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Genetic epidemiology of left ventricular hypertrophy
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Abstract: Left ventricular (LV) hypertrophy is a strong independent predictor of increased cardiovascular morbidity
and mortality in clinical and population-based samples. Clinical and hemodynamic stimuli to LV hypertrophy induce
not only an increase in cardiac mass and wall thickness but also a fundamental reconfiguration of the protein, cellu-
lar and molecular components of the myocardium. Several studies have indicated that LV mass is influenced by ge-
netic factors. The substantial heritability (h2) for LV mass in population-based samples of varying ethnicity indicates
robust genetic influences on LV hypertrophy. Genome-wide linkage and association studies in diverse populations
have been performed to identify genes influencing LV mass, and although several chromosomal regions have been
found to be significantly associated with LV mass, the specific genes and functional variants contained in these chro-
mosomal regions have yet to be identified. In addition, multiple studies have tried to link single-nucleotide polymor-
phisms (SNPs) in regulatory and pathway genes with common forms of LV hypertrophy, but there is little evidence
that these genetic variations are functional. Up to this point in time, the results obtained in genetic studies are of
limited clinical value. Much of the heritability remains unexplained, the identity of the underlying gene pathways,
genes, and functional variants remains unknown, and the promise of genetically-based risk prediction and personal-
ized medicine remain unfulfilled. However, molecular biological technologies continue to improve rapidly, and the
long-term potential of sophisticated genetic investigations using these modern genomic technologies, coupled with
smart study designs, remains intact. Ultimately, genetic investigations offer much promise for future prevention, early
intervention and treatment of this major public health issue.
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Introduction

Heart disease is a major cause of morbidity and
mortality worldwide and is of major public
health importance. Heart disease affects an
estimated 82.6 million Americans and accounts
for 1 in every 3 deaths in the United States [1].
Of these, 76.4 million Americans have hyperten-
sion and 5.7 million Americans have heart fail-
ure. Hypertension had an overall death rate of
17.8 in 2007 and cost an estimated 43.5 billion
in direct and indirect costs. Heart failure had an
overall death rate of 84.6 in 2008 and cost an
estimated $29.6 billion in direct and indirect
costs in 2006.

Heart failure is a condition arising when myocar-
dial performance is insufficient to meet the
metabolic demand of vital tissues and organs.
This complex pathophysiological state repre-

sents the final common pathway of a variety of
cardiovascular conditions that include hyperten-
sion, coronary heart disease, valvular heart dis-
ease, cardiomyopathy and congenital heart dis-
ease [2]. In response to these cardiovascular
insults, the left ventricle (LV) compensates by
either hypertrophy or dilatation to preserve and
maintain cardiac pump performance. Conditions
that cause pressure overload, such as hyperten-
sion and aortic stenosis, induce concentric LV
hypertrophy (Figure 1) while conditions that pro-
mote volume overload, such as valvular regurgi-
tation, lead to LV dilatation and eccentric LV
hypertrophy (Figure 2).

LV hypertrophy and prognosis
While compensatory LV hypertrophy or dilata-

tion may initially preserve cardiac pump func-
tion, they ultimately become maladaptive. In-



Genetic epidemiology of left ventricular hypertrophy

epth: 13.0 cm

104:00:47 PM
MHz/3.1 MHz

Figure 1. Concentric left ventricular hypertrophy.
Parasternal long- (A) and short-axis (B) echocardio-
graphic images.

deed, LV hypertrophy has been shown to be an
independent predictor of increased cardiovas-
cular morbidity and mortality in clinical and
population-based samples [3-15]. As may be
seen in Table 1, individuals with LV hypertrophy
consistently have 2 2-fold rates of adverse
events, as indicated by the odds-ratios.

In the 1960’s, the association of electrocardio-
graphic LV hypertrophy with cardiovascular
events was first described in clinical and popu-
lation-based studies [3-5]. In the first study to
relate direct measurements of echocardio-
graphic LV mass to prognosis, 140 men with
uncomplicated essential hypertension were fol-
lowed for five years to determine the incidence
of “hard” cardiovascular events, i.e. cardiac
death, myocardial infarction, stroke or angina
pectoris requiring coronary bypass surgery [6].
The 20% (n=29) of patients with LV mass ex-
ceeding a predefined partition value had ap-
proximately 4-fold higher rate of morbid events
(24%) than the patients without LV hypertrophy
(6%).
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Figure 2. Eccentric left ventricular hypertrophy.
Parasternal long- (A) and short-axis (B) echocardio-
graphic images.

Other studies have subsequently extended
these findings by demonstrating that increased
LV mass strongly predicts cardiac and cere-
brovascular morbidity and mortality, independ-
ent of traditional risk factors [7-15]. A report
from the Framingham Heart Study showed that
increased LV mass strongly predicted all-cause
and cardiac mortality and coronary heart dis-
ease events in adults over 40 years, independ-
ently of conventional risk factors [9]. Further-
more, they found that age-adjusted incidence of
stroke or transient ischemic attack was sub-
stantially higher in the highest quartile of LV
mass (18.4% in men and 12.2% in women) than
in the lowest quartile (5.2% and 2.2%, respec-
tively) [12]. Similarly, among older adults
(age>65 years) in the Cardiovascular Heath
Study, the highest quartile of LV mass conferred
a hazards ratio of 3.36 for incident congestive
failure compared with the lowest quartile [13].
In adults with coronary artery disease, Liao et al
found that the attributable risk of death from LV
hypertrophy was greater (2.4%) than that of
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Table 1. Prognostic significance of left ventricular hypertrophy by various methods.

Reference Method of Number of Pa- End-Point Odds Ratio
Diagnoisis tients Analysed

Sokolow et al. (3) ECG 439 Death 8.0
Breslin et al. (4) ECG 631 Death 4.8
Kannel et al. (5) ECG 5,055 CV Events 2.5
Casale et al. (6) Echo 140 Death or CV Events 4.0
Silverberg et al. (7) Echo 119 Death 3.7
Aronow et al. (8) Echo 554 Ventricular Fibrillation or Sudden Death 4.7
Levy et al. (9) Echo 3,220 All-cause mortality and All CV Events 2.4 and 2.5
Koren et al. (10) Echo 280 CV Death and All CV Events 14.2 and 3.0
Ghali et al. (11) Echo 785 All-cause and Cardiac Mortality 2.1
Bikkina et al. (12) Echo 447 Stroke, TIA 2.7
Gardin et al. (13) Echo 5,888 Incident CHD, CHF and Stroke 34
Quinones et al. (15) Echo 1,172 Death 1.4

multivessel coronary artery disease (1.6%) or
low LV ejection fraction at catheterization (2.0%)
[14]. Quinones et al. [15] extended this result to
the patients enrolled in the Studies of Left Ven-
tricular Dysfunction (SOLVD) Trials, finding
higher LV mass to be independently associated
with higher age-adjusted risks of death (risk-
ratio=2.75) and cardiovascular hospitalization
(risk-ratio=1.81).

Stimuli to LV hypertrophy

The LV normally grows continuously from in-
fancy to adulthood, with cardiomyocyte enlarge-
ment or hypertrophy accounting for most of the
increase in size [15]. In apparently normal chil-
dren and adults, LV mass is closely correlated
with body size [16, 17]. Traditionally, body size
has been taken to account by adjusting LV
mass for body surface area. However, this
method of indexing LV mass may misclassify
obesity-induced LV hypertrophy as normal.
Height-based indexations of LV mass, which
identify both blood pressure and obesity-
associated increases in myocardial mass, has
been shown to maintain and perhaps enhance
prediction of cardiac risk [18].

After puberty, men have higher LV mass than
women in relation to body size. LV mass/body
surface area is 10-20% greater in men than in
women, which parallels the sex-difference in fat-
free mass and may reflect genetic, hormonal or
exercise effects that influence both skeletal and
cardiac muscle [15, 19]. Thus, sex and age
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need to be taken into account when establish-
ing upper normal limits for LV mass.

In addition to demographic factors, hemody-
namic variables play an important role in deter-
mining LV mass. Our understanding of the full
impact of blood pressure on the heart has been
enhanced by the use of 24-hour ambulatory
blood pressure monitoring. LV mass or wall
thicknesses are more closely related to 24-hour
than casual blood pressures, most likely be-
cause the latter is a poor assessment of the
average blood pressure over an extended pe-
riod of time, as a blood pressure assessment at
a single point in time is greatly influenced by
many temporary factors that may not have any
long-term duration and effects [20]. In a study
of normotensive and hypertensive adults, pa-
tients with concentric LV hypertrophy had the
highest ambulatory systolic and diastolic blood
pressures, while those with eccentric LV hyper-
trophy had lower ambulatory than clinic blood
pressures [20]. Exaggerated blood pressure
increase during exercise may also contribute to
the development of LV hypertrophy [21, 22].

Numerous studies have shown that obesity is
associated with increased LV mass [17, 23].
High salt diets have also been linked to hyper-
tensive LV hypertrophy [24]. Both these factors
may increase stroke volume, thereby increasing
chamber volume predisposing to eccentric LV
hypertrophy [25]. The important role of volume
load in the pathogenesis of LV hypertrophy is
underscored by the fact that chamber size and
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Table 2. Heritability of electrocardiographic and echocardiographic left ventricular hypertrophy in se-

lected populations

Reference Method Ethnicity Heritability
Mayosi et al (37) ECG European Caucasian 0.12-0.41
Post et al. (38) Echo Caucasian 0.24-0.32
Arnett et al. (39) Echo African-American 0.22-0.44
Caucasian 0.05-0.22
Bella et al. (40) Echo American Indians 0.17-0.27
Juoetal. (41) Echo Caribbean Hispanics 0.49
Chien et al. (42) Echo Chinese 0.15
Assimes et al. (43) Echo Japanese 0.43-0.61
Fox et al. (44) Echo African-American 0.34

stroke volume are more closely related to left
ventricular mass than systolic blood pressure in
normotensive and hypertensive adults and in
population-based samples [25-29]. In addition
to hemodynamic pressure and volume load, LV
mass is also affected by a negative relation be-
tween LV contractility and myocardial mass [27,
29]. In a recent population-based report, almost
half of the variability in LV mass was associated
with inter-individual differences in stroke vol-
ume, contractility, systolic blood pressure, body
mass indices and gender [29].

Another stimulus to LV hypertrophy is abnormal
glucose metabolism. Several epidemiologic
studies have shown that adults with diabetes
mellitus have higher LV mass, independently of
other stimuli to LV hypertrophy [30-32]. This
relationship may be important in view of the
increasing prevalence of diabetes mellitus in
the United States [33].

These stimuli to LV hypertrophy induce not only
an increase in cardiac mass and wall thickness
but also a fundamental reconfiguration of the
protein, cellular and molecular components of
the myocardium.

Genetic epidemiology of LV hypertrophy
Heritability analyses

Only one-half to two-thirds of the inter-individual
variability of LV mass can be explained by its
clinical and hemodynamic correlates [16-32].
Several studies have indicated that LV mass is
influenced by genetic factors. Monozygotic twins
have substantially more similar LV mass than
dizygotic twins [34-36]. Adams et al. [34] evalu-
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ated within-pair differences in LV wall thick-
nesses and LV dimensions in 31 monozygotic
twin pairs, 10 dizygotic twin pairs, 6 siblings and
30 unrelated individuals. They found that there
were lower within twin-pair differences for LV
chamber size and posterior wall thickness, but
not for septal wall thickness, suggesting that
familial influences, whether genetic and/or
shared environmental factors, are important
determinants of cardiac size. In contrast, Bielen
et al. [36] found significant heritability for LV
wall thickness (0.29 and 0.28 for septal wall
thickness and posterior wall thickness, respec-
tively), but not for LV chamber size in 32
monozygotic and 21 dizygotic twin pairs, after
adjusting for age, weight, blood pressure (BP)
and skinfold thicknesses. In 22 African-
American normotensive twin pairs, LV mass/
body surface area, adjusted for sex and systolic
BP, had an estimated heritability of 0.58 [35].

Family-based studies have confirmed that elec-
trocardiographic and echocardiographic meas-
ures of LV hypertrophy, after adjustment for
covariates, are heritable (Table 2) [37-43].
Mayosi et al. found the heritability of Sokolow-
Lyon voltage criteria for LV hypertrophy was
0.39-0.41 while those for electrocardiographic
LV mass, Cornell voltage and Cornell product
were were 0.12-0.18, 0.19-0.25 and 0.28-0.32,
respectively [38]. The Framingham Heart Study,
using intraclass correlation methods, assessed
the heritability of echocardiographic LV mass in
their adult Caucasian population [38]. The esti-
mated heritability of adjusted LV mass was be-
tween 0.24 (from aunt/uncle-niece/nephew
correlation) and 0.32 (sibling-sibling correla-
tion), with an intermediate estimate of 0.30
from parent-child correlation. A report from the
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Hypertension Genetic Epidemiology Network
(HyperGEN) Study, in a population-based sam-
ple of Caucasian and African-American hyper-
tensives, indicated that sibling correlations for
echocardiographic LV mass among African-
Americans ranged from 0.22 (brother-sister) to
0.44 (brother-brother) compared to 0.05
(brother-sister) to 0.22 (sister-sister) among
Caucasians while sibling correlations for relative
wall thickness, a measure of LV concentricity,
were lower in African-American siblings (0.04-
0.12) than their Caucasian counterparts (0.19-
0.28) [39], suggesting ethnic heterogeneity
among genes and/or environmental conditions
influencing LV geometry. Among adult American
Indians participating in the Strong Heart Study,
the heritability of echocardiographic LV mass
and relative wall thickness were both 0.17 after
adjusting for a comprehensive set of covariates
that included age, sex, body size, blood pres-
sure, heart rate, diabetes and medications [40].
The Northern Manhattan Study reported some-
what higher estimates for echocardiographic LV
mass and relative wall thickness (0.49 and
0.26, respectively) after adjusting for similar
covariates in Caribbean Hispanic families [41].
Among Chinese families in Taiwan, echocardio-
graphic LV mass heritability was estimated as
0.15 after adjusting for blood pressure [42]. In
contrast, the heritability of echocardiographic LV
mass was 0.61 in Japanese-American families
participating in the Stanford Asian and Pacific
Program for Hypertension and Insulin Resis-
tance (SAPPHIRe) Study after adjusting for age,
sex, height, body mass index, treated diabetes,
valvular heart disease, clinic blood pressure and
hypertension treatment [43]. A more recent re-
port from the Genetic Epidemiology Network of
Arteriopathy (GENOA) Study showed heritability
of echocardiographic LV mass index as 0.34
after adjusting for age, body mass index, stroke
volume, systolic blood pressure and diabetes
mellitus [44].

It is not clear whether the variation in the herita-
bilities between ethnicities are indicative of dif-
ferences in the genetic architecture underlying
LV mass variation between populations, or
whether differences in study design, adjustment
for covariates, characteristics of study partici-
pants besides ethnicity, and/or environmental
and cultural factors, and/or statistical fluctua-
tion, are the main reason for the variability in
heritability estimates. In any case, despite the
difference in heritability estimates between
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studies, there is robust and consistent support
for the genetic influence on LV hypertrophy
across study designs, datasets and ethnicities.

Genome-wide linkage analyses

The search for genomic regions harboring ge-
netic factors that influence LV mass has intensi-
fied over the previous decade or so. Both candi-
date gene/variant studies as well as more com-
prehensive genome-wide investigations have
been conducted using both linkage analysis
and/or association analysis to tie genomic re-
gions to LV mass. Genome-wide linkage analy-
ses in extended families have been successful
in identifying regions harboring major loci for LV
mass [46-49]. These linkage scans were con-
ducted on families that were not ascertained on
the basis of LV mass or related traits (and,
hence, these family samples can be assumed to
be representative of the studied populations
overall rather constitute a subset with specific
heart-related clinical symptoms), and the stud-
ies have shown genome-wide significant evi-
dence for linkage of echocardiographic LV mass
to chromosome 7 [46], chromosome 22 [47]
and chromosome 12 [48, 49]. However, except
for the chromosome 12 locus, the identified
chromosomal regions appear to not overlap
between different studies, suggesting either
that the major loci are population-specific to a
substantial degree or that (some of) the identi-
fied linkage signals are, in fact, false positive
findings. Like is the case for most significant
linkage signals observed for complex diseases
and quantitative traits, the specific genes re-
sponsible for the observed linkage results have
yet to be identified.

Candidate gene association studies

Many investigators have focused on specific
candidate genes to evaluate whether variation
in these genes are indeed associated with LV
mass. Potential candidate genes include ones
encoding proteins regulating cardiac structure,
hemodynamic load, calcium homeostasis, hor-
mones, substrate metabolism, growth factors,
energy metabolism and cell signaling [50]. Con-
siderable attention has been devoted to poly-
morphisms in enzymes and hormones involved
in the renin-angotensin-aldosterone system. The
angiotensin-converting enzyme insertion dele-
tion polymorphism [51, 52], angiotensin Il type |
receptor gene A1166C polymorphism [53] and
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angiotensinogen gene M235T polymorphism
[54, 55] have been implicated in exercise-
induced LV hypertrophy. A report from the Hy-
perGEN Study suggested that angiotensin-
converting enzyme insertion deletion polymor-
phism and angiotensinogen gene variants may
interact to modulate effects of LV hypertrophy
and may vary by ethnicity [55]. The angiotensin
Il type 2 receptor gene (+1675 G/A) polymor-
phism has been associated with abnormal LV
geometry in young men with mild hypertension
[56]. A SNP in the aldosterone synthase gene
([CYP11B2] -344 C/T) has also been found to
be associated with eccentric LV hypertrophy in
essential hypertension [57, 58]. A recent study
suggests that a polymorphism of the -1 adren-
ergic receptor gene (glycine for arginine at posi-
tion 389) affects LV mass in patients with renal
failure [59]. Moreover, the G-protein B3 subunit
(C825T) polymorphism has been associated
with LV mass in hypertension [60, 61].

Other candidate genes have been selected
based on their role in myocardial fatty acid oxi-
dation. Recent studies have shown that LV
mass and dilated cardiomyopathy are associ-
ated with abnormal fatty acid metabolism [62,
63]. Jamshidi et al. [64] reported that a SNP
within an intron of the peroxisome proliferator-
activated receptor alpha (PPARa) influenced LV
growth in response to exercise and hyperten-
sion. In their report, the Framingham investiga-
tors found statistically significant associations
of the angiotensin receptor type 2 (AGTR2) gene
with LV mass (p=0.05) and LV chamber size
(p=0.007), B-2 adrenergic receptor (ADRB2)
gene with LV mass (p=0.02) and LV wall thick-
ness (p=0.005) and cardiac troponin T (TNNT2)
gene with LV chamber diameter (p=0.0005)
[65].

Despite the apparent success of some of these
studies, it should be kept be mind that most of
these candidate gene studies were based on
small sample sizes, and differ from one another
in many aspects, including in ethnicity of study
subjects, ascertainment scheme, and covariate
adjustment. Many of the reported candidate
gene association findings have not been repli-
cated (and several replication attempts failed),
and the reported association results, while ap-
pearing to meet rigorous statistical significance
criteria in the context of candidate gene studies
(with a very limited multiple testing burden, i.e.
number of SNPs examined), generally do not

272

reach significance levels that would be required
in genome-wide association studies with its
much larger multiple testing threshold.

Genome-wide association studies

In addition to candidate gene-based association
studies, association studies have also been
conducted in a systematic, genome-wide man-
ner. Genome-wide association studies (GWAS)
utilize high throughput genotyping techniques to
assay hundreds of thousands of the most com-
mon form of genetic variant, the single-
nucleotide polymorphism (SNP), and relate
genotypes at these variants to the phenotypes
of study participants of diseases or other traits
[66]. This approach permits the interrogation of
much of the common variation in the entire hu-
man genome in thousand (or even hundreds of
thousands) of unrelated individuals, achieving a
much higher positional resolution than is gener-
ally possible in linkage analysis [67].

In a initial genome-wide joint linkage and asso-
ciation study, conducted on up to 1238 indi-
viduals participating in the Framingham Heart
Study based on only ~71,000 SNPs, significant
linkage was obtained for echocardiographic LV
mass on chromosome 5 [68]. The study found
interesting SNP associations on chromosome 2
and chromosome 11 (with a SNP near heat-
shock 70-KD protein 8, HSPAS8), but these asso-
ciations did not reach strict genome-wide signifi-
cance. A recent report from Shah et al. found
loci for electrocardiographic LV hypertrophy indi-
ces in chromosome 3p22.2 (sodium-channel,
voltage gated, type 5, o-sub-unit, SCN5A,
rs6797133), chromosome 12q13.3 (p23 or
telomerase reverse transcriptase (TERT) binding
protein, PTGES3, rs2290893), chromosome
15925.2 (neuromedin B, NMB. rs2292462) and
chromosome 15q26.3 (insulin-growth factor,
IGFIR, rs4966014) [69].

Genome-wide association studies conducted on
complex traits generally suffer from a lack of
power. The main reason is that major loci with
common functional variants, which are gener-
ally well tagged by the common SNPs included
in modern genome-wide SNP panels, do not
appear to exist for most complex diseases [70].
In order to detect more minor loci attributable to
common functional variants - those loci that
explain only a very small proportion of the vari-
ance in a trait - very large sample sizes are re-
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quired. For this reason, investigators have often
combined forces in various disease-focused
consortia and conducted combined analyses of
multiple datasets, including mega- and meta-
analyses. In some cases, these studies now
involve in excess of 100,000 individuals [71].

Two meta-analyses of LV mass and other car-
diac structure and function phenotypes were
published recently. The EchoGen Consortium
[72] included 7 cohorts of European ancestry (5
used in the discovery stage, comprising
~13,000 individuals, and 2 in the replication
stage, consisting of ~4000 individuals). In the
first stage, 16 loci were found to be associated
with the 5 different echocardiographic traits
examined, including 3 for LV mass. However,
the LV mass SNPs were not successfully repli-
cated in stage 2. It is clear that any observed
loci explain only a very small proportion of vari-
ance in the examined cardiac traits. A more re-
cent, smaller-scale study was conducted on
both African American (~1300 and ~1000 indi-
viduals in two stages) and European American
hypertensive families (~1300 individuals) [73].
No genome-wide significant results were ob-
tained for LV mass, but SNPs in NCAM1 were
found to be associated with relative wall thick-
ness.

Perspective

Since the completion of the human genome
project, many clinicians, scientists, politicians
and lay people alike have been predicting that
genetic investigations would shortly lead to dra-
matic advances in prevention and cure for many
human diseases, including personalized risk
prediction and personalized medicine. In 2000,
then-President Bill Clinton stated that “We are
here to celebrate the completion of the first sur-
vey of the entire human genome. With this pro-
found new knowledge, humankind is on the
verge of gaining immense, new power to heal.
Genome science will have a real impact on all
our lives - and even more, on the lives of our
children. It will revolutionize the diagnosis, pre-
vention, and treatment of most, if not all, hu-
man diseases.” As a whole, these predictions
appear to have been premature and perhaps
overly optimistic. For LV mass, like for the vast
majority of complex traits, progress to identify
functional genetic variants, genes, and gene
networks has been proven exceedingly difficult.
While robust statistical associations have been
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obtained for many diseases, for the most part
the functional genetic variants and genes are
not yet known. Personalized risk prediction and
medicine is not yet possible in a meaningful
manner for most conditions, despite an increas-
ing number of commercial enterprises hawking
a variety of genetic tests.

However, while the future has not come as
quickly as predicted by many, this state of af-
fairs does not mean that it will never come.
Francis Collins, the current director of the Na-
tional Institutes of Health, continues to cham-
pion the future of personalized medicine due to
breakthroughs in genetic epidemiological re-
search [74]. The community of clinicians and
genetic researchers are divided among each
those in their views as to how quickly functional
genes and variants will be identified and what
the ramifications of this will be personalized
medicine and other areas of disease prevention
and treatment. Likely the reality will fall some-
where in the middle between the most optimis-
tic and pessimistic forecasts. It may well be that
many have underestimated the time that it
takes to see real-life benefits, but at the same
time also underestimate the long-term impact
due to the genetics revolution. It is clearly the
case that the improvement in molecular biologi-
cal techniques, including the rapid and afford-
able sequencing of the genome in parts (such
as exome) or increasingly also in its entirety,
continues unabatedly, enabling scientists to
scan the genome in ever more detail. While it
seems that for most complex traits common
SNPs explain only a relatively small proportion
of variance, investigators now increasingly begin
to focus on rare variation, structural variants
(such as copy number variants) and epigenetic
phenomena (such as gene methylation levels).
As our knowledge of the genetic underpinnings
of our manifold conditions related to health and
disease increases, it behooves us not to under-
estimate the long-term consequences for our
health and the healthcare system.

In summary, LV mass is a very complicated phe-
notype that is influenced by many factors of our
own genetic constitution and our lifestyle and
environmental exposures alike. Different study
designs, such as focused on specific forms of
LV hypertrophy or attributable to specific condi-
tions, coupled with new genomic technologies,
may be required for us to finally begin to under-
stand the underlying genetic architecture in
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much more detail. However, it seems that we
are only at the early stages of the genetics revo-
lution. Ultimately, it seems likely that clinical
outcome studies will characterize the implica-
tions of these genetic variations for the natural
history of LV hypertrophy and identify its impact
on progression or regression of LV hypertrophy.
As novel genes responsible for LV hypertrophy
are identified, our understanding of the inciting
events triggering cardiac remodeling and heart
failure will expand. Although the identification
and characterization of genes contributing to LV
hypertrophy are challenging, genetic investiga-
tions still offer much promise for future preven-
tion, early intervention and treatment of this
major public health issue, even though this fu-
ture may come later than hoped and predicted.
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