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In the European Project on Genes in Hypertension
(EPOGH), we investigated in three populations to what
extent in a family-based study, left ventricular mass
(LVM) was associated with the C�532T and G�6A
polymorphisms in the angiotensinogen (AGT) gene.
We randomly recruited 221 nuclear families (384 parents
and 440 offspring) in Cracow (Poland), Novosibirsk
(Russia), and Mirano (Italy). Echocardiographic LVM
was indexed to body surface area, adjusted for covari-
ables, and subjected to multivariate analyses, using
generalized estimating equations and quantitative trans-
mission disequilibrium tests in a population-based and
family-based approach, respectively. We found signifi-
cant differences between the two Slavic centres and
Mirano in left ventricular mass index (LVMI) (94.9 vs
80.4 g/m2), sodium excretion (229 vs 186 mmol/day), and
the prevalence of the AGT �6A (55.7 vs 40.6%) and
�532T (16.8 vs 9.4%) alleles. In population-based as well
as in family-based analyses, we observed positive
associations of LVMI and mean wall thickness (MWT)
with the �532T allele in Slavic, but not in Italian male

offspring. Furthermore, in Slavic male offspring, LVMI
and MWT were significantly higher in carriers of the
�532T/�6A haplotype than in those with the �532C/�6G
or �532C/�6A allele combinations. In women, LVMI was
neither associated with single AGT gene variants nor
with the haplotypes (0.19oPo0.98). In Slavic offspring
carrying the AGT �532C/�6G or �532C/�6A haplotypes,
LVMI significantly increased with higher sodium excre-
tion (þ 3.5 g/m2/100 mmol; P¼ 0.003), whereas such
association was not present in �532T/�6A haplotype
carriers (P-value for interaction 0.04). We found a
positive association between LVMI and the AGT �532T
allele due to increased MWT. This relation was observed
in Slavic male offspring. It was therefore dependent on
gender, age and ecogenetic context, and in addition it
appeared to be modulated by the trophic effects of salt
intake on LVM.
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Introduction

Echocardiographic left ventricular hypertrophy oc-
curs in 15–20% of the general population and is an
independent predictor of cardiovascular complica-
tions.1,2 Angiotensin II, the effector hormone of the
renin–angiotensin axis, stimulates cardiac growth.
Most of the cardiac angiotensin I and II is synthe-
sized locally. However, angiotensinogen (AGT), the
precursor to angiotensin I, originates mainly from
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the circulation.3 The plasma AGT level is rather
stable in one individual, but is under the long-term
control of glucocorticoids, oestrogens, thyroid hor-
mones, and angiotensin II.4 Recent twin study
demonstrated significant heritability for the AGT
plasma level in men.5

Within the AGT gene, multiple SNPs have been
identified, but only one haplotype was associated
with higher plasma AGT concentration explaining
about 7% of its variability.6 For each haplotype, one
or more tagging SNPs can present the genetic
variation of common haplotypes. Along these lines,
Brand et al7 identified a functional AGT gene variant
at position �532 controlling up to 5.5% of the total
variability in plasma AGT. Few researches explored
whether functional polymorphisms in the promoter
area of the AGT gene might influence left ventricular
mass (LVM).

In the European Project On Genes in Hypertension
(EPOGH), we recently showed intrafamilial aggrega-
tion of LVM in particular between mothers and
offspring and among siblings.8 As a continuation of
our previous research,7,8 we therefore investigated in
three populations to what extent LVM was asso-
ciated with the C�532T and G�6A polymorphisms
in the AGT gene. Since complex multigenic traits,
such as LVM, can only be studied within their
ecogenetic context, our analysis accounted for
various lifestyle factors.

Methods

General outline of the study

The primary goal of the EPOGH study was to
investigate the complex relationship between blood
pressure analysed as a continuous or a binary
phenotype and various candidate genes.9 In addi-
tion to blood pressure, several other intermediate
or associated phenotypes, such as LVM, were
measured. The epidemiological methods used in
EPOGH have been previously described.10 The
project was conducted according to the principles
outlined in the Helsinki declaration for investiga-
tions in human subjects. Each local Institutional
Review Board approved the study. Participants gave
informed written consent.

Fieldwork

Investigators from seven European countries (Bel-
gium, Bulgaria, the Czech Republic, Italy, Poland,
Romania and the Russian Federation) randomly
recruited nuclear families of white Caucasian ex-
traction, consisting of at least one parent and two
siblings. From the lists of the registered inhabitants,
households were defined as all subjects living on
the same address. We used a computerized random
number function to generate the samples of house-
holds. Starting from these households, nuclear

families were investigated if the following criteria
were fulfilled: (1) the family should include at least
one parent and two siblings or two parents and two
siblings; (2) the minimum age for participation was
18 years; (3) family members should reside within a
distance of 10 km or less, making it feasible to visit
them at home on several occasions; and (4) the
maximum age for inclusion was 60 years.

Three centres took part in the optional substudy
on echocardiography and together enrolled 976
subjects in Cracow (Poland, centre 1), Novosibirsk
(the Russian Federation, centre 2) and Mirano (Italy,
centre 3). The overall response rate was 61.3%.
Subjects were excluded from analysis if: (1) they had
declined the invitation for the echocardiographic
examination (n¼ 93), (2) the echocardiogram was of
insufficient quality (n¼ 25), (3) the subjects suffered
from left ventricular dysfunction due to myocardial
infarction (n¼ 3), or valvular disorder (n¼ 4), (4)
their DNA fragments could not be amplified
(n¼ 22), or their genotype could not be determined
with certainty (n¼ 5). Thus, the number of subjects
statistically analysed totalled 824.

The blood pressure phenotype was the average of
five consecutive readings at one home visit. After
the subjects had rested in the sitting position for
10 min or longer, a trained observer measured blood
pressure with a mercury sphygmomanometer.11

Body surface area (BSA) was calculated as body
weight (kg)0.425 � body height (cm)0.725 � 0.007184.
Via a standardized questionnaire, the observers
collected information on each subject’s personal
and familial medical history, smoking and drinking
habits, and use of medications. The participants
collected a 24-h urine sample in a wide-neck plastic
container for the measurement of sodium, potas-
sium and creatinine. If urinary volume or creatinine
excretion was outside published limits,12 the urin-
ary results were discarded.

Echocardiographic measurements

In each centre, one experienced observer performed
all echocardiograms, using a commercially available
ultrasonograph equipped with a 3.5-MHz transducer
with the subject in a left decubitus position.
M-mode echocardiograms of the left ventricle were
obtained at end-expiration from the parasternal
long-axis view under control of the two-dimensional
image. The ultrasound beam was positioned just
below the mitral valve at the level of the posterior
chordae tendinae. Left ventricular internal diameter
(LVID) and interventricular septal (IVST) and poster-
ior wall thickness (PWT) were measured at end-
diastole according to the recommendations of the
American Society of Echocardiography, using the
leading edge-to-leading edge convention.13 For
statistical analysis, the measurements of three
cardiac cycles were averaged. Studies were recorded
on videotapes. End-diastolic left ventricular dimen-
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sions were used to calculate LVM by an anatomi-
cally validated formula.14 Mean wall thickness
(MWT) was defined as (IVSTþPWT)/2. The in-
traobserver intersession reproducibility coefficient
for LVM computed according to Bland and Altman’s
method was 2.5% for centre 1, 2.0% for centre 2,
and 2.6% for centre 3.

Determination of genotypes

Genomic DNA was extracted from peripheral blood.
Genotyping of the study population for the two
diallelic polymorphisms in the 50-flanking region
(C�532T, G�6A) of the AGT gene was performed by
hybridization of PCR products using allele specific
oligonucleotides as described by Paillard et al.15

Statistical analysis

We used the SAS software package, version 8.1 (SAS
Institute, Cary, NC, USA) for database management
and most statistical analyses. Comparison of means
and proportions relied on the standard normal z-test
and the w2-statistic, respectively.

We constructed haplotypes for the AGT promoter
area using information from nuclear families as
implemented in the HAPLORE software (http://
zhao.med.yale.edu). In our analyses, we only used
AGT haplotypes, which could be determined un-
ambiguously. A pairwise linkage disequilibrium

coefficient (D0) between the two sites of the AGT
gene was estimated with a maximum likelihood
method as described by Thompson et al.16

We performed both population-based and family-
based analyses. In the population-based approach,
we tested the association of continuous traits with
the genotypes of interest by use of generalized
estimating equations (GEE). GEE allows adjusting
for covariables as well as for the nonindependence
of observations within families.17 In the GEE
approach, we also tested for heterogeneity across
populations and sexes using the appropriate inter-
action terms with the genotypes.

In the family-based analysis, we performed the
transmission disequilibrium test (TDT) for quantita-
tive traits. We evaluated the within- and between-
family components of phenotypic variance using the
orthogonal model as implemented by Abecasis
et al18,19 in the QTDT software (version 2.3; http://
www.sph.umich.edu/csg/abecasis/QTDT).19

Results

Characteristics of the participants

Of the 824 participants, 284 were recruited in
Cracow, 279 in Novosibirsk, and 261 in Mirano.
The characteristics of the study participants are
summarized by centre and generation in Table 1.
The mean age of parents and offspring (7s.d.) was
52.275.1 and 25.774.9 years, respectively. Body

Table 1 General characteristics by centre and generation

Cracow Novosibirsk Mirano

Parents
(n¼ 119)

Offspring
(n¼ 165)

Parents
(n¼ 129)

Offspring
(n¼150)

Parents
(n¼136)

Offspring
(n¼ 125)

Clinical characteristics
Age (years) 50.274.9 24.074.7 52.375.6C 26.374.9C 53.974.1C,N 27.474.0C,N

Female (n) 72 (60.5%) 83 (50.3%) 76 (58.9%) 82 (54.7%) 72 (52.9%) 65 (52.0%)
Height (cm) 166.078.3 172.578.8 165.278.8 170.678.9 164.778.7 169.879.1C

Weight (kg) 79.6714.6 67.6712.3 77.7714.0 65.6711.6 74.9713.9C 66.1712.4
Waist-to-hip ratio 0.8970.08 0.8070.06 0.8470.07C 0.7870.06 0.8970.08N 0.8170.08N

Pulse rate (beats/min) 73.279.9 73.279.8 73.378.0 74.877.2 72.078.9 74.5710.5
Systolic pressure (mmHg)a 135.0717.9 119.2712.8 135.7719.6 115.8713.4 131.3715.2 117.5712.3
Diastolic pressure (mmHg)a 86.0710.0 73.679.3 87.5711.3 74.779.2 83.778.7N 75.378.6

Questionnaire data
Current smokers (n) 31 (26.0%) 41 (24.8%) 24 (18.6%) 60 (40.0%)C 26 (19.1%) 36 (28.8%)N

Using X5 g alcohol/day (n) 23 (19.3%) 34 (20.6%) 50 (38.8%)C 81 (54.0%)C 80
(58.8%)C,N

30 (24.0%)N

Treated with antihypertensive drugs (n) 45 (37.8%) 9 (5.4%) 34 (26.4%) 4 (2.7%) 39 (28.7%) 2 (1.6%)

24-h urinary measurementsb

Volume (l/day) 1.4770.44 1.4070.55 1.3670.46 1.2870.48 1.5870.55N 1.4070.58
Creatinine (mmol/day) 12.374.1 12.074.0 11.173.3C 10.973.9C 10.873.0C 10.673.1C

Sodium (mmol/day) 245786 241781 224794 201795C 195772C,N 176756C,N

Potassium (mmol/day) 67724 63724 61722 58722 69724C,N 56721

Values are arithmetic means7s.d. or number of subjects (%).
P-values for between-centre differences were adjusted for multiple comparisons, using Tukey’s test (mean) or Bonferroni’s approach
(proportions): CPo0.05 vs Cracow, NPo0.05 vs Novosibirsk.
aAverage of five readings performed by the fieldworkers at a home visit.
bThe number of subjects with reliable 24-h urinary collection was 278 in Cracow, 247 in Novosibirsk, and 244 in Mirano.
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mass index was similar across centres and averaged
25.274.2 kg/m2 in men and 25.375.3 kg/m2 in
women. Compared to Novosibirsk and Mirano,
fewer Polish subjects reported regular alcohol intake
(X5 g/day). Urinary sodium excretion was on aver-
age 57 mmol/day higher in Cracow than in Mirano
and intermediate in Novosibirsk. As shown in
Table 2, LVM was significantly higher in Slavic
participants than in Italians.

Genotype and haplotype frequencies

With the exception of the AGT G�6A genotype in
Novosibirsk (P¼ 0.02), the within-centre frequen-
cies of genotypes (Table 3) complied with Hardy–
Weinberg equilibrium (0.12oPo0.97). The geno-
type distributions differed significantly (Po0.001)
across centres. The AGT �6A and �532T allele
frequencies were both higher in Cracow and in
Novosibirsk than in Mirano (Table 3). We detected
three unambiguously generated haplotypes (Table 4).
In all three populations, the �532T allele occurred
only in carriers of the �6A allele (D 0 ¼ 1.0).

Population-based association study

We adjusted the left ventricular phenotypes for
centre, sex, age, systolic blood pressure, body

weight and height, the waist-to-hip ratio, the use of
antihypertensive drugs, and lifestyle factors, includ-
ing smoking and alcohol consumption in excess of
5 g/day. Models with left ventricular mass index
(LVMI) as dependent variable were not adjusted for
body weight and height.

For LVMI (P¼ 0.04) in relation to the AGT G�6A
genotype, we found significant heterogeneity be-
tween the two Slavic centres and Mirano, but not
between Cracow and Novosibirsk (P¼ 0.53). This
heterogeneity was due to differences in the pheno-
type–genotype relationships between Slavic and
Italian men (P¼ 0.01), but not women (P¼ 0.80).
For the C�532T polymorphism, we also observed
heterogeneity between Slavic and Italian men

Table 2 Echocardiographic measurements by centre and generation

Variable Cracow Novosibirsk Mirano

Parents
(n¼ 119)

Offspring
(n¼ 165)

Parents
(n¼129)

Offspring
(n¼150)

Parents
(n¼136)

Offspring
(n¼ 125)

LVM (g) 198.6753.8 157.0737.5 201.2760.5 149.2743.1 160.6738.5C,N 127.9736.9C,N

LVM/BSA (g/m2) 105.1722.3 87.0716.1 108.4728.2 83.8718.7 88.4718.9C,N 71.7715.5C,N

LVM/height2.7 (g/m2.7) 50.3712.3 36.277.5 52.0715.1 34.978.3 41.779.5C,N 30.377.0C,N

Left ventricular internal diameter (mm) 48.374.6 48.073.8 49.174.6C 49.174.3 47.374.4C,N 47.074.9C,N

Mean wall thickness (mm) 11.071.6 9.371.1 10.972.0 8.771.4 9.771.3C,N 8.271.2C,N

Left ventricular fractional shortening
(%)

40.274.8 39.374.0 39.476.1 38.674.9 41.177.3N 39.776.6N

BSA, body surface area; n, number of subjects. Values are arithmetic means7s.d.
P-values for between-centre differences were adjusted for multiple comparisons, using Tukey’s test: CPo0.05 vs Cracow, NPo0.05 vs Novosibirsk.

Table 3 Genotype and allele frequencies

Genes Genotypes Alleles

AGT G�6A AA AG GG A G
Cracow 107 (37.7) 125 (44.0) 52 (18.3) 339 (59.7) 229 (40.3)
Novosibirsk 64 (23.0) 160 (57.3) 55 (19.7) 288 (51.0) 270 (49.0)
Mirano 42 (16.1) 128 (49.0) 91 (34.9) 212 (40.6) 310 (59.4)*

AGT C�532T CC CT TT C T
Cracow 189 (66.5) 90 (31.7) 5 (1.8) 468 (82.4) 100 (17.6)
Novosibirsk 197 (70.6) 75 (26.9) 7 (2.5) 469 (84.0) 89 (16.0)
Mirano 214 (82.0) 45 (17.2) 2 (0.8) 473 (90.6) 49 (9.4)*

Values indicate number of subjects or alleles (%).
*Po0.05 vs both Slavic centres.

Table 4 Haplotype frequencies

Haplotypes at positions
�532 and �6

Estimated haplotype frequencies

Cracow
(n¼ 271)

Novosibirsk
(n¼ 259)

Mirano
(n¼249)

CG 39.8 48.5 52.4
CA 44.1 37.6 37.6
TA 16.1 13.9 10.0
TG — — —

w2¼ 23.8, df¼4, Po0.001 for between-centre differences.
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(P¼ 0.05). Thus, we pooled the Polish and Russian
participants and analysed Italian subjects sepa-
rately.

Table 5 shows the results of GEE analyses
modelling the relations between LVMI and the two
AGT polymorphisms by gender and generation. In
Slavic male offspring, LVMI was higher in AGT
�532T allele carriers than in CC homozygotes
(Table 5). In Italian male offspring, LVMI was
slightly lower in �6AA homozygotes than in �6G
allele carriers (Table 5). Furthermore, in Slavic male
offspring, LVMI and MWT were significantly higher
in carriers of the �532T/�6A haplotype (n¼ 35)

than in those with the �532C/�6G or �532C/�6A
(n¼ 104) allele combinations (Figure 1). In Italian
male offspring, the latter association was not
significant (P¼ 0.40). In women, LVMI was neither
associated with single AGT gene variants nor with
the haplotypes (0.19oPo0.98).

Family-based association study

Our study population (n¼ 824) included 384 par-
ents and 440 offspring. The number of offspring per
family amounted to one in 28 families, two in 170
families and three in 24 families.

Table 5 LVMI by single AGT genotypes

AGT G�6A Genotypes AGT C�532 Genotypes

AA AG GG CC CT+TT

Mean7(s.e.), g/m2 P Mean7(s.e.), g/m2 P

Slavic men
Fathers/sons (n) 37/47 52/77 11/26 65/104 35/46
Fathers 117.173.06 114.673.23 113.177.24 0.79 116.272.75 113.873.77 0.61
Sons 95.272.80 93.371.93 90.673.34 0.60 91.171.59 98.972.64 0.015

Slavic women
Mothers/daughters (n) 40/47 84/72 24/46 106/111 42/54
Mothers 101.173.16 99.672.25 104.874.77 0.64 100.271.98 102.572.82 0.50
Daughters 76.672.12 79.571.57 76.872.15 0.38 77.471.28 79.171.96 0.46

Italian men
Fathers/sons (n) 12/8 30/32 22/20 47/51 17/9
Fathers 86.776.15 93.173.06 93.573.20 0.62 94.272.34 85.973.94 0.08
Sons 69.573.67 82.772.33 81.973.01 0.05 80.572.08 79.873.22 0.86

Italian women
Mothers/daughters (n) 10/12 36/30 26/23 61/55 11/10
Mothers 82.774.45 89.373.04 80.473.11 0.19 85.272.32 85.373.87 0.98
Daughters 60.372.54 61.872.03 62.872.31 0.79 61.571.37 63.972.55 0.39

Analyses were adjusted for centre (Slavic subjects), age, systolic blood pressure, waist-to-hip ratio, antihypertensive treatment, smoking and
alcohol intake. P-values for comparison across genotypes were derived by GEE.

Figure 1 Results of the GEE analyses for the AGT haplotypes in relation to left ventricular phenotypes in male Slavic offspring.
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In Slavic male offspring (Table 6), the orthogonal
model (P¼ 0.012) showed significant association
between LVMI and the AGT C�532T polymorphism
(b¼ 9.35 g/m2) due to the higher MWT in �532T
allele carriers (b¼ 0.71 mm). Furthermore, trans-
mission of the �532T/�6A haplotype to Slavic male
offspring was significantly associated with a higher
LVMI (b¼ 9.45 g/m2) and MWT (b¼ 0.71 mm)
(Table 6). In women, the TDT analyses did not
provide any evidence for association between the
left ventricular phenotypes, single AGT variants or
their haplotypes (data not shown).

LVMI and sodium excretion

Because of the between-centre differences in LVMI,
urinary sodium excretion and the frequencies of the
AGT G�6A and C�532T genotypes as well as the
haplotypes, we searched in offspring for possible
interaction between these measurements. Indepen-

dent of the AGT haplotypes and other covariables,
there was positive relation between LVMI and
urinary sodium excretion in Slavic offspring
(b¼ 0.02670.0095; P¼ 0.006), but not in Italians
(b¼�0.01670.024; P¼ 0.51). Furthermore, in
Slavic offspring carrying the AGT �532C/�6G
or �532C/�6A haplotypes, LVMI significantly in-
creased with higher sodium excretion, on average by
3.5 g/m2/100 mmol (Figure 2), whereas in �532T/
�6A haplotype carriers, LVMI was not significantly
correlated with sodium excretion. The interaction
between AGT haplotypes and urinary sodium
excretion was significant in Slavic offspring
(P¼ 0.04). These results were consistent irrespective
of gender.

Discussion

In population-based as well as in family-based
analyses, we observed association of LVMI and

Table 6 Results of the TDT analyses for the AGT polymorphisms in relation to left ventricular phenotypes

No. of informative
probands/ all sibs

LVMI LVID MWT

b (g/m2) w2 P b (mm) w2 P b (mm) w2 P

Slavic men
AGT G�6A 97/150 2.46 0.65 0.38 0.53 0.62 0.43 0.14 0.53 0.45
AGT C�532 T 62/150 9.35 6.33 0.012 �0.11 0.02 0.87 0.71 9.30 0.002
Haplotype TA vs CG or CA 51/139 9.45 5.78 0.016 �0.14 0.02 0.88 0.71 7.57 0.006
Italian mena

AGT G�6A 43/60 �3.17 0.66 0.42 1.20 1.09 0.30 �0.47 3.22 0.07

LVMI, left ventricular mass index; LVID, left ventricular internal diameter at end-diastole; MWT, mean wall thickness.
The orthogonal model accounted for between- and within-family variability components. The parameter estimate (b) for the within-family
variability indicates the direction and size of the association.
aIn Italian male offspring, the associations with the C�532 T polymorphism and the �532T/�6A haplotype were not tested because of the small
number of informative probands (17/60 and 14/56, respectively). Analyses were adjusted for centre, age, systolic blood pressure, waist-to-hip
ratio, antihypertensive treatment, smoking and alcohol intake. In addition, LVID and MWT were also adjusted for body weight and height.

Figure 2 Association between LVMI and 24-h urinary sodium excretion by AGT haplotype in 398 offspring of Slavic or Italian origin.
LVMI was adjusted for centre (Slavic offspring), sex, age, systolic blood pressure, waist-to-hip ratio, smoking and alcohol intake. The
differences (s.e.) in LVMI associated with a 100 mmol increase in the 24-h sodium excretion are presented. Pint indicates the P-values for
interaction between the AGT haplotype and sodium excretion.
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MWT with the �532T allele of the AGT gene in
Slavic, but not Italian, male offspring. Furthermore,
we found significant heterogeneity in the pheno-
type–genotype relations between Slavic and Italian
men, possibly due to the differences between the
two ethnic groups in LVM, 24-h urinary sodium
excretion, and the frequencies of the AGT �6A and
�532T alleles. Thus, our present findings are in
agreement with the concept that phenotype–geno-
type associations differ according to gender and
epidemiological context, including genetic back-
ground and lifestyle.20 Our observations collected
in a general population should not be extrapolated
to patients with left ventricular hypertrophy as a
consequence of a chronic disorder, such as hyper-
tension.

Angiotensin II stimulates protein synthesis in
cardiomyocytes and promotes cardiac growth via
activation of intracellular signalling cascades.21–23 In
healthy young adults, LVM is positively associated
with the plasma concentration of angiotensin II
independent of blood pressure.24 The cleavage of
AGT by renin is the rate-limiting step in the cascade
of enzymatic events leading up to angiotensin II.25

As a consequence, there is a positive relation
between the plasma levels of AGT and angiotensin
II. Thus, the AGT gene is a likely candidate for the
genetic determination of LVM.

The AGT G�6A variant represents a guanine-to-
adenine substitution 6 base pairs upstream from the
initiation site of transcription. This nucleotide
substitution is associated with a slightly higher
basal rate of AGT gene transcription, which could
account for the increase in plasma AGT in carriers of
the �6A allele.26 Recent studies involving French
families or healthy subjects also showed higher
plasma AGT levels in carriers of the AGT �532T
allele.7,15 As the �532 position is located within a
consensus sequence of the AGT gene-binding tran-
scription factor AP-2, the C�532T polymorphism
might also modulate AGT gene transcription.15 In
our study, the C�532T and G�6A polymorphisms of
the AGT gene were in complete linkage disequili-
brium. This finding is in keeping with other
published data on the haplotype structure of the
AGT gene.7,27,28 Thus, carriers of the �532T/�6A
haplotype might have an elevated AGT concentra-
tion both in plasma and tissues. Our finding that
Slavic male offspring carrying the �532T/�6A
haplotype had higher LVMI and MWT is in line
with this hypothesis.

LVM is higher in men than in women, and in both
genders increases with advancing age. In founders
compared to offspring, LVM is likely to be more
influenced by lifestyle factors, such as heavy
manual work or alcohol consumption, or by chronic
age-related disorders of the cardiovascular system,
including hypertension. This might explain why
we detected association between the left ventri-
cular phenotypes and the AGT polymorphism only
in offspring. Furthermore, oestrogen stimulates

the production of AGT in the liver. The promoter
area of the AGT gene contains at least two oestro-
gen response elements, which might modify the
expression of the polymorphisms investigated in
our study.26 To what extent female sex steroids,
directly or indirectly, override the genetic effects
associated with the �532T allele and the possible
role of genetic variation in the nonrecombining
region of the human Y chromosome29 remain to be
elucidated.

In Slavic but not Italian offspring, we observed
significant interaction between the AGT haplotypes
and the 24-h urinary sodium excretion, an index
of salt intake, in relation to LVMI. In addition to
statistical power, two factors might explain these
observations. First, the 24-h sodium excretion was
on average 47 mmol lower in Italian than in Slavic
participants. In our Slavic subjects, the 24-h urinary
sodium excretion ranged from 52 to 623 mmol/day.
Second, we hypothesized that the trophic influence
of the �532T/�6A haplotype might mask the
increase of LVM associated with an excessive salt
intake. Hopkins et al30 exploring the phenotype of
nonmodulation studied the responses of renal
plasma flow and aldosterone secretion to exogen-
ously infused angiotensin II in hypertensive patients
on low (10 mmol/day) and high (X200 mmol/day)
salt intake. Regardless of sodium intake, a response
to angiotensin II within the lowest tertile was
associated with a higher frequency of the �6A
allele. These authors30 attributed these findings to
a putative increase in the angiotensin II production
associated with the �6A allele, which in turn might
lead to a downregulation of type-1 angiotensin II
receptors. Furthermore, sodium intake itself may
also influence the expression of the angiotensin II
receptors, with an upregulation in high-salt condi-
tions.31 Moreover, a high salt diet also stimulates
sympathetic nervous tone and via this mechanism
might also promote cardiac growth.32

Our study has to be interpreted within the context
of its limitations. One 24-h urine collection might be
insufficient to characterize an individual’s habitual
sodium intake, but does accurately reflect the
average salt consumption of populations.33 On the
other hand, in the two Slavic centres, there was
consistency between the population-based and
family-based analyses. We did not find significant
population stratification in any of the three centres
(data not shown). LVM is a quantitative trait prone to
measurement error, but in each centre only one
experienced observer performed all echocardio-
graphic measurements with high intraobserver in-
tersession reproducibility.

In conclusion, we found a positive association
between LVMI and the AGT �532T allele due to
increased MWT. This relation was observed only in
Slavic male offspring. It was therefore dependent on
gender, age and ecogenetic context, and in addition
it appeared to be modulated by the trophic effects of
salt intake on LVM.
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Babeanu, E Casiglia, J Filipovsky, K Kawecka-Jaszcz,
C Nachev, Y Nikitin, J Peleška, JA Staessen. Data
Management Committee—T Kuznetsova, JA Staes-
sen, K Stolarz, V Tikhonoff, J-G Wang. Publication
Committee—E Casiglia, K Kawecka-Jaszcz, Y Niki-

tin. Advisory Committee on Molecular Biology—G
Bianchi (Milan), E Brand (Berlin), SM Herrmann
(Münster), HA Struijker-Boudier (Maastricht).
EPOGH-EurNetGen Liaison—A Dominiczak (Glas-
gow), JA Staessen (Leuven).

EPOGH Centres

A complete list of the EPOGH investigators has been
published in Kuznetsova et al.9
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