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Abstract Background: Overweight and obesity in youth is a worldwide public health problem. Predisposition to obesity starts
during the first or second decade of lifel. Overweight and obesity in adolescents have a substantial effect upon many
systems, resulting in clinical conditions such as metabolic syndrome, early atherosclerosis, dyslipidaemia, hypertension
and type 2 diabetes mellitus2. Our study aims at finding the relation between anthropometric measurements and lipid
profile in medical students in their adolescence and see for the correlation between the various parameters. Materials
and Methods: 150 students who gave written voluntary consent were included in the study. Anthropometric
measurements (BMI, waist circumference and waist to hip ratio) were taken along with fasting blood samples for
estimation of blood glucose and lipid profile (Total cholesterol, HDL-cholesterol, LDL-cholesterol, VVLDL-cholesterol
and triacylglycerol) were measured. Observations and Results: The data collected was analysed using SPSS statistics
software version 20. A linear correlation regression analysis was done to know the correlation between the
anthropometric measurements and biochemical parameters. Anova test was performed to know the significance and a p
value of < 0.01 was taken as significant. All the biochemical parameters showed a positive correlation with
anthropometric measurements with total cholesterol showing the highest positive correlation with BMI. There was a
prevalence of 45% overweight/obesity (with any one of the anthropometric measurements). Individuals who were in the
obese category as per all three parameters had a higher prevalence of abnormal lipid profile especially Total Cholesterol.
Conclusion: Stress and lack of physical activity have a detrimental effect on health and are a major risk factor for
development of obesity. 90% of the students in this study did not have any regular physical activity. Educating the
students about effects of obesity and dyslipidaemia on quality of health can help in bringing life style modifications
which can help them in the long run.

Key Words: BMI — Body Mass Index, WC — Waist circumference, WHR — Waist to hip ratio, LDL — Low density
lipoprotein, HDL — High density lipoproteins, VLDL — Very low density lipoproteins
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previous two to three years of education. These factors
add upon the risk of developing metabolic disorders like
diabetes mellitus, obesity and dyslipidaemia at an early
age®.Detecting these abnormalities at an early age would
provide a chance to make necessary lifestyle
modifications and follow-up, which can prevent the
metabolic disorders and their complications*>57,

AIMS AND OBJECTIVES

To measure the anthropometric profile, this includes
Body mass index (BMI), Waist circumference (WC),
Waist to Hip ratio (WHR).

To estimate Fasting blood glucose and lipid profile.
To compare Fasting blood glucose, lipid profile with
anthropometric measurements.

MATERIALS AND METHODS

Sample Size: 150 students in the age group 18-20 years.
Selection of students: 1st year M.B.B.S students were
explained about the study and students who gave consent
were included in the study.

Study place: Department of Biochemistry, Saveetha
Medical College Hospital, Thandalam.

Study Method: 150 students who gave written voluntary
consent to participate in the study were instructed to come
in the morning by 8.00AM after an overnight fasting of
10-12 hours to the Department of Biochemistry. 3ml of
venous blood sample was collected from each student
after confirming that they were on fasting of 10-12 hours.
The samples were centrifuged at 2000rpm for 10 minutes
and the serum was transferred to separate aliquots.
Meanwhile anthropometric measurements for all girls
were taken by a female doctor and for boys by a male
doctor. Fasting blood glucose and lipid profile were
estimated on the same day. Anthropometric
measurements: Height was measured to the nearest
0.1cm, while the subject was standing in an erect
position, bare foot on a flat floor, against a vertical scale,
with heels touching the wall and straight head. The body
weight was measured using a weighing scale (Krups
weighing machine), while the subject was standing
motion less, formally clothed and without shoes on a
weighing scale and it was recorded to the nearest 0.1kg.
Body mass index was calculated using the formula BMI =
weight (kg)/ height (m2)8. The cutoff values for obesity

was more than 95™ percentile in adolescents and over-
weight was greater than or equal to 85" percentile®.Waist
circumference (WC in cm) was measured at a point which
was mid-way between the lower rib and iliac crest, with
the measuring tape centrally positioned at the level of
umbilicus. Waist circumference was the average of two
measurements, one which was taken after inspiration and
another which was taken following expiration in standing
position® Waist-Hip ratio (WHR) was calculated to assess
central obesity. Hip circumference was measured (in cm)
at tochanter major of the head of femur. WHR was
calculated by using the formula to assess central obesity.
WHR = Waist circumference (cm)/ Hip circumference
(cm)10. Cut-off point of >90" percentile was used to
define WC (males: > 82.5 cm; females > 76 c¢m), high
WHR (males > 0.88; females > 0.82)!.Following
investigations were done in the Clinical Biochemistry
laboratory: Fasting blood glucose was measured by
Enzymatic Glucose oxidase — peroxidase method*2.Serum
Total Cholesterol was measured by Enzymatic
Cholesterol oxidase - peroxidase method®.Serum
Triacylglycerol was measured by Enzymatic colorimetric
method'4.Serum HDL-Cholesterol was measured by
Precipitation method®.LDL and VLDL-Cholesterol were
estimated using Friedwald’s formula?®.

OBSERVATIONS AND RESULTS

The data collected was entered in an excel sheet
(Microsoft office excel 2016). A total of 150 M.B.B.S
students participated in the study of which 82 were
females and 68 were males. The data was analysed using
SPSS statistics software version 20. A linear correlation
regression analysis was done to know the correlation
between the parameters measured. Significance was
calculated using Anova test and Student t-test and p value
< 0.01 was taken as significant. The data collected was
divided into two groups of males and females
respectively. Table-1 and 2 shows the respective mean
and standard deviation of for the parameters measured.
Table -3 shows the mean and standard deviation for both
males and females. Though males had a higher mean for
all parameters measured, there was no significant
difference in the parameters (p value > 0.05) between the
two groups.

Table 1: Male students parameters (n=68)

Minimum Maximum Mean Std. Deviation

Parameter
BMI(kg/m2) 15
WC(cms) 56
WHR 0.70
Total Cholesterol(mg/dl) 110
HDL (mg/dl) 40
VLDL (mg/dl) 10

34 22.01 3.614

106 78.82 10.767
097 0.8222  0.05629
224 16221 28.861

63 50.00 5.175
27 15.97 3.730
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LDL (mg/dl) 43 152 96.24 25.116
TAG (mg/dl) 52 132 79.46 18.085
FBS (mg/dl) 56 99 78.49 10.592
Table-2 Female Student parameters (n=82)
Parameter Minimum Maximum Mean Std. Deviation
BMI (kg/m2) 15 34 21.89 3.583
WC(cms) 57 111 72.44 8.607
WHR 0.60 1.04 0.742 0.056
Total Cholesterol (mg/dl) 104 235 159.7 29.9
HDL (mg/dI) 39 63 50.74 5.418
VLDL (mg/dl) 10 27 16.20 3.125
LDL (mg/dl) 52 154 92.76 26.715
TAG (mg/dI) 51 137 80.76 15.385
FBS (mg/dl) 59 98 81.10 10.288
Table 3: Male and female student parameters (n=150)
Parameter Minimum Maximum Mean Std. Deviation
BMI 15 34 21.95 3.586
WC(cms) 56 111 75.33 10.128
WHR 0.60 1.04 0.7784 0.06917
TC 104 235 160.83 29.367
HDL 39 63 50.41 5.304
VLDL 10 27 16.09 3.402
LDL 43 154 94.33 25974
TAG 51 137 80.17 16.618
FBS 56 99 79.91 10.473

Cut-offs for BMI, Waist circumference and waist to Hip ratio were applied to categorize them into normal and obese.
According to the cut-off for BMI, the prevalence of over-weight and obese was 38.2% in males and 40.2% in females.
The overall prevalence was 39.3%. Individuals above waist circumference cut-off were 29.5% in males and 31.7% in
females. Individuals above Waist to Hip ratio cut-off were 14.7% in males and 4.9% in females. Table-4 shows the
number students along with the percentage prevalence falling in the respective categories for males and females.

Table 4 Anthropometric measurements along with cut-off and number of students in the respective groups

Parameter Cut-off Males Females Total
. 9 16 25
Underweight( < 18.5 kg/m?)
BMI Normal (18.5-22.9 kg/ m?) 33 3 66
Overweight (> 23 kg/m?) 26 33 59
Normal
Waist circumference <82.5 cm(males) 48 56 104
Normal <76 cm (females)
Obese
Obese >82.5 cm (males)
>76 cm (females) 20 26 46
Normal
<0.88 (males) 58 78 136
Waist to hip ratio <0.82 (females)
Obese
>0.88 (males) 10 4 14
>0.82 (females)

A linear correlation regression analysis was done to know the correlation between the anthropometric measurements and
biochemical parameters measures and Anova test was performed to know the significance and a p value of < 0.01 was
taken as significant.
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Correlation between the parameters measured
1. Correlation between BMI and other parameters: BMI had a positive correlation with all the parameters
measured. BMI had the strongest correlation with Total cholesterol (R value +0.847). Though there was a
positive correlation with HDL-cholesterol the association was not significant (p value > 0.01). p value was <
0.001 for the remaining parameters except fasting blood glucose (p value 0.001). Table-5 shows the correlation
(R value) and the significance of association (p value) between BMI and other parameters.

Table-5 correlation between BMI and other parameters
SLNo  Correlation Rvalue RSquare P value

1 BMI-WC +0.822 0.676 <0.001
BMI-WHR  +0.453 0.205 <0.001

BMI-TC +0.847 0.718 <0.001
BMI - HDL +0.206 0.042 0.012
BMI-VLDL  +0.768 0.590 <0.001
BMI - LDL +0.815 0.665 <0.001
BMI - TAG +0.767 0589 <0.001
BMI-FBS +0.262 0.069 0.001

coO~NO O WN

2. Correlation between waist circumference and other parameters: Waist circumference had a positive correlation
with all the parameters. Waist circumference had the strongest correlation with BMI (R value +0.822). Though there was
a positive correlation with HDL-cholesterol and fasting blood glucose, the association was not significant (p value
>0.05). p value was <0.001 for the remaining parameters. Table-6 shows the correlation (R value) and significance of
association between waist circumference and other parameters.

Table-6 correlation between WC and other parameters

SLNo  Correlation =~ RValue RSquare P value
1 WC - WHR +0.792 0.628 <0.001
WC-TC +0.653 0.427 <0.001
WC - HDL +0.114 0.013 0.164
WC - VLDL +0.650 0.430 <0.001
WC - LDL +0.630 0.396 <0.001
WC - TAG +0.647 0.419 <0.001
WC - FBS +0.164 0.027 0.045

~No o b W N

3. Correlation between WHR and other parameters: WHR had a positive correlation with all the parameters
measured. The strongest correlation was with waist circumference (R value +0.792). Though there was a positive
correlation between WHR and HDL-cholesterol and fasting blood glucose, the association was not significant (p value
>0.05). p value was <0.001 for the remaining parameters. Table-7 shows the correlation (R value) and significance of
association between WHR and other parameters.

Table 7: Correlation between WHR and other parameters
SI.No Correlation Rvalue RSquare P value

1 WHR - TC +0.331 0.110 <0.001
2 WHR - HDL +0.021 0.000 0.796
3 WHR-VLDL  +0.354 0.125 <0.001
4 WHR - LDL +0.332 0.110 <0.001
5 WHR - TAG +0.352 0.124 <0.001
6 WHR - FBS +0.051 0.003 0.539

4. Correlation of Lipid profile with anthropometric measurements: All the components of lipid profile had a positive
correlation with anthropometric measurements. HDL-cholesterol was the only parameter which did not show any
significant association (p value >0.05) with any of the anthropometric measurements despite of having a positive
correlation. Remaining parameters of lipid profile had a significant association (p value < 0.001) with the anthropometric
measurements. Total cholesterol followed by LDL-cholesterol had the strongest correlation with anthropometric
measurements.
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5. Correlation of Fasting blood glucose with anthropometric measurements: Fasting blood glucose had a positive
correlation with all the parameters. Fasting blood Glucose had a significant association with BMI (p value 0.001). None
of the students had a fasting blood glucose of > 100mg/dl. FBS had a positive correlation with waist circumference and
WHR but the association was not significant (p value 0.045 and 0.539 respectively).

DISCUSSION

This study was conducted to know the influence of anthropometric measurements on lipid profile and fasting blood
glucose and the correlation between individual parameters in medical students. BMI, waist circumference and waist to
hip ratio were the anthropometric data collected. BMI is the most commonly used indicator of obesity in population
studies, although it is not the most accurate one. It does not take into account body fat patterning such as waist size and
waist to hip ratio”. So, waist circumference and waist to hip ratio which give an idea of central obesity were also
measured. Anthropometric cu-offs®21911 when applied to the current study group yielded a prevalence of 18%
overweight (BMI 23-24.9 kg/m2) and 21.3% obese (BMI > 25kg/m2), as per waist circumference 30.7% were obese and
as per WHR only 9.3% were obese. Kurpad SS et al. in their study on correlation of waist circumference and waist to hip
ratio with BMI reported that waist circumference correlated better with BMI than waist to hip ratio'®. This is in
accordance with the current study, that in the correlation between three anthropometric measurements, BMI had a
stronger correlation with wasit circumference than waist to hip ratio. All the parameters of lipid profile had appositive
correlation with anthropometric measurements. BMI had the strongest association with Total cholesterol (R value
+0.847). BMI had the strongest correlation with lipid profile than waist circumference and waist to hip ratio. Individuals
with BMI > 23kg/m2 had higher total, LDL, VLDL cholesterol and triglycerides than individuals with BMI < 23kg/m?2.
The mean total, LDL, VLDL cholesterol and triglycerides were significantly high in overweight group (BMI > 23
kg/m2).

Mean Standard deviation

Total Cholesterol ~ 148.25 21.29

HDL-cholesterol 50.02 5.17

BMI < 23ko s LDL-cholesterol 83.58 1953
Triacylglycerol 73.08 10.21

Total Cholesterol ~ 193.19 20.99

HDL-cholesterol 51.45 5.64

R—/m2 LDL-cholesterol 121.9 18.76
Triacylglycerol 98.43 16.15

HDL-cholesterol was almost the same in obese and non-
obese groups irrespective of the anthropometric
measurements. Anthropometric measurements had a
significant association (p value > 0.001) with all the
parameters except HDL-cholesterol. HDL-cholesterol in
this group was within normal range. This might be
because of the age of the study population as all of them
are in adolescent age group and similar findings were
reported by de Novaes JF et al.'*Adolescents who were in
obese category with respect to all three anthropometric
profiles had a higher prevalence of abnormal lipid profile,
especially Total cholesterol. Results of the European fat
distribution study?®® and Paris prospective study??
established significant association between increased
abdominal fat and greater WHR with respect to
cardiovascular and coronary heart disease mortality.
Various studies state that obese subjects on average have
higher serum Total cholesterol, lower HDL- cholesterol,
higher serum triglycerides and higher blood glucose than
lean persons?®?. Combined measurements of BMI and

waist circumference have been reported to a higher
overall cardiovascular risk prediction, particularly in
younger subjects?®?*, Similar findings were observed in
the current study group. Lipid profile had a higher mean
among all the biochemical parameters in obese
individuals than normal individuals. Lipid abnormalities
such as, high Total cholesterol, LDL-cholesterol and low
HDL-cholesterol are the most important cardiovascular
risk factors®. INTERHEART study reported that high
ratio of apo-A to apo-B is a more important lipid risk
factor in South Asian subjects?®. The current study did not
include apolipoprotein estimation. In this study there was
no evidence of impaired blood glucose. Fasting blood
glucose levels were < 100mg/dl in all the subjects. There
was no significant association between fasting blood
glucose and any parameter except with BMI. As all the
individuals of this study were adolescents, blood glucose
levels were in normal range though there was
dyslipidaemia. So, apparently healthy individuals with
obesity may exhibit dyslipidaemia without an impaired

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Biochemistry, Volume 11, Issue 1, July 2019



MedPulse International Journal of Biochemistry, Print ISSN: 2550-763X, Online ISSN: 2636-4573, Volume 11, Issue 1, July 2019 pp 17-23

blood glucose. Similar findings were reported in three
different  studies?’?2°Obesity  especially  during
childhood and adolescence has a long-term impact on all
the systems®® and leads to the development of metabolic
syndrome®!. Approximately 75% of urban adolescents and
young adults were recently reported to be sedentary®2. In
this study both the obese and normal groups did not have
regular physical activity, amounting to 90% of the study
population. There was no significant difference of
lifestyle between both groups. Sedentary habits,
overweight or obesity increases the risk of non-
communicable diseases like metabolic syndrome,
hypertension, diabetes mellitus®34, India is in a “second
stage” of epidemiologic transition, accumulating a high
burden of non-communicable diseases®>2¢.This study has
showed a prevalence of 45% overweight/obesity (with
anyone of the anthropometric measurements). Various
studies have shown a prevalence of 5-50% obesity in
adolescents®”*8 This study has its limitations as the
population was only 150 students and all were medical
students.

CONCLUSION

Stress and lack of physical activity have a detrimental
effect on health and are a major risk factor for
development of obesity. 90% of the students in this study
did not have any regular physical activity. Lack of
physical activity, stress and coming from a high-risk
ethnicity group i.e., South Asians®”* may have led to a
high prevalence of overweight or obesity in this group.
Factors that alleviate chronic stress and anxiety would
help in preventing or delaying the entry of obese
adolescents into insulin resistance that ends in type 2
diabetes mellitus®®. Educating the students about effects
of obesity and dyslipidaemia on quality of health can help
in bringing about life style modifications which can help
them in the long run.

REFERENCES

1. Mathias RA, Deepa M, Deepa R, Wilson AF, Mohan V.
Heritability of quantitative traits associated with type 2
diabetes mellitus in large multiplex families from South
India. Metab.Clin.Exp. 2009 Oct;58(10): 1439-45.

2. Ferrao KF, Thorpe RJ, Wilkinson JA. The life course of
severe obesity: does childhood obesity matter? J Gerontol
Soc Sci Ser B 2003; 58B: s110-s119.

3. Reilly JJ, Houston Callaghan KA, Donaghey Z, Hameed
S. Physical health consequences of child and adolescent
obesity.In: Crawfor D, Jeffery R, Ball K, Big J (eds).
Obesity Epidemiology: From Aetiology To Public
Health. 2™ edn, 2011.

4. Singh AS, Mulder C, TwiskJWR, vanMechelenW,
ChinapawMJM. Tracking of childhood overweight into
adulthood: a systematic review of the literature. Obes
Rev 2008;9: 474-488.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Serdula MK, Ivery D, Coates RJ, Freedman DS,
Williamson DF, Byers T. Do obese children become
obese adults? A review of literature. Prev Med 1993; 22:
167-177.

Defronzo RA, Sherwin RS, Kraemer N. Effect of
physical training on insulin in obesity. Diabetes 36: 1379-
85, 1987.

Horton ES: Exercise and physical training: effect on
insulin sensitivity and glucose metabolism. Diabetes
Metab Rev 2:1-17, 1986.

Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass
index cut-offs to define thinness in children and
adolescents: international survey. BMJ. 2007 Jul
28;335(7612):194.

Tandon N, Garg MK, Singh Y, Marwaha RK. Prevalence
of metabolic syndrome in urban Indian adolescents and
its relation with insulin resistance (HOMA-IR).J Pediatr
Endocrinol Metab. 2013;26:1123-30.

Cullen K, Stenhouse NS, Wearne KL, Welborn TA:
Multiple regression analysis of risk factors for
cardiovascular disease and cancer mortality in Busselton,
Western Australia: 13 year study. J Chronic Dis 36:371-
77,1988.

Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH.
Prevalence of metabolic syndrome phenotype in
adolescents: findings from the third National Health and
Nutrition Examination Survey, 1988-94. Arch Pediatr
Adolesc Med 2003;157:821-7.

Clinical Chemistry Techniques, Principles, Correlations.
6™ ed, Micael L.Bishop. Chapter 12; Carbohydrates, 321-
323.

Clinical Chemistry Techniques, Principles, Correlations.
6 ed, Micael L.Bishop. Chapter 14; Lipids and
Lipoproteins, 344-345.

Clinical Chemistry Techniques, Principles, Correlations.
6" ed, Micael L.Bishop. Chapter 14; Lipids and
Lipoproteins, 345-346.

Clinical Chemistry Techniques, Principles, Correlations.
6" ed, Micael L.Bishop. Chapter 14; Lipids and
Lipoproteins, 347-348.

Clinical Chemistry Techniques, Principles, Correlations.
6" ed, Micael L.Bishop. Chapter 14; Lipids and
Lipoproteins, 348.

Misra A, Vikram N. Clinical and pathophysiological of
abdominal obesity and abdominal sdipose tissue depots.
Nutrition 2003;19:457-66.

Waist circumference correlates better with body mass
index than waist to hip ratio in Asian Indians. Kurpad SS,
Tandon H, Srinivasan K. Natl Med J India. 2003 Jul-
Aug;16(4):189-92.

deNovaes JF, FranceschiniSdo C, Priore SE. Comparison
of the anthropometric and biochemical variables between
children and their parents. Arch LatinoamNutr. 2007
Jun;57(2):137-45.

Seidell JC, Cigolini M, Deslypere JP, Charzewska J,
Ellsinger BM, Cruz A. Body fat distribution in relation to
physical activity and smoking habits in 38-year old
European men: the European fat distribution study. Am J
Epidemiol 1991;133:257-65.

Filipovsky J, Ducimetiere P, Darne B, Richard JL.
Abdominal body mass distribution and elevetaed blood
pressure are associated with increased risk of death from

MedPulse International Journal of Biochemistry, Print ISSN: 2550-763X, Online ISSN: 2636-4573, Volume 11, Issue 1, July 2019 Page 22



22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Gurupavan Kumar Ganta, Divya D, G S R Kedari

cardiovascular diseases and cancer in middle-aged men.
Results of a 15 to 20 year follow-up in the Paris
Prospective study. Int J Obesity. 1993;17:197-203.
Krauss RM, Winston M, Fletcher BJ, Grundy SM.
Obesity: Impact on cardiovascular disease. Circulation
1998;98:1472-76.

Zhu S, Heshka S, Wang Z et al. Combination of BMI and
Waist circumference for identifying cardiovascular risk
factors in whites. Obes Res 2004;12:633-45.

Iwao S, lwan, Muller DC, Elahi D, Shimokata H, Andres
R. Does waist circumference add to the predictive power
of the body mass index for coronary risk. Obes Res
2001;9:685-95.

Burke GL, Bell RA. National and International trends in
cardiovascular disease: incidence and risk factors.
In:Blumenthal RS, Foody JM, Wong ND, eds. Preventive
cardiology: A companion to Braunwald’s Heart disease.
Philadelphia: Saunders Elsevier;2011:14e32.

Karthikeyan G, Teo KK, Islam S et al. Lipid profile,
plasma apolipoproteins and risk of a first myocardial
infarction among Asians: An analysis from the
INTERHEART study. J Am CollCardiol. 2009;53, 244-
253.

Carr MC, Brunzell JD. Abdominal obesity and
dyslipidemia in the metabolic syndrome: Importance of
type 2 diabetes and familial combined hyperlipidaemia in
coronary artery disease risk. J Endocrinol Metab
2004;89:2601-2607.

Kim SH, Reaven GM. Insulin resistance and
hyperinsulinemia: you can’t have one without the other.
Diabetes care 2008; 31:1433-1438.

Boden G, Lebed B, Schatz M, Homko C, Lemieux S.
Effects of acute changes of plasma free fatty acids on
intramyocellular fat content and insulin resistance in
healthy subjects. Diabetes 2001;50:1612-1617.

T. Lobstein, L. Baur and R. Uauy for the IASO
International obesity taskforce: Obesity in children and
young people: A crisis in public health. Obesity reviews
(2004) 5 (Suppl. 1), 4-85.

Vanhala M, Vnhala P, Kumpusalo E, Halonen P, Takala
J. Relation between obesity from childhood to adulthood

32.

33.

34.

35.

36.

37.

38.

39.

and the metabolic syndrome: Population based study.
BMJ 1998; 317-319.

Dhingra V, Chatterjee A, Gelria R, Sharma R, Pandey
RM, Talwar KK, Misra A. Adverse physical activity
pattern in urban adolescents. JAssocPhys
India2003;50:1521.

Grontved A, Ried-Larsen M, Ekelund U, Froberg K,
Brage S, Andersen LB. Independent and combined
association of muscle strength and cardiorespiratory
fitness in youth with Insulin Resisitance and p-cell
function in young adulthood: The European youth heart
study. Diabetes Care. 2013;36(9):2575-81.

Zethelius B, Berglund LA, Beerne C. The interaction
between impaired acute insulin response and insulin
resistance predict type 2 diabetes and impairement of
fasting glucose: report from a 20-year follow-up in the
Uppsala longitudinal study of adult men — ULSAM. Ups
J Med Sci 2008; 113:117-130.

Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of
cardiovascular diseases: Part I: General considerations,
the epidemiological transition, risk factors and impact of
urbanization. Circulation 2001;104: 2746.

Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of
cardiovascular  diseases: Part Il: Variations in
cardiovascular disease by specific ethnic groups and
geographic regions and prevention strategies. Circulation
2001;104: 2855.

Misra A, Vikram NK, Arya S, Pandey RM, Dhingra V,
Chatterjee A et al. High prevalence of insulin resistance
in post pubertal Asian Indian children is associated with
adverse truncal body fat patterning, abdominal adiposity
and excess body fat. Int J ObesRelatMetabDisord
2004;28:1217-26.

Naval K Misra, AnoopMisra, Ravindra M. Pandey,
Kalpana Luthra, Jasjeet S. Wasir, VibhaDhingra.
Heterogenous phenotypes of insulin resistance and its
implications for defining metabolic syndrome in Asian
Indian adolescents. Atherosclerosis 186 (2006) 193-199.
Levy-Marchal C, Arslanian S, Cutfield W, Sinaiko A,
Druet C, Marvecchio ML, et al. Insulin resistance in
children: consensus, perspective and future directions. J.
Clin. Endocrinol.Metab. 2010 Dec; 95(12):5189-98.

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Biochemistry, Volume 11, Issue 1, July 2019



