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sion:  The present study demonstrated that A-allele carriers 
had significantly lower HDL-C levels than did non-A-allele 
carries among nonhypertensive women, while this associa-
tion was not observed among hypertensive women. This in-
dicates that the A/C3124 polymorphism may be a marker as-
sociated with HDL metabolism by hypertension. This was a 
small study, so further research is warranted to confirm the 
observed association. 
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 Introduction 

 The renin-angiotensin system and its related single-
nucleotide gene polymorphisms have been studied as a 
key to understanding the pathophysiology of cardiomet-
abolic diseases, including hypertension, and to develop-
ing therapies for these diseases  [1] . The cellular effects of 
angiotensin II (AngII) are mediated by distinct receptor 
subtypes, the AngII type 1 and type 2 receptors (AT2R) 
 [2, 3] . Although the roles of AT2R are still obscure, this 
receptor is activated in various pathophysiological condi-
tions and works against the type 1 receptor  [2, 3] . While 
hypertension is often associated with obesity and lipid 
disorders, the AT2R can mediate, in part, the action of 
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 Abstract 

  Objective:  The present study investigated the association 
between the angiotensin II type 2 receptor (AT2R) gene ad-
enine/cytosine (A/C)-3123 polymorphism and cardiometa-
bolic variables in subjects with and without hypertension. 
 Methods:  Cardiometabolic variables, in addition to geno-
typing by an allele-specific DNA assay, were measured in 161 
asymptomatic community-dwelling Japanese women (age 
range 30–83 years). They were divided into hypertensive
(n = 82, age 50–81 years) and nonhypertensive (n = 79, age 
30–83 years) subjects.  Results:  The A-allele carriers (n = 53) 
showed significantly lower high-density lipoprotein choles-
terol (HDL-C) levels than the non-A-allele carriers (n = 26) 
among nonhypertensive subjects (1.45  8  0.38 vs. 1.66  8  
0.33 mmol/l, p = 0.02). Even when multiple-adjusted analy-
ses were performed, the HDL-C levels continued to differ sig-
nificantly and independently of other variables, including 
the body mass index and insulin resistance index, between 
A-allele and non-A-allele carriers. However, this association 
was not observed among hypertensive subjects.  Conclu-
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AngII on adipocyte differentiation  [4]  and on the devel-
opment of hypertension  [5] . AngII also participates in 
high-density lipoprotein (HDL) homeostasis in adipose 
tissue  [6] .

  The AT2R gene is located on the X chromosome (q22–
23), and a few studies have reported the association be-
tween the AT2R gene adenine/cytosine (A/C)-3123 poly-
morphism and cardiometabolic diseases  [5, 7–9] . Where-
as no apparent association has been reported between 
this polymorphism and the hypertensive state  [7] , more 
A-allele carriers have been reported in hypertensive sub-
jects than in controls  [5] . It is of interest that A-allele car-
riers are significantly associated with the occurrence of 
myocardial infarction among nonhypertensive subjects, 
although this association is not seen among hypertensive 
subjects  [5] . On the other hand, there is also the observa-
tion that the A allele could be associated with better gly-
cemic control and obesity traits  [8, 9] . This observation 
implies a need for more research on the relationship of 
this polymorphism with various cardiometabolic factors 
in considering the hypertensive state. The present study 
aimed to investigate the association between the AT2R A/
C3124 polymorphism and cardiometabolic variables in 
subjects with and without hypertension.

  Subjects and Methods 

 A total of 161 community-dwelling Japanese women were re-
cruited during regular health checkups and health education 
classes. Eligible subjects were basically asymptomatic and not 
taking any medication. Excluded subjects were current smokers, 
heavy drinkers, and those with features of diabetes mellitus (de-
fined as fasting plasma glucose  6 7.0 mmol/l  [10] ), cardiovascular 
disease (CVD), malignancy, endocrine disorder, or severe kidney 
and liver disease. The study was approved by the Ethics Commit-
tees of Kyoto Medical Center and Tottori University, and each 
subject gave informed consent. The subjects were divided into hy-
pertensive (n = 82, age range 50–81 years) and nonhypertensive 
(n = 79, age range 30–83 years) groups.

  All data were obtained in an overnight fasted state. The body 
mass index (BMI) was calculated as the weight divided by the 
height squared. Blood pressure, systolic (SBP) and diastolic (DBP), 
was measured at the right arm in a seated position using a mercu-
ric sphygmomanometer with appropriately sized cuffs in confor-
mity with the expert guidelines  [11] . Subjects with SBP  6 140 mm 
Hg and/or DBP  6 90 mm Hg were defined as cases of hyperten-
sion  [11] . Plasma glucose, serum total cholesterol (TC), HDL-cho-
lesterol (HDL-C), and triglycerides (TG) were measured by enzy-
matic methods. The level of low-density lipoprotein cholesterol 
(LDL-C) was calculated using Friedewald’s equation  [12] . Plasma 
insulin was measured by enzyme-linked immunosorbent assay 
(TOSOH Co. Ltd., Tokyo, Japan). The index of homeostasis mod-
el assessment of insulin resistance (HOMA-IR) was calculated us-
ing the following equation: (plasma glucose  !  insulin)/22.5  [13] . 

DNA was extracted from the subjects’ buccal mucosa cells ob-
tained using cytobrushes, and genotypes were determined by an 
intercalation-mediated fluorescent allele-specific PCR method, 
based on a previous report  [5] .

  Data are expressed as means  8  standard deviation or medians 
with interquartile range. The genotype and allele frequencies for 
Hardy-Weinberg equilibrium were examined using a  �  2  test. Dif-
ferences between the groups were compared using unpaired t 
tests. A general linear model for HDL-C (as a dependent variable) 
was used to examine the influence of carrying the A allele (as a 
fixed variable) with adjustments for multiple variables. SBP and 
LDL-C were the only variables entered into the multivariate-ad-
justed models because of the close correlation between SBP and 
DBP, as well as between TC and LDL-C. The TG, insulin, and 
HOMA-IR values were log transformed because of their skewed 
distributions. A p  !  0.05 was considered statistically significant.

  Results 

 In the whole population, the mean/median levels of 
the variables were as follows: age, 66  8  11 years; BMI, 
24.2  8  3.3 kg/m2; SBP, 139  8  19 mm Hg; DBP, 78  8  11 
mm Hg; TC, 5.01  8  0.84 mmol/l; LDL-C, 3.04  8  0.72 
mmol/l; HDL-C, 1.48  8  0.35 mmol/l; TG, 0.95 mmol/l 
(0.77–1.27); glucose, 5.15  8  0.64 mmol/l; insulin, 6.6 
 � U/l (4.3–9.5), and HOMA-IR 1.45 (0.94–2.32). The hy-
pertensive subjects were older than the nonhypertensive 
subjects (63  8  13 years) and the difference was statisti-
cally significant (p  !  0.01). The following parameters 
were higher in hypertensive subjects than in nonhyper-
tensive subjects as follows: BMI: 24.8  8  3.4 versus 23.7  8  
3.0 kg/m2, p = 0.03; SBP: 153  8  12 versus 124  8  12 mm 
Hg, p  !  0.01; DBP: 83  8  11 versus 72  8  8 mm Hg, p  !  
0.01, and TG: 1.01 mmol/l (0.87–1.36) versus 0.95 mmol/l 
(0.77–1.27), p  !  0.01. The other variables did not show any 
significant differences between hypertensive and nonhy-
pertensive subjects.

  The distributed number of C/C, A/C, and A/A geno-
types was 59, 86, and 16, respectively. The frequency of 
the A allele was 37%. This frequency was similar to values 
in earlier Japanese reports  [5, 8, 9] . These frequencies 
were in Hardy-Weinberg equilibrium ( �  2  = 3.80, p  =  0.15). 
There was no significant difference in allele and genotype 
frequencies (p  =  0.80, p  =  0.28) between hypertensive and 
nonhypertensive subjects.

  The analysis based on the genotypes revealed that, 
among the non-A-allele carriers, hypertensive subjects 
were significantly older (p  !  0.01) and had significantly 
higher BMI (p = 0.02), SBP (p  !  0.01), and DBP (p  !  0.01), 
while they had significantly lower HDL-C levels (p = 
0.01), compared to nonhypertensive subjects ( table  1 ). 
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Among the A-allele carriers, hypertensive subjects were 
significantly older (p = 0.03) and had significantly higher 
levels of SBP (p  !  0.01) and DBP (p  !  0.01) than nonhy-
pertensive subjects.

  The analysis based on the state of hypertension re-
vealed that, among nonhypertensive subjects, A-allele 
carriers had significantly lower HDL-C levels than non-
A-allele carriers did (p = 0.02), while there were no sig-
nificant differences in other variables between A-allele 
carriers and non-A-allele carriers ( table  1 ). Among hy-
pertensive subjects, there were no significant differences 
in any variable between A-allele carriers and non-A-allele 
carriers. The influence of the A allele on HDL-C re-
mained independently significant among nonhyperten-
sive subjects (F = 3.99, p  =  0.04) when basic confounding 
variables (age and BMI) were adjusted in a general linear 
model analysis. The influence of the A allele on HDL-C 
continued to be similarly significant (F = 4.80, p = 0.03) 
after adjusting for the above mentioned basic confound-
ers plus SBP, LDL-C, TG, and HOMA-IR.

  Discussion 

 The present study demonstrated that A-allele carriers 
had significantly lower HDL-C levels than the non-A-al-
lele carries among nonhypertensive women, while this 
association was not observed among hypertensive wom-

en. This result suggests that the A/C3124 polymorphism 
may be a marker associated with HDL metabolism ac-
cording to the absence/presence of hypertension. This 
finding is also noteworthy because the renin-angiotensin 
system and HDL metabolism are both promising targets 
to control the development of cardiometabolic diseases. 
The present study showed no difference in the genetic 
distribution of the A/C3124 polymorphism between hy-
pertensive and nonhypertensive subjects, and this ap-
pears to be consistent with an earlier study  [7] . One study, 
however, showed the A allele to be associated with the oc-
currence of myocardial infarction in nonhypertensive 
subjects, but not in hypertensive subjects  [5] . This indi-
cates that there is a difference in the association of the A/
C3124 polymorphism with cardiometabolic factors asso-
ciated with pathophysiological changes resulting from 
the hypertensive state. As a result, the findings of the 
present study may extend prior knowledge  [5, 7]  and pro-
vide new hints for research on the relationship of the 
AT2R gene polymorphism and cardiometabolic condi-
tions.

  The detailed mechanism(s) of these results remain to 
be determined. AngII enhances HDL clearance (decreas-
ing circulating HDL-C levels) in adipose tissue and/or 
the liver (i.e. via the scavenger receptor type-BI  [6] ). The
A/C3124 polymorphism may be associated with this 
pathway, and some pathophysiologies of hypertension 
can modulate this association. The association between 

Table 1.  Clinical characteristics associated with the AT2R gene A/C3124 polymorphism and hypertension

All subjects Hypertensive subjects N onhypertensive subjects

C/C
(n = 59)

A/C + A/A
(n = 102)

C/C
(n = 33)

A/C + A/A
(n = 49)

C/C
(n =  26)

A/C + A/A
(n = 53)

Age, years 67811 66811 6987 6988 62814a 64812b

BMI, kg/m2 24.083.6 24.483.1 24.983.5 24.683.4 22.883.3a 24.182.9
SBP, mm Hg 141821 138817 155815 15289 123814a 124811b

DBP, mmHg 78812 77811 84812 83810 7288a 7289b

Total cholesterol, mmol/l 5.0180.80 5.0080.87 4.9780.90 5.1780.78 5.0780.67 4.8480.93
LDL-C, mmol/l 3.0080.69 3.0580.73 3.0380.77 3.1980.68 2.9780.59 2.9380.77
HDL-C, mmol/l 1.5380.35 1.4580.34 1.4480.35 1.4480.30 1.6680.33a 1.4580.38*
TG, mmol/l 0.93 (0.74–1.22) 1.00 (0.80–1.27) 0.93 (0.78–1.21) 1.10 (0.91–1.39) 0.89 (0.66–1.32) 0.92 (0.72–1.15)
Plasma glucose, mmol/l 5.2280.68 5.118061 5.0980.47 5.1180.50 5.3880.86 5.1380.70
Insulin, �U/l 6.1 (4.2–8.9) 6.8 (4.3–9.9) 7.1 (4.3–9.4) 7.7 (4.4–9.9) 5.8 (4.0–7.7) 6.6 (4.2–9.9)
HOMA-IR 1.42 (0.97–2.31) 1.59 (0.91–2.51) 1.45 (0.94–2.26) 1.69 (0.98–2.27) 1.29 (0.96–2.45) 1.39 (0.88–2.59)

Val ues are expressed as means 8 standard deviation for parametrically distributed variables and as medians (interquartile range) for nonparametri-
cally distributed variables. TG, insulin, and HOMA-IR were analyzed after log transformation because of their skewed distribution. The p value was 
based on the comparison between the groups with and without the A allele using an unpaired t test.

a, b p < 0.05 (hypertensive vs. nonhypertensive subjects within the C/C or A/C + A/A genotype groups).
* p < 0.05 (C/C vs. A/C + A/A within all subjects and hypertensive or nonhypertensive subject groups).
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HDL-C and the A/C3124 polymorphism, observed in 
the present study, was unaffected by adjustment for the 
BMI and HOMA-IR. The BMI and insulin resistance lev-
els may not necessarily reflect adipocyte functions and, 
if so, the above mentioned modulation may occur at cel-
lular levels. In addition, a nonsignificant influence of the 
A/C3124 polymorphism on the LDL-C level was ob-
served in this study. Therefore, this polymorphism does 
not seem to modulate the pathway of cholesterol trans-
fer between HDL and LDL particles. Furthermore, the
A/C3124 polymorphism is located in untranslated re-
gions of the X chromosome, so linkage disequilibrium in 
a functional variant of the same or a different gene must 
be considered in the association study  [7] . Future re-
search is warranted for biological explanations of the re-
sults.

  Association studies of large populations and genome-
wide association studies have identified various genetic 
variations for circulating HDL-C levels (i.e. these varia-
tions are found not only in apolipoproteins and enzyme 
proteins that have been previously known but also in pro-
teins that have not been identified by hypothesis-driven 
approaches)  [14] . These findings have also paved the way 
for the identification of a novel metabolic pathway for 
HDL-C and its relationship to CVD, though the results 
of many studies have been often inconsistent  [14] . The 
gene polymorphisms related to the renin-angiotensin 
system have not been included in the candidate genetic 
variations for HDL-C  [14] , but a difference in HDL-C lev-
els between individuals with different genotypes of an-
giotensin-converting enzyme was also seen in a popula-
tion-based study  [15] .

  This study had the limitation of a small sample size, a 
population restricted to women, and a cross-sectional de-
sign. In particular, the results from this small number of 
samples need to be replicated for confirmation of the 
findings. No data on CVD-related outcomes were avail-
able. The circulating HDL-C levels can also be modified 
by lifestyle-related factors  [14] , and the present study ex-
cluded subjects who were current smokers, heavy drink-
ers, and used any medications, but subjects’ exercise hab-
its were not assessed. More studies with larger sample 
sizes, various populations, and longer observations, as 
well as including various measures, will be conducted in 
the future.

  Conclusion 

 Collectively, A-allele carriers had significantly lower 
HDL-C levels than non-A-allele carries among nonhy-
pertensive women. This suggests that the A/C3124 poly-
morphism may be a polymorphic marker of HDL me-
tabolism by hypertension. This was a small study, so fur-
ther research is called for to confirm these findings.

  Acknowledgement 

 This study was supported in part by the Foundation for the 
Development of the Community, Japan.
 

 References 

  1 Bae JS, Kang BY, Lee KO, Lee ST: Genetic 
variation in the renin-angiotensin system 
and response to endurance training. Med 
Princ Pract 2007;   16:   142–  146. 

  2 Lopez JJ, Lorell BH, Ingelfinger JR, Wein-
berg EO, Schunkert H, Diamant D, Tang SS: 
Distribution and function of cardiac angio-
tensin AT1- and AT2-receptor subtypes in 
hypertrophied rat hearts. Am J Physiol 1994;  
 267:H844 – H852. 

  3 Nio Y, Matsubara H, Murasawa S, Kanasaki 
M, Inada M: Regulation of gene transcrip-
tion of angiotensin II receptor subtypes in 
myocardial infarction. J Clin Invest 1995;   95:  
 46 – 54. 

  4 Yvan-Charvet L, Even P, Bloch-Faure M, 
Guerre-Millo M, Moustaid-Moussa N, Ferre 
P, Quignard-Boulange A: Deletion of the an-
giotensin type 2 receptor (AT2R) reduces 
adipose cell size and protects from diet-in-
duced obesity and insulin resistance. Diabe-
tes 2005;   54:   991 – 999. 

  5 Aoki S, Mukae S, Itoh S, Sato R, Nishio K, 
Ueda H, Iwata T, Katagiri T: Genetic back-
ground in patients with acute myocardial in-
farction. Jpn Heart J 2001;   42:   15 – 28. 

  6 Yvan-Charvet L, Bobard A, Bossard P, Mas-
siéra F, Rousset X, Ailhaud G, Teboul M, Ferré 
P, Dagher G, Quignard-Boulangé A: In vivo 
evidence for a role of adipose tissue SR-BI in 
the nutritional and hormonal regulation of 
adiposity and cholesterol homeostasis. Arte-
rioscler Thromb Vasc Biol 2007;   27:   1340 – 1345. 

  7 Jones A, Dhamrait SS, Payne JR, Hawe E, Li 
P, Toor IS, Luong L, Wootton PT, Miller GJ, 
Humphries SE, Montgomery HE: Genetic 
variants of angiotensin II receptors and car-
diovascular risk in hypertension. Hyperten-
sion 2003;   42:   500 – 506. 

  8 Kotani K, Sakane N, Saiga K, Tsuzaki K, 
Sano Y, Mu H, Kurozawa Y: The angiotensin 
II type 2 receptor gene polymorphism and 
body mass index in healthy Japanese women. 
Ann Clin Biochem 2007;   44:   83 – 85. 

  9 Kotani K, Fujiwara S, Tsuzaki K, Sano Y, 
Matsuoka Y, Hamada T, Sakane N: An asso-
ciation between angiotensin II type 2 recep-
tor gene A/C3123 polymorphism and glyce-
mic control marker in a general Japanese 
population. Mol Biol Rep 2009;   36:   917 – 920. 



 AT2R A/C3123 Polymorphism and 
HDL-C by Hypertension 

Med Princ Pract 2013;22:65–69 69

 10 American Diabetes Association: Diagnosis 
and classification of diabetes mellitus. Dia-
betes Care 2008;   31:S55–S60. 

 11 Chobanian AV, Bakris GL, Black HR, Cush-
man WC, Green LA, Izzo JL Jr, Jones DW, 
Materson BJ, Oparil S, Wright JT Jr, Roccella 
EJ, Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of 
High Blood Pressure, National Heart, Lung, 
and Blood Institute, National High Blood 
Pressure Education Program Coordinating 
Committee: Seventh report of the Joint Na-

tional Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure. Hypertension 2003;   42:   1206 – 1252. 

 12 Friedewald WT, Levy RI, Fredrickson DS: 
Estimation of the concentration of low-den-
sity lipoprotein cholesterol in plasma, with-
out use of the preparative ultracentrifuge. 
Clin Chem 1972;   18:   499 – 502. 

 13 Matthews DR, Hosker JP, Rudenski AS, Nay-
lor BA, Treacher DF, Turner RC: Homeosta-
sis model assessment: insulin resistance and 
beta-cell function from fasting plasma glu-

cose and insulin concentrations in man. Dia-
betologia 1985;   28:   412 – 419. 

 14 Weissglas-Volkov D, Pajukanta P: Genetic 
causes of high and low serum HDL-choles-
terol. J Lipid Res 2010;   51:   2032 – 2057. 

 15 Cardoso RL, Nogueira AR, Salis LH, Urmé-
nyi TP, Silva R, Moura-Neto RS, Pereira BB, 
Rondinelli E, Souza e Silva NA: The associa-
tion of ACE gene D/I polymorphism with 
cardiovascular risk factors in a population 
from Rio de Janeiro. Braz J Med Biol Res 
2008;   41:   512 – 518. 

  




