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Abstract

Background: The aim of the study was to investigate the association between two polymorphisms of the
angiotensinogen (AGT) gene (rs699 and rs4762) and subclinical markers of carotid atherosclerosis in subjects with
type 2 diabetes mellitus (T2DM).

Patients and methods: In this cross-sectional study 599 subjects with T2DM and 200 subjects without T2DM
(control group) were enrolled. The CIMT and plaque characteristics (presence/absence and plaque thickness) on
both the near and the far walls in the common carotid artery, bulb and internal carotid arteries, bilaterally were
assessed ultrasonographically. After several years (3.8 + 0.5 years), patients were re-assessed and changes in
subclinical markers of carotid atherosclerosis were calculated. Polymorphisms rs699 and rs4762 of the AGT gene
were genotyped by using allele-specific PCR (KASPar) assay.

Results: The highest increase in carotid plaque thickness was observed in homozygote carriers of the A allele,
even after adjustment for confounding variables. Polymorphism rs699 did not affect the progression of CIMT in the
increase of number of segments with plaques.

Conclusions: In the study we have found that the rs699 of the AGT gene is a potential genetic marker of carotid
atherosclerosis progression (expressed as increase in carotid plaque thickness) in Slovenian patients with T2DM. It
did not affect other ultrasonographic markers of carotid atherosclerosis progression. Polypmorphism rs4762 was not
associated with carotid atherosclerosis progression in Slovenian patients with T2DM.

Keywords: Diabetes mellitus; Carotid aterosclerosis; Intima-media
thickness; Angiotensinogen; rs699 polymorphism

Introduction

Cardiovascular and cerebrovascular diseases are leading causes of
mortality in patients with diabetes mellitus [1,2]. Beside diabetes
mellitus, some of the traditional risk factors, such as hypertension,
hypercholesterolaemia, smoking and positive family history, contribute
as well to the high prevalence of cardiovascular disease in subjects with
diabetes mellitus [2].

Ultrasound examination of carotid arteries enables visualization of
different aspects of atherosclerosis. Beside carotid intima-media
thickness (CIMT), which is the most studied non-invasive phenotype
of carotid atherosclerosis, we can also measure plaque thickness, total
plaque area, plaque volume, determine type of plaques, and degree of
stenosis [3]. CIMT is a good marker of early atherosclerosis and its
progression [4]. It correlates well with cardiovascular risk factors and
future cardiovascular events [5,6].

Some polymorphisms of the genes of the RAAS system have been so
far associated with atherosclerotic cardiovascular disease [7,8].
Moreover, it has been reported that the renin angiotensin aldosterone
system (RAAS) might affect CIMT and carotid atherosclerosis [9-13];
however, results are highly inconsistent.

The angiotensinogen (AGT) gene, an important gene of the RAAS
system, is located in the long arm of chromosome 1 (gene locus 1q42-
q43). The most studied AGT polymorphism, the rs699 (M235T)
polymorphism, was reported to correlate with plasma AGT
concentrations, whereas the highest levels of AGT are seen in the TT
homozygotes [14-16]. There is still a limited number of studies focused
on the association between the rs699 (M235T) and other AGT gene
polymorphisms and markers of carotid atherosclerosis in the general
population, and only one study in subjects with T2DM. Available data
did not provide evidence of an association between the polymorphism
of the genes in the RAS and either CIMT or the presence of carotid
plaques in the general population, whereas only one study was
performed in subjects with T2DM [8,9,17-20].
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The aim of the study was to investigate the association between two
polymorphisms of the angiotensinogen (AGT) gene (rs699 and rs4762)
and subclinical markers of carotid atherosclerosis in subjects with
T2DM.

Methods

Patients

In this prospective study 599 subjects with T2DM and 200 subjects
without T2DM (control group) were enrolled.

Among patients with T2DM 399 were on statin therapy: 58.6% (234)
received atorvastatin 20 mg per day, 22.5 %(90) received rosuvastatin
10 mg per day and 18.9% (75) received simvastatin 40 mg per day,
while 196 were without hypolipemic therapy. They were selected
among patients admitted to the diabetes outpatient departments of two
general hospitals (Murska Sobota and Slovenj Gradec), and from
cardiology outpatient department Medicor, Ljubljana, as described
previously [21].

Ultrasonographic analysis

A high resolution B mode ultrasound analysis was performed using
a portable ultrasound system, Toshiba Aplio SSA-700 (Toshiba

Medical. Sys-tem Corp., Tokyo, Japan). All examinations were
performed by two radiologists, blinded to the participants’ diabetes
status, as described previously [22]. The CIMT was measured at 3 sites
along the 10 mm long segment of the far wall of the CCA free of
plaques, in agreement with the carotid intima-media thickness
consensus, as described previously [21,22]. The interobserver reliability
for CIMT measurements was found to be substantial (k= 0.74, p <
0.001) [22]. Moreover, plaques and type of plaques according to
echogenic/echolucent characteristics were idefined and plaque
thickness was measured in the common carotid artery, bulb and
internal carotid artery, bilaterally, as described previously [22,23]. The
interobserver reliability for carotid plaque characterization was found
to be substantial (k = 0.64, p < 0.001). After several years (3.8 + 0.5
years), patients were re-assessed and subclinical markers of carotid
atherosclerosis were checked again.

Biochemical analyses

Blood samples for biochemical analyses (total cholesterol,
triglyceride levels, high-density lipoprotein (HDL), low-density
lipoprotein (LDL) cholesterol level, fasting blood glucose and glycated
haemoglobin (HbAlc), and hsCRP) were collected, and all the
biochemical analyses were determined in the hospital's accredited lab,
as described previously [24].

Subjects with T2DM Control group
p

n=595 n=200
Age (years) 61.38 £ 9.65 60.07 £9.18 0.07
Male sex (%) 338 (56.8) 92 (46.0) 0.008
Diabetes duration (years) 11.25+7.88 - -
Cigarette smoking (%) 53 (8.91) 34 (17.0) 0.002
Waist circumference (cm) 108.65 + 12.88 93.31+13.18 <0.001
BMI (kg/m?) 30.96 +4.74 27.90 +4.42 0.16
SBP (mm Hg) 146.98 + 19.98 143.3+16.6 0.86
DBP (mm Hg) 85.75 + 11.62 84.7+11.6 0.19
Fasting glucose (mmol/l) 8.04 £ 2.57 5.27 +0.87 <0.001
HbA1c (%) 7.89 £ 3.56 4.79+0.29 <0.001
Total cholesterol (mmol/l) 4.70+1.19 5.36 + 1.08 <0.001
HDL cholesterol (mmol/l) 1.19+0.35 1.43+0.37 <0.001
LDL cholesterol (mmol/l) 2.63+0.94 3.24+0.98 <0.001
Triglycerides (mmol/l) 1.9 (1.2-2.7) 1.3 (0.9-1.9) <0.001
hs - CRP (mgl/l) 2.2(1.0-4.3) 1.3(0.8-2.7) <0.001
Continuous variables were expressed as means * standard deviations when normally distributed and as median (interquartile range) when asymmetrically distributed.
Categorical variables were expressed as frequency (percentage). BMI - Body Mass Index; SBP - Systolic Blood Pressure; DBP - Diastolic Blood Pressure; HbA1c —
Glycated Haemoglobin; hs-CRP - High Sensitivity C-Reactive Protein.

Table 1: Demographic and laboratory characteristics of subjects with T2DM and subject without T2DM (control group).
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Genotyping lipid parameters showed lower total, HDL, LDL cholesterol levels and a

The genomic DNA was extracted from 100 pL of whole blood using
a FlexiGene DNA isolation kit, in accordance with the recommended
protocol (Qiagene GmbH, Hilden, Germany). The AGT rs699 and
rs4762 polymorphisms were genotyped by novel fluorescence-based
competitive allele-specific PCR (KASPar) assay (KBioscience Ltd).

Details of the method wused can be found at http://
www.kbioscience.co.uk/.
Statistical analysis

Continuous variables were expressed as means * standard

deviations, and as median (interquartile range) when asymmetrically
distributed was examined by the Kolmogorov-Smirnov test was used to
examine the normality of the continuous variables. Continuous clinical
data were compared using an unpaired Student’s t test or analysis of
variance (ANOVA) when normally distributed, and the Mann-
Whitney U-test or the Kruskal-Wallis H-test when asymmetrically
distributed. The Pearson X2 test was used to compare discrete variables
and to test whether the genotypes distribution is in Hardy-Weinberg
equilibrium. Moreover, pairwise linkage disequilibrium (LD; D" and
r?) between SNPs were calculated with Haploview software. rs699 and
rs4762 were in complete LD (D =1; r?=0.21).

Pearson’s correlation was performed to examine the association
between independent variables.

A multivariate linear regression analysis was performed to
determine the association of the AGT 1s699 and 154762
polymorphisms with the CIMT. To determine the association of the
AGT rs699 and rs4762 polymorphisms with the presence of
atherosclerotic plaques on the carotid arteries, a multivariate logistic
regression analysis was performed. A two-tailed P value of less than
0.05 was considered statistically significant. A statistical analysis was
performed using the SPSS program for Windows version 22 (SPSS Inc.,
Chicago, IL).

Results

The baseline clinical and biochemical characteristics of the study
participants are shown in Table 1. There were no statistically significant
differences in age, BMI and systolic and diastolic blood pressure
between patients with T2DM and subjects without T2DM. Patients
with T2DM had greater waist circumference, higher fasting glucose
and HbA1c levels than the controls. Smoking prevalence was lower in
patients with T2DM than in the control group. A comparison of the

higher triglyceride level in patients with T2DM than in controls.
Plasma levels of (hs-CRP was statistically significantly higher in
patients with T2DM than in controls.

The AGT rs699 and rs4762 genotypes distribution and allele
frequencies among the study subjects are shown in Table 2. The
genotype distributions in both patients with T2DM and controls were
compatible with Hardy-Weinberg expectations (rs699: T2DM: 2 =
0.09; p = 0.77; healthy controls x* = 1.00; p = 0.32; rs4762: T2DM: x? =
0.005; p = 0.94; healthy controls x> = 2.98; p = 0.08). No statistically
significant difference in the AGT rs699 and rs4762 genotypes
distribution and allele frequencies was observed between patients with
DM2 and the control group.

rs699 | Subjects with T2DM n=595 Control group n=200 p
GG 123 (20.7) 37 (18.5)

GA 299 (50.3) 106 (53.0) 0.74
AA 173 (29.0) 57 (28.5)

Allele frequencies

G 545 (45.8) 180 (45.0)
0.78
A 645 (54.2) 220 (55.0)
rs4762
GG 425 (71.4) 146 (73.0)
GA 156 (26.2) 46 (23.0) 0.34
AA 14 (2.4) 8 (4.0)

Allele frequencies

G 1006 (84.5) 338 (84.5)

A 184 (15.5) 62 (15.5)

Table 2: Genotype distribution of rs699 AGT and rs4762 in subjects
with T2DM and control group.

Neither rs699 nor rs4762 had statistically significant impact on the
CIMT at baseline (rs699: GG genotype vs. GA genotype vs. AA
genotype = 980 * 195 um vs. 994 + 187 um vs. 1006 = 196 pum, p=0.4;
rs4762: GG genotype vs. GA genotype vs. AA genotype = 998 + 193
pm vs. 1002 £ 187 um vs. 1007 + 189 pm, p=0.6)

rs699 GG GA AA p

Annual increase in CIMT (um/year) 12.41 (10.52-8.66) 17.14 (11.23-24.33) 21.05 (20.33-33.65) 0.59
A number of segments with plaques 2.0 (1.0-3.0) 2.3 (1.4-3.6) 2.5(1.25-3.0) 0.16
A sum of carotid plaques thickness (mm) 5.45 (2.17-7.30) 6.30 (3.40-8.45) 7.30 (3.40-10.77) 0.03

A-changes in variables in observed time period expressed as percentage of the initial value

CIMT - Carotid Intima Media Thickness

Table 3: Changes of subclinical markers of carotid atherosclerosis in subjects with T2DM between first examination and control examination with

regard to the genotypes of the rs699 polymorphism of the AGT.
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Comparison of atherosclerosis progression (changes of markers of
carotid atherosclerosis after 3.8 + 0.5 years) showed the highest
increase in carotid plaque thickness in subjects with T2DM carriers of
the AA genotype of the rs699 (p=0.03). Although we observed the
highest annual increase in CIMT and increase in number of sites with
plaques in homozygotes for allele A, the differences were not
statistically significant (Table 3).

In the present study we observed no statistically significant
difference in atherosclerosis progression between carriers of different
genotypes of the rs4762 polymorphism (Table 4).

rs4762 GG GA+AA P

Annual increase in CIMT (um/year) 14.29 (10.71-21.05) 26.08 (15.43-33.65) 0.81
A number of segments with plaques 2.0 (1.5-3.0) 1.0 (0.5-2.5) 0.24
A sum of carotid plaques thickness (mm) 6.10 (3.50-7.60) 4.4 (2.45-6.90) 0.08

A-changes in variables in observed time period expressed as percentage of the initial value

CIMT - Carotid Intima Media Thickness

Table 4: Changes of subclinical markers of carotid atherosclerosis in subjects with T2DM between first examination and control examination with

regards to the genotypes of the rs4762 polymorphism of the AGT.

As shown by multivariable linear regression analysis, the association
of the AA genotype with highest increase in carotid plaque thickness

remained significant even after adjustment for confounding variables
(Table 5).

Anumber of Asum of plaques

rs699 of the AGT gene’ ACIMT/year segments thickness

B P B P B P
Hypertension (0=no; 1=yes) 0.082 0.87 0.124 0.82 0.264 0.56
Systolic blood pressure (mm Hg) 0.019 0.92 0.029 0.37 0.037 0.54
Genotype GA rs699 0.145 0.22 0.09 0.57 0.159 0.62
Genotype AA rs699 0.359 0.4 0.149 0.4 0.301 0.02
rs4762 of the AGT gene”
Hypertension (0=no; 1=yes) 0.067 0.66 0.147 0.79 0.464 0.26
Systolic blood pressure (mm Hg) 0.078 0.62 0.035 0.28 0.046 0.31
GA+AA of the rs4762 0.473 0.6 -0.098 0.39 -0.058 0.08
All models were adjusted for age, sex, smoking, and the values of dependent variables at the enroliment in the study.
" Reference groups for the rs699 and rs4762 are homozygotes for G allele.

Table 5: Multivariate linear regression analysis for association of polymorphisms rs699 and rs4762 of the AGT gene with subclinical markers of

carotid atherosclerosis progression in subjects with T2DM.

Discussion

In the study we confirmed an association between the AA genotype
of the rs699 polymorphism of the AGT gene with the more rapid
progression of carotid plaque thickness, whereas it was not associated
with other markers of atherosclerosis progression. Contrary,
polymorphism rs4762 of the AGT gene did not have a major impact on
markers of carotid atherosclerosis progression in our population.

We speculate that the effect of the rs699 might be mediated via its
effect on AGT serum levels, since the rs699 was found to correlate with
plasma AGT concentrations [14]. There have been very few studies
investigating the association between the AGT gene polymorphisms

and markers of carotid atherosclerosis in either general population or
in subjects with T2DM [8,9,17-20]. To our knowledge only one such
study was performed in subjects with T2DM (European Americans
and African Americans in the Diabetes Heart Study), and the rs699 did
not appear to strongly influence subclinical cardiovascular disease
(CIMT) in this population (20). This report is in accordance with our
findings, since we also could not find significant impact of tested
polymorphisms (rs699, rs4762) on CIMT at baseline. Moreover, Arnett
et al. [9] reported no evidence that the rs699 of the AGT gene was
associated with carotid intima-media thickness in middle-aged adults
with no history of cardiovascular disease [7]. Similarly, Barley et al.
[17] failed to demonstrate an association between the rs699 of the
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AGT gene and either CIMT or cerebrovascular disease in one hundred
consecutive Caucasian patients with internal carotid artery territory
ischemia (TIA or stroke) [17]. Moreover, Sticchi et al also failed to
report an association between carotid stenosis and the rs699 of the
AGT gene [11]. Similarly, Losito et al. [12] failed to demonstrate an
association between AGT gene polymorphisms (rs699, rs4762 -
T174M) and either cerebrovascular disease or carotid stenosis in
dialysis patients [10]. Contrary to several studies performed in either
Caucasians or African Americans, Tabara et al. [11] reported an
association between the rs699 of the AGT gene and CIMT in a middle-
aged Japanese population [9].

Annual CIMT progression rate and the increase in total plaque
thickness correlated differently with genetic and non-genetic risk
factors for atherosclerosis development and progression, thus further
supporting the hypothesis that CIMT and plaques are biologically
distinct entities with different genetic backgrounds.

Conclusions

In conclusion, the rs699 of the AGT gene is a potential genetic
marker of carotid atherosclerosis progression (expressed as increase in
carotid plaque thickness) in Slovenian middle-aged patients
(Caucasians) with T2DM. The rs699 of the AGT gene did not affect
other ultrasonographic markers of carotid atherosclerosis progression
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