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ABSTRACT
Aim: We performed a systematic review of the literature
by means of a meta-analysis to evaluate the influence of
the aldosterone synthase gene (CYP11B2) C-344T
polymorphism on left ventricular mass (LVM) and related
phenotypes.
Design: From 485 reports, we included 14 studies about
the association between the C-344T variant and left
ventricular mass and left ventricular structure-related
phenotypes, from which information about number of
subjects in each category, outcomes data and genotyping
performed with a validated molecular method could be
extracted. Fixed and random effect models were used to
pool data from individual studies, and the results in the
abstract show the extreme genotype comparison,
homozygous TT vs homozygous CC.
Results: From a total of 2157 subjects, we found no
significant association between LVM and the C-344T
variant (D: 0.049, 95% CI: 0.091 to 0.179, p = 0.462).
Similarly, no significant association was found for
interventricular septal-wall thickness (D: 0.027, 95% CI:
20.090 to 0.143, p = 0.654, n: 2105). However,
homozygous TT hypertensive subjects had increased LVM
(D: 0.251, 95% CI: 0.020 to 0.481, p = 0.04, n: 332).
Lastly, in 10 homogeneous studies posterior wall
thickness (PWT) was lower in homozygous CC individuals
(D: 0.142, 95% CI: 0.016 to 0.268, p = 0.028, n = 1994).
Conclusion: Independently of hypertension, homozygous
individuals for the –344T allele may have 2.4% higher
PWT compared to homozygous subjects for the C-344
allele. Besides, homozygous hypertensive TT subjects
show a 6.9% increase in LVM compared to CC
homozygous subjects.

It has been postulated that left ventricular growth
and structure result from the complex interaction
among genetic, environmental and lifestyle fac-
tors.1 Among the gene polymorphisms that have
been assessed as candidate determinants of the risk
of left ventricular hypertrophy (LVH), the most
studied are molecular variants in genes that encode
components of the renin-angiotensin-aldosterone
system.2 Among them, the CYP11B2 gene
(CYP11B2) encodes a key enzyme of aldosterone
biosynthesis, aldosterone synthase, a P450 mito-
chondrial oxidase located mainly within the zona
glomerulosa of the adrenal cortex.3

At the molecular level, the role of the CYP11B2
locus has been extensively evaluated in cardiovas-
cular disease, with particular attention on the C-
344T single nucleotide polymorphism in the 59

distal promoter region of the gene. This biallelic
polymorphism affects a putative steroidogenic

factor-1 (SF1) binding site that is involved in the
expression of steroid biosynthetic enzymes in the
adrenal cortex,4 with the C allele four times more
avidly bound to the SF1 binding site than the T
allele in vitro.5

It was shown that genetic variation in the
CYP11B2 affects left ventricular size and mass in
young adults free of clinical heart disease, and that
this polymorphism may also influence the response
of the left ventricle to increases in dietary salt.6 7

However, the association of the C-344T variant
with cardiac hypertrophy remains controversial
because while some studies report that the CC
genotype in CYP11B2 may be a risk factor for
sodium-sensitive cardiac hypertrophy,8–10 other
studies conclude that the TT genotype is asso-
ciated with higher values of the left ventricular
mass (LVM).7 11–15 Finally, some other reports have
not found any association between LVM and the
CYP11B2 variant.16

As meta-analysis is a reliable way to address
discrepancies in genetic association studies, we
decided to evaluate the influence of the CYP11B2
C-344T polymorphism on the LVM in addition to
some intermediate phenotypes related to left
ventricular structure such as posterior wall thick-
ness (PWT) and interventricular septal wall thick-
ness (ISWT).

METHODS

Data sources and study selection
For the electronic searches, published studies were
found through Pubmed at the National Library of
Medicine (http://ncbi.nlm.nih.gov/entrez/query)
and in Medline databases for the keywords
‘‘CYP11B2’’ or ‘‘aldosterone synthase’’ and ‘‘gene’’
or ‘‘variants’’ or ‘‘polymorphism’’ or ‘‘alleles’’ and
‘‘HaeIII’’ or ‘‘C-344T’’. Reference lists in relevant
publications were also examined. In addition, more
than 673 abstract citations on CYP11B2 from
PubMed were revised using the RefViz program
(Thomson, ISI Research Soft, Stamford, CT, USA),
searching for the above-mentioned additional key-
words in the abstract text. The literature search
was done on studies up to December 2006 and
with the availability of an English-language
abstract or paper for review. There were not
country restrictions.

We evaluated 485 citations identifying 14 studies
that met the selection criteria: population-based or
hospital-based case-control, cross-sectional studies
on the relation between C-344T CYP11B2 variant
and left ventricular end-diastolic diameter
(LVEDD) and left ventricular end-systolic diameter
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(LVESD), PWT, ISWT and LVM in which information about
number of subjects in each category, sufficient data to calculate
left ventricular structure phenotypes and genotyping performed
with a validated molecular method could be extracted. In the
case of cohorts, we included variables before any intervention.
Data from one study that fulfilled the eligibility criteria were
included after personal contact with the investigators (see
online figure).16

Note that data obtained from family-based studies are not
included in this meta-analysis, as there was only one study
including this design.17

An evaluation of the quality of the reviewed articles has been
conducted using the seven methodological standards for
assessing clinical epidemiological quality in molecular genetic
research according to Bogardus et al.18

Whenever possible, as an additional quality criterion, an
arbitrary cut-off in the number of individuals included in each
study was used in order to avoid studies that enrolled a limited
number of subjects.

Data collection
For each study, information was collected about the following
characteristics of the subjects: demographic information (age,
sex, ethnicity) and LVM evaluated by Mode-M echocardiogra-
phy and calculated according to the Devereux modified
formula.19 Because LVM was expressed in some studies as absolute
LVM (g) or indexed for body surface area (g/m2 or g/m2.7) and we
had used the standardised difference between groups that makes
the estimate independent of the measurement unit, we pooled the
data. Other M-mode-guided calculations included in the analysis
were: ISWT (mm), PWT (mm), LVEDD (mm) and LVESD (mm),
which in all the cases were measured according to the guidelines
of the American Society of Echocardiography as previously
reported.20 All variables had to be expressed as mean (SD); SE or
95% CI were converted to SD.

Because the variation for some left ventricular structure
phenotypes seemed to follow a co-dominant model of inheri-
tance, and in order to avoid choosing any a priori model, we
decided to compare first the extreme genotypes—namely,
homozygous TT vs homozygous CC, a comparison that we
have recently made,21 and we subsequently compared TC vs CC
and combined the effects of the TT and TC vs CC genotype.

The number of studies including subjects of same ethnicity was
enough to pool the data only in the case of people of white race.

Statistical analysis
Effect stands for standardised difference (SD), which is defined
as the mean difference (between TT or TC and CC groups)
divided by the common within-group standard deviation.
Summary effect and corresponding 95% CI were estimated by
both fixed and random effects meta-analysis. Cohen’s test was
used to summarise the results and heterogeneity was evaluated
with Q statistic and the I2 statistic, a transformation of Q that
estimates the percentage of the variation in effect sizes caused
by heterogeneity.

Regarding heterogeneity, we identified study characteristics
that stratify the studies into subsets with homogeneous effects.
We considered possible sources of heterogeneity and stratified
the studies by ethnicity, age and gender and repeated the
analysis separately for each group. If heterogeneity continued,
we ranked the studies according to their individual x2, removed
the studies with the higher x2 and repeated the process
until homogeneity was achieved. If the association became

homogeneous after stratification or after removing the outlier
studies, we recalculated the overall effect and 95% CI, and no
further action was taken. Sensitivity of the findings was
examined by recalculating the pooled association sizes and
joint values of p in homogeneous subgroups as well as after
excluding studies one at a time.

All calculations were performed using the comprehensive
meta-analysis computer program (Biostat, Englewood, NJ,
USA). To check for publication bias, we used a visual inspection
of funnel plots, the Begg and Mazumdar’s rank correlation test22

and the Egger regression intercept method,23 but we only show
results from the latter, as it is the most powerful approach for
detecting publication bias. Finally, we did not make any
multitesting correction since the different outcomes are highly
correlated and the subsets of pooled data were not the same for
the different outcomes. Multiple testing is not an issue when
traits under study are physiologically related (in our study all
the phenotypes are strongly related to each other, and each test
does not represent an independent opportunity for a type I
error).24

A p value = than 0.05 was considered to be statistically
significant.

RESULTS

Study characteristics
Seven studies were population-based6 10 12 15 16 25 26 and the other
eight were hospital-based (studies)7 8 11 13 14 27-29 (table 1). Because
the two studies by Kurland et al13 27 show the same LVM data,
further analysis was performed using reference 13 data.

Eleven studies included white subjects,7 10–16 25 26 28 one study
included Finnish population,6 one study included Turkish
population29 and one study involved Japanese individuals
(table 1).8

Genotyping for the C-344T polymorphism was carried out
across studies using polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) followed by digestion
with the restriction enzyme HaeIII in 11 studies.6 8 10–12 14–16 25 26 29

In one study genotyping was performed by allele-specific
oligonucleotides,28 in another (one study) by Taqman assay7 and
in a third one (study) by solid-phase minisequencing.13 The C-
344T polymorphism corresponds to the SNP rs1799998 (chr8, pos
143996602, www.ensembl.org).

Left ventricular end-diastolic diameter
We evaluated 10 studies that provided relevant data about
LVEDD.6–8 10–12 14 15 25 29 In the TT vs CC comparison, we
included 1612 individuals showing no significant association
with the variant either in the fixed or the random models (fig 1).
Still a highly significant heterogeneity as well as a significant
publication bias was observed (table 2). Subjects were stratified
by ethnicity and the heterogeneity remained, particularly in
white subjects. By subtracting one report including Finnish
people6 that appeared to be outlier, and stratifying the studies
by sex, the heterogeneity was removed but the effect remained
not significant in 1570 individuals. In the TC vs CC as well as in
the combined TT+TC vs CC comparison, we observed that
there were trends towards a decreased LVEDD in TC and in the
combined groups (2276 and 3230 individuals, respectively) in
the random model.

Left ventricular end-systolic diameter
In the TT vs CC comparison, in eight heterogeneous
studies without publication bias,6–8 11 12 15 25 29 LVESD was not
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associated with the variant in 1355 individuals (either in fixed or
random models, fig 2, table 2). Despite the fact that hetero-
geneity disappeared after removing the outlier study,6 the fixed
and random effects were still not significant in 1313 individuals.
Neither in the TC vs CC nor in the combined TT+TC
comparison was LVESD associated with the variant in 1882
and 2673 individuals, respectively.

Posterior wall thickness
Regarding PWT, we found 10 homogeneous reports without
indication of publication bias.6–8 10 12 15 16 25 26 29 In the TT vs CC
comparison including 1994 subjects, PWT was significantly
lower in the CC group than the TT group (table 2) in both fixed
and random models (fig 3). Some difference was also observed in
the white group alone. This difference, not observed in the TC
vs CC comparison (n = 2809), was also found in the combined
TT+TC vs CC comparison, in which PWT remained signifi-
cantly associated with the variant in both models in 4803
individuals.

Interestingly, these differences were greater when the studies
with hypertensive patients alone were included in the analysis
(TT vs CC comparison in both fixed and random models: D,
0.515, CI%: 0.204 to 0.827, p = 0.001, n = 170; combined vs CC
comparison; fixed, D, 0.324; 95% CI: 0.122 to 0.526, p = 0.002;
fixed: D, 0.323, 95% CI: 0.097 to 0.550, p = 0.005, n = 350).

Intraseptal wall thickness
Data about ISWT were available in 12 homogeneous studies
without publication bias.6–8 10–12 14–16 25 26 29 In the TT vs CC
comparison of 2105 individuals, we observed no significant
difference in the ISWT between the two groups (table 2) either
in the fixed or random model (fig 4). No significant associations
were seen in the TC vs CC and the combined TT+TC vs CC
comparisons in 2996 and 4205 individuals, respectively. A
similar lack of difference was observed in white subjects.

Conversely, when we stratified the studies according to the
disease status of the individuals, in the combined TT+TC vs CC
comparison, the ISWT mean difference was significant and

Table 1 Characteristics of the included studies

First author (year) Reference Country Ancestry Design
Left ventricular structure
phenotype

Kupari M, 1998 6 USA Finnish Population-based LVEDD/PWT/ISWT/LVM

Sarzani R, 2003 10 Italy White Population-based LVEDD/PWT/ISWT/LVM

Delles C, 2001 12 Germany White Population-based LVEDD/LVESD PWT/ISWT/LVM

Schunkert H, 1999 15 Germany White Population-based LVEDD/LVESD PWT/ISWT/LVM

Kuznetsova T, 2004 16 Belgium White Population-based PWT/ISWT/LVM

Hengstenberg C, 2000 25 Germany White Population-based LVEDD/LVESD/PWT/ISWT/LVM

Porto PI, 2003 26 Argentina White Population-based ISWT

Stella P, 2004 7 Italy White Hospital-based LVEDD/PWT/ISWT/LVM

Isaji M, 2005 8 Japan Japanese Hospital-based LVEDD/LVESD/PWT/ISWT/LVM

Heller S, 2004 11 Czech Republic White Hospital-based LVEDD/LVESD/ISWT/LVM

Patel R, 2000 14 USA-Canada White Hospital-based LVEDD/ISWT/LVM

Kurland L, 2002 13 Sweden White Hospital-based LVM

Safar ME, 2005 28 Italy White Hospital-based LVM

Olcay A, 2006 29 Turkey Turkish Hospital-based LVEDD/LVESD/PWT/ISWT/LVM

LVM, left ventricular mass; LVH, left ventricular hypertrophy; ISWT, interventricular septal wall thickness; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-
systolic diameter; PWT, posterior wall thickness.

Figure 1 Summary estimates for standardised difference (SD) (effect), the corresponding 95% CI limits (lower and upper) and significance (p value)
were estimated by fixed and random effects analysis for left ventricular end-diastolic diameter (LVEDD) between the two groups according to the C-
344T CYP11B2 variant (homozygous TT and CC). The first author of the study is indicated under citation (a and b indicate males and females within the
study). In the graph, numbers indicate D values, solid squares stand for the effect of individual studies and solid diamond expresses combined fixed and
random effects. HT, hypertensive individuals; NT, normotensive individuals; GP, general population; HCM, hypertrophic cardiomyopathy; MI, myocardial
infarction.
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identical in both fixed and random models (D: 0.264, 95% CI: 0.063
to 0.466, p = 0.01) in three studies7 12 29 including 350 hypertensive
subjects; this difference was particularly due to the white group (D:
0.384, 95% CI: 0.154 to 0.614, p = 0.001, n = 265).7 12

Left ventricular mass
For a difference in LVM between CC and TT homozygous
subjects, we evaluated 13 studies comprising 2157 individuals
who provided relevant data about LVM.6–8 10–16 25 28 29 No
statistical significance was observed by both fixed and random
effects models (table 2) (fig 5). There was no significant
heterogeneity between the reports and there was no publication
bias. By using the TC and the combined TT+TC vs CC
comparisons, no significant differences were found in LVM
either with fixed or with random effect models in 3083 and 4323
individuals, respectively. In addition, when only white subjects
from the study were pooled, similar results were observed.

Besides, we further analysed the data from reports whose
authors clearly specified that they had included only normo-
tensive individuals. Then, six studies including 1373 individuals
were pooled6 10–12 15 16 and, again, LVM was not associated with
the CYP11B2 C-344T variant by either fixed (D: 0.024, 95% CI:
20.083 to 0.131, p = 0.667) or random model (D: 20.057, 95%
CI: 20.265 to 0.150, p = 0.89). In the combined TT+TC model,
the association remains not significant in 2734 individuals
(p = 0.97 and p = 0.46) in fixed and random models, respec-
tively. Additionally, the heterogeneity (p,0.02) we observed
between the pooled studies disappeared after stratification by
ethnic groups.

Conversely, when we analysed the data of five homogeneous
studies, including only hypertensive individuals,7 12 13 28 29 we
observed a significant and identical association between
hypertension and the C-344T variant in 332 individuals (D:
0.251, 95% CI: 0.020 to 0.481, p = 0.04) in both fixed and

Figure 2 Summary estimates for standardised difference (SD) (effect), the corresponding 95% CI limits (lower and upper) and significance (p value)
were estimated by fixed and random effects analysis for left ventricular end-systolic diameter between the two groups according to the C-344T
CYP11B2 variant (homozygous TT and CC). The first author of the study is indicated under citation. In the graph, numbers indicate D values, solid
squares are the effect of individual studies and solid diamond expresses combined fixed and random effects. HT, hypertensive individuals; NT,
normotensive individuals; GP, general population; MI, myocardial infarction.

Figure 3 Summary estimates for standardised difference (SD) (effect), the corresponding 95% CI limits (lower and upper) and significance (p value)
were estimated by fixed and random effects analysis for posterior wall thickness (PWT) between the two groups according to the C-344T CYP11B2
variant (homozygous TT and CC). The first author of the study is indicated under citation (a and b indicate males and females within the study). In the
graph, numbers indicate D values, solid squares are the effect of individual studies and solid diamond express combined fixed and random effects. HT,
hypertensive individuals; NT, normotensive individuals; GP, general population; MI, myocardial infarction.

Molecular biology and genetics

Heart 2008;94:903–910. doi:10.1136/hrt.2007.119545 907

 group.bmj.com on November 22, 2011 - Published by heart.bmj.comDownloaded from 

http://heart.bmj.com/
http://group.bmj.com/


random models. Although in the comparison between TC and
CC groups we observed a trend toward a positive difference
(data not shown), in the combined comparison in white
subjects, a significant association was observed (fixed model,
D: 0.182, 95% CI: 0.018 to 0.345, p = 0.03; random model, D:
0.182, 95% CI: 0.016 to 0.349, p = 0.032, n = 540).

Overall study quality
The assessment of quality of the included studies according to
the use of seven methodological standards showed that all the
studies performed genotyping by widely reproducible tests;

however, all the studies failed to inform about either repetition
or confirmation of the test with another procedure. Only one
study mentioned data concerning the study blinding.14

Furthermore, all the studies satisfactorily performed an appro-
priate delineation of cases and controls, adequacy of controls
and appropriate quantitative analysis.

Additionally, we estimated the effects by grouping only those
large association studies with an arbitrary cut-off of 100
individuals. Again, there was no statistical significance for a
difference for either LVEDD, LVESD and LVM or ISWT
between TT and CC homozygous subjects by both fixed and
random effect models. However, for PWT, in 1577 individuals

Figure 4 Summary estimates for standardised difference (SD) (effect), the corresponding 95% CI limits (lower and upper) and significance (p value)
were estimated by fixed and random effects analysis for interventricular septal wall thickness (VSWT) between the two groups according to the C-344T
CYP11B2 variant (homozygous TT and CC). The first author of the study is indicated under citation (a and b indicate males and females within the
study). In the graph, numbers indicate D values, solid squares are the effect of individual studies and solid diamond expresses combined fixed and
random effects. HT, hypertensive individuals; NT, normotensive individuals; GP, general population; HCM, hypertrophic cardiomyopathy; MI, myocardial
infarction.

Figure 5 Summary estimates for standardised difference (SD) (effect), the corresponding 95% CI limits (lower and upper) and significance (p value)
were estimated by fixed and random effects analysis for left ventricular mass (LVM) between the two groups according to the C-344T CYP11B2 variant
(homozygous TT and CC). The first author of the study is indicated under citation (a and b indicate males and females within the study). In the graph,
numbers indicate D values, solid squares are the effect of individual studies and solid diamond expresses combined fixed and random effects. HT,
hypertensive individuals; NT, normotensive individuals; GP, general population; HCM, hypertrophic cardiomyopathy; MI, myocardial infarction.
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included in the larger studies the significant difference still
remained (fixed model, D: 0.159, 95% CI: 0.029 to 0.230,
p = 0.012; random model, D: 0.140, 95% CI: 0.018 to 0.263,
p = 0.025).

DISCUSSION
The presence of left ventricular hypertrophy (LVH), mainly
among hypertensive individuals, is an independent risk for
morbidity and mortality from cardiovascular disease and is
recognised as the most important predictor of chronic heart
failure.30 Moreover, recent studies evaluating the prevalence of
LVH and its influence on cardiovascular risk stratification in
hypertensive patients previously defined at relatively low or
medium risk on the basis of routine evaluation showed that a
significant number of hypertensive patients are reclassified as
being at high risk after the detection of LVH.31

The role of genetic factors responsible for cardiac mass
variance has been estimated up to 60%,32 and different gene
variants were associated with LVH and diastolic dysfunction in
essential hypertension.33

It is well known that angiotension II and aldosterone may
contribute to the secondary structural changes observed in
cardiac hypertrophy and remodelling.34 In this regard, some but
not all studies have reported that aldosterone synthase gene
CYP11B2 C-344T polymorphism is associated with the
increased LVM and diastolic dysfunction in hypertensive
individuals with mild to moderate hypertension.

We performed a systematic review of the literature by means
of a meta-analysis on the relation of the variant with the LVM
and some related phenotypes associated with the left ventri-
cular structure and showed that the CYP11B2 -344T allele was
only associated with an increased posterior wall thickness. This
conclusion results from a total of 1994 individuals recruited
from 10 homogeneous studies. The significance remained even
after removing studies with less than 100 individuals. Besides,
although there was no association in the global pooled data
between the gene variant and LVM, the -344T allele was
associated with increased LVM and IVWT in hypertensive
individuals without evidence of publication bias.

We have recently found that in the absence of a significant
effect of the T allele on plasma aldosterone white TT
homozygous individuals have 64.3% higher plasma renin
activity (PRA).21 This elevated PRA may be adaptive to a lack
of adequate response of the CYP11B2 promoter bearing the T
allele to the angiotensin II-mediated stimulus and therefore the
putative elevated plasma angiotensin II makes TT homozygous
subjects more prone to hypertension21 and to its subsequent
complications such as LVH.

In this regard, it should be emphasised that a higher LVM in
homozygous TT individuals with respect to homozygous CC
was only observed in the pool of studies including only
hypertensive subjects but not in normotensive individuals
included in population-based studies. However, at this time, it
is not possible to ascertain whether the effect of the -344T
variant on LVM is dependent or independent on hypertension,
as the left ventricle of patients with arterial hypertension may
be exposed to a variety of growth-regulating mechanisms,
including pressure overload and humoral factor activation.
Nevertheless, in the light of our findings, we might speculate
that LVH represents both a manifestation of the effects of
hypertension and other cardiac risk factors over time as well as a
genetic predisposition leading to pathological changes in cardiac
structure. Unfortunately, the influence of other determinants of
cardiac size such as duration of disease, the effect of treatment,

duration of hypertension, smoking, body mass index and blood
pressure levels cannot be evaluated in the subgroup of
hypertensive individuals since this information was not avail-
able from the studies.

We wish to note that our study only included data from
unrelated people in a case-control study design. Unfortunately,
no family-based reports, except the study of Mayosi et al17

regarding of heart size and the aldosterone synthase gene, have
been published. In this study the authors performed a thorough
analysis of six polymorphisms spanning 6 kb of the CYP11B2 in
white British families, concluding that genetic polymorphisms
at the CYP11B2 make a small contribution to quantitative
variation in echocardiographic measures of heart size and
significant residual familial effect were present for septal wall
thickness and left ventricular mass. This study also emphasises
the importance of analysing the genetic variation that captures
the haplotype structure of the locus and adjacent loci such as
steroid 11b-hydroxylase (CYP11B1) in gene association studies35

and may indicate that the functional variants could be located
in the 39 region of the CYP11B2.

Lastly, besides the pressure overload, aldosterone imposes
volume overload on the heart and promotes fibrosis of the
cardiac wall. The analysis was enriched with data about these
aspects by the evaluation of the LVEDD and LVESD but we did
not observe any relation with the variant.

To summarise, to the best of our knowledge, this report
represents the first meta-analysis including all available evidence
to date, indicating that subjects homozygous for the -344T
allele of the CYP11B2 gene show at least 2.4% higher PWT
compared to those homozygous for the C-344 allele, whereas in
hypertensive individuals the increase in PWT is still more
dramatic, representing 11.0%. In the same way, hypertensive
homozygous TT subjects show a 6.9% increase in LVM when
compared to CC homozygous ones. In that context, bearing in
mind that LVH is a strong predictor of adverse cardiovascular
outcomes in the hypertensive population, and also an indepen-
dent risk factor for coronary heart disease, sudden death, heart
failure and stroke,36 it seems reasonable to hypothesise that
patients carrying the -344TT genotype are exposed to higher
risk of heart disease and should be particularly monitored, as we
have previously shown that these individuals have at least a
17% higher risk of essential hypertension compared to those
homozygous for the C-344 allele.21 Besides, cardiovascular
disease and death rates had a 1.5-fold increase for each 50 g/m
of LVM indexed by height.37
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