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Background: There are relatively limited data available on the genetic susceptibility to diabetes mellitus and
metabolic syndrome in the Iranian population. We have therefore investigated the association between the
angiotensin II type I receptor gene polymorphism (AT1R/A1166C) and the presence of diabetes mellitus and
metabolic syndrome in a well defined group of patients.
Methods: Patients with angiographically defined coronary artery disease (CAD) (n=309) were evaluated for
the presence of AT1R/A1166C polymorphism. These patients were classified into subgroups with (n=164, M/
F: 109/55) andwithout (n=145,M/F: 84/61) diabetes mellitus. The AT1R polymorphismwas assessed using a
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) based method.
Results: There was a higher frequency of polymorphic genotypes (AC+CC) in the diabetic compared with the
non-diabetic group (p=0.01). When determined for each gender separately, this difference remained
significant in the males (p=0.04) but not in females (p=0.09). With regard to the allele frequencies, the C
allele was significantly higher and the A allele frequency was lower in the diabetic group (p=0.01). This
remained significant after gender segregation for males (p=0.01) but not females. In the binary logistic
regression analysis, only serum fasting glucose was found as the independent predictor for the presence of
diabetes in the CAD patients (β=1.16, pb0.001 for total population and β=1.29, pb0.001 for male subjects).
There was no significant difference in genotype or allele frequencies between subgroups with and without
metabolic syndrome, this being unaffected by gender or the definition of metabolic syndrome used apart from
a significantly lower frequency of C allele in male subjects with metabolic syndrome defined by the NCEP ATP
III criteria (p=0.04).
Conclusion: The AT1R/A1166C polymorphismmay be associated with the presence of diabetes mellitus inmale
subjects with documented CAD.

© 2010 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

Diabetes mellitus is one of the most prevalent endocrine disorders
which is now regarded as an important public health concern affec-

ting about 6% of the world's population [1,2]. The prevalence of
diabetes is increasing alarmingly and projections on its future burden
estimate that the total number of subjects with diabetes will reach
about 221 million in 2010 and 300 million in 2025, of whom more
than 97% will have type 2 diabetes [3,4].

Several lines of evidence suggest that type 2 diabetes mellitus is a
polygenic disease and genetic susceptibility has an important role in
the etiology of this disorder [5,6]. With further elucidation of the
human genome, identification of multiple genetic polymorphisms
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which contribute to the predisposition to type 2 diabetes mellitus is
anticipated.

The renin–angiotensin system (RAS) comprises a cascade of
processes leading to the production of angiotensin II from the
angiotensinogen. The activation of this system is considered to play
a pivotal role in the pathophysiology of hypertension, coronary artery
disease (CAD) and myocardial infarction (MI). This may be mediated
by variousmechanisms such as an impact on the level of angiotensin II
or reducing that of bradykinin [7,8]. There is also evidence that the
RAS contributes significantly to the pathogenesis of diabetic cardio-
vascular disease [9]. Furthermore, the impact of polymorphisms in the
RAS genes on the complications of diabetes, particularly diabetic
nephropathy, has been widely studied [10–12]. Along with the
aforementioned findings, many trials have reported improvement of
insulin sensitivity and glucose metabolism and decrease in the risk of
type 2 diabetes following the blockade of the RAS by angiotensin
converting enzyme inhibitors and some angiotensin II receptor
blockers [13–15]. A number of mechanisms that may account for
these observations have been proposed such as improvement of blood
flow and microcirculation in skeletal muscles. Therefore, based on the
recent consistent observations on the reduction in the incidence of
type 2 diabetes in hypertensive subjects treated with either of the
mentioned drugs, blockade of the RAS by these medications appears
to be a promising strategy to prevent the development of type 2
diabetes.

The AT1 receptor gene (AF245699) is located at 3q21–q25 and
extends over a 55 kb segment, consisting of five exons. A single
nucleotide polymorphism (SNP) in the 3-prime untranslated region
(3′ UTR) of this gene (A1166C, rs5186) has been characterized and
investigated in relation to essential hypertension, left ventricular
hypertrophy, MI, carotid intimal medial thickening and stroke in a
limited number of populations [16–19].

Unlike cardiovascular disease, the association between the AT1R/
A1166C polymorphism and the presence of diabetes and metabolic
syndrome – particularly in those with CAD – has not been extensively
studied and to our knowledge there is little information about the
genetic susceptibility to diabetes mellitus in Iranian population.
Therefore, in the present study we aimed to investigate the
relationship between A11166C polymorphism of AT1R gene and the
presence of diabetes mellitus in a group of Iranian subjects with
angiographically defined CAD. The rationale for this being the
improvement of insulin sensitivity and glucose metabolism and
decreased risk of type 2 diabetes following the blockade of the RAS
system by angiotensin converting enzyme inhibitors and some
angiotensin II receptor blockers [13–15]. Becausemetabolic syndrome
increases the risk of both diabetesmellitus and cardiovascular disease,
the association between the AT1R/A1166C SNP and the presence of
this syndrome [with either definitions of National Cholesterol
Education Program Adult Treatment Panel III (NCEP ATP III) or
International Diabetes Federation (IDF)] was also studied.

2. Methods

2.1. Study population

The study population consisted of a total of 309 subjects with
angiographically defined CAD who were recruited from Ghaem
Hospital (Mashhad, Iran). These patients were selected from those
individuals who underwent coronary angiography from mid 2008 to
mid 2009, mainly for stable angina, and were positive for at least
one objective test of myocardial ischemia including exercise stress
test, Dobutamin stress echocardiography, and Thallium SPECT.
Patients who were on oral contraceptives, or hormone replacement
therapy as well as pregnant women were excluded from the study.
None of the subjects had a prior history of coronary angioplasty or
coronary artery bypass graft (CABG). None of the subjects had overt

clinical features of infection, or chronic inflammatory disease, and
all subjects were negative for HBS antigen, anti-HCV antibody, and
anti-HIV antibody. Coronary angiograms were performed using
routine procedures. Analysis of the angiograms was performed
offline by a Specialist Cardiologist. The presence of one or more
stenoses N50% in diameter of at least one major coronary artery (left
main, right coronary artery, left anterior descending, and circum-
flex) was considered as evidence of significant CAD. Subjects who
had b50% reduction of coronary artery diameter were excluded
from the study. Based on the presence of diabetes mellitus, these
subjects were classified into subgroups of diabetic (defined as
fasting plasma glucose N7 mmol/L, n=164) and non-diabetic
(n=145). Metabolic syndrome was defined according to each of
the NCEP ATP III and IDF definitions [20,21] as described in Table 5.
The study protocol was approved by the Mashhad University of
Medical Sciences (MUMS) Ethics Committee and written informed
consent was obtained from each participant. Clinical characteristics
and blood chemistry data were obtained using questionnaires,
clinical and laboratory examinations (Table 1).

2.2. Anthropometric and other measurements

Anthropometric parameters including weight, height, BMI, waist
circumference, hip circumference and waist/hip ratio as well as
systolic and diastolic blood pressures were measured as previously
described [22].

2.3. Routine biochemical analysis

A full 12-h fasted lipid profile was determined for each subject.
Serum lipid and fasting blood glucose (FBS) concentrations were
measured by enzymatic methods.

2.4. Genetic analysis

Whole blood was collected from the study subjects and genomic
DNA was isolated from peripheral blood leukocytes using a commer-
cial kit (Biogen). The A1166C variant of AT1R gene was identified
using the polymerase chain reaction (PCR) followed by restriction
enzyme digestion of the amplified product as previously described
[23,24]. The primers used in the PCR reaction were 5′-GCAC-
CATGTTTTGAGTTG-3′ as the forward and 5′-CGACTACTGCTTAG-
CATA-3′ as the reverse primer under the conditions described
elsewhere [24,25]. The PCR products were digested with the DdeI
restriction enzyme (MBI Fermentas). Digested products were sepa-
rated by electrophoresis on a 1.5% (w/v) agarose gel and visualized
directly under UV light after staining with ethidium bromide.

2.5. Statistical analysis

Statistical analyses were performed using the SPSS forWindows™,
version 14.0 software package (SPSS Inc., Chicago, Illinois, USA). Data
were expressed as means±SD or median and inter-quartile range.
The statistical difference in genotype and allele frequencies between
the groups was assessed by the χ2 test. Compliance of genotypes with
the Hardy–Weinberg equilibrium in each group was assessed by χ2

test with one degree of freedom. Demographic characteristics were
compared using Student's t-test, Mann–Whitney U test or χ2 test. To
identify factors that are independently associated with the presence
of diabetes, binary logistic regression analysis (using forward
conditional method) was carried out. A two-sided p-valueb0.05 was
considered statistically significant.
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3. Results

3.1. Demographic characteristics

Diabetic subjects were significantly younger than non-diabetic
subjects (p=0.004). This could be attributed to the fact that
diabetics are more prone to cardiovascular disease and develop it
earlier than non-diabetics. There was no significant difference
between the 2 groups regarding gender and serum low-density
lipoprotein cholesterol (LDL-C) concentrations (pN0.05). However,
the frequency of hypertension (pb0.001) together with fasting
plasma glucose (pb0.001) and serum concentrations of total
cholesterol (p=0.01), triglycerides (pb0.001) and high-density
lipoprotein cholesterol (HDL-C) (p=0.02) was significantly higher
in the diabetic group compared to the non-diabetic group. With
respect to the anthropometric parameters, the diabetic group had a
higher BMI (p=0.005) but no significant difference in waist/hip
ratio was observed between the groups (pN0.05). Although the
difference in the frequency of obesity did not reach statistical
significance, the overall rate of overweight and obesity was
significantly higher in diabetic compared to the non-diabetic group
(p=0.01). The prevalence of metabolic syndrome using either the
NCEP ATP III (pb0.001) or IDF (pb0.001) criteria, was also
significantly higher in the diabetic group. Demographic character-
istics of study subjects are summarized in Table 1.

As for the drug consumption, there was no significant difference in
the frequency of subjects consuming anti-hypertensive agents,
statins, angiotensin-converting enzyme (ACE) inhibitors, angiotensin

receptor blockers or aspirin between diabetic and non-diabetic groups
(Table 2).

3.2. Association between AT1R/A1166C polymorphism and the presence
of diabetes

In vitro DNA amplification of the AT1R gene using the specific
primers resulted in a 540 bp DNA product. On digestion of the
amplified fragment (amplicon) with DdeI restriction endonuclease,
DNA fragments of 540 (AA), 430 (CC) or 540 and 430 (AC) bp length
were observed. Thus each of the samples revealed one of the three
different electrophoretic patterns.

Frequencies of the AA, AC and CC genotypes were 90, 42 and 13 in
the diabetic, and 124, 31 and 9 in the non-diabetic group, respectively.
The genotype distributions were not consistent with the Hardy–
Weinberg equilibrium either in the diabetic (χ2=5.4, p=0.02) or in
the non-diabetic (χ2=10.7, p=0.001) groups. Frequencies for geno-
types and alleles in the study population are presented in Table 3. There
was a significant difference in genotype distribution between the 2
groups, with a higher frequency of polymorphic genotypes (AC and CC)
and lower frequency of AA genotype in the diabetic group (p=0.01).
After separate analysis for each gender, the results indicated a
significant difference in the males (p=0.044) but not in females
(p=0.09). In regard to the alleles, significantly higher frequencies of
the mutated C allele (which was paralleled by a lower frequency of the
A allele) were observed in the diabetic group (p=0.007). However,
after gender segregation, this significant difference was maintained
only in males (p=0.007) and not in females (pN0.05).

Table 1
Demographic characteristics of study subjects.

Variable CAD CAD+diabetes p-value

N 164 145
Age (years) 58.8±11.4 55.4±9.7 0.004
b50 47 (28.7) 49 (33.8) 0.53
50–54 25 (15.2) 25 (17.2)
55–59 21 (12.8) 20 (13.8)
≥60 71 (43.3) 51 (35.2)
Sex

Women 55 (33.5) 61 (42.1) 0.08
Men 109 (66.5) 84 (57.9)

Body mass index (kg/m2) 26.10 (22.65–29.79) 27.38 (24.67–30.07) 0.005
Normal 70 (43.7) 38 (26.3) 0.005
Overweight 53 (32.9) 67 (46.4)
Obese 37 (23.1) 40 (27.3)
Waist:hip ratio 0.96 (0.90–1.00) 0.95 (0.92–1.00) 0.91
Hypertension 57 (34.8) 83 (57.2) b0.001
Metabolic syndrome

Adult Treatment Panel III 55 (33.4) 76 (53.2) 0.001
International Diabetes Federation 51 (30.7) 78 (53.8) b0.001

Fasting plasma glucose (mmol/L) 5.11 (4.62–5.77) 8.00 (6.05–10.30) b0.001
Normal (3.8–5.5) 104 (64.3) 30 (20.8) b0.001
Impaired glucose tolerance (5.6–6.9) 66 (35.7) 22 (15.1)
Diagnosis of diabetes (N7) 0 (0) 93 (64.1)
Systolic blood pressure (mm Hg) 130.00 (120.00–158.00) 132.50 (120.00–170.00) 0.09
b125 68 (41.9) 48 (26.3) 0.05
≥125 to b142 46 (27.7) 67 (46.4)
≥142 50 (30.5) 40 (27.3)
LDL-C (mmol/L) 2.56±0.92 2.70±1.01 0.18
b3.02 120 (73.2) 98 (67.6) 0.26
≥3.02 to b3.89 29 (17.7) 25 (17.2)
≥3.89 15 (9.1) 22 (15.2)
HDL-C (mmol/L) 1.16 (0.91–1.34) 1.22 (0.98–1.45) 0.02
b0.95 53 (32.3) 30 (20.7) 0.05
≥0.95 to b1.15 32 (19.5) 39 (26.9)
≥1.15 79 (48.2) 76 (52.4)
Total cholesterol (mmol/L) 4.41±1.10 4.79±1.49 0.01
Triglyceride (mmol/L) 1.23 (0.97–1.86) 1.74 (1.11–2.42) b0.001

Values are expressed as mean±SD, median and inter-quartile range or number (%). Comparisons between CAD patients with and without diabetes were performed using Student's
t-test, Mann–Whitney U test or χ2 test.
CAD: coronary artery disease; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol.
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To identify factors that are independently associated with the
presence of diabetes, binary logistic regression analysis (using
forward conditional method) was carried out. The model included
the presence of diabetes as dependent variable whilst the presence of
polymorphic (AC/CC) genotypes, metabolic syndrome (IDF defini-
tion), and hypertension, age, gender, BMI, systolic and diastolic blood
pressures, HDL-C, LDL-C, total cholesterol, triglycerides and FBS were
inserted as covariates. Besides, the interactions between each of the
aforementioned parameters and the presence of polymorphic (AC/CC)
genotypes, were inserted as covariate. According to the results of
binary logistic regression analysis, only serum FBS was the indepen-
dent predictor of diabetes in the CAD patients [β=1.16, pb0.001,
odds ratio (95% CI): 3.18 (2.33–4.33)]. The same analysis was also
performed among male subjects excluding gender and its interaction
with the presence of polymorphic (AC/CC) genotypes. Again, serum
FBS was found as the only independent predictor of diabetes in the

CAD patients [β=1.29, pb0.001, odds ratio (95% CI): 3.62 (2.37–
5.54)].

3.3. Association between AT1R/A1166C polymorphism and the presence
of metabolic syndrome

Overall, there was a higher prevalence of metabolic syndrome,
either defined according to the NCEP ATP III or IDF guidelines, in
females compared to males (pb0.001, Table 4). In regard to the AT1R
variants, there was no significant difference in genotype or allele
frequencies between subgroupswith andwithoutmetabolic syndrome.
This lack of significance remained regardless of gender segregation or
metabolic syndrome definition (pN0.05, Table 5). The only exception
was a significantly lower frequency of the C allele in male subjects with
metabolic syndrome based on the NCEP ATP III definition (p=0.04).

Table 3
Genotype and allele frequencies of the AT1R/A1166C polymorphism in CAD patients with and without diabetes mellitus.

CAD (164) CAD+diabetes (145) p-value⁎

AA AC CC AA AC CC

Genotype 124 (75.6) 31 (18.9) 9 (5.5) 90 (62.1) 42 (29) 13 (9) 0.01
Women 43 (78.2) 7 (12.7) 5 (9.1) 39 (63.9) 19 (31.1) 3 (4.9) 0.09
Men 81 (74.3) 24 (22) 4 (3.7) 51 (60.7) 23 (27.4) 10 (11.9) 0.04

CAD CAD+diabetes p-value

Alleles A 279 (85.1) 222 (76.6) 0.007
C 49 (14.9) 68 (23.4)

Women A 93 (84.5) 97 (79.5) 0.32
C 17 (15.5) 25 (20.5)

Men A 186 (85.3) 125 (74.4) 0.007
C 32 (14.7) 43 (25.6)

Values are expressed as number (%). Comparisons are performed using χ2 test. p-values refer to the comparisons between polymorphic (AC+CC) and non-polymorphic (AA)
genotypes; and between alleles. CAD: coronary artery disease.

Table 2
Medications used by the study population.

CAD CAD+diabetes p-value

Anti-hypertensives 61(49.2) 39(42.4) 0.32
Statins 52(41.9) 27(29) 0.05
ACE inhibitors 36(29.3) 28(30.1) 0.8
ARBs 3(2.4) 0(0) 0.13
Aspirin 74(59.7) 50(53.8) 0.38

CAD CAD+diabetes

AA AC CC p-value AA AC CC p-value

Anti-hypertensives 45(49.5) 10(40) 6(74) 0.225 23(37.7) 10(46.6) 6(60) 0.35
Statins 38(41.8) 9(36) 5(2.5) 0.416 16(25.8) 7(33.3) 4(40) 0.58
ACE inhibitors 29(31.9) 5(20) 2(28.6) 0.51 18(29) 8(38.1) 2(20) 0.56
ARBs 1(1.1) 2(8) 0(0) 0.12 0 0 0 –

Aspirin 56(61.5) 13(52) 8(6.4) 0.68 31(50) 13(61.9) 6(60) 0.58

Presence of metabolic syndrome (IDF definition)

With Without p-value

Anti-hypertensives 51(44.3) 62(42.2) 0.72
Statins 39(33.6) 49(33.3) 0.96
ACE inhibitors 35(30.4) 38(25.9) 0.41
ARBs 5(4.3) 0 0.011
Aspirin 62(53.4) 85(57.8) 0.47

Presence of metabolic syndrome (IDF definition)

With Without p-value

Anti-hypertensives 52(49.1) 61(39.1) 0.11
Statins 35(32.7) 53(34) 0.46
ACE inhibitors 34(32.1) 39(25) 0.21
ARBs 5(4.7) 0 0.006

(continued on next page)
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4. Discussion

Development of type 2 diabetes mellitus is thought to be the result
of complex interactions between genetic and environmental factors.
The involvement of a genetic component in the pathophysiology of
this disorder is supported by strong evidences such as higher risk of
diabetes in close relatives of an affected patient [26], and ethnic
differences in the prevalence of the disease [27]. The RAS system is
considered to play a pivotal role in the development of macro- and
microvascular disease in diabetic subjects [9] and could also be
involved in the pathogenesis of diabetes mellitus. This latter
hypothesis is supported by the findings that indicate improvement
of insulin sensitivity and glucose metabolism and decrease in the risk
of type 2 diabetes following the blockade of the RAS system by
angiotensin converting enzyme inhibitors and some angiotensin II

receptor blockers [13–15]. Whilst the impact of genetic variations in
the RAS system on the development of diabetes and its complications
is not fully understood, a number of genes have been investigated in
this regard [28,29].

In the present study, significantly higher frequencies of the
polymorphic genotypes (AC and CC) and C allele were observed at
the 1166 position of AT1 receptor gene in the diabetic compared to the
non-diabetic group. However, separate analysis of genotypes and
alleles in each gender revealed that this difference is remained
significant for males but not females. The lack of significant difference
in allele frequencies between diabetic and non-diabetic females could
be attributed to the smaller sample of females compared tomales, or a
gender difference in the genotypes of the AT1R gene. A number of
previous reports have indicated that the activity of RAS is influenced
by gender which may be responsible for differences in blood pressure

Table 5
Prevalence of the metabolic syndrome and its components among study subjects.

Metabolic syndrome components Total Male Female p-value

NCEP ATP III criteria (three or more of the following)
Central obesity:
Waist circumference ≥102 cm for men and ≥88 cm for women

87(28.2) 17(19.5) 70(59.3) b0.001

Triglycerides:
≥1.7 mmol/L

124(40.3) 68(35.6) 56(47.9) 0.03

HDL-C:
b1.03 mmol/L in males and b1.29 mmol/L in female

133(43.2) 69(36.1) 64(54.7) 0.002

Fasting plasma glucose:
≥6.1 mmol/L

173(56.5) 97(51.3) 76(65) 0.02

Blood pressure:
Systolic BP ≥130 or diastolic BP ≥85 mm Hg

180(49.7) 102(54.8) 87(67.2) 0.03

NCEP ATP III-defined metabolic syndrome 124(41.3) 44(23.8) 80(69.6) b0.001

IDF criteria (central obesity plus any two of the following four factors)
Central obesity:
Waist circumference ≥94 cm for men and ≥80 cm for women

177(57.5) 75(39.3) 102(87.2) b0.001

Triglycerides:
≥1.7 mmol/L

124(40.3) 68(35.6) 56(47.9) 0.03

HDL-C:
b1.03 mmol/L in males and b1.29 mmol/L in female

133(43.2) 69(36.1) 64(54.7) 0.002

Fasting plasma glucose:
≥5.6 mmol/L

172(55.7) 96(50.3) 76(64.4) 0.01

Blood pressure:
Systolic BP ≥130 or diastolic BP ≥85 mm Hg

180(49.7) 102(54.8) 87(67.2) 0.03

IDF-defined metabolic syndrome 125(41.7) 51(27.6) 74(64.3) b0.001

Values are expressed as number (%). Comparisons are performed using χ2 test. CAD: coronary artery disease; HDL-C: high-density lipoprotein cholesterol; NCEP ATP: National
Cholesterol Education Program Adult Treatment Panel; IDF: International Diabetes Federation.

Table 4
Genotype and allele frequencies of the AT1R/A1166C polymorphism in patients with and without metabolic syndrome.

Definition Without metabolic syndrome With metabolic syndrome

AA AC CC AA AC CC

IDF Total Genotype 117(66.5) 46(26.1) 13(7.4) 84(67.7) 30(24.2) 10(8.1)
Allele A 280(79.5) 198(79.8)
Allele C 72(20.5) 50(20.2)

Women Genotype 25(71.4) 9(25.7) 1(2.9) 53(66.3) 19(23.8) 8(10)
Allele A 59(84.2) 125(78.1)
Allele C 11(15.7) 35(21.9)

Men Genotype 92(65.2) 37(26.2) 12(8.5) 31(70.5) 11(25) 2(4.5)
Allele A 221(78.4) 73(83)
Allele C 61(21.6) 15(17)

NCEP ATP III Total Genotype 114(65.1) 45(25.7) 16(9.1) 87(69.6) 31(24.8) 7(5.6)
Allele A 273(78.0) 205(82.0)
Allele C 77(22.0) 45(18.0)

Women Genotype 29(70.7) 9(22) 3(7.3) 49(66.2) 19(25.7) 6(8.1)
Allele A 67(81.7) 117(79)
Allele C 15(18.3) 31(21)

Men Genotype 85(63.4) 36(26.9) 13(9.7) 38(74.5) 12(23.5) 1(2)
Allele A 206(76.8) 88(86.3)
Allele C 62(23.2) 14(13.7)*

Values are expressed as number (%). p-values refer to the comparisons between polymorphic (AC+CC) and non-polymorphic (AA) genotypes; and between alleles. IDF:
International Diabetes Federation; NCEP ATP: National Cholesterol Education Program Adult Treatment Panel. *p=0.04.
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or perhaps blood glucose between men and women [30,31]. This
gender difference in the activity of RAS may be a consequence of basic
genetic differences in which AT1R gene is a candidate. In a previous
study by Behravan et al., a significantly higher frequency of the 1166C
allele was reported in Iranian hypertensive females but not males
which may imply a role for this allele as a predisposing factor for
essential hypertension in females [25]. In another study, the 1166A
allele of the AT1R gene was reported to be higher in Tibetan
hypertensive males compared to normotensives [32]. In contrast,
Reich and colleagues reported that the mutated genotypes (AC and
CC) are associated with higher blood pressure in males but not
females [31].

In relation to the association of AT1R/A1166C polymorphism with
diabetes, a recent study has indicated that the risk of developing
diabetes in subjects who are under treatment with angiotensin II
receptor blockers is 5 times higher in those with the CC genotype
compared to the carriers of A allele [33]. Although not universal
[34,35], there are also reports on the association between the 1166C
allele of the AT1R gene and nephropathy in patients with type 1 or
type 2 diabetes [36–38]. Moreover, in another study it was found that
this polymorphism is associated with diabetic retinal complications
and the 1166C allele could be a risk factor for diabetic retinopathy
[39]. In another work by Thomas and colleagues among Chinese
subjects, the presence of glucose intolerance whichwas defined as the
presence of type 2 diabetes, impaired fasting glucose or impaired
glucose tolerance, was not found to be significantly associated with
the AT1R/A1166C polymorphism nor any other aspect of the
metabolic syndrome [28].

Since the A1166C polymorphism is in the 3′-untranslated region
of the AT1R gene, it would not influence the amino acid sequence of
the receptor. However, the association of this polymorphism with
diabetes mellitus and other reported phenotypic effects [13–16]
could be due to the presence of linkage disequilibrium with
functional variants in the AT1R gene or other genes in the region.
Another possible reason for a putative functional importance of the
AT1R/A1166C polymorphism pertains to its potential impact on the
regulation of gene expression by microRNAs (miRNAs). miR155 has
been shown to be expressed in the same cell types as AT1R and
interacts directly with the 3′ UTR region of the AT1R mRNA. Using a
receptor silencing reporter assay, Sethupathy and colleagues have
reported that the miR155 only downregulates the expression of the
AT1R gene when associated with the 1166A, but not the 1166C allele
[40]. Moreover, Martin et al. have reported that the 1166C allele
decreases the ability of miR155 to regulate the expression of an
AGTR1 reporter gene in transfected Chinese hamster ovary cells [41].
Regarding previous reports on the association between the 1166C
allele and phenotype, specifically the presence of hypertension, in
many studies, the 1166C allele may have functionality through
disturbance in the miR155 related regulation, thereby being
associated with elevated AT1R levels.

We also assessed the relationship between the AT1R/A1166C SNP
and the presence of metabolic syndrome (with either NCEP ATP III or
IDF definitions). We found a higher prevalence of the metabolic
syndrome in females which is consistent with previous reports in
Iranian adult [42–45]. Furthermore, in the present study no significant
difference in AT1R genotypes or alleles was found between subgroups
with and without metabolic syndrome. This is consistent with the
findings of Milionis et al. who did not find a significant difference in
the frequency of AT1R genotypes and alleles between newly
diagnosed untreated hypertensive patients with and without meta-
bolic syndrome [46]. Whilst other studies of this SNP have reported an
association with an increased risk of metabolic syndrome, data have
been inconsistent [47–49].

There have been few studies that investigated the association
between AT1R/A1166C polymorphism and the presence of diabetes and
metabolic syndrome. Moreover, the participants of this study were
patients with documented CAD in whom the coexistence of diabetes
could seriously predispose to cardiovascular endpoints and end-stage
renal disease (ESRD). Our findings indicate that the 1166C allelemay be
associated with the presence of diabetes in a group of Iranian male
patients with angiographically defined CAD and might serve as a
predisposing factor and/or predictor for the development of diabetes in
these patients. Nevertheless, the aforementioned association was not
confirmed by thebinary logistic regression analysis. Besides, thepresent
results should be interpreted with some caution. One of the limitations
of our study is the fact that we have looked specifically among patients
with CAD and hence it may not be possible for these results to be
generalized to thewhole population. It is worth noting thatminor allele
(C) frequency of the A1166C polymorphism in Iranian healthy subjects
has been reported in 3 previous studies, being 13.2% (54 males, 37
females) [50], 18.1% (101 females) [51] and 25.7 (70 females) [52]
(Table 6). Another limitation is the relatively few number of female
subjects and individuals withmetabolic syndrome that may explain the
lack of an association in these subgroups. However, the significantly
higher frequency of the C allele which was found in males with NCEP
ATP III-defined metabolic syndrome needs to be confirmed in future
studies with larger populations. Finally, since diabetes mellitus is a
polygenic disease for which multiple genes are involved in genetic
susceptibility, different SNPs are probably needed to be assessed
simultaneously by linkage studies and haplotype analysis to identify
genes that might have significant influence on the risk of diabetes.

Learning points

• The AT1R/A1166C SNP may be associated with the presence of type
2 diabetes mellitus in Iranian male patients with angiographically-
defined CAD.

• The AT1R/A1166C SNP does not seem to be associated with the
presence of metabolic syndrome (based on the IDF definition) in
Iranian patients with angiographically-defined CAD.

Table 6
Minor allele (C) frequency of the A1166C polymorphism in Iranian population.

Study Subjects Number Male/female MAF

Noroozianavval et al. (2007) [50] Renal transplant recipients 108 66/42 23.6%
Behravan et al. (2007) [25] Essential hypertension 74 41/33 18.9%
Behravan et al. (2007) [25] Healthy 91 54/37 13.2%
Alavi-Shahri et al. (2010) [51] Healthy 101 Only females 18.1%
Alavi-Shahri et al. (2010) [51] Metabolic syndrome 249 Only females 11.9%
Namazi et al. (2010) [52] Healthy 70 Only females 25.7%
Namazi et al. (2010) [52] Breast cancer 70 Only females 21.4%
Assali et al. (2010) [53] Healthy 135 72/63 7.4%
Assali et al. (present) CAD 164 109/55 14.9
Assali et al. (present) CAD + diabetes 145 84/61 23.4

MAF: minor allele frequency.
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