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Introduction
Echocardiography is the single most important imaging 

modality and provides comprehensive information about car-
diac structures and hemodynamic parameters.1) Markers of left 
ventricular (LV) systolic function can be used as good prognos-
tic parameters in many cardiovascular diseases.2) However, the 
accurate and reproducible measurement of LV systolic func-
tion remains a difficult goal to achieve. Although LV ejection 
fraction (LVEF) is a widely available echocardiographic marker 
of LV systolic function, this measurement has some limita-
tions.3)4) For instance, LVEF is a volumetric parameter that can 
be affected by cardiac loading condition and heart rate, and it 
demands good visualization of the endocardial borders.5) More-
over, LVEF provides little information regarding regional func-
tion or intrinsic myocardial function.

Two-dimensional (2D) speckle tracking echocardiography 
(STE) can measure myocardial mechanics by tracking tiny 
echo-dense speckles and measurement of LV deformation.6)7) 
The strain measurement calculated by STE represents the mag-
nitude of myocardial deformation; this measurement can ob-
jectively assess both global and regional myocardial function.

Importantly, these strain values can detect subclinical dis-
eases prior to the development of overt clinical features8) and 
can also provide additional prognostic information in many 
cardiovascular diseases.9-12) Since the clinical application of 
strain values requires the definition of a normal range, it is 
important to define this range using a normal population with 
standardized echocardiographic methods. We performed a na-
tionwide multicenter trial for the measurement of normal 
echocardiographic values in the Korea population. This trial 
was supported by the Korean Society of Echocardiography and 

was called the Normal echOcardiogRaphic Measurements in 
KoreAn popuLation (NORMAL) study.13)14) In this substudy, 
we aimed to define the normal values of LV strain.

Methods

Study population
The NORMAL study was a prospective multicenter study 

performed from January 2011 to March 2014 to establish nor-
mal echocardiography reference values in a Korean popula-
tion.13) A total of 23 tertiary teaching hospitals participated in 
this study. Normal Korean adult subjects were evaluated us-
ing comprehensive echocardiography. We prospectively in-
cluded normal adult subjects (aged 20–79 years old) who did 
not have any significant cardiac disorders or clinical illnesses 
that might affect cardiac structure and function, such as hy-
pertension and diabetes. We excluded subjects with an evident 
structural or functional abnormality on the cardiac valve or 
cardiac chamber during echocardiographic examination. All 
study participants agreed to provide their information for re-
search purposes. If the subject refused to participate in this 
study, the person was excluded. The requirement for written 
informed consent was waived. The study protocol was ap-
proved by the Institutional Review Boards of all included in-
stitutes.

Standard conventional echocardiography
Echocardiographic images were acquired and measured at 

each institute according to a standard method outlined by the 
American Society of Echocardiography.15) All conventional 
echocardiographic parameters were measured and averaged 

Background: It is important to understand the distribution of 2-dimensional strain values in normal population. We per-
formed a multicenter trial to measure normal echocardiographic values in the Korean population.
Methods: This was a substudy of the Normal echOcardiogRaphic Measurements in KoreAn popuLation (NORMAL) study. 
Echocardiographic specialists measured frequently used echocardiographic indices in healthy people according to a standardized 
method at 23 different university hospitals. The strain values were analyzed from digitally stored images.
Results: Of a total of 1003 healthy participants in NORMAL study, 2-dimensional strain values were measured in 501 sub-
jects (265 females, mean age 47 ± 15 years old) with echocardiographic images only by GE echocardiographic machines. Inter-
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from 3 cardiac cycles. Briefly, M-mode echocardiography was 
performed on parasternal views. LV end-diastolic dimension 
(LVEDD), interventricular septal wall thickness (IVST), and 
LV posterior wall thickness (LVPWT) values were measured at 
end-diastole. The LV end-systolic dimension (LVESD) and left 
atrial anteroposterior dimension values were measured at end-
systole. LVEDD and LVESD were indexed to body surface area 
(BSA). The LV mass (LVM) was calculated using a linear meth-
od using both measurement values from M-mode and 2D im-
ages, as follows: LVM (gm) = 0.8 × {1.04 × [(IVST + LVEDD + 
LVPWT)3 - LVEDD3]} + 0.6 (gm). LVM was also indexed to 
BSA. LV end-diastolic volume (LVEDV) and LV end-systolic 
volume (LVESV) values were measured and indexed to BSA. 
LVEF was measured using the biplane Simpson’s method on 
apical 4-chamber (A4C) and 2-chamber (A2C) views.

Echocardiographic images were stored in DICOM format 
and electronically transferred to the Echocardiographic Core 
Laboratory (ECL) at Samsung Medical Center. Trained ECL 
staff reviewed and reanalyzed all echocardiographic images 
with commercially available software (EchoPAC PC software, 
GE Medical Systems, Horten, Norway).

Two-dimensional strain echocardiography
We analyzed longitudinal strain values from 2D echocardio-

graphic images of A4C, apical 3-chamber (A3C), and A2C 
views in the Strain Core Lab at Chungnam National University 
Hospital and all 2D strain was analyzed by one researcher 
(PJH). We only analyzed values from images acquired with GE 
Medical Systems echocardiographic machines. For the offline 
analysis, we used images that were digitally stored in cineloop 
format at approximately 60 frames/sec. Strain and strain rate 
values were measured using offline software (EchoPAC PC 
13.0.0, GE Medical Systems). After selecting the best digital 
2D echocardiographic image of the stored cardiac cycles, the 
LV endocardial border was manually traced at the end-systolic 
frame. After this tracing, a speckle-tracking region of interest 
was automatically selected to approximate the myocardium 
between the endocardium and epicardium. The width of the 
region of interest was adjusted as necessary to accommodate 
the total thickness of the LV wall, while excluding blood and 
pericardial tissue. The software automatically tracked stable 
echo-dense speckles in each frame using the sum of absolute 
differences algorithm. Each LV wall was divided into 3 seg-
ments (apical, mid, and basal), and the tracing quality of each 
myocardial segment was evaluated. If the segment exhibited 
poor tracing quality, the endocardial border or the region of 
interest was readjusted to obtain good tracing results; alterna-
tively, different echocardiographic images were used. Strain 
analysis was feasible in 99% of all analyzed segments. Myocar-
dial velocity was derived as the ratio between frame-to-frame 
displacement in all apical views. Longitudinal peak systolic 
strain (LS) and longitudinal peak systolic strain rate (LSR) values 
were calculated from an average value of 6 segments, whereas 

LV global LS (LVGLS) and LV global LSR (LVGLSR) values 
were measured from an average of 3 apical view global values. 
Since the Lagrangian strain measurement expresses deforma-
tion relative to the initial length, systolic shortening in the lon-
gitudinal orientation is expressed as a negative value. Lower 
LVGLS and LVGLSR values indicate better LV systolic func-
tion.

Statistical analysis
Data are expressed as mean ± standard deviation, and 95% 

confidence intervals (CIs) for each parameter are provided for 
continuous variables. The independent t-test was used to com-
pare mean values between males and females, and a one-way 
analysis of variance test was performed to evaluate whether 
mean values differed according to age. The gender difference 
of LVGLS with adjustment of other variables was calculated 
with analysis of covariance (ANCOVA). Pearson’s method was 
used to evaluate significant correlations among clinical and 
measurement variables. Intraobserver and interobserver vari-
abilities were analyzed from 20 randomly selected cases, and 
intraclass correlation coefficients (ICCs) were calculated. Also, 
mean of two measurements and limit of agreement were calcu-
lated with Bland-Altman plot. One researcher repeated mea-
surements at least 2 weeks after the first measurements for the 
assessment of intraobserver variability testing, and another re-
searcher who was blinded to the first measurement value per-
formed the same measurements for the assessment of interob-
server variability. p values < 0.05 were considered statistically 
significant. All statistical analyses were performed using SPSS 
Statistics version 22 (SPSS Inc., Chicago, IL, USA) or MedCalc 
(version 12.3.0.0, MedCalc Software, Mariakerke, Belgium).

Results

Clinical characteristics of the study patients
Initially, a total of 1003 normal subjects from 23 centers 

were evaluated in the current study. After exclusion of 315 
echocardiographic images done with other echocardiographic 
machines and 183 echocardiographic images with different 
DICOM format unable to calculate strain, we initially tried to 
analyze 2D strain values from 505 of these subjects. However, 
4 of the images were unable to measure speckle tracking strain 
value, total 501 patients were included in this analysis. Strain 
measurement was available in 99.2% of stored echocardio-
graphic images. Patient demographic and clinical data are pro-
vided in Table 1 according to sex. The mean age was 47 ± 15 
years (20–78). Physical parameters of weight, height, and BSA 
were significantly lower in females than in males (p < 0.001 for 
all variables). However, the blood pressure values in males were 
higher than in females. Heart rate was not significantly differ-
ent between males and females.
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Conventional echocardiographic data
Conventional echocardiographic variables are presented in 

Table 1 according to sex. Also, clinical characteristics and con-
ventional echocardiographic values are presented in Supple-
mentary Table 1 according to age group. Significant differences 
in conventional echocardiographic variables were observed be-

tween males and females. Specifically, the LVEDD, LVESD, 
IVST, LVPWT, LVEDV, LVESV, and LVM values were greater 
in males than in females. However, the LVEF values of the two 
groups were not significantly different.

Table 1. Demographic and conventional echocardiographic variables

Variables
Total (n = 501) Females (n = 265) Males (n = 236)

p-value
Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI

Baseline characteristics

Age (years) 047 ± 15 21–75 047 ± 15 21–75 047 ± 15 22–75 < 0.628

Weight (kg) 062 ± 10 45–84 56 ± 8 44–75 68 ± 9 49–85 < 0.001

Height (cm) 164 ± 90 149–181 158 ± 60 148–169 170 ± 70 156–183 < 0.001

BSA (m2) 01.7 ± 0.2 1.4–2.0 01.6 ± 0.1 1.3–1.8 01.8 ± 0.1 1.5–2.0 < 0.001

BMI (kg/m2) 23 ± 3 18–28 22 ± 3 18–29 23 ± 2 19–28 < 0.001

SBP (mm Hg) 120 ± 12 096–140 117 ± 13 093–140 123 ± 11 100–142 < 0.001

DBP (mm Hg) 073 ± 10 53–90 071 ± 10 50–90 74 ± 9 54–90 < 0.001

Heart rate (bpm) 069 ± 10 54–90 69 ± 9 54–91 068 ± 10 54–90 < 0.097

Conventional echocardiographic variables

LVEDD (mm) 48 ± 3 41–54 47 ± 3 41–53 49 ± 3 42–55 < 0.001

LVESD (mm) 30 ± 3 24–35 29 ± 3 24–35 31 ± 3 24–37 < 0.001

IVS (mm) 07 ± 1 06–10 07 ± 1 6–9 08 ± 1 06–10 < 0.001

LVPW (mm) 07 ± 1 6–9 07 ± 1 6–9 08 ± 1 06–10 < 0.001

LVEDV (mL) 102 ± 21 067–149 093 ± 17 065–128 113 ± 20 078–157 < 0.001

LVESV (mL) 039 ± 10 23–59 35 ± 8 22–52 043 ± 10 25–63 < 0.001

LVEDVI (mL/m2) 061 ± 10 43–83 60 ± 9 42–81 063 ± 10 44–84 < 0.001

LVESVI (mL/m2) 23 ± 5 14–33 22 ± 5 14–33 24 ± 5 15–34 < 0.001

LVEF (%) 62 ± 4 55–71 62 ± 4 55–71 62 ± 4 55–71 < 0.075

LVM (gm) 124 ± 28 078–187 110 ± 25 076–161 139 ± 25 090–191 < 0.001

LVMI (gm/m2) 074 ± 14 051–106 071 ± 13 049–101 078 ± 14 055–107 < 0.001

SD: standard deviation, CI: confidence interval, BSA: body surface area, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, 
LVEDD: left ventricular end-diastolic dimension, LVESD: left ventricular end-systolic dimension, IVS: interventricular septum, LVPW: left ventricular poste-
rior wall, LVEDV: left ventricular end-diastolic volume, LVESV: left ventricular end-systolic volume, LVEDVI: left ventricular end-diastolic volume index, 
LVESVI: left ventricular end-systolic volume index, LVEF: left ventricular ejection fraction, LVM: left ventricular mass, LVMI: left ventricular mass index

Table 2. Left ventricular 2-dimensional longitudinal strain and strain rates in the normal population

Variables
Total (n = 501) Females (n = 265) Males (n = 236)

p-value
Mean ± SD 95% CI Mean ± SD 95% CI Mean ± SD 95% CI

LVLS (%)

A4C view -20.1 ± 2.3 -25.0–-15.5 -20.9 ± 2.2 -26.8–-17.0 -19.2 ± 2.1 -22.9–-14.6 < 0.001

A3C view -19.9 ± 2.7 -26.2–-15.3 -20.6 ± 2.8 -26.9–-15.5 -19.1 ± 2.3 -24.2–-14.9 < 0.001

A2C view -21.2 ± 2.6 -26.7–-16.5 -22.0 ± 2.6 -27.7–-17.5 -20.3 ± 2.4 -24.8–-15.8 < 0.001

LVGLS -20.4 ± 2.2 -25.4–-16.7 -21.2 ± 2.2 -26.8–-17.5 -19.5 ± 1.9 -23.6–-16.1 < 0.001

LV longitudinal systolic (S) strain rate (1/s)

A4C view -1.18 ± 0.18 -1.63–-0.87 -1.22 ± 0.19 -1.69–-0.90 -1.13 ± 0.17 -1.46–-0.83 < 0.001

A3C view -1.20 ± 0.21 -1.67–-0.89 -1.25 ± 0.22 -1.74–-0.88 -1.16 ± 0.19 -1.55–-0.90 < 0.001

A2C view -1.25 ± 0.21 -1.69–-0.91 -1.29 ± 0.21 -1.71–-0.96 -1.21 ± 0.19 -1.67–-0.88 < 0.001

LVGLSR -1.21 ± 0.21 -1.59–-0.92 -1.25 ± 0.18 -1.65–-0.94 -1.17 ± 0.15 -1.44–-0.91 < 0.001

SD: standard deviation, CI: confidence interval, LV: left ventricle, LVLS: left ventricular longitudinal strain, A4C: apical 4-chamber, A3C: apical 3-chamber, 
A2C: apical 2-chamber, LVGLS: left ventricular global longitudinal systolic strain, LVGLSR: left ventricular global longitudinal systolic strain rate
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Two-dimensional strain echocardiographic 
data

The LV 2D longitudinal strain values are listed in Table 2. 
Specifically, the LVGLS was -20.4 ± 2.2% (95% CI = -25.4– 
-16.7%), the LVGLSR was -1.21 ± 0.21-S (95% CI = -1.59– 
-0.92-S), the peak early diastolic strain rate (E) was 1.55 ± 
0.39-S (95% CI = 0.94–2.36-S), and the peak late diastolic 
strain rate (A) was 0.84 ± 0.29-S (95% CI = 0.39–1.47-S). The 
LVGLS and LVGLSR values showed significant correlations 
with the LVEF value (both p < 0.001) (Fig. 1). These systolic 

parameters also demonstrated significant correlations with 
LVM. However, the correlations with indexed LVM were not 
significant (Fig. 2).

The 2D STE variables are presented in Table 2 according to 
sex. Females had significantly lower peak systolic strain (better 
systolic function) and systolic strain rate values compared to 
those of males (Fig. 3A and B). After ANCOVA analysis, fe-
male has better LVGLS (p < 0.001) and LVGLSR (p < 0.001) 
after adjustment of systolic blood pressure (SBP), LVM, and 
body mass index (BMI). Also, the peak early diastolic strain 
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Fig. 1. Correlations between LVEF and LVGLS (A) and LVEF and LVGLSR (B) (open circle: female, filled quadrangle: male). LVEF: left ventricular 
ejection fraction, LVGLS: left ventricular global longitudinal strain, LVGLSR: left ventricular global longitudinal systolic strain rate. 

Fig. 2. Correlation between LV mass and LV longitudinal systolic strain. LVGLS and LVGLSR show significant correlations with LV mass (A and B). 
However, LVGLS and LVGLSR were not significantly correlated with LV mass index (C and D) (open circle: female, filled quadrangle: male). LV: left 
ventricular, LVGLS: LV global longitudinal strain, LVGLSR: LV global longitudinal systolic strain rate.
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rate was higher in females. However, the peak late diastolic 
strain rates of males and females were similar.

The STE values are presented in Supplementary Table 2 ac-
cording to age group. No significant differences were observed 
among any of the age groups (Fig. 3C and D). However, 
younger females (< 40 years old) had better LVGLS (-21.8 ± 
2.4% vs. -20.8 ± 2.1%, p < 0.001) and LVGLSR (-1.3 ± 0.2 

vs. -1.2 ± 0.2, p = 0.03) values than older females (> 60 years 
old). No significant differences were observed between young-
er males and older males.

Intraobserver and interobserver variability
The ICCs for intraobserver, inter-observer, mean of two 

measurements and limit of agreement by Bland-Altman plot 

-0.4

-0.8

-1.2

-1.6

-2.0

Female                 Male

p < 0.001

-1.25 ± 0.18 -1.16 ± 0.15

LV
G

LS
R

 (1
/s

)

-10

-15

-20

-25

-30

Female                 Male

-21.2 ± 2.2 -19.5 ± 1.9

p < 0.001

LV
G

LS
 (%

)

-10

-15

-20

-25

-30

21
–30

31
–40

41
–50

51
–60

61
–70

71
–80

p = 0.986

Age

LV
G

LS
 (%

)

-0.4

-0.8

-1.2

-1.6

-2.0

21
–30

31
–40

41
–50

51
–60

61
–70

71
–80

p = 0.435

Age

LV
G

LS
R

 (1
/s

)
A

C

B

D
Fig. 3. Females have significantly lower (better) LVGLS (A) and LVGLSR (B) values than those of males. No significant differences were observed 
among the different age groups (C and D). LVGLS: left ventricular global longitudinal strain, LVGLSR: left ventricular global longitudinal systolic strain 
rate.

Table 3. Intraobserver and interobserver variability of strain values

Intraobserver Interobserver

ICC (95% CI) Mean, LOA ICC (95% CI) Mean, LOA

LVLS (%)

A4C view 0.930 (0.812–0.974) 0.4, -1.4–2.8 0.894 (0.738–0.969) -0.3, -3.1–2.5

A3C view 0.914 (0.771–0.968) -0.2, -3.3–3.0 0.857 (0.649–0.942) 1.2, -2.7–5.0

A2C view 0.945 (0.853–0.980) 0.5, -1.5–2.4 0.802 (0.511–0.920) -0.2, -4.3–3.9

LVGLS 0.972 (0.924–0.989) 0.4, -1.0–1.9 0.924 (0.812–0.969) -0.2, -2.5–2.1

LV longitudinal systolic (S) strain rate (1/s)

A4C view 0.851 (0.600–0.944) 0.001, -0.24–0.26 0.842 (0.610–0.936) 0.001, -0.24–0.26

A3C view 0.922 (0.791–0.971) 0.02, -0.17–0.22 0.820 (0.557–0.927) 0.02, -0.17–0.22

A2C view 0.901 (0.736–0.963) 0.03, -0.16–0.22 0.638 (0.107–0.853) 0.04, -0.28–0.35

LVGLSR 0.956 (0.883–0.984) 0.02, -0.10–0.14s 0.879 (0.702–0.951) 0.02, -0.10–0.14

ICC: intraclass correlation coefficient, CI: confidence interval, LOA: limit of agreement, LV: left ventricle, LVLS: left ventricular longitudinal strain, A4C: apical 
4-chamber, A3C: apical 3-chamber, A2C: apical 2-chamber, LVGLS: left ventricular global longitudinal systolic strain, LVGLSR: left ventricular global longi-
tudinal systolic strain rate
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are listed in Table 3. The intraobserver and inter-observer 
ICCs for LVGLS-total were 0.972 and 0.924, respectively; 
similarly, the intraobserver and inter-observer ICCs for LVGL-
SR-total were 0.956 and 0.879, respectively.

Discussion
In this study, we identified normal reference values of LV 

longitudinal strain and strain rate using data from the NOR-
MAL study, which prospectively evaluated normal Korean pa-
tients from 23 centers nationwide. Females showed more neg-
ative (better) peak systolic strain and strain rate values than 
males. However, no significant differences were observed among 
different age groups.

‘Myocardial strain’ is a term used to describe local shortening, 
thickening, and lengthening of the myocardium. Myocardial 
strain is also considered to be a marker of regional LV function. 
This strain can be measured on three cardiac axes: longitudinal, 
radial, and circumferential.16) A negative strain value indicates 
tissue shortening, whereas a smaller value (that is, a higher ab-
solute value) indicates better ventricular systolic function. Strain 
can be measured by tissue Doppler imaging (TDI) or by STE. 
Although TDI can be used to calculate natural myocardial 
strain, this technique has a number of limitations including 
angle-dependency, influence of region of interest, and lack of 
information of global systolic function.17) Currently, STE is the 
most widely used modality for measuring strain. Importantly, 
this technique can objectively measure myocardial strain, in-
dependent of the angle. Strain rate can be also calculated by 
STE; these values show good correlation with ventricular con-
tractility.18)19) Many echocardiographic laboratories measure 
LV strain in the longitudinal direction and use GLS, which is 
calculated as the average of all apical view segments, as a 
marker of global LV systolic function.16) Moreover, LVGLS and 
LVGLSR show significant correlations with pressure-volume 
loop-derived contractility indices.20)

In our study, we found that the LV longitudinal strain of the 
A4C view, the A3C view, the A2C view, and the LVGLS were 
-20.1 ± 2.3, -19.9 ± 2.7, -21.2 ± 2.6, and -20.4 ± 2.2%, re-
spectively. These values are similar to the results of previous 
studies.21-24) In a meta-analysis including 2597 subjects from 
24 studies, the normal 2D LVGLS value was found to range 
from -15.9 to -22.1%, with the mean value of -19.7%.21) Ko-
cabay et al.23) reported a normal LVGLS of -21.5 ± 2.0%, cal-
culated from 247 normal Italian subjects. In the Japanese ul-
trasound speckle tracking of the left ventricle (JUSTICE) 
study,22) the GLS as assessed by GE machines was -21.3 ± 
2.1%; notably, this value was different from the GLS values 
calculated when using other machines. Saito et al.24) compared 
2D strain and 3D strain values from 46 Japanese volunteers 
and found that the normal 2D LVGLS was -19.9 ± 6.7%. 
Since LVGLS can be affected by SBP, machine manufacturer, 
and BMI,19)21)22) we included only subjects with echocardio-
graphic images obtained on GE machines. Moreover, we in-

cluded normal subjects without hypertension and obesity 
(mean SBP and BMI were 120 ± 12 mm Hg and 23 ± 3, re-
spectively). We also identified the normal LVLSR range. Spe-
cifically, the LVLSR values of the A4C view, the A3C view, the 
A2C view, and the LVGLSR were -1.18 ± 0.18, -1.20 ± 0.21, 
-1.25 ± 0.21, and -1.21 ± 0.21-S, respectively. Our calculated 
mean LVGLSR is similar to those of previous studies with 
healthy subjects.25)26)

Females had lower (better) LVGLS (-21.2 ± 2.2% vs. -19.5 ± 
1.9%, p < 0.001) and LVGLSR (-1.25 ± 0.18-S vs. -1.17 ± 
0.15-S, p < 0.001) values than males. This finding is similar to 
those of a previous study based on strain echocardiography26) 
and a previous study based on cardiac magnetic resonance.27) 
We hypothesize that this difference might be a consequence 
of the different LVM values between the two sexes. Specifical-
ly, because males have higher LVM values than females, the 
LVGLS and LVGLSR values might be lower in females.

We did not identify any significant differences between dif-
ferent age groups. However, LVGLS was higher in younger fe-
males (< 40 years old) than in older females (> 60 years old, p < 
0.001). Moreover, younger females showed significantly lower 
LVGLS (-21.8 ± 2.4 vs. -19.2 ± 1.7, p < 0.001) and LVGLSR 
(-1.30 ± 0.19 vs. -1.16 ± 0.15, p < 0.001) values than young-
er males. However, no significant differences for LVGLS (-20.8 ± 
2.1 vs. -20.1 ± 2.3, p = 0.113) or LVGLSR (-1.22 ± 0.17 vs. 
-1.19 ± 0.13, p = 0.334) were observed with respect to sex in 
the older group. In females, the younger group showed lower 
LVM values than the older group (100.1 ± 19.2 vs. 124.2 ± 
23.1, p < 0.001). However, no significant differences were ob-
served in males (136.5 ± 25.8 vs. 142.3 ± 26.6, p = 0.198).

We also identified significant correlations between LVGLS, 
LVGLSR, and LVM. Because we included normal subjects, 
these correlations were not strong. These findings are consis-
tent with a cardiac magnetic resonance imaging based study.28) 
In a previous report of patients with severe aortic stenosis (AS), 
patients with AS showed markedly decreased GLS prior to aor-
tic valve replacement (AVR), while GLS improved signifi-
cantly after AVR with decrease of LVM.

Limitations
Several limitations of this study should be acknowledged. 

First, we included only normal Korean subjects in the NOR-
MAL study; therefore, our results might not be generalizable 
to other populations. However, this study provides useful 
LVGLS and LVGLSR reference values and also had much 
strength, such as the relatively good imaging quality and the 
fact that it was a prospective study with a reasonably large 
number of participants. Second, our study included only data 
acquired with GE echocardiographic machines. Since ma-
chines made by different manufacturers could lead to different 
results, other strain algorithms need to be used to calculate 
LVGLS and LVGLSR in order to overcome this limitation. 
Third, patients with significant disease, such as hypertension 
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or diabetes, were excluded based only on past medical histories 
obtained from the study subjects, while bloodwork and/or 
other clinical tests were not obtained. Therefore, patients with 
preclinical hypertension or subclinical coronary artery disease 
might have been included in the current study. However, the 
effects of these conditions on heart structure are unlikely to be 
significant.

Conclusion
Using data from the NORMAL study, we identified refer-

ence values for the normal ranges of LVGLS and LVGLSR as 
assessed by STE. These values can be used as references in the 
evaluation of LV systolic function.
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The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.4250/jcu.2016.24.4.285.
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