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Implication for health policy/practice/research/medical education:
The AT1R variants were not directly associated with the risk of  T2DM or DN. However, the AT1R AC+CC genotype tended 
to increase the risk of  macro-albuminuria in the presence of  HbA1c >7.5%. Also, in carriers of  AT1R 1166 C allele the systolic 
blood pressure and serum creatinine level were higher compared to the 1166 A allele carriers.
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Background: There are inconsistent reports related to the role of  angiotensin II type 1 receptor 
(AT1R) on the risk of  type 2 diabetes mellitus (T2DM) and its renal complications. 
Objectives: To identify the association between AT1R A1166C variants with the risk of  T2DM 
and also with diabetic nephropathy (DN).
Patients and Methods: In a case-control study, the AT1R A1166C polymorphism was detected in 
135 T2DM patients with and without DN and in 98 healthy subjects from Western Iran. The 
genotypes of  AT1R A1166C polymorphism were detected using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) method. 
Results: The frequencies of  AT1R A1166C genotypes and alleles were not significantly 
difference between patients with and without DN and controls. The frequencies of  rare allele 
of  1166 C were 10%, 16.5%, 15.9% and 15.3% in micro-, macro- and normo-albuminuric 
patients and in healthy individuals, respectively (P > 0.05). The systolic blood pressure and 
serum creatinine level in DN patients were significantly higher in carriers of  AT1R CC 
compared to carriers of  AT1R AA genotype. In the presence of  uncontrolled hyperglycemia 
(HbA1c > 7.5%), there was a trend toward increased risk of  macro-albuminuria in carriers of 
AC+CC genotype (OR=3.66, [95% CI: 0.81-16.58], P = 0.092). 
Conclusions: Our study indicated the absence of  an association between AT1R A1166C 
polymorphism with the risk of  T2DM and DN. It seems in carriers of  AT1R C allele systolic 
blood pressure and serum creatinine level to be higher compared to the A allele carriers.
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ABSTRACT

1. Background
Diabetes mellitus (DM) is the main cause of  end-
stage renal disease (ESRD) in both developed and 
developing countries (1). Both genetic and environ-
mental factors are involved in the pathogenesis of 

type 2 diabetes mellitus (T2DM), the most common 
form of  diabetes, and its micro- and macro-vascular 
complications (2). The renin angiotensin aldosterone 
system (RAAS) that could be activated by hypergly-
cemia plays a central role in the regulation of  sodi-
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um metabolism, vascular tone, blood pressure, renal 
hemodynamics, and vascular modeling (3). The pres-
ence of  hyperglycemia in diabetic patients increases 
tissue angiotensin II (Ang II) which induces oxidative 
stress, glomerular hyperfiltration, endothelial damage, 
thrombosis, inflammation and vascular remodeling 
(4). In patients with T2DM the inhibition of  RAAS 
reduced the progression from normo- to micro- and 
micro- to macro-albuminuria and slowed the develop-
ment of  ESRD (1).
Ang II binds to 2 main types of  receptors ofangioten-
sin II type 1 receptor (AT1R) and the angiotensin II 
type 2 receptor (AT2R). The vasoconstriction and the 
proliferative action of  Ang II is performed through 
AT1R, while the AT2R inhibits cell proliferation, me-
diates apoptosis and works as a cardioprotective agent 
against AT1R (5). The cellular effects of  Ang II in 
adult humans are mainly mediated by the AT1R (5). 
Diabetic nephropathy (DN) starts with various renal 
functional changes including glomerular hyperfiltra-
tion and hyperperfusion, and is manifested with mi-
cro-albuminuria that subsequently can progress to 
macro-albuminuria (6). DN and ESRD diseases are 
major causes of  mortality in DM. In DM patients 
with nephropathy the presence of  proteinuria that 
occurs in 5% to 20% of  T2DM patients increases 
the rate of  mortality and morbidity in these patients 
(3). The prevalence of  micro- and macro-albuminuria 
among Iranian diabetic patients is 16.7%-35.2% (7).
The AT1R gene locates on chromosome 3q21-q25 
and consists of  5 exons, 4 of  which are untranslated 
and alternatively spliced. The AT1R A1166C poly-
morphism (rs5186) in the 3′-untranslated region of 
AT1R gene may be involved in posttranscriptional 
modification of  AT1R mRNA (8). Some studies have 
investigated the role of  AT1R A1166C polymorphism 
in susceptibility to DM and DN but with inconsistent 
results (3,9-12). The present study has investigated 
the influence of  AT1R A1166C polymorphism on the 
risk of  T2DM and its microvascular complication of 
DN in a population from Western Iran.

2. Objectives
The aim of  present study was to determine the associ-
ation between AT1R A1166C variants with the risk of 
T2DM and DN. Also, we investigated the influence 
of  levels of  some biochemical parameters in suscep-
tibility to T2DM and DN in the presence of  AT1R 
variants.

3. Patients and Methods
3.1. Patients and controls
In a case-control study 135 patients with T2DM and 

98 healthy individuals was investigated. Diabetic pa-
tients were selected according to the urine albumin 
to creatinine ratio (ACR) and classified in 3 groups 
of  micro-, macro-, and normo-albuminuria. Patients 
with severe uncontrolled hypertension (>160/100 
mm Hg) were excluded from the study. The mean 
age of  diabetic patients was 55.2 ± 9.3 years that con-
sisted of  46 patients with micro-albuminuria, 48 with 
macro-albuminuria and 41 with normo-albumiuria. 
The mean age of  healthy subjects was 39.1 ± 14.1 
years. The controls were individuals without histo-
ry of  diabetes according to fasting blood sugar that 
were selected from medical staffs and blood donors. 
Normo-albuminuric patients were sex matched (12 
males and 29 females) with healthy individuals (20 
males and 78 females) and with nephropathic patients 
which consisted of  42 males and 52 females (P = 0.25, 
and P = 0.093, respectively). However, nephropathic 
patients were not sex matched with healthy individu-
als (P < 0.001). The patients had been admitted to the 
Taleghani Diabetes Research Center of  Kermanshah 
University of  Medical Sciences and all of  them were 
from Kermanshah province of  Iran with Kurdish 
ethnic background. T2DM was diagnosed according 
to World Health Organization (WHO) criteria (13). 
The criteria for defining micro-albuminuria and 
macro-albuminuria were ACR of  30-299 mg/g and 
≥300 mg/g, respectively in a random spot collection 
of  urine in three specimens collected within a 3–6 
months period. To confirm the presence of  micro- 
or macro-albuminuria in samples with albumin/cre-
atinine ratio (ACR) higher than 30 mg/g, the ACR 
was measured in 24 hours urine collection. Diabetic 
patients with ACR <30 mg/g made up the normo-al-
buminuric patients (14,15).
Detailed medical history of  each patient was provid-
ed. Informed written consent was obtained from each 
individual before participation. 

3.2. Genotype analysis
DNA was extracted from the leukocyte fraction of  the 
EDTA-treated whole blood using the phenol-chloro-
form method (16).
The AT1R A1166C polymorphism was detected using 
polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP). The PCR was conducted 
using the forward primer of  5′-AAAAGCCAAATC-
CCACTCAA-3', and the reverse primer of  5′-CAG-
GACAAAAGCAGGCTAGG-3′. The PCR products 
were digested with 1.5 U of  Dde I restriction enzyme. 
The presence of  AT1R 1166 A allele produced 58- 
and 374-bp fragments while the AT1R 1166 C allele 
resulted in 58-, 143-, and 231-bp fragments (17).
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3.3. Ethical issues
1) The research followed the tenets of  the Declara-
tion of  Helsinki; 2) informed consent was obtained; 
and 3) the research was approved by ethical commit-
tee of  Kermanshah University of  Medical Science.

3.4. Statistical analysis
The allelic frequencies were calculated by the chro-
mosome counting method. The significance of  dif-
ferences in genotype and allele frequencies of  AT1R 
A1166C between patients and controls were calculat-
ed using χ2 test. Odds ratios (OR) were calculated as 
estimates of  relative risk for disease and 95% confi-
dence intervals were obtained by SPSS logistic regres-
sion software. A 2-tailed t test was used to compare 
quantitative data. Statistical significance was assumed 
at P < 0.05 level. The SPSS version 16 was used for 
the statistical analysis.

4. Results
4.1. Study population
The demographic and biochemical characteristics of 
patients are demonstrated in Table 1. Duration of  di-
abetes and systolic blood pressure were significantly 
higher (11.9 ± 6.7 years, and 141.4± 18.8 mm Hg, re-
spectively) in macro-albuminuric patients compared 
to those in normo-albuminuric patients (7.7± 5.7 
years, and 132.9 ± 18.7 mm Hg, respectively). Also, 
in macro-albuminuric patients the concentration of 
serum creatinine (2.33± 2.55 mg/dl, P < 0.001), 24 
hours urine albumin excretion (631.3± 507.9 mg/24 

h) and ACR (758.2± 686.3 mg/g) were significant-
ly higher than those in normo-albuminuric patients 
(0.944± 0.18 mg/dl, 23.8± 6.3 mg/24 h, and 23± 6.9 
mg/g, respectively). However, in macro-albuminuric 
patients the level of  cholesterol was significantly low-
er (164± 35.3 mg/dl) than that in normo-albuminuric 
patients (181.5 ± 27.9 mg/dl) (Table 1). 

4.2. Distribution of  AT1R A1166C variants 
Distribution of  AT1R A1166C genotypes in all di-
abetic patients and controls is depicted in Table 2. 
There was no significant difference in the frequency 
of  AT1R genotypes between patients and the con-
trols (Table 2). Comparing AT1R genotypes in sub-
groups of  diabetic patients demonstrated the fre-
quencies of  19.6%, 29.2%, and 31.7% for AC+CC 
genotype in micro-, macro- and normo-albuminuric 
patients, respectively compared to the value of  26.5% 
in healthy individuals for the same genotype (P > 0.05) 
as demonstrated in Table 3.

4.3. AT1R A1166C variants and biochemical parameters 
Macro-albuminuric patients with hemoglobin A1c 
(HbA1c )> 7.5% had a higher frequency of  AT1R 
AC+CC genotype (33.3%) compared to micro-albu-
minuric patients (12%, P = 0.08) and in the presence 
of  uncontrolled hyperglycemia the risk of  macro-al-
buminuria increased 3.66-fold (95% CI: 0.81-16.58, 
P = 0.092) in carriers of  AC+CC genotype. Compari-
son of  lipid profile and blood pressure between vari-
ous genotypes of  AT1R A1166C is depicted in Table 

Table 1. Characteristics of  diabetic patients with and without nephropathy

Variables Normo-albuminric 
patients (n = 41)

Micro-albuminuric 
patients (n = 46)

Macro-albuminuric 
patients (n = 48)

Age (y) 53±10 54.2±8.8, P = 0.55 58.3±8.5, P = 0.008
BMI (kg/m2) 27.5±4.5 28.3±4.5, P = 0.45 26.5±4.4, P = 0.26
HbA1c (%) 8.2 ±1.3 8.2 ±1.4, P = 0.96 7.7 ±1.5, P = 0.16
Diabetes duration (y) 7.7±5.7 7.9±4.8, P = 0.85 11.9±6.7, P = 0.002
Systolic blood pressure (mm Hg) 132.9±18.7 129±22, P = 0.37 141.4±18.8, P = 0.037
Diastolic blood pressure (mm Hg) 82.9±10.6 81.1±10.5, P = 0.41 85.9±9.2, P = 0.15
Creatinine (mg/dl) 0.944±0.18 0.965±0.17, P = 0.99 2.33±2.55, P < 0.001
24 h urine creatinine excretion (g/24 h) 1.08±0.21 0.98±0.28, P = 0.14 0.88±0.22, P = 0.003
24 h urine albumin excretion (mg/24 h) 23.8±6.3 107±46.9, P = 0.39 631.3±507.9, P < 0.001
Albumin/creatinine ratio (mg/g) 23±6.9 107.7±46, P = 0.55 758.2±686.3, P < 0.001
Triglycerides (mg/dl) 156.7±58 155.4±81.5, P = 0.93 157.7±62.7, P = 0.94
Cholesterol (mg/dl) 181.5±27.9 176.7±39.7, P = 0.52 164±35.3, P = 0.012
LDL-C (mg/dl) 99±26 98.2±32.6, P = 0.89 102.3±29.7, P = 0.58
HDL-C (mg/dl) 44.4±11.8 44.1±14.3, P = 0.9 40.5±16.9, P = 0.21

All parameters have been compared between micro-albuminuric or macro-albuminuric patients with normo-albuminuric 
patients.
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4. As demonstrated in Table 4, systolic blood pressure 
was significantly higher in carriers of  CC (170 ± 14.1 
mm Hg) genotype compared to AC (132.4 ± 21.6 mm 
Hg) and AA (134.7 ± 19.6 mm Hg) genotypes in all 
diabetic patients (P = 0.04, and P = 0.03, respectively). 
In DN patients the systolic blood pressure tended 
to be higher in carriers of  CC (170 ± 14.1 mm Hg, 
P = 0.053) than AA genotype (134.6 ± 20.2 mm Hg). 
Also, serum creatinine level in DN patients was signifi-
cantly higher in carriers of  CC genotype (5.35 ± 5.59 
mg/dl) compared to AC (1.59 ± 1.6 mg/dl, P = 0.018) 
and AA (1.58 ± 1.87 mg/dl, P = 0.01) genotypes (Ta-
ble 4). However, due to limited number of  patients 
with CC genotype the obtained results should be con-
sidered with caution. In DN patients the presence of 
mutant allele of  1166 C was associated with lower lev-
el of  serum HDL-C concentration (36.9 ± 9.8 mg/dl) 
compared with the value of  44 ± 16.9 mg/dl detected 
in the presence of  wild allele of  1166 A (P = 0.058). 

4.4. AT1R A1166C variants and diabetes complications 
All diabetic and DN patients with retinopathy had 
higher frequency of  AT1R AC+CC genotype (32% 
and 29.7%, respectively) compared to those with-
out retinopathy and with the same genotype (23.8%, 
P = 0.3 and 21.8%, P = 0.39, respectively). Also, in DM 
and DN patients with neuropathy a higher frequency 
of  AC+CC genotype (31.2% and 30.2%, respective-
ly) was detected compared to those patients without 
neuropathy (20%, P = 0.14 and 17.5%, P = 0.16, re-
spectively).

5. Discussion
There are ethnic differences in the development of 
DN leading to a higher development of  DN and 
ESRD among T2DM patients from South Asia com-
pared to those from Europe (18).
Ang II, results from enzymatic reaction of  angioten-
sin converting enzyme (ACE) on angiotensin I, binds 
to AT1R and through this receptor performs its ac-

Table 2. Comparison of  the frequency of  AT1R genotypes between diabetic patients and the healthy controls
Diabetic patients (n = 135) Healthy subjects (n = 98)

AT1R genotyps
AA 99 (73.3%) 72 (73.5%)
AC 34 (25.2%) 22 (22.4%)
CC 2 (1.5%) 4 (4.1%)

(χ2 = 1.66, df = 2, P = 0.43)
AC+CC 36 (26.7%) 26 (26.5%)

(χ2 = 0.001, df = 1, P = 0.98)

Table 3. The distribution of  AT1R A1166C genotypes and alleles in diabetic patients with and without nephropathy

T2DM with micro-
albuminuria (n=46)

T2DM with macro-
albuminuria (n=48)

T2DM with normo-
albuminuria (n=41)

Healthy 
individuals

(n=98)
AT1R genotypes
AA 37 (80.4%) 34 (70.8%) 28 (68.3%) 72 (73.5%)
AC 9 (19.6%) 12 (25%) 13 (31.7%) 22 (22.4%)
CC 0 (0%) 2 (4.2%) 0 (0%) 4 (4.1%)

*(χ2=1.69, df=1, P = 0.19)
**(χ2=2.19, df=2, P = 0.33)

*(χ2=2.08, df=2, P = 0.35)
**(χ2=0.12, df=2, P = 0.94) **(χ2=2.76, df=2, P = 0.25)

AC+CC 9 (19.6%) 14 (29.2%) 13 (31.7%) 26 (26.5%)

OR (95%CI, p) *0.52 (0.19-1.39, P = 0.19)
**0.67 (0.28-1.58, P = 0.36)

*0.89 (0.35-2.19, P = 0.79
**1.14 (0.52-2.45, P = 0.73)

**1.29 (0.58-2.85, P = 0.53)

AT1R  alleles
A 83 (90%) 80 (83.5%) 69 (84.1%) 166 (84.7%)
C 9 (10%) 16 (16.5%) 13 (15.9%) 30 (15.3%) 

OR (95%CI, p) **(χ2=1.55, df=1, P = 0.21)
0.78 (0.52-1.15, P = 0.21)

**(χ2=0.05, df=1, P = 0.82)
1.03 (0.82-1.28, P = 0.82)

(χ2=0.01, df=1, P = 0.9)
0.99 (0.78-1.25, P = 0.9)

*Compared to normo-albuminuric patients.
** Compared to healthy individuals.
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tions (19).
The present study indicates a higher but not a sig-
nificantly different frequency of  AT1R AC+CC gen-
otype in normo-albuminuric and macro-albuminuric 
patients compared to controls. In micro-albuminuric 
patients, the frequency of  AT1R AC+CC was lower 
than the normo-albuminuric ones and the controls 
(P > 0.05). There are controversial reports, even with-
in a country, related to the role of  AT1R A1166C 
polymorphism in the risk of  developing T2DM and 
DN. In a large study of  Caucasian the AT1R A1166C 
was found to be a risk factor for progression of  renal 
disease to ESRD and a predictor for early ESRD (20). 
Further, in Caucasian with T2DM, the AT1R 1166CC 
genotype increased the risk of  macro-albuminuria 
only in men (21). In large samples of  Japanese T2DM 
the AT1R A1166C affected the progression of  renal 
failure, especially in females (22). Two out of  three 
studies from India which examined the role of  this 

polymorphism on the risk of  T2DM and its com-
plications reported an association between AT1R C 
allele with T2DM and the higher risk of  DN (9,10). 
Among Tunisian diabetic patients, a significant asso-
ciation has been demonstrated between CC genotype 
or C allele of  AT1R A1166C polymorphism and in-
creased risk of  T2DM (3). Two recent meta-analyses 
suggest that the AT1R A1166C polymorphism may 
contribute to DN development, particularly in T2DM 
patients with a significant association for CC versus 
AA model (12,23). The presence of  these associations 
might be due to higher expression of  AT1R in the 
presence of  1166 C allele and higher affinity of  re-
sulted receptor variant for Ang II (3). The enhanced 
Ang II action resulted in increase kidney susceptibility 
to the effects of  hyperglycemia through abnormali-
ties of  systemic or renal hemodynamics, or by altering 
the function of  renal cells (23). However, the lack of 
association between AT1R A1166C with the risk of 

Table 4. Comparison of  biochemical parameters in various genotypes of  AT1R A1166C in T2DM with nephropathy and all 
diabetic patients

Parameters T2DM with nephropathy (n = 93) All diabetic patients (n = 135)
Systolic blood pressure (mm Hg)

AA 134.6±20.2 134.7±19.6
AC 134.8±23.4 **132.4±21.6, P = 0.03
CC *170±14.1, P = 0.053 *170±14.1, P = 0.04

Diastolic blood pressure (mm Hg)
 AA 82.9±9.6 83±10.2
AC 85.5±11.2 83.7±10.1
CC 95±7.1 95±7.1

Triglycerides (mg/dl)
AA 161.3±78.3 161.7±72.8
AC 14.4±49.2 141.8±50.4
CC 157±70.7 157±70.7

Total cholesterol (mg/dl)
AA 171.8±38.7 175.1±36.3
AC 163.8±36.1 168.8±32.9
CC 185±46.7 185±46.7

HDL-C (mg/dl)
AA 44.1±16.9 43.9±15.8
AC 37.4±10.1 40.7±10.8
CC 32±5.7 32±5.7

LDL-C (mg/dl)
AA 101.3±31.2 100.5±29.9
AC 94.6±26.9 96.2±25.4
CC 135±67.8 135±67.8, *P = 0.001

Creatinine (mg/dl)
 AA 1.58±1.87 1.4±1.59
AC 1.59±1.6 1.33±1.29
CC 5.35±5.59, *P = 0.01, ***P = 0.018 5.35±5.59, *P = 0.001, ***P = 0.001

*Compared to AA genotype, ** compared to CC genotype, *** compared to AC genotype.
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T2DM or DN among Indians (3), Taiwanese (24), and 
Mexican-American families (25) has been reported. In 
contrast, in a report from Caucasian the wild geno-
type of  AT1R 1166 AA increased the risk of  overt 
DN in T1DM by 3-fold and the risk more increased 
while the smoking was present (26). The inconsistent 
findings suggest that a more complex model consist-
ing of  still poorly understood combinations of  sev-
eral RAAS gene variants may affect disease suscep-
tibility (10). Also, ethnicity, definition of  DN and its 
different stages, difference in sample size, gene-gene 
and gene-environment interactions could affect the 
results of  different studies (21).
Ang II is a potent vasoconstrictor and it stimulates 
salt and water retention leading to systemic hyperten-
sion which is a major risk factor for DN. The AT1R 
mediates vasoconstriction and the proliferative action 
of  Ang II (27). Several studies have reported the asso-
ciation of  AT1R gene polymorphism and the devel-
opment of  hypertension and this mutation predicts 
the response to Ang II blockers, thus strengthening 
the detrimental effect of  A1166C mutation (10). In 
the present study diabetic patients with AT1R CC 
genotype had significantly higher systolic blood pres-
sure compared to AC and AA genotypes carriers that 
needs to be confirmed in studies with larger samples. 
Also, affecting this polymorphism on the higher se-
rum level of  creatinine in the presence of  C allele 
than A allele should be confirmed in larger samples.
In the study of  Doria et al (28), an association be-
tween AT1R A1166C polymorphism and the sus-
ceptibility to DN in the presence of  hyperglycemia 
in T1DM patients was demonstrated. They suggested 
that there might be a synergistic effect between hy-
perglycemia and the C allele of  AT1R on the risk of 
kidney damage through similar mechanisms of  signal 
transduction pathways. In the present study we ob-
served a trend toward an increased risk of  developing 
macro-albuminuria in the presence of  AC+CC geno-
type in those patients with HbA1c>7.5%.
The present study detected a nonsignificant high-
er frequency of  AC+CC genotype in those diabetic 
patients with neuropathy than those without neurop-
athy. The level of  Ang II that enhances in the pres-
ence of  hyperglycemia stimulates NAD (P) - oxidase 
which increases oxidative stress and vascular damage 
leading to diabetic neuropathy (29). Also, disturbance 
in the metabolism and vasculature of  nerve tissue in 
the presence of  excessive uptake of  glucose might 
lead to neuropathy (30). The role of  AT1R A1166C 
polymorphism on the risk of  neuropathy needs to be 
elucidated.

A nonsignificantly higher frequency of  AC+CC gen-
otype was found in our studied patients with retinop-
athy compared to those without retinopathy. Damage 
of  retinal vasculature by hyperglycemia, hypertension 
and hyperlipidemia are involved in the pathogenesis of 
diabetic retinopathy. Both ACE and Ang II increases 
the level of  vascular endothelial growth factors lead-
ing to abnormal retinal angiogenesis and increased 
risk of  retinopathy and its progression. Both systemic 
and local RAAS are implicated in the pathogenesis of 
retinopathy and all components of  the RAAS are ex-
pressed in retina with highly elevation of  renin, ACE, 
Ang II and AT1R in patients with diabetic retinop-
athy (31). In one available study among Caucasians 
with T1DM the AT1R A1166C was not associated 
with the risk of  proliferative retinopathy (32). More 
studies necessary to establish a possible role for AT1R 
A1166C in the pathogenesis of  diabetic retinopathy.

6. Conclusions
In summary, our study indicated a nonsignificantly in-
creased and decreased frequency of  AT1R AC+CC 
genotype in normo-albuminuric and macro-albumin-
uric patients, respectively and a nonsignificantly de-
creased frequency of  this genotype in micro-albumin-
uric patients compared to controls. We observed that 
AT1R AC+CC genotype tended to increase the risk of 
macro-albuminuria in the presence of  HbA1c >7.5%. 
Also, a higher frequency of  AC+CC genotype was 
observed in diabetic patients with neuropathy or ret-
inopathy compared with those without neuropathy 
and retinopathy. It seems in carriers of  1166 C allele 
systolic blood pressure and serum creatinine level to 
be higher compared to the 1166 A allele carriers. We 
observed a trend toward decreased HDL-C level in 
the presence of  AT1R C compared with AT1R A al-
lele in DN patients. 

7. Limitations of  the study
The limitation of  the present study is the small sample 
sizes of  the study groups, mainly the control group.
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