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Background: Electromechanical coupling may play a significant role in the association
between abnormal myocardial mechanics and heterogeneity of repolarization. This study
sought to assess the potential relationship between the left atrial volume index (LAVI), which
is an important marker of cardiac diastolic function, and ventricular repolarization variables,
such as the QT interval, Tpeak-to-Tend (Tpe) interval and Tpe/QT ratio, in an apparently
healthy Chinese population.

Methods: This was a community-based cross-sectional study conducted in Shenyang, China.
A total of 414 healthy subjects aged 35-91 years, including 186 men (44.9%), were enrolled. In
addition to performing clinical and laboratory measurements, all subjects underwent compre-
hensive echocardiography and standard 12-lead electrocardiography. Echocardiographic and
electrocardiographic results were analysed separately and in a blinded fashion. Correlation and
regression analyses were applied to determine associations.

Results: Subjects were divided into four groups according to quartile of LAVI levels (<16.0,
16.0-18.9, 19.0-22.5 and >22.5 mL/mz). Ventricular repolarization variables, such as QT
interval and QTc interval, gradually increased with the progression from low to high LAVI
levels (P<0.05). LAVI was positively and significantly correlated with the QT interval, the
QTc interval, and the Tpe interval (P<0.01). After adjusting for age and other possible
confounders, LAVI showed significant and independent associations with the QT interval
and the QTc interval (P<0.001; P=0.003).

Conclusion: Echocardiographic LAVI is linearly associated with ventricular repolarization
variables even in healthy people.

Keywords: left atrial volume index, QT interval, Tpe interval, diastolic dysfunction,

ventricular repolarization

Introduction
Left ventricular (LV) diastolic dysfunction (LVDD) is highly prevalent worldwide,
and the prevalence of asymptomatic LVDD is increasing annually." The latency
between dysfunction and symptoms may be the best time to use effective diagnosis
and treatment.” Therefore, the importance of accurate evaluation of LVDD is
increasing in clinical practice.

The maximum left atrium volume (LAV) has recently emerged as an important
marker of LVDD.? LAV is adjusted to body surface area and expressed as the left atrial
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volume index (LAVI). The advantages of using LAVI to
evaluate LVDD are its feasibility and reproducibility.*
LAVI is currently considered superior to other echocardio-
graphic markers of LVDD and is being increasingly used in
large clinical studies.”® Importantly, increased LAVI is con-
sidered an independent predictor of death, heart failure,
atrial fibrillation (AF), and ischaemic stroke.’®

Growing studies have reported that ventricular repolari-
zation abnormalities are associated with LVDD, suggesting
that electromechanical coupling may play a significant role in
the relationship between abnormal cardiac diastolic function
and heterogeneity of repolarization.” ® However, few studies
have explored the relationship between LAVI and ventricular
repolarization heterogeneity. Therefore, the relationship
between these factors needs to be more extensively studied.

Thus, the aim of this study was to assess the potential
relationship between echocardiographic LAVI and electro-
cardiographic (ECG) ventricular repolarization variables,
such as the QT interval, Tpeak-to-Tend (Tpe) interval, and
Tpe/QT ratio, in an apparently healthy Chinese population.

Materials and Methods
Study Subjects

Subjects of the present community-based cross-sectional
study were selected from a healthy Han Chinese

population. Recruitment notices were posted in 15 com-
munity centres that were randomly selected in Shenyang in
2007. The criteria to register for the study were as follows:
1) being over 35 years old; 2) no self-reported history of
disease (heart, brain, lung, kidney, liver disease, hyperten-
sion, diabetes, hyperthyroidism, tumor, rheumatoid dis-
ease, and chronic infection); 3) the ability to take care of
oneself and to engage in daily life activities independently
and without difficulty; and 4) the ability to provide
informed consent and self-reported data. All subjects
who met the register criteria were appointed and directed
to the Geriatrics Laboratory of China Medical University.
The selection process used for healthy subjects is shown in
Figure 1. A total of 1500 participants were randomly
selected between September 2007 and June 2008. There
were 831 participants excluded from the study because
they had conditions of the nervous system, respiratory
system, endocrine system, gastrointestinal system, circula-
tory system, haematological system, immune system or
urinary system or rheumatic disease, chronic infections
or tumours. The remaining 669 healthy subjects who
signed the informed consent form underwent the following
blood biochemical examinations: triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein (LDL-C), fasting blood

‘ Fifteen communities were randomly selected in Shenyang. |

g

‘ Recruitment notices were posted in community centers. |

g

‘ A list of participants who considered themselves to be healthy were provided by communities. |

4

‘ Participants were randomly chosen according to age and sex (n=1500). |

g

‘ Medical history was investigated using questionnaires and physical examinations were done. |

4

‘ Participants who met the inclusion criteria signed informed consent (n=669). |

4

‘ Blood and urine samples were collected and laboratory measurements were done. |

g

‘ Echocardiography, electrocardiogram and other measurements were examined. |

4

‘ Participants who met the inclusion criteria were selected (n=414). |

Figure | Selection process of healthy subjects.
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glucose (FBG),
Echocardiography and electrocardiography were also per-

and serum creatinine (SCr) levels.

formed. After reviewing the examination results, an addi-
tional 255 subjects (156 subjects with abnormal blood
biochemical values, 91 subjects with major ECG abnorm-
alities, and 8 subjects with major Echocardiography
abnormalities) were excluded. Finally, a total of 414
healthy subjects were selected for this study.

This study was approved by the Ethics Committee of
China Medical University, and it was verified that all
participants signed an informed consent form.

Echocardiography
All  subjects M-mode,
dimensional, and pulsed-wave Doppler echocardiography

underwent complete two-
using the Philips iE33 Ultrasound System, and all echo-
cardiographic measurements were performed according to
published guidelines.*'® Pulsed-wave Doppler was per-
formed in a four-chamber apical view to obtain data per-
taining to mitral inflow velocities and time intervals. The
main measurements included mitral early diastolic inflow
velocity (E), late diastolic inflow velocity (A), the E/A
ratio, and E-wave deceleration time (DT). We measured
the left atrial anterior-posterior diameter (LA-AP-D), left
atrial medial-lateral diameter (LA-ML-D), and left atrial
(LA-SI-D) using a four-
compartment apical view. The left atrial volume (LAV)
was computed by the equation 4n/3(LA-SI-D/2)(LA-AP
-D/2)(LA-ML-D/2) according to the ellipsoid model. The
left atrial volume index (LAVI) was calculated as the LAV
in millilitres divided by the body surface area (BSA) in

superior-inferior diameter

metres squared.

Electrocardiography

All subjects underwent a 12-lead ECG recorded using
a standard ECG system at a paper speed of 25 mm/s and
a voltage of 10 mm/mV. We excluded participants with
some major ECG abnormalities (atrial arrhythmias, bundle
branch blocks, second and third degree atrioventricular
block, multiple premature complexes, and paced rhythms)
due to their influence on dispersion of repolarization as
well as difficulty measuring QT and Tpe intervals in these
cases. For the ECG analysis, we used a computer pro-
gramme (Digimizer 4.5.1) to measure the following values
manually with a digital calliper. The QT interval was
measured from the beginning of the QRS wave to the
end of the T wave, and the Tpe interval was measured
from the peak of the T wave to the end of the T wave. The

QT interval and the Tpe interval were corrected according
to heart rate by the Bazett formula.'' We also calculated
the Tpe/QT and Tpe/QTc ratios. All measurements were
performed in lead V5.'> Leads V4 and V6 (in that order)
were utilized in cases where lead V5 was not available for
analysis. ECG measurements were performed by a single
trained reader who was unaware of the echocardiographic
results.

Clinical Measurements and Laboratory
Tests

All participants underwent a clinical examination and
completed a detailed questionnaire upon enrolment.
Subjects rested in a temperature-controlled environment
for 10-15 minutes prior to examination. Physical para-
meters, including height and weight, were measured
using a digital scale. Blood pressure was measured using
a manual stethoscope and a sphygmomanometer with an
adjustable cuff. Two measurements were made at an inter-
val of 2 minutes, and the average of the two measurements
was calculated. Hypertension was defined as systolic blood
(SBP) >140 mmHg or diastolic blood pressure (DBP) >90
mmHg. Body mass index (BMI) was calculated as the
mass in kilograms divided by height in metres squared,
and body surface area (BSA) was calculated according to
the following formula: BSA (m?) =0.0061 x height (cm) +
0.0128 x weight (kg) - 0.1529.

Blood samples were collected between 8:00 and 9:00
am after the subjects had fasted for at least 10 hours
overnight. Blood biochemical parameters, including TG,
TC, HDL-C, LDL-C, FBG and SCr levels, were assayed
(ARCHITECT cil 6200 Integrated system) on-site at the
medical laboratory of the study centre.

Statistical Analysis

Data analysis was performed using SPSS 19.0. Normally
distributed and continuous variables are expressed as the
mean = SD, and categorical variables are expressed as
n (%). Subjects were categorized into quartiles of LAVI
levels, and the differences in these variables by quartile of
LAVI were examined using one-way analysis of variance
(ANOVA). A Bonferroni analysis or Games—Howell ana-
lysis was used for further comparisons between pairs of
groups. Data that accorded with homogeneity of variance
were compared by a Bonferroni analysis or by Games—
Howell analysis. Simple correlation analyses were per-
formed by calculating Pearson’s coefficients for the
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relationships between two variables. Multiple linear
regression analyses were performed to adjust for possible
confounding variables. The following two models were
used: a model adjusted only for age and a model adjusted
for age, BMI, SBP, DBP, TGs, TC, HDL-C, LDL-C, FBG,
and SCr. P < 0.05 was considered significant.

Results

A total of 414 subjects, including 186 men (44.9%) and
228 women (55.1%), were assessed in this study. The
mean age of the subjects was 59.2 + 14.2 years old. The
clinical characteristics of the study population and the
obtained echocardiographic and ECG variables are
included in Table 1.

Overall Variables Based on Quartiles of
LAVI Levels

The subject variables are shown by quartile of LAVI level
in Table 2. Subjects were divided into four groups accord-
ing to their LAVI levels (<16.0, 16.0-18.9, 19.0-22.5 and
>22.5 mL/m?). The following clinical variables gradually
increased with the progression from low to high LAVI
levels (P <0.05): age, BMI, SBP, DBP, and TC. All echo-
cardiographic variables except E and left ventricular ejec-
tion fraction (LVEF) were significantly different among
the four groups (P <0.05). Furthermore, the following
ECG variables were significantly different among the
four groups (P <0.05): the PR, RR, QT and QTc intervals.

Figure 2 shows the mean values of the QT interval,
QTc interval, Tpe interval, and Tpe, interval with different
LAVI quartile levels. The QT interval and QTc interval
significantly increased with the progression from low to
high LAVI levels (P <0.001).

Correlation Analysis Between LAVI and
Other Variables

Table 3 shows the correlation coefficients for the relation-
ships between LAVI and other variables. With regard to
clinical and laboratory variables, LAVI was positively and
significantly correlated with age (+=0.313, P<0.001), BMI
(=0.231, P<0.001), SBP (+=0.315, P<0.001), DBP
(=0.152, P=0.002) and LDL-C (+=0.105, P=0.033).
Furthermore, LAVI was positively and significantly corre-
lated with repolarization variables, such as the QT interval
(r=0.354, P<0.001), QTc interval (r=0.255, P<0.001), and
Tpe interval (=0.148, P=0.003).

Table | Characteristics of the Study Population

Study Population (n=414)
Age (years) 59.2+14.2
Sex (male) 186 (44.9%)
BMI (kg/m?) 23.74#3.0
SBP (mmHg) 125.6£12.7
DBP (mmHg) 76.0£8.9
TG (mmol/L) 1.4£1.1
TC (mmol/L) 5.2%1.1
HDL-C (mmol/L) 1.6+0.4
LDL-C (mmol/L) 2.9+0.8
FBG (mmol/L) 5.6+0.5
SCr (umol/L) 64.4x14.5
LA-AP-D (mm) 34.3+3.9
LA-SI-D (mm) 46.8+5.6
LA-ML-D (mm) 38.6+4.3
LAV (mL) 33.2+9.7
LAVI (mL/m?) 19.8+5.3
E (cm/s) 744%17.8
A (cm/s) 75.1£19.2
E/A 1.1£0.4
DT (ms) 162.8+£35.2
LVEF (%) 62.5+4.7
PR interval (ms) 157.1£23.7
RR interval (ms) 905.5%126.3
QT interval (ms) 372.8+30.1
QTc interval (ms) 393.5+29.4
Tpe interval (ms) 739143
Tpe, interval (ms) 78.3+16.3
Tpe/QT 0.2+0.0
Tpe/QTc 0.2+0.0

Note: Values are presented as n (%) or mean *standard deviation.
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipo-
protein cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood
glucose; SCr, serum creatinine; LA-AP-D, left atrial anterior-posterior diameter; LA-
ML-D, left atrial medial-lateral diameter; LA-SI-D, left atrial superior-inferior dia-
meter; LAV, left atrial volume; LAV, left atrial volume index; E, early diastolic inflow
velocity; A, late diastolic inflow velocity; DT, E-wave deceleration time; LVEF, left
ventricular ejection fraction. QTc, heart rate corrected QT interval according to
the Bazett formula; Tpe, Tpeak-to-Tend; Tpe,, heart rate corrected Tpe interval
according to the Bazett formula.

Associations Between LAVI and

Repolarization Variables

Table 4 shows the results of multiple linear regression
analyses in which ECG repolarization variables served as
the dependent variables and LAVI served as the indepen-
dent variable. After adjusting for age and other possible
confounders, LAVI showed significant and independent
associations with the QT interval (P<0.001) and the QTc
interval (P=0.003). However, after adjusting for all possi-
ble confounders, the significant association between LAVI
and the Tpe interval was lost (P=0.081).
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Table 2 Overall Variables of the Subjects Based on Quartiles of LAVI

LAVI, Quartiles (mL/m?) F P

Quartile 1 <16.0 | Quartile Il 16.0-18.9 | Quartile 11l 19.0-22.5 | Quartile IV >22.5

(n=103) (n=104) (n=104) (n=103)
Age (years) 55.2%15.1 57.2%14.1 57.7x13.5 66.7x11.1° 14596 | <0.001
BMI (kg/m?) 224128 23.7%3.1° 24.0+2.8° 24.613.0° 10.854 | <0.001
SBP (mmHg) 120.513.0 123.812.0 126.6%12.8* 131.6£10.3%> 15.586 | <0.001
DBP (mmHg) 73.9+89 75.618.8 76.89.5 77.6x7.7 3457 | 0017
TG (mmol/L) 1.3£1.3 1.5£1.0 1412 1.4+0.8 0.482 0.695
TC (mmol/L) LAETN 5.2£1.0 5.3 5.4z 1.127 | 0.038
HDL-C (mmol/L) 1.740.4 1.6+0.4 1.6+0.4 1.6+0.4 1.043 0.374
LDL-C (mmol/L) 2.70.8 2.920.7 3.0£0.8 3.0£0.7 2.631 0.050
FBG (mmol/L) 5.6%0.5 5.5+0.5 5.6+0.5 5.6+0.5 0.348 0.791
SCr (umol/L) 63.0£13.5 65.7%15.1 62.9%14.1 66.0%15.0 1.399 0.243
LA-AP-D (mm) 30.5+2.4 33.5£2.6* 34.8+2.3% 38.3+3.3% 152.681 | <0.001
LA-SI-D (mm) 42.043.6 45.242.6 475432 52.6+6.0*¢ 123.683 | <0.001
LA-ML-D (mm) 342432 37.442.5% 39.6+2.4° 43.343.|% 188.477 | <0.001
LAV (mL) 23.0£3.7 29.743.7° 34.3£3.6® 45.7+8.0°¢ 361.453 | <0.00I
E (cm/s) 743%17.6 74.3%16.4 76.4%18.9 724%18.3 0.909 0.437
A (cm/s) 69.2%17.9 723182 75.8%17.7 83.0+20.5 10.570 | <0.001
E/A 1.240.4 1.1£0.4 1.1£0.4 0.9+0.3%¢ 7.105 <0.001
DT (ms) 156.4+36.5 163.8+32.6 157.6235.5 173.3£33.8* 5.146 0.002
LVEF (%) 622143 63.1£4.9 62.9+4.5 62.125.1 1.155 0.327
PR interval (ms) 150.4+26.6 160.8+22.8* 157.8+21.4 159.3£22.9° 3.936 0.009
RR interval (ms) 873.3£116.6 901.2£117.1 908.1£131.3 939.6+132.3 4923 0.002
QT interval (ms) 361.8427.9 366.3123.8 372.8+30.3° 390.5+29.9%< 20.76 <0.001
QTc interval (ms) 388.8+28.6 289.6+27. 393.2+30.9 404.6+28.4* 7.51 <0.001
Tpe interval (ms) 717147 73.0£14.5 74.1%14.1 77.0%13.4 2.6l 0.051
Tpe. interval (ms) 77.3£17.8 77.4%16.1 78.5x16.6 80.0£14.7 0.598 0617
Tpe/QT 0.2%0.0 0.20.0 0.20.0 0.20.0 0.073 0.974
Tpe/QTc 0.2%0.0 0.20.0 0.20.0 0.20.0 0.900 0.441

Notes: Values are presented as mean *standard deviation. % P < 0.05 when compared with Quartile I; ®: P < 0.05 when compared with Quartile II; : P < 0.05 when

compared with Quartile lIl.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; FBG, fasting blood glucose; SCr, serum creatinine; LA-AP-D, left atrial anterior-posterior diameter; LA-ML-D, left
atrial medial-lateral diameter; LA-SI-D, left atrial superior-inferior diameter; LAV, left atrial volume; LAVI, left atrial volume index; E, early diastolic inflow velocity; A, late
diastolic inflow velocity; DT, E-wave deceleration time; LVEF, left ventricular ejection fraction. QTc, heart rate corrected QT interval according to the Bazett formula; Tpe,
Tpeak-to-Tend; Tpe,, heart rate corrected Tpe interval according to the Bazett formula.

Discussion
In the present study, we investigated the relationship
between echocardiographic LAVI and ventricular repolar-
ization variables in a healthy adult population. We found
a linear correlation between LAVI and ECG QT/QTc inter-
vals, which are important ventricular repolarization vari-
ables. This finding is important because it supports the
hypothesis that electromechanical coupling may represent
a relationship between abnormal cardiac mechanics and
repolarization heterogeneity.

Over the past 20 years, echocardiography has played
a central role in the evaluation of LVDD. Increased LA

size is associated with increased left ventricular filling

pressure and LVDD.? Since LA enlargement is not uniform,
biplanar LAV is more accurate than previous descriptions of
LA size (LA diameter and area) using either the total disc
method or the area-length method. Moreover, LAV and
LAVI are more reliable predictors of cardiovascular
events.™'? Feasibility and reproducibility are advantages of
using LAV and LAVI to assess LVDD; therefore, LAV and
LAVI have been suggested as good markers of LVDD. In
a cross-sectional population-based study, the LAVI increased
with worsening LVDD.'* However, when controlling for
LVDD, LAVI was not an independent predictor of
mortality.'* On the other hand, LAVI is considered
a predictor of cardiovascular events, such as congestive
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Figure 2 Comparison of the QT interval, QTc interval, Tpe interval, and Tpe, interval with different quartile levels of left atrial volume index (LAVI). *P < 0.05 when
compared with Quartile I; *P < 0.05 when compared with Quartile II; AP < 0.05 when compared with Quartile IIl.

heart failure and AF, in large clinical trials.'> "7 Numerous
studies have confirmed the relationship between increased
LAVI and the development of adverse cardiovascular out-
comes, such as heart failure, AF, and ischaemic stroke.®
A meta-analysis including 21 studies (3822 subjects with
AF) showed that patients with recurrence following radio-
frequency catheter ablation had a higher LAVI than those
with no recurrence.'” Recently, an increased LAVI has been
identified as an independent predictor of outcome in patients
with acute coronary syndrome.'® In our study, we found that
the Mitral A velocity gradually increased with the progres-
sion from low to high LAVI levels, whereas the E/A ratio
gradually decreased. Both Mitral A velocity and E/A ratio
are traditional echocardiographic markers of LVDD.

The ECG QT interval is one of the most important and
common ventricular repolarization variables in clinical prac-
tice. The QT interval corrected for heart rate (QTc) has been

established as a predictor of cardiac morbidity and
mortality.'” Moreover, growing evidence has demonstrated
that ventricular repolarization abnormalities are associated
with LVDD. The study by Wilcox et al demonstrated that
prolonged QTc was independently related to reduced E’
velocity in patients referred for clinical suspicion of heart
failure.” Another previous study of patients also found
a modest relationship between the E/A ratio and the QTc
interval in patients with hypertension and LV hypertrophy.?
One study of patients with diabetes mellitus showed that the
QTc interval was significantly higher in the diabetic group
with a subclinical LVDD interval than in the control group.?'
These results support the conclusion that a prolonged QTc
interval is associated with echocardiographic parameters
representing LVDD in patients with cardiovascular diseases.
In the present study, we used LAVI as the echocardiographic
marker of LVDD instead of traditional Doppler markers.
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Table 3 Correlation Analysis Between LAVI and Other Variables

LAVI (mL/m?)

r P value
Age (years) 0.313 < 0.001
BMI (kg/m?) 0.231 < 0.001
SBP (mmHg) 0.315 < 0.001
DBP (mmHg) 0.152 0.002
TG (mmol/L) 0.023 0.634
TC (mmol/L) 0.062 0.207
HDL-C (mmol/L) —0.060 0.226
LDL-C (mmol/L) 0.105 0.033
FBG (mmol/L) 0.016 0.748
SCr (umol/L) 0.045 0.364
QT interval (ms) 0.354 < 0.001
QTc interval (ms) 0.255 < 0.001
Tpe interval (ms) 0.148 0.003
Tpe. interval (ms) 0.091 0.064
Tpe/QT 0.002 0.969
Tpe/QTc 0.062 0.209

Note: P-values are from analysis of variance.

Abbreviations: LAVI, left atrial volume index; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; TG, triglyceride; TC, total choles-
terol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; FBG, fasting blood glucose; SCr, serum creatinine; QTc, heart rate
corrected QT interval according to the Bazett formula; Tpe, Tpeak-to-Tend; Tpe,,
heart rate corrected Tpe interval according to the Bazett formula.

Moreover, the subjects selected in the present study were
apparently healthy. It is well known that diseases affecting
cardiac structure and function, such as heart failure, hyper-
tension, and diabetes, are powerful potential confounders for
electromechanical coupling measurements. We found an
independent linear relationship between LAVI and the QT/
QTc intervals after adjusting for other potential confounders.
To our knowledge, this is the first reported association
between LAVI and QT/QTc interval levels in a community-
based healthy population.

Interestingly, QTc interval prolongation is associated
with an increased risk of AF and stroke.”>** As we have
discussed earlier, LAVI is also an independent predictor of

for these associations. Ordog et al studied the mRNA
expression of several representative groups of cardiac ion
channels in the hearts of healthy people and found that
some important channels involved in cardiac repolariza-
tion are commonly located between atrial and ventricular
tissues.”* Clearly, repolarization disorder is not confined to
the ventricular myocardium, as it also affects the atrial
myocardium. On the other hand, since the left atrium is
directly affected by increased left ventricular pressure,
LVDD is likely to lead to increased wall tension in the
atrial wall, producing a vulnerable substrate for AF.*° In
the present study, we observed a relationship between
LAVI and ventricular repolarization variables, and the
potential mechanisms underlying this relationship need
further investigation.

The ECG Tpe interval is another important indicator to
measure ventricular repolarization heterogeneity. The Tpe
interval is the interval between the peak and end of the
T wave, and it is generally viewed as a reflection of trans-
mural cardiac repolarization.”® Recent studies have shown
that the Tpe interval is an important ECG biomarker in
predicting the risk of arrhythmias and sudden death.?”** In
addition, several studies have suggested that prolongation of
the Tpe interval is a potential mechanism leading to diastolic
dysfunction in patients with overt or suspected heart
failure.”® Sauer et al found that in 107 consecutive unse-
lected patients, an increased Tpe interval was inversely asso-
ciated with reduced tissue Doppler ¢’ velocity, which was
a marker of LVDD.*® Additionally, another study showed
a linear relationship between the Tpe interval and the stan-
dard deviation of time to peak radial strain, a measurement of
heterogeneity in contraction.’ In the present study, we found
a positive association between echocardiographic LAVI and
the Tpe interval. After adjustment for several important
potential confounders, we failed to find a significant associa-
tion between echocardiographic LAVI and Tpe interval.

AF and stroke. There may be some common mechanisms However, P value approached statistical significant
Table 4 Relationship Between LAVI and Repolarization Variables Using a Stepwise Multiple Regression Model
Model | Model 2
B Standard Error Beta P B Standard Error Beta P
QT interval 1.785 0.273 0.315 <0.001 1.789 0.286 0.316 <0.001
QTc interval 1.023 0.272 0.185 <0.001 0.837 0.282 0.151 0.003
Tpe interval 0.283 0.137 0.106 0.039 0.249 0.142 0.093 0.081

Notes: Model |: adjusted for age. Model 2: Fully adjusted for age, gender, body mass index, systolic blood pressure, diastolic blood pressure, triglyceride, total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting blood glucose and serum creatinine.
Abbreviations: LAVI, left atrial volume index; QTc, heart rate corrected QT interval according to the Bazett formula; Tpe, Tpeak-to-Tend.
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(P=0.081). Considering the low number of subjects (n=414)
in the present study, the results need to be confirmed in larger
groups.

The Tpe/QT ratio is a novel ventricular repolarization
variable that can be used as an ECG index of ventricular
arrhythmogenesis.”'** However, there is little evidence of
a relationship between the Tpe/QT ratio and LVDD. Only
one study found a significant positive correlation between
the Tpe/QTc ratio and echocardiographic E/e’ ratio in
Fabry patients.> In our study, we failed to find
a significant association between echocardiographic
LAVI and the Tpe/QT ratio. Further investigations are
necessary to confirm and to improve the present findings.

This study had some limitations that need to be discussed.
First, since this study was limited to being a cross-sectional
study, it is difficult to prove a causal relationship between
LAVI
A longitudinally designed study is strongly recommended

and ventricular repolarization heterogeneity.
to confirm the present findings. Second, the number of sub-
jects included in the study was relatively small, with a lower
proportion of men (44.9%) than women (55.1%). Third,
several important parameters, such as serum sodium, potas-
sium, and magnesium, directly affect the QT interval.
However, these valuable variables could not be evaluated
because of measurement limitations. Fourth, in the present
study, we chose to use the QT and Tpe intervals corrected for
heart rate (QTc and Tpe,) using the Bazett formula. However,
normal values are not the same for the individual sexes.
Furthermore, its accuracy at fast and slow heart rates has
been challenged. However, to the best of our knowledge, the
Bazett formula is still the most frequently used formula in
research or clinical practice.>* The results of this study raised

some questions that require further investigation.

Conclusion

This study shows that echocardiography LAVI is linearly
associated with ventricular repolarization variables, even
in healthy populations. Electromechanical coupling may
represent the relationship between abnormal cardiac
mechanics and repolarization heterogeneity. The findings
of the current study need to be further evaluated with long-
term follow-up and large prospective studies.
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