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Abstract
Objective. To evaluate the influence of clinical,
biochemical and genetic markers on the
response to antihypertensive treatment in
patients with essential hypertension and the
metabolic syndrome (MetS).
Methods. Measurements of anthropometric
indices, blood pressure (BP), and metabolic
parameters were obtained from the medical
records of 132 (77 women) newly diagnosed,
untreated hypertensive patients. Renin-
angiotensin-aldosterone system (RAAS) genes
polymorphisms (including ACE I/D,
angiotensinogen M235T, angiotensin II type 1
receptor [AT1-receptor] A1166C) were
determined. Response to treatment was defined
as BP less than 140/90 mmHg.
Results. Patients with MetS (n=60) had higher
systolic BP and pulse pressure and a more
atherogenic lipid profile than patients without
MetS.The frequencies of the ACE and the
AT1-receptor gene polymorphisms were similar
between patients with and without MetS.
Response to treatment was positively associated
with pulse pressure, and the presence of the
C allele as well as the AC genotype of the
AT1-receptor gene and inversely with age after
adjustment for confounding factors.
Conclusions. RAAS genes distribution does not
differ between hypertensive patients with and
without the MetS. Higher baseline pulse pressure
levels, the presence of the C allele and/or the AC
genotype may be in favour of a better response
to structured antihypertensive treatment in
patients with MetS. However, these findings need
to be evaluated in future studies.

Introduction
The metabolic syndrome (MetS) is a constellation
of easy-to-measure clinical phenotypes that serve
as markers of increased risk for cardiovascular
disease (CVD), diabetes mellitus, chronic kidney
disease (CKD) and/or albuminuria.1-4 Although
various current definitions of MetS differ in
the detail and criteria, there is an agreement on the
essential components.2,4-7 In this syndrome, central
obesity and insulin resistance coexist with several
micro/macro-vascular and metabolic disorders,
such as hypertension, hyperglycaemia, and

dyslipidaemia, particularly hyper-triglyceridaemia,
low levels of high-density lipoprotein cholesterol
(HDL-C) and high fraction of small dense low-
density lipoprotein (LDL) particles.3,4

In as far as the MetS represents the clustering of
numerous independent risk factors for CVD
and/or diabetes mellitus, most authorities suggest
an aggressive therapeutic approach towards all
the MetS individual components.3-5 One of the
major diagnostic features of the MetS is
hypertension. Even though antihypertensive
therapy is considered a sine qua non in the
management of hypertension, specific blood
pressure (BP) treatment goals have not been yet
introduced in this high-risk population.3-5 It is
currently recommended that BP should be
reduced to at least achieve a BP of less than
140/90 mmHg (less than 130/80 if diabetes or
CKD is present).4,5 Some investigators believe that
angiotensin-converting enzyme inhibitors (ACE)
inhibitors or angiotension receptor blockers
(ARBs) are better first-line therapy for metabolic
syndrome patients, especially when type 2
diabetes or CKD is present, but the issue of the
most effective drug has not been entirely
resolved.8 Indeed, inhibition of the renin-
angiotensin system (RAS) with ACE-inhibitors or
ARBs may lower risk for diabetes itself.9 There is
evidence that the renin-angiotensin-aldosterone
system (RAAS) is activated in patients with MetS,
while certain RAAS genotypes may influence the
response to antihypertensive therapy in patients
with essential hypertension.10-16 Thus, it is intriguing
to identify potential predictors of response to BP-
lowering treatment in MetS patients.

In the present study, we investigated the
associations between clinical, serum biochemical
and genetic markers, such as RAAS genes, and the
response to BP lowering treatment in patients with
essential hypertension and features of the MetS.

Materials and methods
Study population
We reviewed the medical records of new
consecutive patients referred to the Outpatient
Hypertension Clinic of the University Hospital of
Ioannina, Ioannina, Greece (i.e. the referral
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centre for the prefecture of Ioannina) from
January 2002 to December 2004. Selection
criteria were as follows: (i) subjects aged 20 years
or older, (ii) attending the clinic for at least one
year, (iii) with no clinical or laboratory evidence
of secondary hypertension, (iv) who were
followed up four or more times during the study
period, and (v) for whom a detailed clinical and
laboratory evaluation according to the clinic
protocol was recorded.

Patients with (i) a previous history of CVD
(angina, myocardial infarction, stroke, peripheral
artery disease), (ii) diabetes mellitus (fasting
glucose levels greater than 126 mg/dL
[7.0 mmol/L] on more than one occasion), (iii)
renal function impairment (serum creatinine
> 1.2 mg/dL [100.0 μmol/L]), (iv) raised thyroid
stimulating hormone levels (greater than 5.0
μU/L), (v) other serious medical conditions, such
as neoplasia, congestive heart failure,
inflammatory bowel disease, rheumatic disease,
and (vi) those receiving antihypertensive and/or
lipid lowering agents at baseline were excluded
from the study.

The medical records of 132 patients (55 men,
77 women) were finally selected. Collection of
data included evaluations at the first visit prior to
any therapeutic intervention and at the latest
visit. Recordings involved: (i) anthropometric
indices (body mass index [BMI], waist
circumference), (ii) smoking habits and alcohol
consumption, (iii) BP readings as measured in
triplicate, following ten minutes rest, at each visit.
(Measurements were carried out by trained
physicians in the sitting position using a standard
mercury sphygmomanometer), (iv) lipid profile
total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), and
HDL-C levels, and (v) non-lipid metabolic
parameters, including serum glucose, creatinine,
urea, electrolytes, and uric acid levels. In
addition, RAAS system genes polymorphisms
(including ACE I/D, angiotensinogen [AGT]
M235T, AT1-receptor A1166C) were determined
in appropriately stored samples in all participants
who gave their informed consent.

The diagnosis of MetS was made when two or
more of the following risk determinants were
present: abdominal obesity (waist circumference
[standing position] > 102 cm for men; > 88 cm for
women), TG ≥ 150 mg/dL (1.7 mmol/L), low
HDL-C (i.e. < 40 mg/dL [1.0 mmol/L] for men;
< 50 mg/dL [1.3 mmol/L] for women), and a
fasting glucose ≥ 100 mg/dL (5.6 mmol/L).5

Prior to treatment initiation, all patients received
advice with emphasis on lifestyle changes
according to the clinical protocol, including
body weight control, increased physical activity,

alcohol moderation, sodium reduction, and
increased consumption of fresh fruits and
vegetables and low-fat dairy products.17 Individual
consultations were offered on every visit.

During the follow-up period, antihypertensive
treatment was adjusted according to physician’s
judgement, in order to achieve the BP treatment
goal, defined as systolic blood pressure (SBP) of
< 140 mmHg and diastolic blood pressure (DBP)
of < 90 mmHg. No specific treatment algorithm
was designated. All classes of antihypertensive
agents were prescribed (i.e. thiazides, calcium
channel antagonists, ACE-inhibitors, ARBs, beta-
blockers, alpha-blockers, centrally acting
adrenergic agent) and all possible combinations
were allowed; upward titration of drug doses for
optimal effect was encouraged.

The study protocol conformed to the ethical
guidelines of the Declaration of Helsinki. The
study was based on all the available eligible
consecutive patients that we could assemble over
a period of three years. Power calculations post-
hoc were not performed.

Laboratory determinations 
All laboratory measurements were performed at
the Laboratory of Biochemistry of the University
Hospital of Ioannina, by standardised methods
using an Olympus AU 600 clinical chemistry
analyser (Olympus Diagnostica, Hamburg,
Germany).18 Blood samples were obtained
following a 14-hour overnight fast.

The glutamate dehydrogenase (GLDH)  method
was used for the determination of urea levels, the
uricase/PAP method (an enzymatic colour test)
for uric acid, and a modification of the Jaffé-
method for creatinine. The creatinine clearance
(CrCl) was estimated by the Cockcroft-Gault
formula: CrCl = [(140-age) x body weight]/(72 x
serum creatinine), where body weight is in kg,
age is in years, and serum creatinine is in mg/dL18

(to convert creatinine from micromole/L to mg/dl
sivide by 83.3). For women, the result is
multiplied by a factor of 0.85 to compensate for
the lower average muscle mass.19 Glucose was
measured by the hexokinase method. The
concentrations of TC and TG were determined
enzymatically. HDL-C was determined in the
supernatant, after precipitation of the ApoB-
containing lipoproteins with dextran
sulphate–Mg2+ (Sigma Diagnostics, St Louis, MO,
USA). LDL-C was calculated using the Friedewald
formula provided fasting triglyceride levels were
less than 400 mg/dL (4.5 mmol/L).18

Genotype determinations
Genomic deoxyribonucleic acid (DNA) from
each individual was isolated from peripheral
blood leucocytes using a standard NaCl
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extraction procedure protocol. The DNA samples
were genotyped for the M235T polymorphism of
the AGT, the ID polymorphism of the ACE gene
and the A1166C polymorphism of the angiotensin
II type 1 receptor gene (AT1-receptor). The AGT
M235T genotype was determined by polymerase
chain reaction (PCR) amplification followed by
digestion with restriction enzyme Tth111I
according to the described method.20 The ID
polymorphism in intron 16 of the ACE gene was
detected according to Rigat.21 PCR is known to
have a tendency to preferentially amplify short
alleles in contrast to larger alleles in a competitive
amplification reaction containing two alleles of
different sizes as is the case in ACE I versus D
alleles. To increase specificity and to avoid
preferential amplification of the deletion allele in
heterozygotes, DD homozygotes were retyped
using insertion-specific primers. To determine
the AT1-receptor A1166C genotype, PCR
amplification was also performed under
previously described conditions and PCR
products were digested by DdeI.22

Statistical analysis
Values were expressed as mean±SD.
Comparisons of continuous variables were
performed by Student’s t-test for normally
distributed variables and Mann-Whitney test for

non-normally distributed variables, while chi x2-
tests were used for categorical variables.
Relations between variables were explored by
determining Pearson’s or Spearman’s rank
correlation coefficients.

The strength of associations of response to
treatment with genetic markers and with
clinical/biochemical parameters were assessed by
means of logistic regression analysis. These
associations were first tested by univariate
analysis. Multivariate analysis was performed by
binary logistic regression analysis, which allows
adjustment for confounding factors, such as age,
sex, menopause status for women, BMI, smoking
habits, alcohol consumption (entered as units per
week), length of follow-up, baseline SBP and
DBP measurements, serum lipids and other
metabolic variables (creatinine, fasting blood
glucose, serum uric acid levels) as well as lipid-
lowering treatment during follow-up (binary
variable) and antihypertensive treatment.
Antihypertensive treatment was entered in the
model of logistic regression analysis as a
categorical variable (four categories: 1 drug, 2, 3,
and 4 combined drugs) and also as binary
variables to examine the response to treatment
by the class of antihypertensive agent used  (i.e.
diuretic, beta-blocker, calcium antagonist,
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Table 1
Baseline demographic, clinical and laboratory characteristics of the study population.

Variable Patients with essential hypertension

All MetS(+) MetS(-)                    *p
(n=132) (n=60) (n=72)

Sex
Male 55 24 31 0.72
Female 77 36 41 0.72

Age (years) 54±12 56.3±11.1 52.1±12.0 0.12

BMI (kg/m2) 27.9±4.1 29.6±4.1 26.6±3.5 < 0.001
Waist circumference (cm)

Men 90.5±11.6 97.8±11.2 91.7±11.9 < 0.01
Women 79.4±9.2 88.6±10.1 76.4±8.8 < 0.01

Blood pressure (BP)
Systolic BP (mmHg) 152.8±19.9 156.8±21.8 147.5±17.5 0.03
Diastolic BP (mmHg) 94.9±11.6 93.8±13.4 95.9±9.8 0.30
Pulse pressure (mmHg) 57.9±15.7 63.0±15.5 53.6±14.6 < 0.001

Total cholesterol (mmol/L) 6.2±1.2 6.5±1.3 6.0±1.1 0.03

LDL-cholesterol (mmol/L) 3.6±1.8 4.3±1.0 4.1±1.1 0.28

HDL-cholesterol (mmol/L) 1.3±0.3 1.1±0.3 1.4±0.3 < 0.001

Triglycerides (mmol/L) 2.0±0.8 2.3±0.9 1.1±0.5 < 0.001

Glucose (mmol/L) 5.9±1.3 6.3±1.4 5.2±1.3 < 0.001

Creatinine (µmol/L) 80.8±16.7 83.3±16.7 79.1±16.7 0.19

Creatinine clearance (ml/min) 87.4±28.5 86.7±36.2 87.9±26.3 0.81

Uric acid (µmol/L) 339.0±136.8 368.8±130.8 321.2±95.2 0.03

Key: MetS: metabolic syndrome; BMI = body-mass index; * = comparisons between patients with (+) and without (-) the 

MetS.
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ACE-inhibitor or ARB). Sequentially, we adjusted
for genotype frequencies; each genotype and
related alleles entered the model of multivariate
analysis.

Significance levels were set at p<0.05 in all cases.
SPSS 11.0.1 for Windows (SPSS Inc., 1989–2001)
was used to perform the statistical analysis.

Results 
Baseline characteristics 
Demographic, clinical and laboratory
characteristics of the study population are shown
in table 1. A total of 60 patients (45.4%) with
essential hypertension fulfilled the diagnostic
criteria of MetS. Of these, 28 patients (46.7%) had
two criteria, 26 (43.3%) had three, and six
patients (10.0%) had four diagnostic criteria
besides the presence of hypertension. The
presence of individual diagnostic features was
more frequent among patients with essential
hypertension and the MetS (table 2).

Hypertensive subjects as a whole tended to be
overweight (mean BMI 27.9 kg/m2). Notably,
compared to subjects not fulfilling the MetS
criteria, abdominal obesity was more evident
among patients with the MetS (table 2), who had
higher BMIs (29.6±4.1 vs. 26.6±3.5 kg/m2), and
waist circumference measurements (both men
and women) (table 1). Moreover, patients with
the MetS had higher SBP readings and pulse
pressure, higher serum concentrations of fasting
glucose and uric acid with more pronounced
evidence of atherogenic dyslipidemia (i.e. higher
levels of TG and lower levels of HDL-C) than
patients without MetS (tables 1 and 2).

Genotype distribution
For all polymorphisms determined there was no
significant deviation from Hardy-Weinberg
equilibrium in this group of subjects. There
were no significant differences in the frequencies
of the ACE and the AT1-receptor gene
polymorphisms between patients with and
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Table 2
Prevalence of the diagnostic features of the metabolic syndrome in the study population.

Feature MetS (+) MetS (-) p
(n=60) (n=72)

Abdominal obesity 51 (85.0%) 45 (62.5%) 0.004

High triglyceride 40 (66.7%) 2 (2.8%) < 0.001

Low HDL-C 32 (53.3%) 8 (11.1%) < 0.001

Fasting glucose (5.6–7.0 mmol/L) 28 (46.7%) 5 (6.9%) < 0.001

Key: MetS = Metabolic syndrome; HDL-C = high-density lipoprotein-cholesterol.

Table 3
Polymorphisms in the study population.

Variable Patients with essential hypertension

All MetS (+) MetS (-)
(n=132) (n=60) (n=72) *p
N (%) N (%) N (%)

ACE (I/D)
DD 48 (36.3) 22 (36.7) 26 (36.1) 0.94
II 22 (16.7) 11 (18.3) 11 (15.3) 0.64
DI 62 (47.0) 27 (45.0) 35 (48.6) 0.70

AGT (M235T)
TT 46 (34.8) 19 (31.7) 27 (37.5) 0.48
CC 26 (19.7) 16 (26.7) 10 (13.9) 0.07
TC 60 (45.5) 25 (41.6) 35 (48.6) 0.42

AT1R (A1166C)
AA 75 (56.8) 31 (51.7) 44 (61.1) 0.81
CC 11 (8.4) 4 (6.7) 7 (9.7) 0.53
AC 46 (34.8) 25 (41.6) 21 (29.2) 0.13

Key: MetS = metabolic syndrome; * = comparisons (chi2-test) between patients with (+) and without (-) the MetS;  

A = adenine; C = cytosine; D = deletion; G = guanine; I = insertion; M = methionine; T = threonine.
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without MetS (table 3). Patients with the MetS
showed a trend towards a higher frequency of
the M235T CC genotype of the AGT gene
(table 3).

Drug treatment
There were no significant differences in the
selection of various classes of antihypertensive
agents between patients with and without the
MetS during the follow-up period (table 4).
Twenty patients (33.3%) with MetS vs. 23 (31.9%)
of patients without MetS received monotherapy,
20 (33.3%) vs. 26 (36.1%) received a two-drug
combination, 14 (23.4%) vs. 17 (23.6%) received

three drugs, and six (10.0%) vs. six (8.4%)
received a combination of four drugs.

Response to treatment
The mean decrease in SBP and DBP levels
was greater but non-significant (13.2±3.2 vs.
6.2±3.0 mmHg, and 9.0±2.1 vs. 5.5±1.5 mmHg,
respectively) in patients with the MetS compared
with those without MetS. A total of 29 (48.3%)
of patients with MetS and 41 (56.9%) of patients
without the MetS achieved the treatment goal
(‘responders’) at the end of the follow-up period.
In patients with the MetS, the mean decrease in
SBP was significantly greater in ‘responders’ than
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Table 4
Pharmacologic treatment in the study population.

Antihypertensive drug class MetS (+) MetS (-) p
(n=60) (n=72)

Thiazide diuretic 25 (41.7%) 30 (41.6%) 1.0

Beta-blocker 21 (35.0%) 22 (30.5%) 0.59

Calcium antagonist 26 (43.3%) 29 (40.2%) 0.72

ACE-inhibitor 29 (48.3%) 33 (45.8%) 0.77

Angiotensin receptor antagonist 14 (23.3%) 17 (23.6%) 0.97

Alpha-blocker 3 (5.0%) 4 (5.5%) 0.89 

Centrally acting adrenergic agent 6 (10.0%) 7 (9.7%) 0.96

Key: MetS = Metabolic syndrome; ACE = angiotensin-converting-enzyme.

Table 5a
Univariate and multivariate logistic regression analyses of the association between baseline clinical, biochemical and genetic
markers and the response to treatment in patients with essential hypertension with and without metabolic syndrome.

All patients

Univariate Multivariate*
Odds ratio (95%CI) p Odds ratio (95%CI) p

Age (yrs) 0.95 (0.92–0.98) 0.003 0.94 (0.89–0.98) 0.02

Pulse pressure (mmHg) 1.15 (1.08–4.99) 0.007 1.13 (1.10–4.58) 0.03

Total cholesterol (mg/dL) 0.99 (0.98–0.99) 0.02 0.99 (0.99–1.00) 0.12

AA genotype 0.45 (0.21–0.96) 0.04 0.42 (0.26–1.22) 0.11

AC genotype 3.06 (1.371–6.81) 0.006 3.39 (1.05–10.94) 0.04

Presence of C allele 2.21 (1.01–4.71) 0.03 2.737 (1.153–6.496) 0.02

Key: Values represent odds ratios per 10 mg/dL changes in total cholesterol; values for pulse pressure represent odds ratios

per mmHg. * = Adjustment for age, sex, menopause status for women, body mass index, smoking, alcohol consumption

(units/week), length of follow-up, serum lipids, creatinine, fasting glucose, serum uric acid, use of lipid-lowering agents

during follow-up (binary variable), and antihypertensive treatment (categorical and binary variables). A = adenine; 

C = cytosine.
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in ‘non-responders’ (mean decrease 20.7±4.9 vs.
6.2±3.9, p=0.02), while the decrease in DBP was
comparable between groups (11.0±3.2 vs.
7.2±2.7, p=0.09).

During follow-up, BMI values did not change
significantly from baseline in patients with the MetS
(29.6±4.1 vs. 29.1±4.8 kg/m2) or without the MetS
(26.6±4.5 vs. 26.2±4.2 kg/m2). Furthermore, small
but non-significant reductions in BMI were evident
both in responders (29.7±4.8 vs. 29.2±5.3 kg/m2)
and non-responders (29.5±3.5 vs. 28.9±4.4 kg/m2).
The results of the logistic regression analysis
indicating the associations of the response to
antihypertensive therapy with clinical and
biological markers are shown in table 5. In the
whole population of patients with essential
hypertension, pulse pressure levels, and the
presence of C allele as well as AC genotype

of the AT1-receptor gene (with AA as the
reference group) were positively associated with
response to treatment, whereas age was inversely
associated (adjusted odds ratio 0.94 [0.89–0.98]
95% CI (Confidence Interval), p=0.02) (table 5a).
These associations were not statistically
significant in the subgroup of patients not
fulfilling the criteria of the MetS (table 5c). On the
contrary, in patients with the MetS, age, pulse
pressure, and presence of C allele and the AC
genotype of the AT1-receptor gene were
associated with the response to treatment in the
same manner (table 5b).

Discussion
The present study indicates that certain biologic
parameters could be potential predictors of the
response to antihypertensive treatment in
subjects with essential hypertension and the
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Table 5b
Univariate and multivariate logistic regression analyses of the association between baseline clinical, biochemical and genetic
markers and the response to treatment in patients with essential hypertension with and without metabolic syndrome.

Patients with essential hypertension with the metabolic syndrome

Univariate Multivariate*
Odds ratio (95%CI) p Odds ratio (95%CI) p

Age 0.93 (0.88–0.98) 0.01 0.94 (0.87–0.98) 0.03

Pulse pressure 1.16 (1.12–3.99) 0.03 1.12 (1.09–4.01) 0.03

AC genotype 4.11 (1.32–12.80) 0.01 3.60 (1.05–12.33) 0.04

Presence of C allele 2.92 (1.06–8.67) 0.04 2.67 (1.04–8.12) 0.04

Key: Values represent odds ratios per 10 mg/dL changes in TC; values for pulse pressure represent odds ratios per mmHg. 

*Adjustment for age, sex, menopause status for women, body mass index, smoking, alcohol consumption (units/week),

length of follow-up, serum lipids, creatinine, fasting glucose, serum uric acid, use of lipid-lowering agents during follow-up

(binary variable), and antihypertensive treatment (categorical and binary variables). A = adenine; C = cytosine.

Table 5c
Univariate and multivariate logistic regression analyses of the association between baseline clinical, biochemical and genetic
markers and the response to treatment in patients with essential hypertension with and without metabolic syndrome.

Patients with essential hypertension without the metabolic syndrome

Univariate Multivariate*
Odds ratio (95%CI) p Odds ratio (95%CI) p

Age 0.96 (0.92–1.01) 0.09 0.96 (0.91–1.02) 0.21

Pulse pressure 0.98 (0.94–1.01) 0.16 1.00 (0.96–1.05) 0.78

AC genotype 2.62 (0.81–8.45) 0.11 2.03 (0.52–7.90) 0.31

Presence of C allele 1.89 (0. 64–5.54) 0.25 1.53 (0.44–5.24) 0.50

Key: Values represent odds ratios per 10 mg/dL changes in TC; values for pulse pressure represent odds ratios per mmHg. 

*Adjustment for age, sex, menopause status for women, body mass index, smoking, alcohol consumption (units/week),

length of follow-up, serum lipids, creatinine, fasting glucose, serum uric acid, use of lipid-lowering agents during follow-up

(binary variable), and antihypertensive treatment (categorical and binary variables) A = adenine; C = cytosine.
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MetS. Among the MetS components,
hypertension is the least ‘metabolic’ and is
considered multifactorial in origin.3-6 There is a
limited number of studies linking clinical and
genetic markers, such as polymorphisms of RAAS
genes, with the response to treatment in subjects
with essential hypertension.12-16 There is evidence
that the RAAS is activated in patients with
MetS.10,11 In fact, several components of the RAAS
such as angiotensinogen, ACE, and AT1-receptors
are present within human adipose tissue.23

Experimental studies suggest that the adipose
RAAS is regulated by hormonal and nutritional
factors and correlates with the degree of obesity
and that AII may modulate adipose tissue blood
flow, growth and metabolism.24,25 Thus, an up-
regulated adipose RAAS may have deleterious
local and systemic effects in obese individuals
and contribute to insulin resistance and
hypertension. It has also been proposed that both
hyperglycaemia and insulin activate the RAAS by
increasing the expression of AGT Ang II and the
AT1-receptor which, in concert, may contribute to
the development of hypertension in patients with
insulin resistance.26

It has been reported that several RAAS gene
polymorphisms, such as ACE I/D, AGT M235T,
AT1-receptor A1166C, may influence the RAAS
activity. However, the exact role of these
polymorphisms on the RAAS function remains
unclear due to the conflicting results produced by
a number of studies.27-31 The associations of these
polymorphisms with particular features of the
MetS have also been investigated. Several studies
provided evidence supporting an association
between increased insulin resistance and the
presence of ACE I allele.32-34 Furthermore, the
presence of M235 allele in a Chinese population
has been shown to be associated with lower TC
and LDL-C levels than in T allele homozygotes.31

A similar correlation between cholesterol levels
and the M235T polymorphism has also been
reported in Caucasian populations.35 In a study of
Pima-Indians, Nagi et al. showed that plasma ACE
concentrations, which were influenced by the
ACE I/D polymorphism, were associated with
serum TG and TC levels.36 Furthermore, del Ser T
et al. demonstrated that serum TG concentrations
are elevated in stroke patients in association with
the ACE DD genotype.37

There is limited data regarding the distribution of
RAAS genes in population with MetS and
essential hypertension.38 In our study, there were
no statistically significant differences between the
MetS+ and the MetS- group, except for a trend of
patients with the MetS towards having a higher
frequency of the M235T CC polymorphism.
Moreover, the presence of the 1166C allele and
the AC genotype of the A1166C polymorphism
of the AT1-receptor of the angiotensin II favoured

the response to treatment in the whole study
population, particularly in subjects with the MetS.
Frazier et al. demonstrated a diminished  BP
response to hydroclorothiazide after four weeks
of therapy in C allele hypertensive carriers,39

whereas Kurland et al. reported that the A1166C
polymorphism does not predict the BP response
to a 3-month treatment with irbersartan or
atenolol in hypertensive patients.15 There is also
evidence that the presence of the C allele is
associated with a series of cardiovascular disease
risk factors, including aortic stiffness, increased
carotid intima-media thickness, left ventricular
hypertrophy, as well as the formation of
atheromatous plaques.40,41 All these considered,
we might suggest that patients with essential
hypertension with the MetS who have the
1166C allele may constitute a high-risk
population that could benefit from structured
antihypertensive therapy.

Our data showed an inverse relationship between
pulse pressure levels and the response to
antihypertensive therapy. Indeed, the determinants
of pulse pressure include the cushioning capacity
of arteries and the timing and intensity of wave
reflections which are influenced by arterial
stiffness.42 Thus, pulse pressure is regarded as a
potential clinical marker of arterial wall stiffness,
which may be involved in the pathophysiology of
hypertension in patients with the MetS.

Study limitations
This was a single centre ‘real-life’ retrospective
study evaluating the effects of genetic
polymorphisms on the response to
antihypertensive treatment in previously
untreated hypertensive patients with the MetS.
The application of strict selection criteria,
although limiting the sample size, was decided in
order to attenuate the heterogeneity of the
sample studied and to increase the chances of
correctly identifying any associations present.
This may represent a study limitation and reduce
the generalisability of the results. Although the
patients were treated by different regimens
according to the physician’s judgement, there
were no significant differences in the selection of
various classes of antihypertensive agents
between groups. Finally, given the relatively small
size of the homozygote group for the 1166C
allele of the A1166C polymorphism of the
AT1-receptor, our findings could be due to an
unrecognised bias in sample, not controlled for
by our statistical analyses. It would be intriguing
if studies with antihypertensive treatment
standardised to a particular drug and/or to a
particular dosage confirmed our findings.

We conclude that the distribution of the RAAS
genes did not differ between patients with
essential hypertension with and without the
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MetS. Higher baseline pulse pressure levels, the
presence of the C allele and/or the AC genotype
were in favour of a better response to structured
antihypertensive treatment in patients with MetS.
Further investigation is needed to evaluate
possible implications of these findings in the
pathophysiology and treatment of hypertension
related to the MetS.

References
1. Malik S, Wong ND, Franklin SS et al. Impact of the

metabolic syndrome on mortality from coronary heart

disease, cardiovascular disease, and all causes in United States

adults. Circulation 2004;110:1245-50.

2. Expert Panel on Detection, Evaluation, and Treatment of

High Blood Cholesterol in Adults. Executive summary of the

third report of the National Cholesterol Education Program

(NCEP) Expert Panel on Detection, Evaluation, and Treatment

of High Blood Cholesterol in Adults (Adult Treatment Panel

III). JAMA 2001;285:2486-97.

3. Gazi I, Liberopoulos E, Mikhailidis DP, Elisaf M.

Metabolic syndrome: clinical features leading to therapeutic

strategies. Vasc Dis Prev 2004;1:243-53.

4. Eckel RH, Grundy SM, Zimmet PZ. The metabolic

syndrome. Lancet 2005;365:1415-28.

5. Grundy SM, Cleeman JI, Daniels SR et al. American Heart

Association; National Heart, Lung, and Blood Institute.

Diagnosis and management of the metabolic syndrome: an

American Heart Association/National Heart, Lung, and Blood

Institute Scientific Statement. Circulation 2005;112:2735-52.

6. Alberti KG, Zimmet P, Shaw J. IDF Epidemiology Task

Force Consensus Group. The metabolic syndrome - a new

worldwide definition. Lancet 2005;366:1059-62.

7. Liberopoulos E, Elisaf M. Diagnosis of the metabolic

syndrome: which definition should we use? Hell J Cardiol

2005;46:258-62.

8. Barnett AH, Bain SC, Bouter P et al. Diabetics exposed to

telmisartan and enalapril Study Group. Angiotensin-receptor

blockade versus converting-enzyme inhibition in type 2

diabetes and nephropathy. N Engl J Med 2004;351:1952-61.

9. Scheen AJ. Prevention of type 2 diabetes mellitus

through inhibition of the renin-angiotensin system. Drugs

2004;64:2537-65.

10. Strazzullo P, Galletti F. Impact of the renin-angiotensin

system on lipid and carbohydrate metabolism. Curr Opin

Nephrol Hypertens 2004;13:325-32.

11. Sharma AM. Is there a rationale for angiotensin blockade

in the management of obesity hypertension? Hypertension

2004;44:12-19.

12. Li X, Du Y, Du Y, Huang X. Correlation of angiotensin-

converting enzyme gene polymorphism with effect of

antihypertensive therapy by angiotensin-converting enzyme

inhibitor. J Cardiovasc Pharmacol Ther 2003;8:25-30.

13. Dieguez-Lucena JL, Aranda-Lara P, Ruiz-Galdon M,

Garcia-Villanova J, Morell-Ocana M, Reyes-Engel A.

Angiotensin I-converting enzyme genotypes and angiotensin II

receptors. Response to therapy. Hypertension 1996;28:98-103.

14. Mondorf UF, Russ A, Wiesemann A, Herrero M, Oremek

G, Lenz T. Contribution of angiotensin I converting enzyme

gene polymorphism and angiotensinogen gene

polymorphism to blood pressure regulation in essential

hypertension. Am J Hypertens 1998;11:174–83.

15. Kurland L, Melhus H, Karlsson J et al. Swedish Irbesartan

Left Ventricular Hypertrophy Investigation versus Atenolol

(SILVHIA) Trial. Angiotensin converting enzyme gene

polymorphism predicts blood pressure response to

angiotensin II receptor type 1 antagonist treatment in

hypertensive patients. J Hypertens 2001;19:1783-7.

16. Baudin B. Angiotensin I-converting enzyme gene

polymorphism and drug response. Clin Chem Lab Med 2000;

38:853-6.

17. Chobanian AV, Bakris GL, Black HR et al. National Heart,

Lung, and Blood Institute Joint National Committee on

Prevention, Detection, Evaluation, and Treatment of High

Blood Pressure; National High Blood Pressure Education

Program Coordinating Committee. The Seventh Report of the

Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure: the JNC 7

report. JAMA 2003;289:2560-72.

18. Milionis HJ, Papakostas J, Kakafika A, Chasiotis G,

Seferiadis K, Elisaf MS. Comparative effects of atorvastatin,

simvastatin and fenofibrate on serum homocysteine levels in

patients with primary hyperlipidemia. J Clin Pharmacol 2003;

43:825-30.

19. Cockroft DW, Gault MH. Prediction of creatinine

clearance form serum creatinine. Nephron 1976;16:31-9.

20. Russ AP, Maerz W, Ruzicka V, Stein U, Gross W. Rapid

detection of hypertension-associated Met235 - Thr allele of the

human angiotensinogen gene. Hum Mol Gen 1993;2:609-10.

21. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P,

Soubrier F. An insertion/deletion polymorphism in the

angiotensin I converting enzyme levels. J Clin Invest 1990;

86:1343-6.

22. Bonnardeaux A, Davies E, Jeunemaitre X et al.

Angiotensin II type 1 receptor gene polymorphisms in human

essential hypertension. Hypertension 1994;24:63-9.

23. Engeli S, Negrel R, Sharma AM. Physiology and

pathophysiology of the adipose tissue renin-angiotensin

system. Hypertension 2000;35:1270-7.

24. Massiera F, Seydoux J, Geloen A et al. Angiotensinogen-

deficient mice exhibit impairment of diet-induced weight gain

with alteration in adipose tissue development and increased

locomotor activity. Endocrinology 2001;142:5220-5.

25. Goossens GH, Blaak EE, van Baak MA. Possible

involvement of the adipose tissue renin-angiotensin system in

the pathophysiology of obesity and obesity-related disorders.

Obes Rev 2003;4:43-55.

26. Nickenig G, Roling J, Strehlow K, Schnabel P, Bohm M.

Insulin induces upregulation of vascular AT1 receptor gene

expression by posttranscriptional mechanisms. Circulation

1998;98:2453-60.

27. Nakai K, Itoh C, Miura Y et al. Deletion polymorphism

of the angiotensin I-converting enzyme gene is associated

with serum ACE concentration and increased risk for CAD in

the Japanese. Circulation 1994;90:2199-202.

28. Lachurie ML, Azizi M, Guyene TT, Alhenc-Gelas F,

Menard J. Angiotensin converting enzyme gene

polymorphism has no influence on the circulating renin-

angiotensin-aldosterone system or blood pressure in

normotensive subjects. Circulation 1995;91:2933-42.

29. Castellano M, Muiesan ML, Rizzoni D et al. Angiotensin-

converting enzyme I/D polymorphism and arterial wall

thickness in a general population. The Vobarno Study.

Circulation 1995;91:2721-4.

Journal of
the Renin-
Angiotensin-
Aldosterone
System
(Including other

Peptidergic Systems)

December 2007
Volume 8
Number 4

Paper

COPY
RIG

HT J
RA

AS L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D

 at UNIV OF IOANNINA on April 1, 2012jra.sagepub.comDownloaded from 

http://jra.sagepub.com/


189

30. Paillard F, Chansel D, Brand E et al. Genotype-

Phenotype Relationships for the Renin-Angiotensin-

Aldosterone System in a Normal Population. Hypertension

1999;34:423-9.

31. Thomas GN, Tomlinson B, Chan JC, Sanderson JE,

Cockram CS, Critchley JA. Renin-angiotensin system gene

polymorphisms, blood pressure, dyslipidemia, and diabetes

in Hong Kong Chinese: a significant association of the ACE

insertion/deletion polymorphism with type 2 diabetes.

Diabetes Care 2001;24:356-61.

32. Katsuya T, Horiuchi M, Chen YDI et al. Relation between

deletion polymorphism of the angiotensin-converting enzyme

gene and insulin resistance, glucose intolerance,

hyperinsulinemia and dislipidemia. Arterioscler Thromb Vasc

Biol 1995;15:779-82.

33. Chiu KC, McCarthy JE. The insertion allele at the

angiotensin I-converting enzyme gene locus is associated

with insulin resistance. Metabolism 1997;46:395-9.

34. Panahloo A, Andres C, Mohamed-Ali V et al. The insertion

allele of the ACE gene I/D polymorphism: a candidate gene for

insulin resistance? Circulation 1995;92:3390-3.

35. Williams RR, Hunt SC, Hopkins PN et al. Genetic basis

of familial dyslipidemia and hypertension: 15-year results

from Utah. Am J Hypertens 1993;6:319S–327S.

36. Nagi DK, Foy CA, Mohamed-Ali V, Yudkin JS, Grant PJ,

Knowler WC. Angiotensin-1-converting enzyme (ACE) gene

polymorphism, plasma ACE levels, and their association with

the metabolic syndrome and electrocardiographic coronary

artery disease in Pima Indian. Metabolism 1998;47:622–6.

37. del Ser T, Bornstein B, Barba R, Cemillan C. Relationship

of angiotensin converting enzyme genotype with serum

triglyceride concentration in stroke patients. Neurosci Lett

2001;316:21-4.

38. Lee YJ, Tsai JC. ACE gene insertion/deletion

polymorphism associated with 1998 World Health

Organization definition of metabolic syndrome in Chinese

type 2 diabetic patients. Diabetes Care 2002;25:1002-08.

39. Frazier L, Turner ST, Schwartz GL, Chapman AB,

Boerwinkle E. Multilocus effects of the

renin–angiotensin–aldosterone system genes on blood pressure

response to a thiazide diuretic. Pharmacogenom J 2004;4:17-23.

40. Benetos A, Gautier S, Ricard S et al. Influence of

angiotensin-converting enzyme and angiotensin II type 1

receptor gene polymorphisms on aortic stiffness in

normotensive and hypertensive patients. Circulation

1996;94:698-703.

41. Castellano M, Muiesan ML, Beschi M et al. Angiotensin

II type 1 receptor A/C1166 polymorphism: relationships with

blood pressure and cardiovascular structure. Hypertension

1996;28:1076-80.

42. Safar ME, Levy BI, Struijker-Boudier H. Current

perspectives on arterial stiffness and pulse pressure in

hypertension and cardiovascular diseases. Circulation

2003;107:2864-9.

Journal of
the Renin-
Angiotensin-
Aldosterone
System
(Including other

Peptidergic Systems)

December 2007
Volume 8
Number 4

Paper

COPY
RIG

HT J
RA

AS L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D

 at UNIV OF IOANNINA on April 1, 2012jra.sagepub.comDownloaded from 

http://jra.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.stephensandgeorge.co.uk/pdfportal.html)
  /PDFXTrapped /False

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /ENU (These are high-end output settings for creating PDFs which conform to the S&G Print Group. They are also very similar to the ISO PDF/X-1a standard for global blind exchange of the PDF file format for print.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


