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and results

The aim of this study was to investigate the heritability as well as genetic and environmental correlations of left ven-
tricular (LV) structural and functional traits in complex pedigrees of a Caucasian population.

We randomly recruited 459 white European subjects from 52 families (50% women; mean age 45 years). LV structure
was measured by M-mode and 2D echocardiography and LV function was measured by conventional Doppler and
tissue Doppler imaging (TDI). Other measurements included blood pressure, anthropometric, and biochemical
measurements. We estimated the heritability of LV traits while adjusting for covariables, including sex, age, body
height and weight, systolic and diastolic blood pressures, and heart rate. With full adjustment, heritability of LV
mass was 0.23 (P = 0.025). The TDI-derived mitral annular velocities Ea and Aa showed moderate heritability
(h*=0.36 and 0.53, respectively), whereas the mitral inflow A peak had weak heritability (h* = 0.25) and the E
peak was not heritable (h* = 0.11). We partitioned the total phenotypic correlation when it reached significance,
into a genetic and an environmental component. The genetic correlations were 0.61 between the E and Ea peaks
and 0.90 between the A and Aa peaks.

Conclusion Our study demonstrated moderate heritability for LV mass as well as the mitral annular Ea and Aa peaks. We also
found significant genetic correlations between the E and Ea peaks and between the A and Aa peaks. Our current
findings support the ongoing research to map and detect genetic variants that contribute to the variation in LV
mass and other LV structural and functional phenotypes.
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Intl"OdUCtion studies®”"""? reported on the heritability of LV diastolic function

as evaluated by transmitral blood flow. To our knowledge, no pre-

Left ventricular (LV) mass and hypertrophy are well-established
risk factors for cardiovascular morbidity and mortality."™* Pheno-
typic variation among individuals is due to genetic determinants,
environmental factors, and lifestyle. Heritability refers to the phe-
notypic variation in a population that is attributable to the genetic
variation among individuals. Heritability of LV mass estimated in
studies of twins,>~° hypertensive siblings,'®™"* nuclear,’*~"*
complex families'®™2° ranged from 15" to 84%8

and

Tissue Doppler imaging (TDI) is an ultrasound technique that
records the velocity of myocardium instead of blood flow. The TDI-
derived velocities provide information on LV diastolic function over
and beyond the Doppler indexes of transmitral blood flow. A few

vious study reported on the heritability of the TDI-derived indexes
of LV diastolic function or on the genetic and environmental corre-
lations of these TDl indexes with other LV functional phenotypes. In
the present study, we addressed these issues in complex pedigrees
randomly recruited from a Caucasian population.

Methods

Study population

Recruitment for the Flemish Study on Environment, Genes, and Health
Outcomes (FLEMENGHO) started in 1985. From August 1985 to
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November 1990, a random sample of the households living in a geo-
graphically defined area of Northern Belgium was investigated with
the goal to recruit an equal number of participants in each of six sub-
groups by sex and age (20—39, 40-59, and >60 years). All household
members with a minimum age of 20 years were invited to take part,
provided that the quota of their sex-age group had not yet been ful-
filled. From June 1996 to January 2004 recruitment of families contin-
ued using the former participants (1985—90) as index persons and also
including siblings younger than 20 years. In all study phases, we
employed the same standardized methods to measure phenotypes
and administer questionnaires. The participation rate at enrolment
was ~70%. From May 2005 to June 2009, we re-invited 1184 of
2740 former participants®' for a follow-up examination including echo-
cardiography. Of those, 18 had moved out of the study area, 26 had
died, 27 were severely ill, 82 did not respond. Of the remaining
1031 former participants, 802 renewed their consent in writing and
took part (77.8%). The Ethics Committee of the University of
Leuven approved the study.

For the current analyses, we removed two parent—offspring
relations based on Mendelian inconsistency in the ABO and Rhesus
blood groups. Furthermore, we excluded subjects based on the follow-
ing criteria: (i) age below 18 years (n = 4); (ii) clinically significant heart
diseases, such as myocardial infarction or coronary revascularization
(n = 26), valvular heart disease (n = 33), cardiac arrhythmias or pace-
maker implantation (n = 12), cardiomyopathy (n = 1), or congenital
heart disease (n=1); (iii) and an echocardiogram of insufficient
quality (n = 11) to obtain all of the structural and functional measure-
ments. To avoid confounding by drugs influencing cardiovascular struc-
ture and function,® we additionally excluded 160 patients on
antihypertensive treatment. Finally, we removed 95 singletons
without complete family information. Thus, the analysis of heritability
of each trait under study included 459 subjects belonging to 52
complex families.

Echocardiography

The participants were refrained from smoking, heavy exercise, or
drinking alcohol for at least 3 h before echocardiography. One experi-
enced observer (T.K.)*? performed all echocardiograms according to
the recommendations of the American Society of Echocardiography,”
using a Vivid 7 Pro (GE Vingmed, Horten, Norway) interfaced with a
2.5 MHz phased-array probe. All recordings were digitally stored for
off-line analyses by the EchoPac software package, version 4.0.4
(GE Vingmed).

M-mode echocardiograms of the left ventricle were recorded from
the parasternal long-axis view guided by two-dimensional (2D) image.
We measured left ventricular internal diameter (LVID), interventricu-
lar septum (IVS), and posterior wall thickness (PWT) on this M-mode
tracings, as described in the American Society of Echocardiography
guidelines.”> When optimal orientation of the M-mode ultrasound
beam could not be obtained, we performed linear measurements on
correctly oriented two-dimensional images. We determined left
atrial (LA) diameter and aortic root (AO) diameter on M-mode
images. All the measurements of cavities and wall thickness were
made by the leading-edge method** and averaged over three cardiac
cycles. The ejection fraction (EF) was calculated by using the Teich-
holz's formula® from the M-mode measurements of LV end-diastolic
and end-systolic diameter. We computed LV mass in grams as 0.8 x
(1.04[(LVID + IVS 4+ PWT)? — LVID®]) + 0.6.2> The intra-observer
intra-session variability of LV mass was 4.3%.%>

From the apical window, the sonographer placed the Doppler
sample volume between the tips of the mitral valve to obtain pulsed-
wave Doppler images of mitral blood flow. From the transmitral flow

signal, she measured peak early diastolic velocity (E) and peak late dias-
tolic velocity (A) and calculated the E/A ratio. The observer acquired
TDI images of the mitral annulus by recording the low-velocity, high-
intensity myocardial signals at a frame rate of >190 per second,
while adjusting the imaging angle to ensure parallel alignment of the
beam. At the apical window, the observer placed a 5 mm Doppler
sample at the sites of mitral annulus to acquire the myocardial
signals. From these TDI recordings, we determined peak early (Ea)
and peak late (Aa) diastolic mitral annular velocities, and calculated
the Ea/Aa ratio. For the analysis, we averaged Ea and Aa measured
from septal, lateral, posterior, and inferior annular sites.*®

Other measurements

Trained nurses measured body height to the nearest 0.5 cm with a
pliable measurer and the participant standing against the wall. Partici-
pants wore light indoor clothing without shoes for body weight
measurement. Body mass index was weight in kilograms divided by
the square of height in meters. After the subjects had rested for
5min in the sitting position, the nurses obtained five consecutive
blood pressure readings (phase V diastolic pressure) to the nearest
2 mmHg, using a standard mercury sphygmomanometer. Standard
cuffs had a 12 x 24 cm inflatable portion, but if upper arm girth
exceeded 31 cm, larger cuffs with 15 x 35 cm bladders were used.
For the analysis, the five blood pressure readings were averaged.
The nurses administered a standardized questionnaire to collect infor-
mation on the participants’ medical history, smoking and drinking
habits, and intake of medications. From the type and quantity of the
alcoholic beverages used, we computed alcohol consumption in
grams per day. We defined regular drinking as an alcohol consumption
of at least 5 g per day.

The participants collected a 24 h urine sample in a wide-neck plastic
container. Sodium and potassium in urine were determined by flame
photometry, creatinine by an automated enzymatic method, and aldos-
terone concentration by radioimmunoassay.

Statistical methods

For database management and statistical analyses, we used SAS soft-
ware (SAS Institute, Cary, NC, USA), version 9.1.3. Continuous data
are presented as mean + standard deviation and categorical data as
frequencies and percentages. We searched for possible covariables
of LV traits by a stepwise regression procedure with P-values for inde-
pendent variables to enter and to stay in the models set at 0.15. The
variables considered for entry into the models were sex, age, body
height and weight, systolic and diastolic blood pressure, heart rate,
smoking, intake of alcohol, and physical activity. We used multiple
(R*) and partial (r?) coefficients of determination to assess the good-
ness of fit of regression models and the contribution of covariables
to the variance of phenotypic traits. We ran collinearity diagnostics,
using the COLLIN option as implemented in the PROC REG pro-
cedure in the SAS software.

To estimate heritability and to calculate the genetic and environ-
mental correlations, we used S.A.G.E. (2009) Statistical Analysis for
Genetic Epidemiology software package, release 6.0.1: http:/darwin.
cwru.edu/. The maximum likelihood method as implemented in the
ASSOC procedure of S.A.G.E. was applied. We estimated heritability
by assuming multivariate normality after a simultaneously estimated
power transformation. ASSOC uses a multiple linear regression
model, in which the residual variance is partitioned into the sum of
an additive polygenic component, a sibling component and an
individual-specific random component. Heritability (h?) was estimated
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as the polygenic component divided by the total residual variance (see
Supplementary data online, Table S7).

We calculated the genetic and environmental correlations between
LV structural and functional phenotypes with adjustments applied for
covariables. Assuming no dominance variance and no interaction
between the genetic and environmental variance components, the var-
jance of a trait is given by: V= G + E, where G is the additive poly-
genic component and E is the environmental component. The total
phenotypic correlation between two traits (p,) can be partitioned
into a genetic and an environmental component given by the equation:

pp = pVh12h22 + pe/ (1 — h12)(1 — h22),

where h% and h% represent the heritability of the two traits, and pg and
pe are the genetic and environmental correlations, respectively. Signifi-
cance of pg and pg suggests the influence of shared genes and shared
environmental factors on two traits.”’

Results

Characteristics of the participants

Our study sample (mean age + SD, 44.8 + 14.3 years; 49.9%
women) included 459 subjects from 52 complex pedigrees with
a size ranging from 3 to 151 individuals. The number of generations
per pedigree amounted to 2 in 6 families, 3 in 16 families, 4 in 25
families, and 5 in 5 families. Our participants included 69 parents
and 390 offspring. Table 1 lists the clinical and echocardiographic
characteristics of the participants. In comparison with offspring,
parents had higher (P = 0.012) systolic blood pressure and lower
(P<0.001) E/A and Ea/Aa ratios. Offspring more frequently

Table | Characteristics of study subjects

reported regular alcohol intake than parents (44.9 vs. 30.4%; P =
0.025), while the proportions of smokers (25.9% vs. 26.1%; P =
0.97) were similar in both groups.

Determinants of LV structure and
function

In stepwise regression, we searched for the independent correlates
of the M-mode and 2D echocardiographic measurements (Sup-
plementary data online, Table S2) and the Doppler measurements
(Supplementary data online, Table S3). LV mass and LA diameter
increased with age, body weight, and systolic blood pressure, but
decreased with female sex and heart rate. All the covariables
entering the regression model explained 58% of the total variance
of LV mass, while body weight on its own explained 42% of the
total variance of LV mass. The thickness of the IVS and the pos-
terior wall also increased with age, body weight, and systolic
blood pressure with lower values in women than men. LV internal
diameter increased with weight and height and decreased with
heart rate.

The E/A and Ea/Aa ratios (Supplementary data online, Table S2)
decreased with age, because the associations were negative for the
peak early diastolic velocities (E and Ea) and positive for the peak
late diastolic velocities (A and Aa). The A and Aa peaks increased
with weight and heart rate, so that the E/A and Ea/Aa ratios were
independently associated with the same covariables, but in an
opposite direction. Both the E/A and Ea/Aa ratios decreased
with diastolic blood pressure. The E/Ea ratio increased with
female sex, age, weight, and systolic blood pressure, and decreased
with height and heart rate.

Clinical measurements

Parents Offspring
Number n=69 n=390
Anthropometrics
Age (years) 57.7 + 101 42.6 +13.7
Women, n (%) 41 (59.4) 188 (48.2)
Body height (cm) 167.8 + 9.6 170.6 + 9.5
Body weight (kg) 734+ 122 751 +£15.0
Body mass index (kg/m?) 260+ 34 257 + 44
Systolic blood pressure (mmHg) 1289 + 17.7 1232 + 140
Diastolic blood pressure (mmHg) 798 +7.6 783 +9.2
Heart rate (bpm) 62.6 + 8.8 60.8 + 9.3
Questionnaire data
Current smoking, n (%) 18 (26.1) 101 (25.9)
Drinking >5 g alcohol day, n (%) 21 (30.4) 175 (44.9)
24 h urinary measurements
Sodium (mmol/24 h) 165.9 + 64.9 1746 + 771
Potassium (mmol/24 h) 70.8 + 24.2 75.0 + 28.6
Aldosterone (nmol/24 h) 22.6 + 139 295+ 19.6

Echocardiographic measurements

Parents Offspring
Number n=69 n=390
M-mode/2D echocardiography
LV mass (g) 1644 + 40.1 1622 + 451
LV internal diameter (mm) 49.7 + 4.6 50.7 + 4.6
Interventricular septum (mm) 9.66 + 1.50 931 +1.53
Posterior wall (mm) 8.85 + 1.32 843 +1.32
Left atrial diameter (mm) 389 +52 383 +49
Aortic root diameter (mm) 303 + 43 294 + 4.3
Ejection fraction (%) 696 +74 673+ 64
Doppler echocardiography
E peak (cm/s) 69.6 +13.6 793 £15.2
A peak (cm/s) 68.2 +14.8 57.7 + 152
E/A ratio 1.06 + 0.30 1.48 + 0.50
Ea peak (cm/s) 10.6 +2.73 132 4+ 347
Aa peak’ (cm/s) 11.0 + 1.80 9.50 +2.17
Ea/Aa ratio 1.00 + 0.33 1.53 + 0.69
E/Ea ratio 6.87 +1.88 6.28 + 1.64

Values are mean + SD or number of subjects (%). LV indicates left ventricle. E and A indicate the peak velocities of the transmitral blood flow in early and late diastole. Ea and Aa

refer to the peak velocities of the mitral annulus in early and late diastole.
*Average of septal, lateral, posterior, and inferior mitral annular sites.
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Table 2 Heritability of left ventricular structure and function

Model 1

hzise ................. i
LV mass 0.48 + 0.11 <0.001
LV internal diameter 0.62 +0.12 <0.001
Interventricular septum 0.13 + 0.09 0.074
Posterior wall 0.40 + 0.10 <0.001
Left atrium diameter 0.24 + 0.14 0.036
Aortic root diameter 0.63 +0.10 <0.001
Ejection fraction 0.47 + 0.1 <0.001
E peak 0.17 + 0.12 0.087
A peak 035+ 0.13 0.004
E/A 0.38 + 0.11 <0.001
Ea peak 0.47 +0.12 <0.001
Aa peak 0.36 + 0.14 0.004
Ea/Aa 0.16 + 0.14 0.126
E/Ea 0.34 + 0.1 0.016

Model 2 Model 3

hzise ................. bl hzise ................. i
0.25 + 0.12 0.017 0.23 + 0.1 0.025
041+ 0.12 0.003 0.40 + 0.15 0.004
0.09 + 0.09 0.182 0.09 + 0.09 0.175
0.33 + 0.09 <0.001 0.30 + 0.10 <0.001
0.16 + 0.12 0.098 0.15 + 0.13 0.120
0.50 + 0.1 <0.001 0.49 + 0.11 <0.001
047 + 0.1 <0.001 0.48 + 0.11 <0.001
0.16 + 0.12 0.094 0.11 +0.12 0.170
0.23 + 0.14 0.056 0.25 + 0.13 0.031
0.31 + 0.1 0.002 0.21 + 0.10 0.016
0.36 + 0.13 0.002 0.36 + 0.13 0.003
0.37 + 0.14 0.005 0.53 +0.13 <0.001
0.13 + 0.12 0.140 0.18 + 0.13 0.082
0.15 + 0.15 0.158 0.26 + 0.16 0.057

LV, Left ventricular. E and A, the peak velocities of the transmitral blood flow in early and late diastole. Ea and Aa, the peak velocities of the mitral annulus in early and late diastole.
Model 1 was adjusted for sex and age. Model 2 was adjusted for sex, age, body height and weight. Model 3 was adjusted for sex, age, body height and weight, systolic blood
pressure, and heart rate. In model 3, measures of LV diastolic function were additionally adjusted for diastolic blood pressure.

Smoking, alcohol intake, and physical activity did not enter any of
the models presented in Supplementary data online, Tables S2 and
$3. We did not detect a problem of collinearity in the models in
Supplementary data online, Tables S2 and S3.

Heritability

We estimated heritability of LV structural and functional traits
while adjusting for covariables (Table 2). Model 1 included only
sex and age as covariables; model 2 was additionally adjusted for
height and weight; model 3 also included systolic blood pressure
and heart rate. LV diastolic functions were additionally adjusted
for diastolic blood pressure® in model 3. All LV traits showed sig-
nificant heritability with the exception of the IVS, the mitral inflow
E peak and the Ea/Aa ratio in model 1. Heritability ranged from
0.24 for the LA diameter to 0.63 for AO diameter. For compari-
son, the sex- and age-adjusted heritability was 0.81 for body
height and 0.55 for body weight. In model 2 (Table 2), heritability
was only borderline significant for the A peak and lost significance
for LA diameter and the E/Ea ratio. With full adjustment (model 3;
Table 2), heritability of LV mass was 0.23 (P = 0.025) in all subjects,
whereas the heritability of LA diameter was not significant
(P = 0.12). In model 3, both TDI-derived mitral annular velocities,
Ea and Aa, showed moderate heritability (h2 =0.36 and 0.53,
respectively), whereas the mitral inflow A peak had weak heritabil-
ity (h* = 0.25) and the E peak was not heritable (h> = 0.11). Her-
itability was low for the E/A ratio, and did not reach significance for
the Ea/Aa and E/Ea ratios in model 3 (Table 2).

Genetic and environmental correlation

When the total phenotypic correlation (pp) between two traits
reached significance (P < 0.05), we partitioned it into a genetic
and an environmental component (Figure 1) with the same

=3
=3
]

[ Genetic component

[ Enviromental component

WWMandLA LVMandAQ EandA Eand Ea

BW and BH

Total phenotypic correlations (pp)

0.2 Aand Aa

Genetic and left ventricular traits

Figure | Total phenotypic correlation between pairs of left
ventricular traits partitioned into genetic and environmental com-
ponents. The numbers in the lower and upper parts of the bars
indicate the genetic and environmental components calculated

as pgvh12h22 and pgy/(1 — h12)(1 — h22), respectively (see

Methods).

adjustments applied as in model 3. We did not study the corre-
lations of LV mass with LV internal diameter and wall thickness,
because LV mass is calculated from the latter variables. The
genetic (pg) and environmental (pg) correlations between different
pairs of LV traits appear in Table 3. The genetic correlations were
0.61 for the E vs. Ea peak and 0.90 for the A vs. Aa peak. The cor-
responding environmental correlations were 0.30 and —0.27,
respectively. The genetic correlations were 0.45 for LV mass vs.
LA diameter and 0.29 for LV mass vs. AO diameter with environ-
mental correlations of 0.14 (P=0.003) and 0.07 (P=0.14),
respectively. For comparison, the total phenotypic correlation
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Table 3 Genetic and environmental correlations between left ventricular traits

Trait 1 Trait 2

LV mass Left atrial diameter 0.19%
Aortic root diameter 0.14"

E peak A peak 0.35*
Ea peak 0.34%

A peak Aa peak 0.16"

Body weight Body height 0.41%

Total phenotypic
correlation (pp)

Enviromental
correlation (pg)

Genetic
correlation (pg)

0.45% 0.14"
0.29* 0.07

0.34* 037+
0.61% 0.30f
0.90* —027F
0.53* 0.18*

LV, Left ventricular. E and A, the peak velocities of the transmitral blood flow in early and late diastole. Ea and Aa, the peak velocities of the mitral annulus in early and late diastole.
All correlations between cardiac traits were adjusted for sex, age, body height and weight, systolic blood pressure, and heart rate. Correlations involving measures of LV diastolic
function were additionally adjusted for diastolic blood pressure. The correlations between weight and height were adjusted for sex and age.

Significance of the correlation coefficients: TP < 0.01; P < 0.001.

between body height and body weight was 0.41, and the corre-
sponding genetic and environmental correlations were 0.53 and
0.18, respectively.

In a sensitivity analysis with additional adjustments applied for
the 24 h urinary excretion of sodium and aldosterone,29 the
genetic correlation was 0.39 (P < 0.001) for LV mass vs. LA diam-
eter and 0.18 (P < 0.001) for LV mass vs. AO diameter. The cor-
responding environmental correlations were 0.16 (P < 0.001) and
0.11 (P = 0.02), respectively.

Discussion

We investigated the heritability as well as genetic and environmental
correlations of LV structural and functional traits in complex pedi-
grees of a white European population. The multivariable-adjusted
heritability of LV mass was 0.23. LV end-diastolic diameter and the
AO diameter had a heritability of 0.40 and 0.49, respectively. Ea
and Aa showed moderate heritability (h> = 0.36 and 0.53, respect-
ively), whereas the mitral inflow A peak had weak heritability
(h* =0.25), and the E peak was not heritable (h* = 0.11). The
genetic correlation of LV mass with LA diameter and AO diameter
were moderate, whereas the environmental correlations were
weaker. The genetic correlations between the E and Ea peaks and
between the A and Aa peaks were high.

In our current report, we identified correlates of LV mass, which
were in line with the published literature and which explained 58%
of the total variance of LV mass. Body weight was the main deter-
minant of LV mass, explaining on its own 42% of the variance. In
the Framingham Heart Study20 as well as in several other
studies,””"*® body weight was the most important single predic-
tor of the echocardiographically measured LV mass. Furthermore,
in a study of 341 11-year-old twins,*® 92% of the correlation
between LV mass and body weight was due to the common
genetic effects. Shared common genetic determinants are there-
fore likely to explain the strong correlation between LV mass
and body weight. In our population, LV mass also increased with
higher systolic blood pressure, but as in the Framingham Heart
Study,”® explained only 1% of the variation in LV mass, perhaps
because in both studies subjects on antihypertensive drug treat-
ment were excluded from the analysis.

In our current study, heritability of LV mass was 0.23 in fully
adjusted models. This result is comparable with heritability
(ranged from 0.15 to 0.32) reported in most of the family
studies,”*®"”"? but lower than those in twin studies.”®” Heritabil-
ity is a population and situation-specific parameter. Certain
population-specific characteristics may influence estimates of her-
itability obtained by variance component analysis, despite an iden-
tical underlying biological mechanism across populations. For
example, a genetically homogeneous population will produce a
lower estimate than a genetically heterogeneous population,
while a population with a greater diversity of environmental
factors will often produce a lower heritability than will one with
a more homogeneous environment. Our study sample was
recruited from a geographically defined area in northern Belgium.
Thus, the genetic heterogeneity in our sample was probably
lower than in some other studies. Moreover, heritability estimates
in twins are usually larger than in population studies due to differ-
ent estimation methods. Classic twin study estimated heritability by
comparing the difference in correlation between monozygotes and
dizygotes, while family studies used the intraclass correlation of all
relatives within the population. In one study of 25 healthy twins,®
the heritability of LV mass was 0.84, but in this study high-precision
imaging by magnetic resonance imaging (MRI) was used for the

16.17.2 .
61720 estimates of

assessment of LV mass. As in other studies,
the heritability of LV mass in our study also decreased with
higher levels of adjustment.

Estimates of the heritability of the mitral inflow E and A peaks
were smaller than those for the mitral annular Ea and Aa peaks.

A few previous studies>”"!

also investigated the heritability of
mitral inflow E peak, A peak, and the E/A ratio. The mitral
E-wave velocity primarily reflects the pressure gradient between
the LV and LA during early diastole, which is affected by preload.
The E/A ratio is influenced by LV relaxation and filling pressure
and several other factors, including heart rate, the PR interval,
and the diameter of the mitral annulus.>’ In the presence of
impaired LV relaxation, LV filling pressure has a minimal effect
on TDI-derived mitral annular Ea. Therefore, the TDI-derived Ea
wave is considered as a preload-independent index of LV relax-
ation, and the E/Ea ratio can be used to estimate LV filling
pressure.32 According to our knowledge, our paper is the first
to investigate the heritability of the TDI-derived Ea and Aa



Heritability of left ventricular phenotypes

331

peaks. We found moderate heritability for both the Ea and Aa
peaks.

In our study, the genetic correlations between the E and Ea
peaks and between the A and Aa peaks were high, whereas the
corresponding environmental correlations were weaker. This indi-
cates common genes influencing these hemodynamic traits, which
all carry information about LV diastolic function. LV mass also
showed moderate genetic correlation with the LA and AO diam-
eters with smaller environmental contributions. These findings
justify the search for genes that might explain the genetic covari-
ance between LV structural and functional phenotypes. In a pre-
vious study,” we reported that LV mass independently increased
with the 24 h urinary excretion of sodium and aldosterone.
Increased mean wall thickness explained the association of LV
mass with urinary sodium and increased LV end-diastolic diameter
explained the association 24 h urinary aldosterone.®” In our
current study, the genetic and environmental correlations of LV
mass with LA and the AO diameter remained consistent when
we additionally adjusted for these urinary variables.

Our study results have to be interpreted within the context of
their potential limitations. First, our sample size was moderate
compared with some of other population studies. As in the Fra-
mingham Heart Study,zo we excluded subjects on antihypertensive
drug treatment. Hypertension clusters within families, but the use
of antihypertensive drugs in our sample differed substantially
among relatives. By eliminating 160 subjects on antihypertensive
drug treatment and subsequently 96 singletons in the remaining
treatment-free subjects, we might have diminished the power of
our study to demonstrate heritability. However, in analyses includ-
ing treated subjects (n =594 from 59 complex families) and
adjusted for the use of different classes of antihypertensive
drugs, heritability estimates were generally consistent with those
reported here and the heritability of LV mass was 0.32 (P=
0.002). Second, LV mass in our study was calculated from the
echocardiographically measured LV end-diastolic diameter and
wall thickness. This might have resulted in an underestimation of
heritability, because of random measurement error. Cardiac MR
provides a more precise estimate of LV mass, but this expensive
technique cannot be easily deployed in large population studies.
On the other hand, in our study, only one experienced observer
performed all ultrasound examinations, which avoided variability
due to multiple observers. Third, we did not investigate the herit-
ability of LV mass indexed by body weight or body surface area.
However, we adjusted our estimates for body height and weight.
A previous study'® reported that estimates of the heritability of
LV mass were not materially influenced by indexing or the type
of indexing.

In summary, our study demonstrated moderate heritability for
LV mass as well as the TDI-derived mitral annular Ea and Aa
peak. We also found significant genetic correlations between the
E and Ea peaks and between the A and Aa peaks. Until now, inves-
tigations on candidate genes, such as angiotensin-converting
enzyme,”'34 337 and aldosterone synthase
gene’® as well as genome-wide association study showed promis-
ing but still inconsistent results for LV mass, probably due to the
complex interactions of genetic, environmental, and lifestyle
factors on LV phenotypes. Our findings support the currently

angiotensinogen,

ongoing research to map and detect genetic variants that might
contribute to the variation in LV mass and other LV structural
and functional phenotypes.

Supplementary data

Supplementary data are available at European Journal of Echocardio-
graphy online.
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