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Abstract

Background: α-adrenergic receptor 2A (ADRA2A) and angiotensin-converting enzyme (ACE) genes have been variably associated with 
obesity and its related phenotypes in different populations worldwide.
Objectives: This cross-sectional study aims to investigate the association of adrenergic receptor α2A (ADRA2A) rs553668 and angiotensin-
converting enzyme (ACE) I/D single nucleotide polymorphisms (SNPs) with obesity traits (body mass index-BMI; waist-hip ratio-WHR; total 
body fat percentage - TBF) in a Malaysian population.
Materials and Methods: Demographic and clinical variables were initially collected from 230 subjects via convenience sampling among 
residents and workers in Setapak, Malaysia, but in the end only 214 multi-ethnic Malaysians (99 males; 45 Malays, 116 ethnic Chinese, and 53 
ethnic Indians) were available for statistical analysis. Genotyping was performed by polymerase chain reaction using DNA extracted from 
mouthwash samples.
Results: The overall minor allele frequencies (MAFs) for ADRA2A rs553668 and ACE I/D were 0.55 and 0.56, respectively. Allele distribution 
of ACE I/D was significantly associated with ethnicity and WHR class. Logistic regression analysis showed that subjects with the ACE 
II genotype and I allele were, respectively, 2.15 and 1.55 times more likely to be centrally obese, but when adjusted for age and ethnicity, 
this association was abolished. Covariate analysis controlling for age, gender, and ethnicity also showed similar results, where subjects 
carrying the II genotype or I allele did not have significantly higher WHR. Combinatory genotype and allele analysis for ADRA2A rs553668 
and ACE I/D showed that subjects with both ADRA2A rs553668 GG and ACE I/D II genotypes had significant lowest WHR compared to other 
genotype combinations.
Conclusions: The ACE II genotype might be a protective factor against central adiposity risk among the Malaysian population when in 
combination with the ADRA2A rs553668 GG genotype.
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1. Background
Obesity, a multi-factorial disorder, is rising at an alarm-

ing rate worldwide, including Malaysia, where the 4th 
national health and morbidity survey (NHMS IV) in 2011 
reported its prevalence at 15.1% (1). There are more than 
120 candidate genes for obesity-related phenotypes (2), 
and α-adrenergic receptor 2A (ADRA2A) and angiotensin-
converting enzyme (ACE) genes are two of them.

ADRA2A, a cell-surface G-protein-coupled receptor (GPCR) 
for catecholamines, controls various physiological func-
tions such as modulation of neuron transmission, smooth 
muscle contraction, thermoregulation energy homeostasis, 
and metabolism of glucose and lipids (3). The ADRA2A gene 
has a common single nucleotide polymorphism (SNP) at the 
3’ untranslated region (UTR) (HGVS NM_000681.3:c.*427A > 
G; dbSNP rs553668), and this SNP has been associated with 
obesity traits, elevated glucose levels, type 2 diabetes, and 
increased cardiovascular disease risks (4, 5).

Angiotensin-converting enzyme (ACE) is a zinc metal-

lopeptidase involved in the conversion of angiotensin I 
into angiotensin II, which in turn increases lipolysis and 
inhibits adipocyte differentiation (6). A polymorphism 
identified in ACE gene intron 16, in which a 287-bp Alu se-
quence was found to be present (insertion, or I) or absent 
(deletion, or D) (dbSNP rs4646994) in the population, has 
been inconsistently associated with obesity (7-9).

The two SNPs mentioned above have been previously 
associated with obesity in different populations, but 
with inconclusive findings. To date, data about the asso-
ciation of the abovementioned SNPs with the prevalence 
of obesity in the Malaysian population have not been re-
ported. The genetic and environmental backgrounds of 
the Malaysian population are distinct from the popula-
tions studied previously. Hence, the data from previous 
association studies cannot be extrapolated for the Malay-
sian population. Therefore, studying the association of 
ADRA2A rs553668 and ACE I/D SNPs with obesity is impor-
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tant because it could serve as a potential genetic marker 
for obesity that could aid in the early detection of obesity 
among the Malaysian population.

2. Objectives
This study aimed to determine the prevalence of the 

ADRA2A rs553668 and ACE I/D SNPs and their possible as-
sociation with obesity traits (body mass index-BMI; waist-
hip ratio-WHR; total body fat percentage-TBF) in a sample 
of a multi-ethnic Malaysian population.

3. Materials and Methods

3.1. Subjects
A convenience sampling method was adopted for this 

cross-sectional study. Questionnaires and sample collec-
tions were conducted from 1 October-31 December 2008, 
and from 1 October-31 December 2009, among unrelated 
subjects comprised of staff and students from Tunku Ab-
dul Rahman university (Kuala Lumpur campus), a private 
institute of higher learning, as well as residents of Se-
tapak, Kuala Lumpur, Malaysia. These data extract centres 
were non-referral. Based on the population size of Setapak 
(274,639, according to the 2010 Malaysia population and 
housing census (10)), in order to detect a margin of error 
of 5%, with a confidence level of 90% and a response dis-
tribution of at least 30%, a minimum sample size of 228 
subjects had to be recruited (Raosoft® sample size calcula-
tor software, Raosoft Inc., US). The exclusion criteria were 
pregnancy, patients undergoing dialysis, bodybuilders or 
highly trained athletes, people with fever or swelling, and 
patients with osteoporosis who have very low bone densi-
ty. Due to these exclusion criteria, 16 people were excluded 
from the study, so the available sample size for statistical 

analysis was 214 subjects (99 males, 115 females; 45 Ma-
lays, 116 ethnic Chinese, and 53 ethnic Indians; mean age 
of 26.27 ± 11.93 years). The ethnicities of the subjects were 
self-identified. This study received ethical approval from 
the UTAR scientific and ethical review committee (UTAR/
SERC/08-09-SAYYH/01). Patients’ privacy was respected, and 
all subjects signed informed consent forms. The study was 
conducted in accordance with the declaration of Helsinki 
(amended in Seoul, 2008).

3.2. Clinical and Anthropometric Measurements
The systolic and diastolic blood pressures (SBP; DBP) 

and pulse rates of the subjects were measured using the 
HEM-712C Omron blood pressure monitor, and duplicate 
readings were obtained after the subjects were in rest-
ing condition for at least 10 minutes. Height, waist, and 
hip circumferences were determined using a measuring 
tape. Waist-hip ratio (WHR) was calculated by dividing 
the waist circumference (WC) by the hip circumference. 
The HBF-362 Omron Karada scan bio-impedance scale was 
used to analyze body compositions: weight, body mass 
index (BMI), total body fat (TBF). All equipment was cali-
brated according to the manufacturer’s protocol at the 
start of the day before measurements were performed 
by the same observer throughout the study. The cut-off 
points for obesity, overall adiposity (TBF), and central 
adiposity (WHR) were ≥ 25 kg/m2 (11), 20% (males) or 30% 
(females) (12), and 0.85 (13), respectively.

3.3. DNA Extraction and Genotyping
The DNA extraction protocol from mouthwash samples 

was conducted based on the methods outlined previously 
(14). The ADRA2A rs553668 and ACE I/D SNPs were analyzed 
by Polymerase Chain Reaction (PCR) using the primers, 

Figure 1. ADRA2A rs553668 and ACE I/D SNPs Genotype Analysis on 2.5% Agarose Gel

A, ADRA2A rs553668 SNP; M-50 bp DNA ladder (PhileKorea, Korea), GG-cleaved homozygous mutant GG (150 and 100 bp fragments), AA-uncleaved homo-
zygous wild-type AA (250 bp), AG-heterozygous (250, 150 and 100 bp fragments); B, ACE I/D SNP; M-50 bp DNA Ladder (PhileKorea, Korea), DD-homozygous 
DD (190 bp fragment), ID-heterozygous ID (490 and 190 bp fragments), II-homozygous II (490 bp fragment). The smears at around 50 bp indicate primer-
dimers.
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reagents, and conditions adopted from Lima et al. (4) for 
ADRA2A and Rigat et al. (15) for ACE. The sequences of for-
ward primers and reverse primers used were 5’CAGAGCAG-
CACTGGACTAC-3’ and 5’ TGGAAGGATCTCCCAAG-3’, respec-
tively, for ADRA2A; and 5’CTGGAGACCACTCCCATCCTTTCT-3’ 
and 5’GATGTGGCCATCACATTCGTCAGAT-3’, respectively, 
for ACE. PCR was performed in a 20 µL total reaction mix-
ture containing 1 × Taq buffer without MgCl2 (PhileKorea, 
Korea), 1.0 mM MgCl2, 10 μM dNTPs (PhileKorea, Korea), 10 
pmol of forward primer, 10 pmol of reverse primer, 100 ng 
of DNA template, 0.5 U of Taq polymerase (PhileKorea, Ko-
rea), and an appropriate volume of sterile deionized water 
to top up. The PCR amplification protocol was carried out 
using the Eppendorf Mastercycler Gradient PCR machine, 
which began with initial denaturation at 94°C for 3 min-
utes, followed by 35 cycles of denaturation at 94°C for 30 
seconds, annealing at 63°C for 30 seconds (for ADRA2A), or 
58°C for 1 minute (for ACE), extension at 72°C for 45 seconds, 
and final elongation at 72°C for 10 minutes. The genotyping 
for ADRA2A rs553668 SNP was performed by digesting PCR 
products using Dra1 restriction enzyme (Thermo Scientific, 
MA, USA) at 37°C for at least 5 hours. ACE PCR products were 
electrophoresed, then stained with ethidium bromide and 
visualized under UV light after electrophoresis. Figure 1 
shows the sizes of the cleaved or uncleaved PCR products of 
ADRA2A and ACE after agarose gel electrophoresis.

3.4. Statistical Analysis
Statistical power calculation was performed using 

Quanto version 1.2.4 (http://biostats.usc.edu/Quanto.
html) with the following parameters: outcome: disease; 
design: unmatched case control (1: 1.97); hypothesis: gene 
only; significance: 0.05, 2-sided; mode of inheritance: log-
additive; allele frequency: ADRA2A/ACE - 0.55; population 
risk [based on the prevalence of obesity in 2011 NMHS IV 
(1)]: 0.151; Genetic effect: 2. With the case-control pairs’ 
sample size of 214, a statistical power of more than 90% 
was achieved for all the gene association studies.

IBM SPSS Statistics software was used to analyze the 
data from the study. Allelic frequencies were estimated 
by gene counting, and the distribution of genotypes was 
tested for the Hardy-Weinberg equilibrium using the 

Chi-square (χ2) test. Data for continuous variables were 
presented as means ± standard deviations (SD) or ad-
justed means ± standard error of the mean (SEM), and as 
frequency for categorical variables. The normality of the 
distributions of continuous variables was tested using 
the Kolmogorov-Smirnov test, and variables that were 
not distributed normally were log-transformed prior to 
statistical analysis. Genotype and allele frequencies of 
the polymorphism were assessed for associations with 
demographic and anthropometric classes using Pear-
son’s χ2 test. Logistic regression analysis (enter method) 
was performed with adjustments for age, gender, and 
ethnicity to evaluate if the polymorphism could predict 
the risk of increased central adiposity. Analysis of cova-
riance using the univariate general linear model with 
adjustment for covariates (age, gender, and ethnicity) 
was performed for anthropometric and clinical mea-
surements. A P value of less than 0.05 was considered 
statistically significant.

4. Results
 Table 1 shows the baseline characteristics of the sub-

jects. More than half of the subjects were females, though 
there were more obese males than obese females. Except 
for the pulse rate, all the clinical and anthropometric 
measurements were significantly higher in obese sub-
jects, regardless of gender.

Table 2 shows the genotype and allele distribution of sub-
jects who did not deviate from the Hardy-Weinberg equi-
librium, and are categorized under different demograph-
ic and anthropometric classes. The overall minor allele 
frequencies (MAFs) for ADRA2A rs553668 and ACE I/D SNPs 
were quite similar at 0.55 and 0.56, respectively, while, ac-
cording to Malay/Chinese/Indian ethnicities, their MAFs 
were 0.49/0.55/0.59 and 0.69/0.55/0.48, respectively. There-
fore, the allele distribution of ACE I/D was significantly 
associated with ethnicity, with the MAF of Malays being 
significantly higher. Meanwhile, the MAFs for non-obese/
obese for ADRA2A rs553668 and ACE I/D SNPs were 0.56/0.53 
and 0.53/0.63, respectively. The allele distribution of the 
ACE I/D SNP was significantly associated with WHR class, 
but not gender, BMI class, or TBF class.

Table 1. Baseline Characteristics of the Subjectsa

Variables Males (n = 99) P Valueb Females (n = 115) P Valueb

Non-Obese Obese Non-Obese Obese
Numbers 60 (60.6) 39 (39.4) 82 (71.3) 33 (28.7)
SBP, mmHg 122.39 ± 13.78 132.09 ± 14.58 < 0.001c 111.28 ± 13.20 124.62 ± 15.70 < 0.001c

DBP, mmHg 74.66 ± 7.84 81.46 ± 9.27 < 0.001c 68.65 ± 8.42 76.32 ± 9.12 < 0.001c

Pulse rate, bpm 81.46 ± 11.17 82.64 ± 14.82 0.95 83.66 ± 15.09 82.30 ± 11.83 0.826
BMI, kg/m2 21.30 ± 2.23 30.23 ± 4.39 < 0.001c 20.42 ±2.35 30.15 ± 3.87 < 0.001c

WHR 0.84 ± 0.05 0.92 ± 0.07 < 0.001c 0.79 ± 0.06 0.87 ± 0.06 < 0.001c

TBF, % 14.98 ± 5.37 34.34 ± 10.08 < 0.001c 20.29 ± 5.62 40.74 ± 9.46 < 0.001c

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; PR, pulse rate; SBP, systolic blood pressure;  TBF, total body fat; WHR, waist-to-hip 
ratio.
aValues are presented as mean ± SD or No. (%).
bP values from Mann-Whitney U test.
cSignificant at < 0.05.
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Table 2. Association of ADRA2A rs553668 and ACEI/D Genotype and Allele Distribution With Demographic and Anthropometric Classesa,b

Variables SNP Genotype Allele
1/1 1/2 2/2 χ2, P Value 1 2 χ2, P Value

Gender 2.85, 0.24; 1.62, 
0.45

2.28, 0.13; 
0.94, 0.33

Male
ADRA2A rs553668 12 (12.1) 58 (58.6) 29 (29.3) 82 (41.4) 116 (58.6)

ACE I/D 22 (22.2) 38 (38.4) 39 (39.4) 82 (41.4) 116 (58.6)
Female

ADRA2A rs553668 22 (19.1) 68 (59.1) 25 (21.7) 112 (48.7) 118 (51.3)
ACE I/D 27 (23.5) 52 (45.2) 36 (31.3) 106 (46.1) 124 (53.9)

Ethnicity 2.39, 0.67; 8.23, 
0.08

1.86, 0.39; 
8.90, 0.01c

Malay
ADRA2A rs553668 9 (20.0) 28 (62.2) 8 (17.8) 46 (51.1) 44 (48.9)

ACE I/D 5 (11.1) 18 (40.0) 22 (48.9) 28 (31.1) 62 (68.9)
Chinese

ADRA2A rs553668 18 (15.5) 68 (58.6) 30 (25.9) 104 (44.8) 128 (55.2)
ACE I/D 27 (23.3) 51 (44.0) 38 (32.8) 105 (45.3) 127 (54.7)

Indian
ADRA2A rs553668 7 (13.2) 30 (56.6) 16 (30.2) 44 (41.5) 62 (58.5)

ACE I/D 17 (32.1) 21 (39.6) 15 (28.3) 55 (51.9) 51 (48.1)
BMI class

Non-obese 2.83, 0.24; 3.75, 
0.15

0.32, 0.58; 
3.64, 0.06

ADRA2A rs553668 24 (16.9) 78 (54.9) 40 (28.2) 126 (44.4) 158 (55.6)
ACE I/D 38 (26.8) 58 (40.8) 46 (32.4) 134 (47.2) 150 (52.8)

Obese
ADRA2A rs553668 10 (13.9) 48 (66.7) 14 (19.4) 68 (47.2) 76 (52.8)

ACE I/D 11 (15.3) 32 (44.4) 29 (40.3) 54 (37.5) 90 (62.5)
TBF class

Normal 1.66, 0.44; 2.46, 
0.29

0.93, 0.33; 
1.70, 0.19

ADRA2A rs553668 24 (15.4) 89 (57.1) 43 (24.6) 137 (43.9) 175 (56.1)
ACE I/D 40 (25.6) 63 (40.4) 53 (34.0) 143 (45.8) 169 (54.2)

High
ADRA2A rs553668 10 (17.2) 37 (63.8) 11 (19.0) 57 (49.1) 59 (50.9)

ACE I/D 9 (15.5) 27 (46.6) 22 (37.9) 45 (38.8) 71 (61.2)

WHR class 3.14, 0.21; 4.31, 
0.12

2.42, 0.12; 
4.93, 0.03c

Normal
ADRA2A rs553668 16 (13.6) 67 (56.8) 35 (29.7) 99 (41.9) 137 (58.1)

ACE I/D 32 (27.1) 51 (43.2) 35 (29.7) 115 (48.7) 121 (51.3)
High

ADRA2A rs553668 18 (18.8) 59 (61.5) 19 (19.8) 95 (49.5) 97 (50.5)
ACE I/D 17 (17.7) 39 (40.6) 40 (41.7) 73 (38.0) 119 (62.0)

Abbreviations: BMI, body mass index; WHR, TBF, total body fat; waist-to-hip ratio; 1/1, homozygous wild-type AA (ADRA2A rs553668) or II (ACE), 1/2, 
heterozygous genotypes, 2/2, variant GG (ADRA2A rs553668) or DD (ACE).
aValues are expressed as No. (%), which the percentages indicate the percentage within the same demographic/anthropometric class.
bP values from Pearson’s chi-square test.
cSignificant at < 0.05.

Since the ACE I/D allele was associated with WHR, a lo-
gistic regression analysis to estimate the risk of being 
centrally obese (high WHR) by having different ACE I/D 
genotypes and alleles was performed as shown in Table 
3. Subjects with the II genotype or I allele were 2.15 times 

and 1.55 times, respectively, more likely to be centrally 
obese. However, when adjusted for age, gender, and eth-
nicity, this association of ACE I/D SNP with central obesity 
was abolished for both II genotype and I allele (Table 3). 
Indeed, covariate analysis of variance after controlling 
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for age, gender, and ethnicity also showed similar re-
sults, where subjects carrying the II genotype or I allele 
did not have significantly higher WHR (Table 4). Also, all 
other clinical and anthropometric measurements were 
not significantly different among the ACE I/D genotypes 
and alleles after controlling for age, gender, and ethnicity 
(Table 4).

When the subjects were grouped based on wild-type/
mutant combinations of ADRA2A rs553668 and ACE I/D 

genotypes and alleles and anthropometric measure-
ments, WHR was significantly different among the 
genotype combinations (Table 5). Subjects with the GG/
II genotype combination had significantly lower WHR 
compared with other genotype combinations, while, al-
though statistically insignificant, they also had the low-
est BMI and TBF. Meanwhile, WHR, BMI, and TBF were not 
significantly different among the different allele combi-
nations (Table 5).

Table 3. Logistic Regression Analysis for the Association of ACEI/D SNP With Central Adipositya

Genotypes/Alleles Unadjusted Adjustedb

Central Adiposity (Based on WHR) Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value
DD 1.00 NA 1.00 NA
ID 1.44 (0.70, 2.96) 0.32 1.57 (0.70, 3.52) 0.28
II 2.15 (1.02, 4.52) 0.04c 2.02 (0.87, 4.70) 0.10
D 1.00 NA 1.00 NA
I 1.55 (1.05, 2.28) 0.03c 1.46 (0.95, 2.26) 0.09

Abbreviation: NA, not available.
aValues are from logistic regression enter method.
bAdjusted for co-variates: gender, age, and ethnicity.
cP value significant at < 0.05.

Table 4. Adjusted Means of Clinical and Anthropometric Measurements for Different Genotypes and Alleles of ACEI/D SNPa,b

Variables Genotype Allele P Value 
(Genotype)

P Value 
(Allele)DD ID II D I

SBP, mmHg 118.34 ± 2.10 120.49 ± 1.53 121.20 ± 1.69 119.38 ± 1.06 120.92 ± 0.93 0.53 0.24

DBP, mmHg 73.53± 1.29 73.77 ± 0.94 74.11 ± 1.04 73.65 ± 0.65 73.98 ± 0.57 0.91 0.66

Pulse rate, bpm 81.51 ± 1.95 84.24 ± 1.42 81.47 ± 1.57 82.82 ± 0.99 82.51 ± 0.87 0.44 0.92
BMI, kg/m2 23.71 ± 0.74 24.27 ± 0.54 23.73 ± 0.60 23.98 ± 0.38 23.93 ± 0.33 0.81 0.90
WHR 0.84 ± 0.01 0.84 ± 0.01 0.84 ± 0.01 0.84 ± 0.01 0.84 ± 0.00 0.90 0.66
TBF, % 24.10 ± 1.61 25.46 ± 1.17 23.67 ± 1.30 24.74 ± 0.81 24.34 ± 0.72 0.66 0.98
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; PR, pulse rate; SBP, systolic blood pressure; WHR, waist-to-hip ratio; TBF, Total body 
fat.
aAll values (except WHR) were log-transformed before analysis using univariate analysis of variance (general linear model), adjusted for co-variates: 
age, gender, and ethnicity.
bValues are presented as adjusted mean ± SEM (estimated marginal means ± standard error of the mean).

Table 5. Adjusted Means of Anthropometric Measurements for the Genotype and Allele Combinations of ADRA2A rs553668 and 
ACEI/D SNPsa,b

Variables Number WHR BMI, kg/m2 TBF, %
Genotype combinations

AA/DD 8 0.86 ± 0.02 26.98 ± 1.65 32.10 ± 3.60
AA/II 11 0.85 ± 0.02 22.71 ± 1.42 21.88 ± 3.11
GG/DD 16 0.85 ± 0.01 22.87 ± 1.19 22.79 ± 2.60
GG/II 12 0.79 ± 0.02 21.66 ± 1.37 19.67 ± 3.00
P value 0.01c 0.19 0.36

Allele combinations
A/D 105 0.84 ± 0.01 24.66 ± 0.50 26.12 ± 1.08
A/I 89 0.86 ± 0.01 24.30 ± 0.54 24.71 ± 1.17
G/D 83 0.84 ± 0.01 23.09 ± 0.56 23.00 ± 1.22
G/I 151 0.84 ± 0.01 23.73 ± 0.42 24.15 ± 0.90
P value 0.105 0.26 0.51

Abbreviations: BMI, body mass index; TBF, total body fat; WHR, waist-to-hip ratio.
aBMI and TBF were log-transformed before analysis using univariate analysis of variance (general linear model), adjusted for co-variates: age, gender, 
and ethnicity.
bValues are presented as adjusted mean ± SEM (estimated marginal means ± standard error of the mean).
cP value significant at < 0.05.
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5. Discussion
For ADRA2A rs553668, we found that the majority of the 

Malaysian subjects had the AG genotypes, followed by AA 
and GG genotypes, while the overall MAF was 0.55, similar 
to the Chinese Han population (16). In contrast, the MAF 
for this SNP was lower in Caucasian and African-American 
populations, ranging from 0.15 - 0.21 in the former (4, 17, 
18) and 0.25 in the latter (4). Therefore, the similar MAF 
found between the Chinese ethnic group in Malaysia and 
those in China reflect the genetic ancestral origins based 
on their migration history (19). Regarding Malays and In-
dians, a comparison could not be made because no pub-
lished literature is available for comparison. As for ACE 
I/D, a recent meta-analysis concluded that the average 
MAF was 0.43/0.45 for obese/non-obese subjects among 
Caucasians, 0.41/0.53 among Asians, and 0.35/0.42 among 
Africans (20). However, our study found the MAF to be 
0.53/0.63, even higher than the average MAFs among 
Asians (20). Nevertheless, our findings are consistent 
with the trend that the MAF for ACE I/D is higher among 
Asians in comparison with other ethnic populations.

Our study is consistent with previous studies that 
found that the ADRA2A rs553668 SNP was not associated 
with BMI or obesity in Chinese Han (16) and British Cau-
casians (17). However, among African Americans, there 
was a significant gene dose-response relationship for the 
GA genotype of this SNP with both BMI and TBF (4). The 
abovementioned previous studies found that this SNP 
was associated with fasting glucose and type 2 diabetes 
risks instead, which were not assessed in the current 
study. While for ACE I/D, numerous studies concerning 
the association between ACE I/D gene polymorphism and 
obesity risks have generated mixed results (7, 20-25). For 
example, Strazzullo et al. (7) reported that Italian men 
with the D/D genotype had 82% higher odds of being over-
weight compared to those with the I/D or I/I genotype, 
while associations between this SNP and obesity were 
not found in African populations (25). However, a recent 
meta-analysis concluded that the DD genotype/D allele 
was associated with the obesity risk factor in Africans, but 
not Caucasians or Asians, while II genotype might not be 
a protective factor against obesity risks in overall popu-
lations, such as Africans, Caucasians, and Asians (20). In 
this study, an association was not found between this SNP 
and BMI/obesity, but it was with WHR. However, after con-
trolling for gender, age, and ethnicity, WHR was no longer 
associated with this SNP.

Aside from obesity, there have been a number of meta-
analyses and studies investigating the association be-
tween the ACE I/D gene SNP and the risk of obesity-related 
diseases, where the D allele was positively associated with 
metabolic syndrome (26), type 2 diabetes (27), essential 
hypertension (28), and reduced high-density lipoprotein 
cholesterol levels (29). In this study, we found that this 
SNP was not associated with blood pressure, while the as-
sociation with other obesity-related parameters such as 

glucose level and lipid profile remains to be determined.
In a combinatory genotype-and-allele analysis involv-

ing ADRA2A rs553668 and ACE I/D SNPs, we found that 
subjects with both ADRA2A rs553668 GG and ACE I/D II 
genotypes had the significantly lowest WHR compared to 
other genotype combinations. Those having the two gen-
otypes alone did not report a lower WHR. Therefore, the II 
genotype, but not the I allele, might be a protective factor 
against central adiposity (as indicated by WHR) risks in 
the Malaysian population only when it is in combination 
with the GG genotype of ADRA2A rs553668. This is per-
haps the first study reporting on the existence of a gene 
interaction between ADRA2A rs553668 and ACE I/D SNPs in 
influencing central adiposity. Gene interactions between 
ACE I/D and PPAR-γ2 SNPs influencing BMI and fat mass 
have been reported previously (30). Because ADRA2A and 
ACE genes play a common role in blood pressure regula-
tion (31, 32), they might also play another common role in 
regulating adipogenesis in the abdominal area. 

To the best of our knowledge, this is the first study inves-
tigating the prevalence of the ADRA2A rs553668 and ACE 
I/D SNPs and their association with obesity traits within 
a sample of the multi-ethnic Malaysian population in Se-
tapak, Kuala Lumpur. However, we are aware of several 
limitations in our study; these include the small sample 
size, which limits statistical power and generalization to 
the overall Malaysian population. The case-control de-
sign in this study also does not allow for a causality con-
clusion to be made. Also, as only two SNPs of ADRA2A and 
ACE were evaluated in this study, it is unclear whether an-
other common ADRA2A SNP (rs1800544), or SNPs in other 
adrenergic receptor families (4) and ACE (26) that are in 
tight linkage disequilibrium with these two SNPs, might 
have associations with obesity instead. Therefore, a larg-
er and more ethnically diverse sample size are needed in 
the future. The direct effect of these SNPs on physiologi-
cal phenotypes, such as α-adrenergic receptor activity 
and ACE plasma level, could also be investigated in future 
studies.

In conclusion, the angiotensin-converting enzyme gene 
(ACE) II genotype might be a protective factor against cen-
tral adiposity risks within the Malaysian population only 
when it is in combination with α-adrenergic receptor 2A 
gene (ADRA2A) rs553668 GG genotype, suggesting the ex-
istence of a gene interaction between ADRA2A and ACE in 
influencing central adiposity.
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