a systematic review, CIMT significantly correlated
with adiposity in adolescents from Western Europe and US
(r = 0.13-0.59).2 Increased adiposity can lead to increased
resistin and reduced adiponectin, both of which are associated
with endothelial dysfunction.?? The presence of hypertension
further compounds the CV risk in obese children.””) Among
measures of adiposity in South Asians, WHRP* and WC!
correlated better to CIMT than BMI. In our study, FMI showed
better correlation to CIMT than BMI or WHR suggesting it to be
amore sensitive parameter of adiposity for risk of atherosclerosis.

The risk of CVD in adiposity increases in the presence of
deranged glucose homeostasis.? IR frequently occurs in obese
patients and gets exaggerated during the period of growth and
puberty.?®! Abnormal insulin signaling induces lipolysis and
elevated free fatty acids which may stimulate vascular smooth
muscle cell proliferation, oxidative stress, cell apoptosis, and

Table 3: Correlation between CIMT and clinical and
biochemical parameters

Parameter Correlation coefficient (r) P
Body mass index 0.23 0.02*
Waist circumference 0.19 0.05%*
Waist hip ratio 0.12 0.3
Total body percentage fat 0.28 0.011*
Fat mass index 0.3 0.003%*
Systolic blood pressure 0.15 0.17
Diastolic blood pressure 0.05 0.59
Fasting blood glucose 0.10 0.33
Blood glucose at 60 minutes 0.22 0.04*
Fasting serum insulin 0.08 0.47
Serum insulin at 60 minutes 0.28 0.009%**
Serum cholesterol 0.09 0.40
Serum LDL-C 0.11 0.29
Serum HDL-C —0.003 0.97
Serum triglyceride 0.01 0.92
Matsuda index -0.27 0.004**
HOMA-IR 0.10 0.35
Glycated haemoglobin 0.05 0.33

*P<0.05, **P<0.01: Statistically significant. BMI: Body mass index,
WC: Waist circumference, HOMA-IR: Homeostatic model assessment
insulin resistance, LDL-C: Low density lipoprotein cholesterol, HDL-C:
High density lipoprotein cholesterol
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Figure 2: Correlation of carotid intima-media thickness with Matsuda
index in obese patients

inflammation predisposing to atherosclerosis.?” Indians also
have propensity for hyperinsulinism which further increases
their risk for CVD.P! The obese patients in the present study
also had high insulin values.

Dyslipidemia characterized by hypertriglyceridemia and low
HDL may also coexist with IR.12% This pattern is proatherogenic
and correlated with CIMT among Indian obese children® and
apparently healthy young Indian adults.?*! A similar pattern of
proatherogenic dyslipidemia was seen in our obese cohort. The
lack of correlation to CIMT was postulated to lesser duration
of disease as also seen by Beauloye et al.”’
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The main strength of the study was that it correlated CIMT
with adiposity which was measured by FMI instead of only
anthropometric indices. In addition, it also estimated both
glucose and lipid homeostasis in obese Indian children. The
present study had few limitations. Arterial distensibility, which
measures physiological arterial dysfunction was not measured
due to logistic reasons. The second limitation of our study was
lack of comparative metabolic workup of the apparently healthy
controls which was not undertaken due to ethical reasons.

ConcLusioN

Indian obese children and adolescents had a higher CIMT than
children with normal BMI. These children should be screened
for early derangements in lipid and glucose metabolism and
lifestyle measures should be reinforced to prevent long-term
CV morbidity.

Financial support and sponsorship
This study was financially supported by ICMR research grant.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Marwaha RK, Tandon N, Singh Y, Aggarwal R, Grewal K, Mani K.
A study of growth parameters and prevalence of overweight and obesity
in school children from Delhi. Indian Pediatr 2006;43:943-52.

2. Bhardwaj S, Misra A, Khurana L, Gulati S, Shah P, Vikram NK. Childhood
obesity in Asian Indians: A burgeoning cause of insulin resistance, diabetes
and sub-clinical inflammation. Asia Pac J Clin Nutr 2008;17 Suppl 1:172-5.

3. Shamim A, Mohanty NC, Madan N. Obesity and its complications
among suburban schoolchildren. Indian Pediatr 2015;52:619.

4. Steinberg HO, Chaker H, Leaming R, Johnson A, Brechtel G, Baron AD.
Obesity/insulin resistance is associated with endothelial dysfunction.
Implications for the syndrome of insulin resistance. J Clin Invest
1996;97:2601-10.

5. L’Allemand-Jander D. Clinical diagnosis of metabolic and cardiovascular
risks in overweight children: Early development of chronic diseases in
the obese child. Int J Obes (Lond) 2010;34 Suppl 2:S32-6.

6. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER,
et al. Use of carotid ultrasound to identify subclinical vascular disease
and evaluate cardiovascular disease risk: A consensus statement from
the American Society of Echocardiography Carotid Intima-Media
Thickness Task Force. Endorsed by the Society for Vascular Medicine.
J Am Soc Echocardiogr 2008;21:93-111.

7. Beauloye V, Zech F, Tran HT, Clapuyt P, Maes M, Brichard SM.
Determinants of early atherosclerosis in obese children and adolescents.
J Clin Endocrinol Metab 2007;92:3025-32.

8. Atabek ME, Pirgon O, Kivrak AS. Evidence for association between
insulin resistance and premature carotid atherosclerosis in childhood
obesity. Pediatr Res 2007;61:345-9.

9. Misra A, Khurana L. The metabolic syndrome in South Asians:
Epidemiology, determinants, and prevention. Metab Syndr Relat Disord

20.

21.

22.

23.

24.

25.

26.

27.

28.

2009;7:497-514.

. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard

definition for child overweight and obesity worldwide: International
survey. BMJ 2000;320:1240-3.

. Marshall WA, Tanner JM. Variations in pattern of pubertal changes in

girls. Arch Dis Child 1969;44:291-303.

. Chadha SL, Vasan RS, Sarma PS, Shekhawat S, Tandon R, Gopinath N.

Age- and height-specific reference limits of blood pressure of Indian
children. Natl Med J India 1999;12:150-6.

. Conwell LS, Trost SG, Brown WJ, Batch JA. Indexes of insulin

resistance and secretion in obese children and adolescents: A validation
study. Diabetes Care 2004;27:314-9.

. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from

oral glucose tolerance testing: Comparison with the euglycemic insulin
clamp. Diabetes Care 1999;22:1462-70.

. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S,

et al. The metabolic syndrome in children and adolescents — An IDF
consensus report. Pediatr Diabetes 2007;8:299-306.

. Warnick GR, Knopp RH, Fitzpatrick V, Branson L. Estimating

low-density lipoprotein cholesterol by the Friedewald equation is
adequate for classifying patients on the basis of nationally recommended
cutpoints. Clin Chem 1990;36:15-9.

. National Cholesterol Education Program: Report of the Expert Panel

on Blood Cholesterol Levels in Children and Adolescents. Pediatrics.
1992:89:525-84.

. Zappalla FR, Gidding SS. Lipid management in children. Endocrinol

Metab Clin North Am 2009;38:171-83.

. Andreozzi F, Gastaldelli A, Mannino GC, Sciacqua A, Succurro E,

Arturi F, et al. Increased carotid intima-media thickness in the
physiologic range is associated with impaired postprandial glucose
metabolism, insulin resistance and beta cell dysfunction. Atherosclerosis
2013;229:277-81.

Kozakova M, Natali A, Dekker J, Beck-Nielsen H, Laakso M, Nilsson P,
et al. Insulin sensitivity and carotid intima-media thickness: Relationship
between insulin sensitivity and cardiovascular risk study. Arterioscler
Thromb Vasc Biol 2013;33:1409-17.

Park MH, Skow A, De Matteis S, Kessel AS, Saxena S, Viner RM,
et al. Adiposity and carotid-intima media thickness in children and
adolescents: A systematic review. BMC Pediatr 2015;15:161.
Muniyappa R, Montagnani M, Koh KK, Quon MIJ. Cardiovascular
actions of insulin. Endocr Rev 2007;28:463-91.

Sorof JM, Alexandrov AV, Garami Z, Turner JL, Grafe RE, Lai D, et al.
Carotid ultrasonography for detection of vascular abnormalities in
hypertensive children. Pediatr Nephrol 2003;18:1020-4.

Ge W, Parvez F, Wu F, Islam T, Ahmed A, Shaheen 1, ef al. Association
between anthropometric measures of obesity and subclinical
atherosclerosis in Bangladesh. Atherosclerosis 2014;232:234-41.
Khalil A, Huffman MD, Prabhakaran D, Osmond C, Fall CH, Tandon N,
et al. Predictors of carotid intima-media thickness and carotid plaque
in young Indian adults: The New Delhi birth cohort. Int J Cardiol
2013;167:1322-8.

Daniels SR. Complications of obesity in children and adolescents. Int J
Obes (Lond) 2009;33 Suppl 1:S60-5.

Camejo G, Olsson U, Hurt-Camejo E, Baharamian N, Bondjers G. The
extracellular matrix on atherogenesis and diabetes-associated vascular
disease. Atheroscler Suppl 2002;3:3-9.

Khadilkar AV, Chiplonkar SA, Pandit DS, Kinare AS, Khadilkar VV.
Metabolic risk factors and arterial stiffness in Indian children of parents
with metabolic syndrome. J Am Coll Nutr 2012;31:54-62.

- Indian Journal of Endocrinology and Metabolism | Volume 21 | Issue 6 | November-December 2017 863




