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Polymorphisms in the 

renin-angiotensin genes
Prevalence, differences in response to treatment 

and vascular stiffness in hypertensive patients
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ABSTRACT 

Objectives: The renin-angiotensin-aldosterone system (RAAS) has been implicated in many vascular 

and non-vascular properties. Polymorphisms in genes regulating RAAS can influence blood pressure 

response to anti-hypertensive drugs and might affect arterial stiffness. The prevalence of ACE I/D, 

AT1R 1166AC, and CYP11B2 C-344T polymorphisms were evaluated in hypertension stages 1 

and 2 (Hy) and compared with healthy normotensive individuals (NT). We also tested whether these 

variants could affect lipid peroxidation and pulse-wave velocity (PWV), as well as the response to 12-

week treatment with ACE inhibitors or diuretics. Methods: We evaluated 94 Hy patients, 56±10 y, 

51% men (baseline and 12 wk) and 30 NT, 37±9 y, 27% men. Carotid-radial PWV (m/s) was exam-

ined at rest and 5 min after arterial occlusion (PH). Casual systolic (SBP) and diastolic blood pres-

sure (DBP), ABPM, TBARS and genotyping (PCR-RFLP) were performed. Results: Baseline blood 

pressure values were higher in Hy, without differences in TBARS or PWV both at rest and PH. Fre-

quencies of hazardous genotypes in Hy and NT were, respectively 83 and 90%, p=0.05 for ACE-ID/

DD, 44 and 29%, p=0.0002 for AT1R 1166AC/CC, and 71 and 90%, p=0.02 for CYP11B2-TC/CC. 

Treatment of hypertension was followed by a reduction in SBP and DBP, as well as in ABPM, with 

a trend to higher values for SBP by ABPM at sleep in presence of ACE D allele (p=0.069), casual 

SBP in -344C carriers (p=0.165) and in DBP in AT1R C carriers (p=0.122). TBARS were marginally 

reduced by treatment (p=0.054), with an effect of the ACE D allele on higher levels (p=0.039). PWV 

at rest tended to be reduced (p=0.103) after a 12-w treatment and was improved in PH (p=0.018), 

without effect of the studied polymorphisms. The effect of multiple rare alleles (D/C/C) did not affect 

any of the studied parameters. Conclusions: We demonstrated a higher prevalence of polymor-

phisms in RAS genes in Hy, with small effects of these variants on blood pressure responses, arterial 

stiffness and oxidative stress. RAAS multiple pathways may account for these effects.
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Introduction
Hypertension is a common heritable trait resulting of 

multiple interactions of genetic polymorphisms and envi-
ronmental factors, with approximately one billion individu-
als affected worldwide1. Blood pressure (BP) is maintained 
by an intricate network of physiological systems, including 
renal, neuronal, endocrine, and vascular mechanisms, and 
in fact multiple genes are involved in blood pressure regu-
lation2. Identifying and elucidating how each gene plays its 
role in these complexes and interacting pathways remain 
to be accomplished. Like most complex diseases, the im-
pact of any individual gene is likely to be small to mod-
erate3. Many candidate genes have been proposed to be 
associated with hypertension, based on their biological ef-
fect on blood pressure and hypertension4-6. Meta-analysis 
have been published for the most studied genes7-9, and 
the present work has focused on various renal sodium 
transport proteins and members of the renin-angiotensin-
aldosterone system (RAAS). 

The RAAS regulates blood pressure by maintaining 
vascular tone and the water and sodium balance, being 
a target for many antihypertensive agents. However, the 
effects of RAAS blockade can vary in individual hyperten-
sive patients. The relationship between polymorphisms of 
RAAS genes and hypertension have been previously in-
vestigated. Most studies have shown that angiotensinogen 
(AGT), angiotensin II type 1 receptor (AT1R), angioten-
sin converting enzyme (ACE), and aldosterone synthase 
(CYP11B2) gene polymorphisms are associated with high 
BP levels and risk of hypertension10-16. In addition, recent 
studies suggest that genetic variation in these genes may 
be useful markers for predicting individual differences in 
response to antihypertensive treatments17-19. 

RAS is implicated in the pathogenesis of atherosclero-
sis and in the prognosis of coronary artery disease, and is 
associated with the development of ventricular hypertrophy, 
myocardial infarction, and remodelling20-26. Endothelial dys-
function is a known risk factor for cardiovascular events 
and can be affected by RAAS activation, also interfering 
with vascular distensibility27,28. A method that has been used 
to non-invasively assess vascular compliance is pulse-wave 
velocity (PWV), also able to provide an indirect measure of 
endothelial function, when reactive hyperemia is evaluated29. 

There are few papers reporting the influence of RAAS 
gene polymorphisms in the response to different anti-
hypertensive treatment regimens, as well as the effect 
of these genes in vascular compliance. The aim of our 
study was to evaluate the prevalence of ACE I/D, AT1R 
1166AC and CYP11B2 C-344T polymorphisms in pa-
tients with hypertension stages 1 and 2 (Hy) and to com-
pare them with healthy normotensive individuals (NT). 

Methods

Study population
For the hypertension group (Hy), 94 individuals with a 

diagnosis of essential hypertension in stages 1 or 230, of 
both sexes (51% men), aging 28-75 years (mean: 56±10 
y), in primary prevention of coronary artery disease and 
naïve of anti-hypertensive treatment were included. These 
patients were selected among patients from the Hyperten-
sion Section, Cardiology Division of the Federal University 
of Sao Paulo. We also examined 30 healthy controls (NT), 
37±9 y, 27% men. Presence of significant liver disease, 
renal insufficiency, thyroid disorders, cancer or secondary 
hypertension were the exclusion criteria. Patients with dys-
lipidemia in use of lipid-lowering drugs, taking antioxidants, 
and with any known intolerance to the study medications 
were also excluded. No current smokers were enrolled in 
both groups. 

The protocol was in agreement with the Declaration of 
Helsinki, and was approved by the local Ethics Committee. 
All eligible subjects provided written informed consent. 

Study design
Subjects were consecutively enrolled in an outpatient 

setting. After evaluation of eligibility criteria, all participants 
underwent routine medical examination. Baseline demo-
graphics and conventional risk factors for CHD31 were 
documented. Casual systolic (SBP) and diastolic blood 
pressures (DBP), ambulatory blood pressure monitoring 
(ABPM), pulse-wave velocity (PWV) in resting conditions 
and after arterial occlusion were recorded. All participants 
received a NCEP/ATP III dietary counseling and 12-h fast-
ing blood samples were collected at baseline and 12 wk. 

For the control group, a single clinical visit was per-
formed with assessment of PWV. Fasting blood samples 
were also collected. 

Blood pressure measurements
Blood pressures were measured with a standard mer-

cury sphygmomanometer (mm Hg) 5 min after subjects 
were resting in the sitting position. Systolic and diastolic 
blood pressures were calculated by averaging two or more 
measurements differing by no more than 5 mm Hg from 
each other, obtained 1 to 2 minutes apart30. 

Pulse wave velocity
Arterial stiffness was assessed by crPWV with an au-

tomated system by using the Complior® device as previ-
ously described29. This technique is based on the principle 
that the pressure wave generated by ventricular ejection 
is propagated into the arterial tree at a speed determined 
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by the geometric and elastic properties of the arterial wall 
and the characteristics of the fluid28,29 . PWV was de-
termined by a skilled observer who was unaware of the 
patient’s condition. All recordings were obtained from the 
right side of the patient who was in the supine position 
and in fasting state, and after a ten-minute period of rest 
to be sure that the patient was in a steady hemodynamic 
condition. The carotid and radial arteries were identified by 
palpation. Surface carotid-radial distance was determined 
by simple direct measurement of the distance between 
two probes (m), by using a non-stretching measuring tape. 
This distance was measured along the right side of the 
neck, which was slightly extended, and along the course 
of the brachial and radial arteries, with the arm extend-
ed and the shoulder abducted 90º, and informed to the 
system. Two pressure-sensitive transducers were applied 
to these arterial sites. Carotid and radial artery pressure 
waveforms were acquired simultaneously. The time delay 
between the feet of the two curves was measured directly 
by the system software, and PWV values were presented 
in m/s. At least 20 successive pulse waves were recorded 
for each patient in order to cover a complete respiratory 
cycle, and 15 of them were chosen to calculate mean 
crPWV. Post-hyperemic crPWV was also examined, as 
a noninvasive assessment of the effects of shear stress 
on vascular distensibility. This method was previously de-
scribed29 and adapted to our equipment. Briefly, forearm 
cuff was inflated to suprasystolic pressure for 5 min, and 
post-hyperemic crPWV was determined 1 min after cuff 
release, at the expected maximal endothelium-dependent 
vasodilation (forearm hyperemia). Accuracy and repro-
ducibility of crPWV determinations obtained by using the 
Complior® were analyzed, with intra-observer repeatability 
coefficients of 0.84 and 0.90 for crPWV at rest and post-
hyperemia, respectively. 

Lipid peroxidation
Lipid peroxidation was assessed by measuring thio-

barbituric acid-reactive substances (TBARS) as previously 
described32. 

Genotyping
Blood samples for genetic studies were collected from 

Hy and NT subjects. DNA was extracted of leucocytes 
from peripheral blood with the GFXTM column (Genomic 
Blood DNA Purification kit, Amersham Biosciences, USA). 
Genotypes were determined through the use of poly-
merase chain reaction amplification of leukocyte DNA, 
with published primers, restriction enzymes and conditions 
used for the ACE I/D33, AT1R 1166AC34, and CYP11B2 
C-344T35 polymorphisms. Products were resolved on 1.0 

% agarose gel and genotypes were compared with posi-
tive and negative controls, with discrepancies resolved by 
repeat genotyping. 

Treatment
After clinical evaluation and collection of baseline pro-

cedures, patients in Hy group were randomly assigned 
to receive perindopril 4-8 mg (ACE-inhibitor group), hy-
drochlorothiazide 25 mg or indapamide 1.5 mg (diuretic 
group), or these thiazides plus perindopril 4 mg (combined 
group) for 12 weeks. For the purpose of this study, geno-
types were compared in all treated patients, regardless of 
treatment assignment, and in controls. 

Statistical analysis
All data were analyzed using the statistical software 

SPSS 11.5 for Windows platform. Unless otherwise stat-
ed, data are presented as means ±SEM. Gene and allele 
frequencies, deviations from Hardy-Weinberg equilibrium, 
as well as categorical variables, were tested by the chi-
square or Fisher’s exact test. The repeatability of crPWV 
measurements was established by the paired two-tailed 
Student’s t test. Correlation coefficients were used to 
compare resting and PH-PWV. At baseline, continuous 
variables were compared by the unpaired Student’s t-test 
between Hy and NT groups. 

The primary assessment included changes in param-
eters of blood pressure, PWV, and oxidative stress, from 
baseline (within groups analysis) and between genotypes 
(between groups analysis) using the General Linear Mod-
el (GLM) for repeated measures. Because rare genotypes 
did not allow for individual analysis, they were grouped 
with heterozygous genotypes for this purpose. All tests 
were 2-tailed, and a p value < 0.05 was defined for statis-
tical significance. 

Results
Baseline characteristics of study population and the 

effects of treatment are presented in Table I. Patients with 
Hy were older, predominantly males, who presented high-
er BMI and waist circumference as compared with NT. As 
expected, systolic and diastolic blood pressure values 
were higher in Hy than in NT (p<0.0001). No differences 
among groups were found between values obtained for 
TBARS and PWV obtained at rest and after arterial oc-
clusion. There was a reduction in PWV values after arterial 
occlusion as compared with those obtained at rest both at 
baseline (9.5±1.5 vs. 9.0±1.6 m/s) and after a 12-week 
treatment of hypertension (9.2±1.7 vs. 8.5±1.7), suggest-
ing an improvement of vascular distensibility mediated by 
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shear stress, which can be translated in  endothelial-de-
pendent vasodilation. Post-hyperemic PWV was found to 
be highly correlated with PWV at resting conditions both at 
baseline (r=0.605, p<0.0001), after 12 weeks (r=0.536, 
p<0.0001), as well as in controls (r=0.687, p<0.0001) 
(data not shown). 

Twelve weeks after hypertension treatment a consis-
tent reduction was observed in SBP, DBP, and ABPM 
measures (p<0.05 vs. baseline). Treatment of hypertension 
also promoted a trend to lower TBARS levels and a reduc-
tion in PWV after arterial occlusion, reflecting improve-
ment in oxidative stress and vascular compliance (Table 1). 

Genotype distribution
Allele frequencies for each polymorphism in the study 

population were in Hardy-Weinberg equilibrium, except 
for the AT1R 1166AC polymorphism in the Hy group. 
Frequencies of hazardous genotypes in Hy and NT were, 
respectively 83 and 90% (p=0.05) for ACE-ID/DD, 44 
and 29% (p=0.0002) for AT1R-AC/CC, and 71 and 90% 
(p=0.02) for CYP11B2-TC/CC. A higher prevalence of 
the rare alleles D (ACE/I/D), T (ATR1/1166A-C), and T 
(CYP11B2/-344C-T) was found in Hy patients as com-
pared with NT. Gene and allele frequencies for the studied 
polymorphisms are presented in Table 2. 

Table 1. Baseline characteristics of study population and effects of 12-week treatment.

Group
Hy (n=94) 
baseline

Hy (n=94) 
treatment

p-value 
vs. baseline

NT 
(n=30)

p-value 
vs. Hy

Males (%)1 48 (51) – – 8(27) <0.0001

Age (y)3 56.1±9.9 – – 37.1±9.3 <0.0001

BMI (kg/m2)2,3 28.6±4.6 28.7± 4.8 0.856 25.1±5.1 0.001

WC (cm)2,3 95.5±12.1 94.3±11.7 0.008 87.6±14.8 0.004

SBP (mm Hg)2,3 153.7±12.4 136.7±16.1 <0.0001 114.7±8.9 <0.0001

DBP (mm Hg)2,3 92.1±7.0 84.5±7.6 <0.0001 74.9±12.4 <0.0001

TBARS (nmol/L)2,3 1.5±0.8 1.3±0.6 0.054 1.75±0.9 0.308

PWV-B (m/s)2,3 9.5±1.5 9.2±1.7 0.103 9.4±1.4 0.59

PWV-PH(m/s)2,3 9.0±1.6 8.5±1.7 0.018 8.8±1.4 0.42

ABPMS (mm Hg)2 131±15 126±14 <0.0001 – –

ABPMD (mm Hg)2 81±11 79±11 <0.0001 – –

ABPMSV (mm Hg)2 134±16 129±14 <0.0001 – –

ABPMDV (mm Hg)2 84±11 82±11 <0.0001 – –

ABPMSSl (mm Hg)2 126±16 121±15 <0.0001 – –

ABPMDSl (mm Hg)2 77±12 75±12 0.017 – –

PWV, pulse-wave velocity; B, baseline; PH, post-hyperemia; ABPM, ambulatory blood pressure monitoring; SBP, systolic blood pressure; D, diastolic blood pressure; 

V, vigil; Sl, sleep. p<0.05; 1chi-square, Hy vs. NT; 2baseline vs. 12-weeks, paired Student’s t-test; 3Hy vs. NT, unpaired Student’s t-test.

Table 2. Distribution of allelic and genotypic frequencies in the study population.

Group Hy % Allele frequencies NT % Allele frequencies P for genotypes P for alleles

ACE I/I 17% 10%

I/D 49% I: 0.42 38% I: 0.29 0.38 0.05

D/D 34% D: 0.58 52% D: 0.71

AA 56% 71%

AT1R* AC 15% A: 0.63 29% A: 0.86 0.06 0.0002

CC 29% C: 0.37 0% C: 0.14

–344TT 29% 10%

CYP11B2 –344TC 63% T: 0.61 71% T: 0.45 0.09 0.02

–344CC 8% C: 0.39 19% C: 0.55

Alleles in Hardy-Weinberg equilibrium, except for AT1R polymorphism in Hy group. p<0.05; Hy > NT, chi-square or Fisher’s exact test.
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Genotype effects on baseline parameters
For the ACE I/D polymorphism no differences were 

found regarding age, body weight, BMI, waist circumfer-
ence, SBP and DBP between II vs. ID + DD individuals. 
However, higher levels of TBARS were observed in those 
carrying the D allele (p=0.043) (data not shown). For the 
AT1R 1166AC polymorphism, only heart rate values were 
higher in those carrying the C allele, with no difference for 
the CYP11B2 variants, or even when multiple rare alleles 
were taken into account (data not shown). 

Genotype and antihypertensive response
The changes in BP response to antihypertensive treat-

ment in relation to genotypes of RAAS gene polymor-
phisms are shown in Table 3. The presence of at least one 
D allele conferred a trend for higher SBP values obtained 
at sleep by ABPM (p=0.069), with equal degree of reduc-
tion after treatment. The D allele was also associated with 
higher TBARS values, which decreased in the same pro-
portion after treatment. The rare C allele of the AT1R 1166 
gene polymorphism was not associated with differences in 
blood pressure, as well as the CYP11B2 C-344T gene 
polymorphism. The effect of treatment of hypertension was 
compared in presence of 0, 1, 2, or 3 rare alleles (D/C/C), 
showing no significant differences in regard of blood pres-
sure parameters, PWV, or TBARS (Table 3 and Figs 1-3). 

Table 3. Effects of ACE I/D, AT1R 1166A/C and CYP11B2 –344T/C polymorphisms on blood pressure control, pulse-wave 
velocity and TBARS

Variable

ACE I/D
polymorphism

AT1R 1166AC
polymorphism

CYP11B2 -344TC
polymorphism

Effects of 0, 1, 2 or 3
rare alleles

p x D
allele

p x
treatment

p x
C allele

p x
treatment

p x
C allele

p x
treatment

p x D/C/C 
alleles

p x
treatment

PWV-B 0.804 0.379 0.689 0.293 0.572 0.130 0.235 0.887

PWV-PH 0.861 0.806 0.529 0.071 0.436 0.167 0.191 0.819

SBP 0.281 <0.0001 0.162 <0.0001 0.165 <0.0001 0.551 <0.0001

DBP 0.284 <0.0001 0.122 <0.0001 0.738 <0.0001 0.531 <0.0001

ABPMS-24h 0.609 <0.0001 0.364 <0.0001 0.604 <0.0001 0.710 0.003

ABPMD-24h 0.852 <0.0001 0.802 <0.0001 0.673 <0.0001 0.782 0.005

ABPMSV 0.554 <0.0001 0.298 <0.0001 0.678 <0.0001 0.565 0.001

ABPMDV 0.919 <0.0001 0.773 <0.0001 0.714 <0.0001 0.728 0.001

ABPMSSl 0.069 0.003 0.694 <0.0001 0.730 0.001 0.439 0.113

ABPMDSl 0.396 0.025 0.947 <0.0001 0.932 0.011 0.795 0.291

TBARS* 0.039 0.249 0.129 0.284 0.672 0.018 0.609 0.164

PWV, pulse-wave velocity; B, baseline; PH, post-hyperemia; ABPM, ambulatory blood pressure monitoring; SBP, systolic blood pressure; D, diastolic blood pressure; 

V, vigil; Sl, sleep. p<0.05; GLM-repeated measures. *ID + DD > II.

Figure 1. Boxplots showing casual blood pressure measures and 24-h ABPM for ACE I/D, AT1R 1166AC and CYP11B2 

–344T/C gene polymorphisms in response to treatment of hypertension. b, baseline; 12w, 12 weeks after treatment; 24h, 24-h 

blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Discussion
Our study has demonstrated that polymorphisms in 

genes that affect the expression of the renin-angiotensin 
system have distinct prevalences in healthy and hyper-
tensive individuals, with higher prevalence of rare alleles 
among those with stage 1 or 2 hypertension. However, 
similar prevalences were observed for the 3 hazardous al-
leles in both groups. 

Treatment of hypertension was accompanied by reduc-
tion in casual systolic and diastolic blood pressures, as well 
as in the measures obtained by ABPM. Pulse-wave veloc-
ity after arterial occlusion was ameliorated after treatment, 
suggesting improvement in vascular distensibility. In our 
study, a non-invasive and low-cost evaluation of vascular 
distensibility in resting conditions and after reactive hyper-
emia in hypertensive and normotensive subjects was also 

performed, and a possible correlation of these variables to 
gene polymorphisms in the RAAS genes was explored. 

Genetic polymorphisms did affect blood pressure re-
sponses to antihypertensive regimens. Literature informa-
tion regarding the effects of RAAS polymorphisms and 
vascular responses is very conflicting. The ACE I/D poly-
morphism has been evaluated in a meta-analysis and it 
was not found to contribute to the presence or severity of 
hypertension36. In another study, an association between 
premature occurrence of hypertension and ACE I/D vari-
ants was found37. 

In a study, multiethnic populations were evaluated and 
no evidence of association between presence of the D 
allele either in homozygosis or heterozygosis and occur-
rence of hypertension was found in Americans of Latin or 
African origin38. In the same study, the AT1R polymorphism 

Figure 2. Boxplots showing blood pressure measures obtained by ABPM for ACE I/D, AT1R 1166AC and CYP11B2 –344T/C 

gene polymorphisms in response to treatment of hypertension. b, baseline; 12w, 12 weeks after treatment; v, vigil; sl, sleep; SBP, 

systolic blood pressure; DBP, diastolic blood pressure.

Figure 3. Boxplots showing measures of TBARS and PWV at rest and after arterial occlusion for ACE I/D, AT1R 1166AC and 

CYP11B2 –344T/C gene polymorphisms in response to treatment of hypertension. b, baseline; 12w, 12 weeks after treatment, 

TBARS, thiobarbituric acid-reactive substances; PWV, pulse-wave velocity; PH, post-hyperemia; ID/DD > II; p<0.05, GLM-re-

peated measures.
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(T variant) increased the risk of hypertension in Americans 
of African origin, but not in those of Latin origin. Other 
authors have also demonstrated that ABPM values were 
associated with the ACE D allele, but not with the AT1R 
C allele39, with no differences in casual blood pressures 
depending on the polymorphisms. In our study, the D allele 
was also associated with higher SBP at sleep by ABPM, 
with the same degree of response to treatment. 

In secondary prevention, the ACE I/D and CYP11B2 
polymorphisms were associated with the first event of MI 
in young patients, but not to disease progression after a 
long-term follow-up period40. 

The aldosterone synthase CYP11B2 polymorphism 
was evaluated in a meta-analysis that included 19 stud-
ies presenting heterogeneity, and the authors have shown 
that homozygous individuals for the -344C allele had a 
risk of hypertension 17% lower when compared to those 
for the T allele41. 

In regard of PWV, there are few papers in the literature 
relating genetic polymorphisms and hypertension. Safar 
and coworkers42 studied the CYP11B2 (–344T variant) in 
untreated hypertensive subjects and assessed their aor-
tic PWV and have found that the C allele was associated 
with increased heart rate, reduced stroke volume, and in-
creased PWV with ageing, which modulated the cardio-
vascular phenotype. In other study, the –344C allele has 
been implicated in vascular distensibility, and this effect 
was modulated by salt intake43. 

High blood pressure is a major risk factor for coronary 
artery disease and the alterations in vascular compliance 
and distensibility, as well as polymorphisms in genes re-
lated with RAAS may contribute to cardiovascular risk. In a 
study carried out in the United Kingdom, the AT1R 1166C 
allele was associated with a higher cardiovascular risk, 
regardless of blood pressure levels44. However, the AT2R 
polymorphism, not assessed in our study, has conferred 
protection. Other recent study showed a linear relationship 
between the number of rare alleles of many RAAS poly-
morphisms and increase in carotid IMT45. 

These data are important for understanding the dis-
tinct role of each component of RAAS and their implica-
tions in the pathogenesis of arterial hypertension, and the 
risk of developing coronary artery disease. RAAS may be 
a modulator in the pathogenesis of cardiovascular disease 
by a balance of expression of genetic and environmental 
factors, which could be protective or deleterious. 

In summary, this study demonstrated a higher preva-
lence of polymorphisms in the RAAS genes in hyperten-
sive subjects, with small effects of these variants on blood 
pressure responses, arterial stiffness, and oxidative stress. 
A lifetime exposure of subjects to these genetic markers 

may have an important role in the risk of hypertension and 
cardiovascular disease, and may have impact on preven-
tive strategies. 
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