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Abstract Glucocorticoids and its receptor are known to
be involved in the dysregulation of hormone and lipid
levels. Therefore, we evaluated the association of Bcll
gene polymorphism of glucocorticoids receptor (GCR)
gene variant with hormone and lipid levels in Northern
Indians obese. A total of 435 obese and non-obese age
matched subjects were included in the case—control study.
Lipid and hormonal levels were estimated using standard
protocols. Analysis of 4646 C>G NR3CI gene polymor-
phism was done using PCR-RFLP. The frequencies of GR
Bcll, C>G genotypes and alleles did not differ signifi-
cantly (P > 0.05) between obese and non-obese. The +646
G allele carriers had higher waist to hip ratio, blood pres-
sure, insulin and glucose levels than non-carriers in obese
subjects while diastolic blood pressure and glucose in non-
obese. The NR3CI, 4646 C>G polymorphism did not
associate with obesity. However, the GG genotype may
modulate blood pressure, blood glucose and hormonal
levels in northern Indians.
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Introduction

Overweight and obesity are common health problem in
developed and developing countries [1]. Obesity increases
dramatically in major ethnic and racial groups including
both sexes [2]. Wide variation in the distribution of excess
body fat affects the risks associated with obesity. Abnor-
malities in glucose, insulin, lipid metabolism and hyper-
tension are associated with abdominal obesity [3].

Although body mass index (BMI) is the most fre-
quently used index, it does not reflect fatness uniformly in
all populations, and interethnic extrapolations are not
justified [4]. For a given age, sex and fat level, Caucasians
have higher BMI than the Chinese, Ethiopians and
Polynesians.

According to the new Asian BMI criteria, a lower cut
off of 23.0 kg/m” are considered as overweight and at
25-0 kg/m? or higher are considered as obese, because
Asians have more fat content at a particular BMI than
Europeans [5].

Most of the physiological functions of the body regu-
lated by glucocorticoid (GC) hormones and its appropriate
plasma levels are maintained by homeostatic mechanisms.
Lipogenesis and gluconeogenesis are regulated by the GC
hormone [6]. Glucocorticoids also modulate the expression
of several hypothalamic neuropeptides which further reg-
ulates appetite control [7]. Adrenal cortex is stimulated by
the pituitary to produce and release cortisol, which in turn
exerts a negative endocrine feedback regulation, mediated
via centrally localized GCR. Some obese individuals have
hormonal, metabolic, and circulatory changes, referred to
as the metabolic syndrome, that are also common to
patients with GC excess [8].

Obesity is a multifactorial disease with a significant
genetic component. Animal models of genetic and
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experimentally induced obesity suggest that glucocorticoid
receptors (GCR) play role in the etiology and maintenance of
the obese state. Human glucocorticoid receptor locus is
present on chromosome 5q31-32. A biallelic polymorphism
(Bcll, C>G) was identified at downstream of the exon
2—intron 2 junction of GCR (NR3CI) gene. The polymor-
phism might affect processing of GCR primary transcripts
and also cause increased GC sensitivity [9, 10]. This poly-
morphism was found to be associated with abdominal
obesity and insulin resistance. In contrast, Van-Rossum et al.
observed that Bcl1, C>G polymorphism was associated with
the lower BMI. The polymorphism has also been linked to a
cluster of cardiovascular risk factors, such as hypertension,
visceral obesity and steroid sensitivity [11-15]. However,
some studies did not observe significant differences in the
frequencies of Bcll, C>G genotypes between obese and
non-obese individuals [11].

Obesity is a common health problem of India. Both
environmental and genetic factors may have contribution
towards susceptibility of obesity. Earlier, we found that
APO E4 allele showed significant association with obesity
[16]. Therefore, in the present study we aimed to investi-
gate association of GCR Bcll (NR3C1, 4646 C>G) vari-
ation with obesity. We also evaluated the association of the
polymorphism with lipid and hormonal levels in subjects
from northern India.

Material and Methods
Subjects

A total of 934 subjects were enrolled initially from the out
patients department of Chatrapati Shahuji Maharaj Medical
University (CSMMU) and volunteers from general popu-
lation of Lucknow, Uttar Pradesh (India). All subjects were
asked for detailed clinical history and required measure-
ments were done for height, weight, BMI and waist-to-hip
ratio (WHR). BMI was calculated as the weight in kilo-
gram (kg) divided by height in meter square. The blood
pressure was measured twice on the right arm with the
participants sitting, with a 5 min rest. Only non smoker,
non diabetic, normotensive subjects who did not have
history of coronary artery disease, neoplasia, congenital
and mental disorders, and endocrine disorders like Myxoe-
dema and Cushing syndrome among them were selected
for the present study. Based on the BMI, two subgroups
were defined which are as follows: 237 individuals with
BMI < 25 considered as non-obese, 198 individuals with
BMI > 25 considered as obese. The non-obese subjects
were age and sex matched with obese. The study was
approved from the ethical committee of the C. S. M.
Medical University, UP, Lucknow.
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Hormones, Leptin, Glucose, and Serum Lipids

Serum leptin concentrations were determined in serum/
plasma by radio-immunoassay using RIA kit (Linco
Research, USA). Insulin hormone was assayed using RIA
Kit [BARC, India]. Blood sugar was assayed by glucose
oxidase—peroxidase (GOD-POD) method [17]. Lipid pro-
file was done by enzymatic method using commercially
available kit (Anamol, India). LDL cholesterol was calcu-
lated using the following formula: LDL cholesterol = total
cholesterol — [(triglycerides/5) — HDL cholesterol].

Genetic Analysis

The genomic DNA was extracted from peripheral blood
leucocytes pellet using the standard salting out method
[18]. PCR-RFLP and sequence analysis showed that the
second site (+646 bp downstream of exon 2) was indeed
polymorphic for the Bcll polymorphism. Genotyping of
Bcell (rs41423247) GCR gene has been described in detail
previously [9]. The PCR products were subjected to
restriction digestion with 4 U of the restriction endonu-
clease Bcll at 37°C for 3 h. Digestion of the PCR product
gave the following predicted fragment sizes: 86 and 43 bp
in the case of heterozygotes, a band of 86 bp for C allele in
homozygous individuals, and a single band of 43 bp for G
allele homozygotes.

Statistical Analysis

Statistical analysis was performed by SPSS (version 11.5)
software. Direct gene counting method was used to deter-
mine the frequency of genotypes and alleles. The chi-
square test or Fisher’s exact test was used to determine
differences in frequencies. All continuous variables were
expressed as mean £ SD and tested by one-way ANOVA
test. Odds ratio was calculated using logistic regression.
P-value < 0.05 was considered as significant.

Results

Association of Anthropometric Parameter, Blood
Pressure, Lipid profile and Hormonal Levels
with Obesity

A total of 198 obese (BMI = 30.40 &+ 4.49) and 237
non-obese (BMI = 21.00 £+ 2.45), were evaluated for
differences in anthropometric, lipid and hormonal profiles
(Table 1). We observed higher systolic blood pressure
(P = 0.014), diastolic blood pressure (P = 0.030), WHR
(P = 0.002), LDL-cholesterol (P = 0.0001), HDL-cho-
lesterol (P = 0.003), VLDL-cholesterol (P = 0.001), total
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Table 1 Anthropometric .. Clinical features Obese (n = 198) Non-obese (n = 237) P-value
parameter, blood pressure, lipid
profile and hormonal levc;ls mn Waist to hip ratio and blood pressure
obese and non-obese subjects
WHR 0.94 £ 0.06 0.84 + .054 0.002
SBP (mmHg) 121.78 + 9.20 119.58 + 12.30 0.014
DBP (mmHg) 86.78 £ 4.57 79.15 £ 5.13 0.030
Lipid profile
&fr iargDeXPre“ed mn LDL-cholesterol (mg/dl) 155.02 & 7.94 114.52 & 10.67 0.0001
. VLDL-cholesterol (mg/dl) 26.04 £ 6.71 24.03 £ 7.48 0.001
SBP systolic blood pressure
(mmHg), DBP diastolic blood HDL-cholesterol (mg/dl) 34.12 £ 433 48.57 £ 7.13 0.003
pressure (mmHg), WHR waist to Triglyceride (mg/dl) 134.26 £+ 11.30 121.16 £ 17.42 0.0001
hip ratio, LDL low density lipid T-cholesterol (mg/dl) 218.19 + 11.42 188.66 + 11.56 0.0001
(mg/dl), VLDL very low density H | -
lipid (mg/dl), HDL high density ormondat profre
lipid (mg/dl), TG triglyceride Leptin (mg/ml) 20.45 £+ 5.37 7.44 + 2.18 0.002
(mg/dl), TC total cholesterol Insulin (uU/ml) 20.56 + 6.20 16.63 + 10.21 0.001
(mg/dl), Blood glucose (mg/dD), Blood glucose (mg/dl) 117.92 + 6.45 84.06 + 17.55 0.015

Leptin (mg/ml), Insulin (pU/ml)

cholesterol (P = 0.0001), triglyceride (P = 0.0001), Leptin
(P = 0.002), Insulin (P = 0.001) and blood glucose
(P = 0.015) in obese as compared with non-obese group.

Association of GCR (Bcll, C>G) Gene Polymorphism
with Obesity

The frequencies of genotypes and alleles followed Hardy—
Weinberg equilibrium in non-obese individuals. The fre-
quencies of GCR (BcllC>G) +646 genotype and +646 G
allele did not differ significantly between obese and non-
obese subjects (Table 2).

Association of GCR (Bcll, C>G) Gene Polymorphism
with Clinical Parameters

The 4646 G allele carriers had higher waist to hip ratio
(P = 0.004), systolic (P = 0.002) and diastolic (P =
0.007) blood pressure, insulin (P = 0.046) and blood glu-
cose (P = 0.044) levels than non-carriers in obese subjects.
However, in non-obese, +646 G allele carriers had higher
diastolic blood pressure (P = 0.004) and blood glucose
(P = 0.008) (Tables 3, 4).

Discussion

In the present study, the frequencies of GCR Bcll geno-
types and alleles did not differ significantly between obese
and non-obese. However, G allele carriers had significantly
higher diastolic blood pressure and blood glucose in obese
and non-obese groups.

Glucocorticoid activity appears to be essential for the
development of hyper-insulinaemia and subsequent fat

deposition. In humans, glucocorticoid excess is associated
with central fat distribution. Studies have reported that
cortisol production was enhanced in obesity [19]. In
monozygotic twins cortisol show almost identical secretary
patterns [20]. Abdominal obesity and its associated meta-
bolic disturbances are under genetic control also [21]. There
is thus reason to believe that susceptibility to abnormal
HPA axis activity might be genetically determined.

The glucocorticoid receptor gene is polymorphic and
two of its sensitizing variants (Asn363Ser and Bcll, C>G)
are associated with the increased glucocorticoid sensitivity
and higher cortisol levels. GCR (Bcll, C>G) polymor-
phism associated with regulation of the HPA axis activity
[22]. In the present study, we did not observe significant
association of Bcll, C>G polymorphism with obesity
which is also corroborated with other studies [11, 15]. Our
findings regarding the high WHR in obese subjects are
found similar to study by Rosmond et al. [3] who reported
that the G-allele was associated with increased abdominal
sagittal diameter, BMI and WHR. Other studies also
showed an association between the G-allele and increased
abdominal fat mass [13, 23]. However, G allele carriers in
non-obese group did not show higher fat deposition which
influences WHR. Therefore, contrary to Van-Rossum et al.
[9] GCR (Bcll, C>G) polymorphism may not have any
direct effect on abdominal obesity. Several genetic evi-
dences suggest influence of glucocorticoid receptor on
hypertension [14, 24]. Kenyon et al. [25] reported the
involvement of glucocorticoid receptor gene in regulation
of blood pressure in hypertensive rat as compared with
normotensive rats. Lin et al. [26] showed a weak gender
specific association of GCR variation (intron 4) with
hypertension. Glucocorticoids with its mild activity
increases retention of Na™ and excretion of K™ and syn-
thesis of angiotensinogen which increase secretion of
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Table 2 Association of GR gene polymorphism (Bcll, C>G) with obesity: distribution of genotype and allele frequencies in obese and non-

obese
Genotype Obese® n (%) Non-Obese n (%) P-value OR (95% CI)
CC 88 (44.45) 114 (48.1) - Reference
CG 74 (37.37) 90 (38.0) 0.806 1.05 (0.70-1.59)
GG 36 (18.18) 33 (13.9) 0.131 1.41 (0.87-2.58)
G allele carriers” 110 (55.56) 123 (51.9) 0.256 1.19 (0.82-1.65)
Allele®

C 250 (63.13) 318 (67.1) - Reference

G 146 (36.87) 156 (32.9) 0.134 1.21 (0.88-1.56)

? Total number of obese (198) and non-obese subjects (237) for genotypes

b Subjects with CG or GG genotype (CG + GG)

¢ Total number of chromosomes in obese (396) and non-obese (474) for alleles

Table 3 Association of GR

gene polymorphism (Bell, Clinical features GR gene polymorphism (Bcll, C>G) P-value
C>G) with clinical parameters G allele carrier G allele non-carrier
in obese subjects (n = 198) (n = 110) (n = 88)
Waist to hip ratio and blood pressure
WHR 0.95 £+ 0.06 0.93 £+ 0.07 0.004
SBP (mmHg) 126.97 £+ 7.33 114.16 £+ 5.46 0.002
DBP (mmHg) 89.97 + 8.12 82.36 £ 5.52 0.007
Lipid profile
LDL-cholesterol (mg/dl) 153.40 £ 8.04 154.40 £+ 6.14 0.876
VLDL-cholesterol (mg/dl) 26.44 £ 5.40 2553 £7.82 0.677
HDL-cholesterol (mg/dl) 34.34 + 5.08 35.45 + 343 0.123
Triglyceride (mg/dl) 134.23 + 12.50 133.76 £ 14.09 0.758
Total-cholesterol (mg/dl) 216.33 £ 1345 215.51 £ 14.22 0.324
Hormonal profile
Leptin (mg/ml) 21.11 £ 5.65 20.34 £ 6.45 0.231
Insulin (wU/ml) 23.94 £ 5.05 19.11 £ 4.31 0.046
Blood glucose (mg/dl) 123.23 £ 7.12 115.12 £+ 8.75 0.044

aldosterone that causes excessive retention of Na® and
water leading to hypertension. In the present study, we also
report the contribution of GCR (Bcll, C>G) variation with
increase in blood pressure both in obese and non-obese
subjects. Earlier, Whitworth et al. [27] studied the physi-
ological mechanisms by which cortisol raises blood pres-
sure in short term studies of cortisol administration in
normal men. Here, we postulate that cortisol sensitivity due
to GCR (Bcll, C>G) variation may be attributed to high
blood pressure in non obese subjects. As the frequency of
G allele is high (>30%), thus one may expect high blood
pressure in the control population. The study by Kelly et al.
[28] showed the role of nitric oxide and cortisol mediated
pathways in hypertension.

In obese, homozygous G allele carriers had higher
insulin and blood glucose (0.044) levels and were more
insulin resistant (0.046), when compared to a group

@ Springer

consisting of G allele non-carriers. Weaver et al. [11] also
showed that unrelated, non-diabetic, premenopausal white
women homozygous for the 4.5 kb fragment had higher
fasting insulin, as compared to age-matched, normal-
weight controls. This observation suggests that GCR (Bcll,
C>G) polymorphism is associated with a sensitivity of the
feedback regulation of the HPA axis. This relative sensi-
tivity also results in an effect of cortisol on glucose
metabolism, causing slightly higher glucose concentra-
tions, as well as higher insulin levels. However, association
of GCR (Bcll, C>G) variation with glucose levels may
contribute towards risk for diabetes. In addition, increased
glucose levels in Bcll G allele carriers may also have
influence on blood pressure.

The mechanism for GCR (Bcll, C>G) polymorphism to
increase the sensitivity of negative feedback mechanism of
GCs may involve direct effect of the SNP on NR3CI gene
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;:r?elepgly?nssz);ﬁiast;gn(]g(f:llc,le Clinical features GR gene polymorphism (Bcll, C>G) P-value
C>G) with clinical parameters G allele carrier G allele non-carrier
in non-obese subjects (n = 237) (n = 123) (n=114)
Waist to hip ratio and blood pressure
WHR 0.83 £ 0.05 0.85 £ 0.05 0.088
SBP (mmHg) 121.14 £ 11.15 118.13 £ 13.17 0.060
DBP (mmHg) 80.89 + 9.22 77.50 £ 8.81 0.004
Lipid profile
LDL-cholesterol (mg/dl) 11521 £ 11.61 114.17 £ 17.09 0.788
VLDL-cholesterol (mg/dl) 2531 £+ 8.56 23.44 £+ 6.96 0.066
HDL-cholesterol (mg/dl) 48.42 £ 7.69 49.61 £ 4.76 0.161
Triglyceride (mg/dl) 126.54 + 12.80 117.22 £ 14.80 0.066
Total-cholesterol (mg/dl) 187.82 £ 11.63 189.09 £ 10.89 0.756
Hormonal profile
Leptin (mg/ml) 7.39 £ 2.56 7.37 £2.88 0.972
Insulin (wU/ml) 17.89 £+ 4.61 15.30 £ 4.75 0.052
Blood glucose (mg/dl) 89.50 + 7.41 78.133 £+ 6.64 0.008

expression. It is also possible that the polymorphism is in
linkage disequilibrium which can alter the transcriptional
activity of target genes concerned in glucose and insulin
homeostasis. As several other polymorphisms in coding
and splicing region of GCR are known, studies are also
required to look for association of these polymorphisms in
obesity to understand the exact role of GCR in the patho-
genesis of obesity. In conclusion, although GCR Bcll,
C>G polymorphism did not associate significantly with
obesity but the GCR Bcll, G allele carriers had signifi-
cantly higher BP and blood glucose levels than non-carri-
ers, thus contributing to obesity phenotype. However,
obesity is a multifactorial phenotype where large number
of low penetrance genes along with environmental factors
is also involved. Therefore, more studies are required to
look the association of polymorphic variants in other genes
involved in lipid and hormone metabolism.

Acknowledgments Authors acknowledge Indian Council of Medi-
cal Research, New Delhi and intramural grant from C. S. M. Medical
University UP, Lucknow, for the financial supports to carryout this
research work.

References

1. James WP. The epidemiology of obesity: the size of the problem.
J Intern Med. 2008;263:336-52.

2. Flegal MD, Carroll RJ, Kuczmarki RJ. Overweight and obesity in
the united state: prevalence and trends, 1960-1994. Int J Obes
Eelat Metab Disord. 1998;22:39-47.

3. Rosmond R, Chagnon YC, Holm G, Chagnon M, Perusse L,
Lindell K, et al. A glucocorticoid receptor gene marker is asso-
ciated with abdominal obesity, leptin, and dysregulation of the
hypothalamic-pituitary-adrenal axis. Obes Res. 2000;8:211-8.

10.

11.

12.

13.

14.

. Deurenberg P, Hautvast JG. Prevalence of overweight and
obesity in the Netherlands in relation to sociodemographic vari-
ables, lifestyle and eating behavior: starting points for the pre-
vention and treatment of obesity. Bibl Nutr Dieta. 1998;44:8-21.

. Misra A, Wasir JS, Pandey RM. An evaluation of candidate
definitions of the metabolic syndrome in adult Asian Indians.
Diabetes Care. 2005;28:398-403.

. Dallman MF, Strack AM, Akana SF, Bradbury MJ, Hanson ES,
Scribner KA, et al. Feast and famine: critical role of glucocorti-
coids with insulin in daily energy flow. Front Neuroendocrinol.
1993;14:303-47.

. Dallman MF, Akana SF, Strack AM, Hanson ES, Sebastian RJ.
The neural network that regulates energy balance is responsive to
glucocorticoids and insulin and also regulates HPA axis respon-
sivity at a site proximal to CRF neurons. Ann N Y Acad Sci.
1995;771:730-42.

. Bjorntorp P, Rosmond R. Obesity and cortisol. Nutrition.
2000;16:924-36.

. van Rossum EF, Koper JW, van den Beld AW, Uitterlinden AG,

Arp P, Ester W, et al. Identification of the Bcll polymorphism in

the glucocorticoid receptor gene: association with sensitivity to

glucocorticoids in vivo and body mass index. Clin Endocrinol

(Oxf). 2003;59:585-92.

Fleury I, Beaulieu P, Primeau M, Labuda D, Sinnett D, Kraji-

novic M. Characterization of the Bcll polymorphism in the glu-

cocorticoid receptor gene. Clin Chem. 2003;49:1528-31.

Weaver JU, Hitman GA, Kopelman PG. An association between

a Bcll restriction fragment length polymorphism of the gluco-

corticoid receptor locus and hyperinsulinaemia in obese women.

J Mol Endocrinol. 1992;9:295-300.

Clement K, Philippi A, Jury C. Candidate gene approach of

familial morbid obesity: linkage analysis of the glucocorticoid

receptor gene. Int J Obes Relat Metab Disord. 1996;20:507-12.

Buemann B, Vohl MC, Chagnon M, Chagnon YC, Gagnon J,

Perusse L, et al. Abdominal visceral fat is associated with a Bcll

restriction fragment length polymorphism at the glucocorticoid

receptor gene locus. Obes Res. 1997;5:186-92.

Watt GC, Harrap SB, Foy CJ, Holton DW, Edwards HV,

Davidson HR, et al. Abnormalities of glucocorticoid metabolism

and the renin-angiotensin system: a four-corners approach to the

@ Springer



130

Ind J Clin Biochem (Apr-June 2011) 26(2):125-130

15.

16.

17.

18.

19.

20.

21.

identification of genetic determinants
J Hypertens. 1992;10:473-82.

Panarelli M, Holloway CD, Fraser R, Connell JM, Ingram MC,
Anderson NH, et al. Glucocorticoid receptor polymorphism, skin
vasoconstriction, and other metabolic intermediate phenotypes in
normal human subjects. J Clin Endocrinol Metab. 1998;83:1846-52.
Srivastava N, Achyut BR, Prakash J, Agarwal CG, Pant DC,
Mittal B. Association of cholesteryl ester transfer protein (TaqIB)
and apolipoprotein E (Hhal) gene variants with obesity. Mol Cell
Biochem. 2008;314:171-7.

Young DS, Pestaner LC, Gibberman V. Effects of drugs on
clinical laboratory tests. Clin Chem. 1975;21:1D-432D.

Miller SA, Dykes DD, Polesky HF. A simple salting out proce-
dure for extracting DNA from human nucleated cells. Nucleic
Acids Res. 1988;16:1215.

Andrew R, Gale CR, Walker BR, Seckl JR, Martyn CN. Gluco-
corticoid metabolism and the metabolic syndrome: associations
in an elderly cohort. Exp Clin Endocrinol Diabetes. 2002;110:
284-90.

Rosmond R, Bjorntorp P. The interactions between hypotha-
lamic-pituitary-adrenal axis activity, testosterone, insulin like
growth factor I and abdominal obesity with metabolism and blood
pressure in men. Int J Obes Relat Metab Disord. 1998;22:
1184-96.

Fried SK, Russell CD, Grauso NL, Brolin RE. Lipoprotein lipase
regulation by insulin and glucocorticoid in subcutaneous and

of blood pressure.

@ Springer

22.

23.

24.

25.

26.

27.

28.

omental adipose tissues of obese women and men. J Clin Invest.
1993;92:2191-8.

Linkowski P, Van Onderbergen A, Kerkhofs M, Bosson D,
Mendlewicz J, Van Cauter E. Twin study of the 24-h cortisol
profile: evidence for genetic control of the human circadian clock.
Am J Physiol. 1993;264:E 173-81.

Ukkola O, Rosmond R, Tremblay A, Bouchard C. Glucocorticoid
receptor Bcl I variant is associated with an increased atherogenic
profile in response to long-term overfeeding. Atherosclerosis.
2001;157:221-4.

Morris BJ. Identification of essential hypertension genes.
J Hypertens. 1993;11:115-20.

Kenyon CJ, Panarelli M, Zagato L, Torielli L, Heeley RP, Hol-
loway CD, et al. Glucocorticoid receptor polymorphism in
genetic hypertension. J] Mol Endocrinol. 1998;21:41-50.

Lin RC, Wang WY, Morris BJ. Association and linkage analyses
of glucocorticoid receptor gene markers in essential hypertension.
Hypertension. 1999;34:1186-92.

Whitworth JA, Kelly JJ, Brown MA, Williamson PM, Lawson
JA. Glucocorticoids and hypertension in man. Clin Exp Hyper-
tens. 1997;19:871-84.

Kelly JJ, Mangos G, Williamson PM, Whitworth JA. The nitric
oxide system and cortisol-induced hypertension in humans. Clin
Exp Pharmacol Physiol. 1998;25:945-6.



	Influence of Bcl-1 Gene Polymorphism of Glucocorticoid Receptor Gene (NR3C1, rs41423247) on Blood Pressure, Glucose in Northern Indians
	Abstract
	Introduction
	Material and Methods
	Subjects
	Hormones, Leptin, Glucose, and Serum Lipids
	Genetic Analysis
	Statistical Analysis

	Results
	Association of Anthropometric Parameter, Blood Pressure, Lipid profile and Hormonal Levels with Obesity
	Association of GCR (Bcl1, C greaterthan G) Gene Polymorphism with Obesity
	Association of GCR (Bcl1, C greaterthan G) Gene Polymorphism with Clinical Parameters

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


