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Abstract
Objective: To examine the frequency of C825T G protein β3 subunit gene polymorphism and its 

association with obesity of ethnic Kyrgyz.
Methods: The study enrolled 210 people, 89 patients (35 females, 54 males) with obesity (BMI 

≥ 30 kg/m2) and 121 practically healthy patients (38 females, 83 males) with normal body weight 
and no signs of type 2 diabetes (group of control), who were not observed before by a cardiologist. 
The blood pressure, anthropometry, glucose and lipid profile were examined among all subjects. Ge-
nomic DNA was extracted from peripheral blood cells. G protein β3 subunit C825T polymorphism 
was determined by polymerase chain reaction (PCR).

Results: TT and CT genotypes carriers were grouped together in one group because the TT 
genotype was rare. CT + TT genotype frequency in the group with obesity made 0.72 and was sig-
nificantly higher than that in the control group - 0.52 (χ2-8.44; P = 0.004; odds ratio - 2.55; 95%CI 
1.31-4.23). The statistical analysis revealed that hypertension (45% vs. 31.3%, P = 0.049) and obe-
sity (51.2% vs. 30%, P <0.01) occurred significantly more often in CT + TT genotype carriers than 
in the CC homozygotes. The results of the multivariate logistic regression analysis showed that the 
presence of 825T allele (exp β - 2.89; 95% CI 1.25-6.7; P=0.013), along with the occasional con-
sumption of vegetables (exp β - 3.47; 95% CI 1.52-7.94; P=0.003) was the significant risk factor 
for obesity, regardless of gender, age and level of physical activity. In the construction of the similar 
regression model for hypertension, the statistically significant role of 825T allele was lost after ad-
justment for obesity as an independent variable.

Conclusion: G protein β3 subunit gene C825T allele in the Kyrgyz ethnic group has an associa-
tion with obesity. 
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Introduction
The prevalence of obesity is increasing in both 
developed and developing countries and is a 
serious medical and social problem. On the one 

hand, obesity is recognized as one of the modi-
fiable risk factors for atherosclerosis, and on the 
other hand, visceral obesity is identified as one 
of the “triggers” of insulin resistance (IR) and is 
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often associated with high blood pressure 
(arterial hypertension), lipid and carbo-
hydrate disorders, increasing the risk of 
type 2 diabetes mellitus (DM) [1]. 

The lifestyle changes with predomi-
nance of refined foods, animal fats and 
carbohydrates in the diet as well as 
with decreased levels of physical activ-
ity are recognized as causes of obesity. 
However, environmental factors have 
a greater impact on individuals with a 
genetic predisposition. It is believed that 
genetic factors may cause 40% to 70% 
of the variation in body weight [2] ac-
cording to the results of various studies 
and therefore there is an active search 
for candidate genes responsible for fat 
and energy metabolism. These include 
the heterogeneous G protein localized 
on the cell membrane consisting of α, 
β and γ subunits that depend on the 
interaction of receptor activity. Upon 
activation of a receptor, G protein forms 
dimers and trimers, which can activate 
/ inhibit intracellular processes such 
as ion channel activity, phospholipase, 
adenylate cyclase and other enzymes 
[3-5]. There are several known genetic 
polymorphisms of G protein, of which 
the most clinically significant is C825T 
polymorphism β3 subunit. The 825T 
allele is associated with expression of 
truncated and functionally active dimer 
of G protein and increased intracellular 
signal transduction [6]. Clinical studies 
showed the association of this polymor-
phism with susceptibility to obesity and 
hypertension [7-12]. However, the data 
from different studies are rather contra-
dictory.

The study of genetic markers of obe-
sity in the Kyrgyz ethnic group was not 

conducted before so that the goal of the 
present study was to investigate the rela-
tionship between C825T polymorphism 
of G protein β3 subunit with obesity 
among ethnic Kyrgyz.

Methods
Subjects
The study enrolled 210 people, of whom 
89 patients (35 females, 54 males) were 
with obesity (BMI ≥ 30 kg/m2) and 
121 were age- and sex-matched healthy 
controls (38 females, 83 males) with 
normal body weight, with no signs of 
type 2 diabetes, and were not observed 
before by a cardiologist. The study did 
not include those with severe cardiovas-
cular (severe heart failure, stroke, etc.) 
or physical illnesses (chronic hepatitis, 
hepatic, renal failure, etc.) which could 
result in a change in body weight, those 
with chronic alcoholism, cancer, thy-
roid dysfunction, pregnant women, and 
people above 70 years old. The authors 
received consent from all participants. 

All persons involved in the study 
underwent a clinical examination, 
including chief complaints and medi-
cal history, physical examinations and 
anthropometric measurements (body 
weight, height, waist circumference 
[WC], hip circumference [HC], and 
blood pressure[BP]). Body mass index 
(BMI) was calculated through the for-
mula: BMI = weight (kg) / height (cm) 2. 
A BMI of more than 30 kg/m2 is consid-
ered as obese. The metabolic syndrome 
was defined according to ATP III criteria 
[13]. All examined persons were also 
interviewed through the questionnaire of 
the Finnish Diabetes Association to as-
sess the risk of development of diabetes 

[14], including questions on vegetables 
consumption (every day or not every 
day) and physical activity (more than or 
less than 30 minutes per day).

Laboratory exam
Biochemical parameters were performed 
on SYNCHRON CX4 DELTA (Beck-
man, USA).  Blood samples for deter-
mination of biochemical and genetic 
studies were obtained in the morning 
after fasting for 12 hours. Blood samples 
were obtained to determine fasting blood 
glucose and lipid profile (total choles-
terol [TC], high density lipoprotein 
cholesterol [HDL-C], triglycerides [TG]) 
in the blood. The level of low density li-
poprotein cholesterol (LDL-C) was cal-
culated using Friedewald formula [15].

DNA extraction and genetic analysis
DNA was extracted from the blood cells 
using Nucleon BACC3 kit (Amersham 
Pharmacia Biotech, Sweden).  G protein 
β3 subunit C825T polymorphism was 
determined using polymerase chain re-
action (PCR) in thermocycler “Hybaid” 
using specific primers (forward 5’TGA 
CCC ACT TGC CAC CCG TGC 3 ‘ 
and reverse 5’GCA GCA GCC AGG 
GCT GGC 3) and subsequent restriction 
of the PCR products by digestion with 
BseDI enzyme. The resulting restric-
tion fragments were: TT - 268 bp, TC 
– 268+152+ 116 bp and CC – 152+ 
116 bp.  Scanning restriction fragments 
in 3% agarose gel and analysis of the 
results was performed using image-
densitometer GelDoc-It (UVP, USA).

Statistical analysis 
Statistical analysis was performed us-

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://fm

ch.bm
j.com

/
F

am
 M

ed C
om

 H
ealth: first published as 10.15212/F

M
C

H
.2013.0104 on 1 M

arch 2013. D
ow

nloaded from
 

http://fmch.bmj.com/


Family Medicine and Community Health
ORIGINAL RESEARCH

Family Medicine and Community Health
ORIGINAL RESEARCH

Family Medicine and Community Health 2013;1(1):23–29 25

ing SPSS version 17.0. Comparison of 
variables with normal distribution was 
performed using student’s t-test, data are 
presented as mean ± standard deviation. 
Variables with nonparametric distribu-
tion were compared using the Mann-
Whitney test, data are presented as 
median (25%-75%). The relationships 
between qualitative variables were as-
sessed using chi-square test and the odds 
ratio (OR) with 95% CI. The logistic 
regression model with stepwise inclu-
sion of variables was used to identify the 
main factors influencing the develop-
ment of obesity in the study group. For 
all statistical tests P <0.05 was used as 
the criterion for statistical significance. 

Results
The clinical characteristics of patients 
are shown in Table 1.

There were no statistically signifi-
cant differences between groups in terms 
of sex and age. According to the criteria 
of division of patients into groups, those 
with obesity had higher BMI and more 
frequent metabolic syndrome, hyperten-
sion with higher systolic and diastolic 
blood pressure numbers, type 2 diabetes 
and increased fasting blood sugar as 
well as higher values of triglycerides 
and lower concentrations of HDL-cho-
lesterol.

The incidence of G protein β3 sub-
unit C825T polymorphism genotypes 
and alleles in the two groups is shown in 
Table 2.

Genotype distribution and allele 
frequencies followed the Hardy–Wein-
berg equilibrium. The heterozygous 
(CT) genotype was frequently reported 
among the groups. Because homozy-

Indicators Control
n – 121

Obesity
n – 89 р

Sex (male), n (%) 83 (69) 54 (61) ns

Age, years 50.5±8.03 51.2±7.3 ns

AH; n (%) 15 (12.4) 68 (76.4) <0.0001

SBP: mm Hg  124±16 149±25 <0.0001

DBP; mm Hg 80±10 93±14 <0.0001

BMI kg/m2, 24.9±2.7 33.0±3.1 <0.0001

Family history on CVD, n (%) 31 (25.6) 30 (33.7) ns

Type 2 DM; n (%) 0 27(30.3%) <0.0001

Fasting glucose; mmol/l 5.3±0.7 6.7 ± 2.5 <0.0001

МС, n (%) 31 (25) 71 (78) <0.0001

TC, mmol/l 5.08±0.96 4.96±1.07 ns

HDL-C; mmol/l 3.2±0.84 3.13±0.85 ns

LDL-C; mmol/l 1.18±0.35 0.98±0.29 <0.0003

TG; mmol/l* 1.21 (0.87-1.7) 1.69 (1.16 – 2.4) <0.0001

Table 1. Clinical characteristics of patients

*Data is presented as median (25%-75%). AH = arterial hypertension; DBP = diastolic blood pressure; BMI 
= body mass index; CHD = coronary heart disease; HDL-C = high density cholesterol; LDL-C = low den-
sity cholesterol; МS = metabolic syndrome; TC = total cholesterol; SBP = systolic blood pressure; DM = 
diabetes mellitus; CVD = cardiovascular diseases; TG = triglycerides.

Genotype Control Obesity group
(n-210) Total

СС- genotype 58 (47.9%) 25 (28.1%) 83 (39.5%)

СТ -genotype 58 (47.9%) 60 (67.4%) 118 (56.2%)

ТТ -genotype 5 (4.2%) 4 (4.5%) 9 (4.3%)

С -allele 174 (71.9%) 110 (61.8%) 284 (67.6%)

Т -allele 68 (28.1%) 68 (38.2%) 136 (32.4%)

Table 2. Genotype and allele distribution of G protein β3 subunit C825T polymorphism frequency in the 
two groups

gous TT genotype was relatively rare 
(less than 5%), those people with mutant 
alleles were combined into one group 
to conduct a statistical analysis. It was 
revealed that the presence of CT + TT 
genotype occurred significantly more of-
ten in obese patients than in those with-
out obesity. Mutant alley carriers have 
up to 2.5-fold increased risk of obesity 
(Figure 1).

It was revealed that the T allele car-

Figure  1.  Relationship of G protein β3 subunit 
C825T polymorphism with obesity
Note: χ2- 8.44; P = 0.004; OR 2.55 (95% CI 1.31-
4.23)
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riers had significantly more frequent 
arterial hypertension. However, subjects 
of both groups were comparable on the 
level of blood pressure. Obesity was also 
more prevalent in patients with the pres-
ence of 825T allele with no significant 
difference between the groups on indica-
tors such as BMI and WC. Abdominal 
obesity by ATP III criteria occurred 
more frequently in T allele carriers with-
out statistical significant differences. No 
significant differences were found for 
other cardiovascular risk factors, includ-
ing lipid and carbohydrate metabolism. 
Analysis of the relationship between the 
studied polymorphism and hypertension 
showed that the presence of T allele in-
creased the risk of hypertension to 1.79 
times.

 Further, to assess the impact of 
various factors on the development of 
obesity the logistic regression analysis 
was performed with obesity as a depen-
dent variable and the factors which may 
influence obesity development (gender, 
age, consumption of vegetables [every 
day or not every day], physical activ-
ity [more than or less than 30 minutes a 
day]and the 825T allele carriers as inde-
pendent variables.

According to the analysis of the 

included variables the absence of daily 
vegetables consumption increased al-
most 3.5 times the risk of obesity, but 
the presence of 825T allele increased 2.9 
times the risk, regardless of gender, age 
and level of physical activity (Table 4). 

In the construction of a similar 
regression model for hyperten-
sion a statistically significant 
role of 825T allele was lost after 
adjustment for obesity as an in-
dependent variable, which may 
indicate indirectly an intermedi-
ate effect of the 825T allele on 
blood pressure through the de-
velopment of obesity.

Discussion
G protein plays an important role in 
metabolic processes by regulating signal 
transmission from different receptors to 
the cell surface. Inactive G protein con-
sists of three subunits (α, β, and γ) and is 
associated with a guanosine triphosphate 
(GTP) through the α subunit. In activa-
tion of the protein a GTP transforms 
into guanosine diphosphate (GDF) and 
α subunit separates from β, γ - complex. 
Depending on α subunit type a various 
intracellular molecules are activated 
(αs) or inhibited (αi), triggering a signal 
transductions cascades [3]. Among oth-
ers G protein affects key processes such 

Indicators СС
n – 83

СТ+ТТ
n - 127 р

Sex (male), n (%) 55 (66.3) 82 (64.6) ns

Age, years 52.0±8.1 50.1±7.5 ns

AH; n (%) 26 (31.3) 57 (45.0) <0.05

SBP: mm Hg 132±21 137±25 ns

DBP; mm Hg 84±12 87±14 ns

Obesity,  n (%) 24 (28.9) 65 (51.2) <0.01

BMI kg/m2, 27.7±4.7 28.8±5.1 ns

AO, n (%) 44 (53) 83 (64.8) ns

WC, cm 95.6 ±12.9 98.4±15.1 ns

FRS on CVD, n (%) 21 (25.3) 40 (31.2) ns

Type 2 DM; n (%) 11 (13.3) 16 (12.6%) ns

 Fasting glucose; mmol/l 6.15±2.44 5.7 ± 1.36 ns

МС, n (%) 35 (42.1) 67 (52.8) ns

TC, mmol/l 5.1±0.86 4.96±1.09 ns

HDL-C; mmol/l 3.26±0.79 3.1±0.93 ns
LDL-C; mmol/l 1.11±0.32 1.08±0.36 ns

TG; mmol/l* 1.3 (0.93-1.97) 1.36 (0.95 – 2.1) ns

Table 3. Relationship of risk factors on CVD with G protein β3 subunit C825T polymorphism 

*Data is presented as median (25% - 75%).  AH = arterial hypertension; AO = abdominal obesity; DBP = 
diastolic blood pressure; BMI = body mass index; CHD = coronary heart disease; HDL-C = high density 
cholesterol; LDL-C = low density cholesterol; МS = metabolic syndrome; FRS = family risk score; WC = 
waist circumstances; TC = total cholesterol; SBP = systolic blood pressure; DM = diabetes mellitus; CVD = 
cardiovascular diseases; TG = triglycerides

Figure 2.  Relationship of G protein β3 subunit C825T poly-
morphism with arterial hypertension
Note: χ2- 3.86, P = 0.049; OR 1.79 (95% CI 1.01-3.2)
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as activation / inhibition of adenylate cy-
clase, different phospholipase isoforms, 
K +, Na +, Ca + , H + transmembrane 
flux regulation and the cascade of mito-
gen-activating protein kinases, etc. [4,5]. 
Expression of G protein β3 subunit is 
found in all tissues of the body and is a 
key component in signal transduction. 
The gene encoding of the β3 subunit is 
located on chromosome 12. Replace-
ment of cytosine to thymidine at posi-
tion 825 does not affect the amino acid 
sequence of the protein, but leads to the 
synthesis of truncated β3 subunit, which 
in turn leads to increased intracellular 
signals transduction, probably due to the 
formation of closer β3-αi ties [6]. 

In our survey group of ethnic Kyr-
gyz the heterozygous CT genotype was 
prevailing, homozygous mutant geno-
type was relatively rare, and the 825T 
allele frequency was 32.4%. According 
to the literature 825T allele frequency 
varies strongly depending on ethnicity 
and race. Homozygous 825TT genotype 
was found more often in Africa, where 
mutant allele frequency varies from 
74% to 91% [10]. In Asian populations 
allele frequency is 46% (42%-55%) on 
average, in European original popula-
tion 33% (21%-38%). In the post-Soviet 
states data on studied polymorphism 

is available for Russia, where the CC 
genotype was dominating, the T allele 
frequency was 21%, and in Uzbekistan, 
where CC and CT genotypes frequency 
were similar, the prevalence of T allele 
was 36% [10].

In our study of the Kyrgyz ethnic 
group an association was found between 
G protein β3 subunit 825T allele car-
riage and obesity. This association was 
also found in most other studies. Siffert 
W. et al [10] showed that the odds ratio 
to identify overweight in TT genotype 
carriers varies from 2 to 3 on average, 
and this association was observed in 
all 3 ethnic populations included in the 
study: the Europeans (OR = 2.5; 95% CI 
1.1-6.1), Asians in the Chinese popula-
tion (OR = 1.8; 95% CI 1.0-3.1) and 
the African population (OR=2.7; 95% 
CI 1.4-5.3). It was also shown that this 
association in the African population 
was more pronounced in urban areas 
than in rural communities, pointing out 
growing influence of environmental 
factors on people with a genetic predis-
position. The study of pharmacogenetic 
features revealed a greater reduction in 
body weight in patients with CT and TT 
genotypes during non-drug interventions 
(hypocaloric diet, increased physical ac-
tivity) [16,17], and in some of them this 

effect was enhanced by adding sibutra-
mine therapy [17,18]. 

Possible mechanisms of obesity in 
825T allele carriers may be a reduc-
tion in lipolytic activity in fat cells in 
response to catecholamines [19,20] and 
increased adipogenesis through exces-
sive stimulation through pertussis toxin-
sensitive (PTX) - receptors [21,22]. 
Given the high 825T allele frequency 
among Asian and African descents, G 
protein β3 subunit C825T polymor-
phism is considered to be “energy-
saving” polymorphism and its influence 
on development of obesity is consistent 
with the theory of Neel J [23] in which 
the genes are historically responsible for 
accumulation of adipose tissue currently 
contribute to obesity,  insulin resistance 
and type 2 diabetes.

In Kyrgyzstan, the prevalence of 
obesity is increasing, which may also be 
associated with lifestyle changes. Histor-
ically, the Kyrgyz tribes were nomadic 
and their diet has always been rich with 
animal origin fats necessary in transi-
tions. Currently, the dietary habits have 
not changed significantly, but physical 
activity has decreased. This has led to 
a significant increase of obesity among 
the indigenous population, which may 
be due to the accumulation of unspent 
energy and lack of genetic protection.

In our study, hypertension was re-
vealed more often in CT + TT genotypes 
group. However, in the logistic regression 
analysis a statistically significant role 
of 825T allele was lost after adjustment 
for obesity as an independent cofactor, 
which makes the assumption about in-
directly intermediate effect of surveyed 
polymorphism on blood pressure through 

β р еxpected β 95% CI еxpected β

Vegetable consumption* 1.25 0.003 3.47 1.52 - 7.94

825T allele carriers 1.06 0.013 2.9 1.25 - 6.70

Sex (male) 2.02 0.16 0.55 0.24 - 1.25

Age 0.011 0.92 1.0 0.95 - 1.06

Physical activity# 0.027 0.87 1.12 0.38 - 3.3

Table 4. Summary results of stepwise logistic regression analysis adjusted for obesity 

* not every day consumption of vegetables with meals
# walking less than 30 minutes a day
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the development of obesity. The relation-
ship between obesity and hypertension 
is confirmed by numerous studies [1]. 
The results of research on the relation-
ship between the C825T polymorphism 
and hypertension are rather contradictory. 
Some of them support the 825T allele 
association with the development of hy-
pertension, left ventricular hypertrophy 
[8,10,24-26] and atherosclerosis [27], 
while the other are not [28-32]. Basically, 
positive relationship with T allele was 
revealed in European populations, while 
this relationship is significantly loose for 
Asians. Interestingly, in the Uzbek popu-
lation, on the contrary, CC genotype was 
associated with hypertension, and in con-
trol group of normotensive patients CC 
genotype does not occur at all [33]. A me-
ta-analysis of 34 studies including 14,094 
patients with hypertension and 17,760 
controls showed an increased risk of hy-
pertension of CT + TT genotype carriers 
to 1.17 times (95% CI 1.06-1.29), and this 
relationship was significantly higher after 
the exclusion from the analysis of studies 
conducted in Asian populations [8]. 

Possible mechanisms for the devel-
opment of hypertension in patients with 
C825T polymorphism are not fully un-
derstood. It is assumed that the effect of 
this polymorphism on the rise in blood 
pressure is implemented through the 
slow action mechanisms, perhaps as a 
result of PTX-receptor hyperactivation 
and dysregulation of the transmem-
brane Na +, H + and Ca + ion flux [34]. 
It was also shown that the G protein β3 
subunit 825T allele is associated with 
low concentrations of renin in the blood 
[35]. As known, patients with hyper-
tension and reduced levels of renin are 

characterized by high sensitivity to salt 
intake from food and water retention in 
the body. Interestingly, there is salt and 
water retention in the body in obesity 
as well. The results of pharmacogenetic 
studies have shown more pronounced 
hypotensive effect of thiazide diuretics 
in 825T allele carriers [36,37], while 
there was no significant difference in 
the response to β blockers in CC, CT 
and TT genotypes carriers [38,39]. 

Thus, in our study G protein β3 sub-
unit gene C825T allele in the Kyrgyz 
ethnic group is associated with obesity. 

Conflict of interest
The authors declare no conflict of  interest.

References
1. Salazar MR, Carbajal HA, Espeche WG, 

Dulbecco CA, Aizpurúa M, Marillet 
AG. Relationships among insulin resis-
tance, obesity, diagnosis of the metabol-
ic syndrome and cardio-metabolic risk. 
Diab Vasc Dis Res 2011;8(2):109-16.

2. Comuzzie A., Allison D. The search 
for human obesity genes. Science 
1988;280:1374-7.

3. Gautman N, Downes GB, Yan K, 
Kiselev O. The G protein betagamma 
complex. Cell Signal 1998;7:447-55 

4. Hildebrandt JD. Role of subunit di-
versity in signaling by heterotrimet-
ric G proteins. Biochem Pharmacol 
1997;54:325-39.

5. Farfel Z, Bourne HR, Iiri T. The ex-
panding spectrum of G protein diseases. 
N Engl J Med 1999;340:1012-20.

6. Rosskopf D, Busch S, Manthey I, 
Siffert W. G protein beta 3 gene: struc-
ture, promoter, and additional polymor-
phisms. Hypertension 2000;36:33-41.

7. Hengstenberg C, Schunkert H, Mayer B, 
Döring A, Löwel H, Hense HW. Asso-
ciation between a polymorphism in the 
G protein beta3 subunit gene (GNB3) 

with arterial hypertension but not with 
myocardial infarction. Cardiovasc Res 
2001;49:820-7.

8. Bagos PG, Elefsinioti AL, Nikolopou-
los GK, Hamodrakas SJ. The GNB3 
C825T polymorphism and essential hy-
pertension: a meta-analysis of 34  stud-
ies including 14094 cases and 17760 
controls. J Hypertens 2007;25:487-500.

9. Rosskopf D, Manthey I, Siffert W. 
Identification and ethnic distribution 
of major haplotypes in the gene GNB3 
encoding the G protein beta3 subunit. 
Pharmacogenetics 2002;12:209-20.

10. Siffert W, Forster P, Jöckel KH, Mvere 
DA, Brinkmann B, Naber C. World-
wide ethnic distribution of the G pro-
tein beta3 subunit 825N allele and its 
association with obesity in Caucasian, 
Chinese and Black African individuals. 
J Am Soc Nephrol 1999;10:1921-30.

11. Rankinen T, Rice T, Leon AS, Skinner 
JS, Wilmore JH, Rao DC. G protein 
beta 3 polymorphism and hemodynamic 
and body composition phenotypes in 
the HERITAGE Family Study. Physiol 
Genomics 2002;8:151-7.

12. Stefan N, Stumvoll M, Machicao 
F, Koch M, Häring HU, Fritsche A. 
C825T polymorphism of the G protein 
beta 3 subunit is associated with obesity 
but not with insulin sensitivity. Obes 
Res 2004;12:679-83.

13. Grundy SM, Cleeman JI, Daniels SR, 
Donato KA, Eckel RH, Franklin BA. 
Diagnosis and management of the 
metabolic syndrome: an American 
Heart Association/National Heart, Lung 
and Blood Institute scientific statement. 
Curr Opin Cardiol 2006;21:1-6.

14. Lindstrom J, Tuomilehto J. The diabe-
tes risk score: a practical tool to predict 
type 2 diabetes risk. Diabetes Care 
2003;26:725-31.

15. Friedewald WT, Levy RI, Fredrickson 
DS. Estimation of the concentration 
of low density lipoprotein choles-
terol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem 

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://fm

ch.bm
j.com

/
F

am
 M

ed C
om

 H
ealth: first published as 10.15212/F

M
C

H
.2013.0104 on 1 M

arch 2013. D
ow

nloaded from
 

http://fmch.bmj.com/


Family Medicine and Community Health
ORIGINAL RESEARCH

Family Medicine and Community Health
ORIGINAL RESEARCH

Family Medicine and Community Health 2013;1(1):23–29 29

1972;18:499-502.
16. Hauner H, Meier M, Wendland G, Kur-

scheid T, Lauterbach K; Study Group 
SA. Weight reduction by sibutramine in 
obesity subjects in primary care medi-
cine: the SAT study. Exp Clin Endocri-
nol Diabetes 2004;112:201-7.

17. Hsiao DJ, Wu LS, Huang SY, Lin E. 
Weight loss and body fat reduction 
under sibutramine therapy in obesity 
with the C825T polymorphism in the 
GNB3 gene. Pharmacogenet Genomics 
2009;19:730-3.

18. Grudell AB, Sweetser S, Camilleri 
M, Eckert DJ, Vazquez-Roque MI, 
Carlson PJ. A controlled pharmaco-
genetic trial of sibutramine on weight 
loss and body composition in obese or 
overweight adults. Gastroenterology 
2008;135:1142-54.

19. Hauner H, Rohrig K, Siffert W. Effects 
of the G-protein beta3 subunit 825T 
allele on adipogenesis and lipolysis in 
cultured human preadipocytes and adi-
pocytes. Horm Metab Res 2002;34:475-
80.

20. Ryden  M,  Fau lds  G ,  Hoff s t ed t 
J,Wennlund A, Arner P. Effect of the 
(C825T) Gbeta(3) polymorphism on 
adrenoceptor-mediated lipolysis in hu-
man fat cells. Diabetes 2002;51:1601-8.

21. Su HL, Malbon CC, Wang HY. In-
creased expression of Gi a2 in mouse 
embryo stem cells promotes terminal 
differentiation to adipocytes. Am J 
Physiol 1993;265:C1729-C35.

22. Moxham CM, Hod Y, Malbon CC. In-
duction of Gai2-specific antisense RNA 
in vivo inhibits neonatal growth. Sci-
ence 1993;260:991-5.

23. Neel JV. Diabetes mellitus: a thrifty 
genotype rendered detrimental by prog-
ress? Am J Hum Genet 1962;14:353-
62. 

24. Siffert W, Rosskopf D, Siffert G, Busch 
S, Moritz A, Erbel R. Association 
of a human G-protein beta3 subunit 
variant with hypertension. Nat Genet 
1998;18:45-8.

25. Шляхто Е, Швартц Е, Соколова 
Л .  и  д р .  А с с о ц и а ц и я  С 8 2 5 Т 
полиморфизма гена β3 субъединицы 
G белка с гипертрофией миокарда 
у  п а ц и е н т о в  с  а р т е р и а л ь н о й 
гипертензией. Кардиология 2003; 
43(1):44-6

26. Snapir A, Heinonen P, Tuomainen TP, 
Lakka TA, Kauhanen J, Salonen JT. 
G-protein beta3 subunit C825T poly-
morphism: no association with risk for 
hypertension and obesity. J Hypertens 
2001;19:2149-55.

27. Michalsen A, Knoblauch NT, Lehmann 
N, Grossman P, Kerkhoff G, Wilhelm 
FH. Effect of lifestyle modification on 
the progression of coronary atheroscle-
rosis, autonomic function and angina 
– the role of GNB3 C825N polymor-
phism. Am Heart J 2006;151:870-7.

28. Brand E, Herrmann SM, Nicaud V, 
Ruidavets JB, Evans A, Arveiler D. The 
825C/T polymorphism of the G-protein 
subunit b3 is not related to hyperten-
sion. Hypertension 1999;33:1175-8.

29. Полоников А,  Солодилова М., 
Иванов В и др.  Протективный 
эффект GLY272SER гена GNB3 в 
развитии эссенциальной гипертензии 
и их взаимосвязь с риск факторами 
гипертензии. Тер Архив 2011;83 
(4):55-60.

30. Larson N, Hutchinson R, Boerwinkle 
E. Lack of association of 3 functional 
gene variants with hypertension in 
African Americans. Hypertension 
2000;35:1297-300.

31. Kato N, Sugiyama T, Morita H, Kuri-
hara H, Yamori Y, Yazaki Y. G protein 
beta3 subunit variant and essential 
hypertension in Japanese. Hypertension 
1998;32:935-8.

32. Niu WQ, Qi Y. Association of a-adducin 
and G-protein b3 genetic polymor-
phisms with hypertension: a meta-
analysis of Chinese populations. PLoS 
ONE 2011;6(2):e17052.

33. Khamidullaeva GA, Eliseyeva MR, 
Nagay AV, Abdullaeva GJ. C825T poly-

morphism of the G-protein β3 subunit 
and its association with essential hyper-
tension in Uzbek males. Turk Kardiyol 
Dern Ars 2011;39(3):198-204.

34. Klenke S, Kussmann M, Siffert W. The 
GNB3 C825T polymorphism as a phar-
macogenetic marker in the treatment of 
hypertension, obesity, and depression. 
Pharmacogenet Genomics 2011;21:594-
606.

35. Schunkert H, Hense HW, Döring A, 
Riegger GA, Siffert W. Association be-
tween a polymorphism in the G protein 
beta3 subunit gene and lower renin and 
elevated diastolic blood pressure levels. 
Hypertension 1998;32:510-3.

36. Schelleman H, Stricker BH, Verschuren 
WM, de Boer A, Kroon AA, de Leeuw 
PW. Interactions between five candidate 
genes and antihypertensive drug therapy 
on blood pressure. Pharmacogenomics 
J 2006;6:22-6.

37. Turner ST, Schwartz GL, Chapman AB, 
Boerwinkle E. C825T polymorphism 
of the G protein beta(3)-subunit and 
antihypertensive response to a thiazide 
diuretic. Hypertension 2001;37:739-43.

38. Filigheddu F, Argiolas G, Degortes 
S, Zaninello R, Frau F, Pitzoi S. 
Haplotypes of the adrenergic system 
predict the blood pressure response to 
beta-blockers in women with essen-
tial hypertension. Pharmacogenomics 
2010;11:319-25.

39. Filigheddu F, Reid JE, Troffa C, Pin-
naParpaglia P, Argiolas G, Testa A. 
Genetic polymorphisms of the beta-
adrenergic system: association with 
essential hypertension and response to 
beta-blockade. Pharmacogenomics J 
2004;4:154-60.

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://fm

ch.bm
j.com

/
F

am
 M

ed C
om

 H
ealth: first published as 10.15212/F

M
C

H
.2013.0104 on 1 M

arch 2013. D
ow

nloaded from
 

http://fmch.bmj.com/



