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This study aimed to investigate the relationship between carotid atherosclerosis and
left ventricular hypertrophy on electrocardiogram (ECG-LVH) on adults living in the
community. A total of 9,266 adults who participated in the Namwon Study were in-
cluded in this analysis. Carotid atherosclerosis, including intima-media thickness
(IMT) and plaques, were assessed using high-resolution B-mode ultrasound.
ECG-LVH was determined using the Sokolow-Lyon voltage (SokV) and Cornell voltage
(CorV) criteria. The prevalence of ECG-LVH was 12.7% using the SokV criteria and
9.7% using the CorV criteria. After full adjustment, compared to the lowest quartile
of common carotid artery IMT (CCA-IMT), the odds ratios and 95% confidence intervals
for ECG-LVH of the carotid IMT quartiles 2, 3, and 4 increased linearly as follows: 1.54
(1.24-1.90), 1.62 (1.31-2.02), and 1.91 (1.54-2.38), respectively, for the SokV criteria (p
<0.001); and 1.33 (1.05-1.68), 1.41 (1.11-1.78), and 1.48 (1.16-1.88), respectively, for
the CorV criteria (p=0.003). Positive associations between the carotid bulb IMT
(CB-IMT) quartiles and the ECG-LVH were also observed, although the magnitudes
of association between CB-IMT and ECG-LVH were slightly lower than those of
CCA-IMT. However, no significant association between carotid plaques and ECG-LVH
as defined by the SokV or CorV criteria was found. The present study demonstrated
that increased carotid IMT, but not carotid plaques, is significantly associated with
LVH defined by various ECG criteria in a large population.
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INTRODUCTION

Cardiovascular disease (CVD) accounts for nearly
one-third of all deaths worldwide, and coronary artery dis-
ease (CAD) is the main contributor to CVD."* Although the
total CVD mortality rate has decreased over a 30-year peri-
od in South Korea, the CAD mortality rate has con-
tinuously increased until recently.? Left ventricular hyper-
trophy (LVH) is a strong predictor of CVD morbidity and
mortality, including CAD, stroke, and congestive heart
failure.*® Epidemiological studies have shown that LVH
on the electrocardiogram (ECG-LVH) is a potent risk factor
for future CVD events and death.”® Moreover, randomized

https://doi.org/10.4068/cmj.2017.53.2.153
© Chonnam Medical Journal, 2017

clinical trials have shown that regression of ECG-LVH dur-
ing medical treatment is associated with a decrease in the
prevalence and incidence of CVD.**!

Evaluation of carotid arteries with B-mode ultrasound
is a reliable, cost-effective, and widely used method for the
assessment of carotid atherosclerosis. Epidemiological
studies have determined that carotid atherosclerotic find-
ings, such as carotid intima-media thickness (IMT) and
plaque, are a surrogate of subclinical atherosclerosis and
a predictor of CVD.">™ Moreover, it has recently been re-
ported that carotid ultrasonographic indices are potent
predictors of death and cardiovascular events in patients
with CAD, suggesting that carotid plaque might have
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greater prognostic significance than IMT.">"®

Although carotid atherosclerosis and LVH are principal
risk factors for CVD morbidity and mortality, little is
known about the relationship between carotid athero-
sclerosis and ECG-LVH in the general population."’
Therefore, to date, the relationship between carotid athe-
rosclerosis and ECG-LVH remains undetermined. To gain
additional insights into the potential role of carotid athero-
sclerosis in the development of LVH, it is important to ex-
amine the effect of carotid atherosclerotic phenotypes on
ECG-LVH. Thus, in this large cross-sectional population-
based study, we evaluated the association between carotid
atherosclerosis and LVH (defined by commonly used elec-
trocardiographic voltage criteria) in Korean adults.

MATERIALS AND METHODS

1. Study population

A total of 10,667 subjects aged 45-74 years were enrolled
in the baseline survey of the Namwon Study between 2004
and 2007. The Namwon Study, whose cohort profile was
published previously,' is an ongoing population-based
prospective study designed to examine the prevalence, in-
cidence, and risk factors for chronic disease in rural areas
of Korea. Of the total subjects, 444 patients with missing
or poor carotid ultrasonography images, and 791 subjects
with missing information on ECG, were excluded. Finally,
a total of 9,266 participants were included in the analyses
after further excluding 166 subjects whose records lacked
information regarding anthropometric or laboratory
measures. This study was conducted in accordance with
the Declaration of Helsinki guidelines. All subjects were
well-informed of the study contents and provided informed
consent. The study protocol was independently approved
by the Institutional Review Board of Chonnam National
University Hospital (I-2007-07-062).

2. Carotid ultrasonography

A high-resolution B-mode ultrasound system (SONOACE
9900; Medison, Seoul, Korea) equipped with a 7.5-MHz lin-
ear array transducer was used to measure carotid IMT and
to determine the presence of carotid plaque. IMT was de-
fined as the distance from the intima-lumen interface to the
media-adventitia interface on the far wall in a region free
of plaque. Carotid plaque was defined as focal structures
that encroached into the lumen by an area at least 100%
thicker than the surrounding IMT value of the common car-
otid artery (CCA), carotid bulb (CB), or internal carotid ar-
tery (ICA). IMT of the CCA (CCA-IMT) was measured be-
tween the origin of the CB and a point 10 mm proximal to
the CCA. IMT of the CB (CB-IMT) was measured in the CB
region. In the present study, the CCA-IMT and CB-IMT
values were determined as the average of the maximum
IMT values of the right and left CCA and CB, respectively.
Two sonographers performed carotid ultrasounds. The cor-
relation coefficients for inter-sonographer and intra-sono-
grapher variability of the carotid IMT were 0.86 and 0.90,
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respectively. The kappa coefficients of the carotid plaques
were (.76 for inter-sonographer and 0.85 for intra-sonogra-
pher agreement. One trained reader analyzed still images
obtained from carotid ultrasound. The correlation co-
efficient for intra-reader variability of carotid IMT was
0.94. The kappa coefficient of carotid plaques was 0.91 for
intra-reader agreement.

3. Electrocardiographic measurement

Trained research technicians performed a 12-lead ECG ex-
amination using a 12-channel ECG device (PageWriter-200;
Hewlett-Packard, MA, USA). Patients were able to freely
breathe and did not talk during the procedure, and ECG
recordings were performed in a comfortable supine posi-
tion at a speed of 25 mm/sec and a voltage of 0.1 mV/mm.
The heart rate (30 sec), pulse rate interval, QRS duration,
QT interval, and corrected QT interval were obtained from
ECG records. Research staff trained by cardiologists meas-
ured the R-wave amplitudes in leads aVL, V5, and V6, and
the S-wave amplitudes in leads V1 and V3. LVH was de-
termined as the voltage sum of SV 1+RV 5 or V6 =35 mm
using the Sokolow-Lyon voltage (SokV) criteria'® and as
RaVL+SV 3>28 mm for males and =20 mm for females
using the Cornell voltage (CorV) criteria.”

4. Measurements and assessments of covariates

The participants’ heights were measured to the nearest
0.1 cm; their weights were measured to the nearest 0.1 kg
in light clothing without shoes. Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?).
After a 5-min rest in the sitting position, blood pressure was
measured to the nearest 2 mmHg on the right upper arm using
a standard mercury sphygmomanometer (Baumanometer;
WA Baum Co., Inc., Copiague, NY, USA). Three consec-
utive measurements of systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were performed at 1-min in-
tervals, and the average values were used in the analysis.
Venous blood samples and urinary specimens were col-
lected after a 12-h overnight fast. Total cholesterol (TC),
high-density lipoprotein (HDL) cholesterol, triglycerides,
and fasting blood glucose (FBG) were analyzed using an au-
tomatic analyzer with enzymatic methods (Model 7600
Chemical Analyzer; Hitachi Ltd., Tokyo, Japan). High-
sensitivity C-reactive protein (hsCRP) was measured by la-
tex-enhanced nephelometry using a high-sensitivity assay
analyzer (Behring Nephelometer IT; Dade-Behring Diag-
nostics, Marburg, Germany).

Information concerning cigarette smoking, alcohol con-
sumption, and medication (hypertension, diabetes, and
dyslipidemia) was obtained with a standardized ques-
tionnaire by trained research staff. Smoking status was
classified as never, former, or current smoker. Alcohol con-
sumption was calculated using the usual quantity of alco-
hol consumed and drinking frequency, and grouped into
the following categories: none, 0.1-1.9 drinks/day, 2.0-3.9
drinks/day, and =4.0 drinks/day.



5. Statistical analysis

Data was presented as means + standard deviation for
continuous variables and frequencies (percentages) for
categorical variables. Characteristics were compared be-
tween subjects with and without LVH using the chi-
squared test and the independent t-test. Carotid IMT val-
ues were classified into quartiles for CCA-IMT (quartile 1:
median value 0.594, interquartile range 0.549-0.609,
range [min-max] 0.387-0.641 mm; quartile 2: median value
0.688, interquartile range 0.670-0.698, range [min-max],
0.642-0.732 mm, quartile 3: median value 0.775, inter-
quartile range 0.733-0.779, range [min-max] 0.733-0.822
mm; quartile 4: median value 0.876, interquartile range
0.859-0.959, range [min-max] 0.823-1.839 mm) and for
CB-IMT (quartile 1, median value 0.688, interquartile
range 0.640-0.707, range [min-max] 0.420-0.733 mm;
quartile 2: median value 0.785, interquartile range 0.777-
0.823, range [min-max] 0.734-0.830 mm, quartile 3: me-
dian value 0.875, interquartile range 0.869-0.914, range
[min-max] 0.831-0.932 mm; quartile 4: median value 1.01,
interquartile range 0.966-1.10, range [min-max] 0.933-
2.070 mm). The differences and linear trends in the pro-
portions of ECG-LVH by carotid IMT quartile, and the
presence of carotid plaque, were compared using the in-
dependent t-test. Furthermore, independent associations
between carotid atherosclerosis and ECG-LVH were ana-
lyzed sequentially using multiple logistic regression.
Model 1 was adjusted for age and gender and model 2 was
further adjusted for smoking status, alcohol consumption,
BMI, heart rate, SBP, FBG, TC, HDL cholesterol, hsCRP,
and anti-hypertensive, anti-diabetic, and anti-dyslipi-
demic medications. The adjusted odds ratios (ORs) for
ECG-LVH across the carotid IMT quartiles were presented
with 95% confidence intervals (Cls) using the first quartile
as the reference category. Linear trends were evaluated af-
ter viewing carotid IMT categories as continuous variables.
Additionally, the ORs and 95% Cls for ECG-LVH, asso-
ciated with the presence versus absence of carotid plaque,
were compared. All statistical analyses were performed us-
ing SPSS software (ver. 22.0; SPSS Inc., Chicago, IL, USA).
A value of p<0.05 was considered to indicate statistical
significance.

RESULTS

1. Characteristics of the study population

The prevalence of ECG-LVH was 12.7% using the SokV
criteria and 9.7% using the CorV criteria. The percent
agreement was high (83.3%), but the Kappa statistics value
was poor (0.16) (Table 1). The study population character-
istics according to ECG-LVH are shown in Table 2. For both
the SokV and CorV criteria, subjects with LVH were older
than those without LVH (p<0.001). The proportion of fe-
males was lower in the LVH group compared with the con-
trol group when using the SokV criteria, while it was great-
er in the LVH group compared with the control group when
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TABLE 1. Agreement of LVH using Kappa statistics

Cornell criteria

LVH Normal Total

Sokolow-Lyon criteria
LVH 264 915 1,179
Normal 632 7,455 8,087
Total 896 8,370 9,266

LVH: left ventricular hypertrophy.

using the CorV criteria. Significant differences in smoking
status and alcohol consumption between the control and
LVH groups were observed using both the SokV and CorV
criteria.

Using the SokV criteria, SBP and DBP, HDL cholesterol,
and hsCRP were significantly higher in subjects with LVH
than in the control group, while BMI, waist circumference,
heart rate, and TC were lower. The proportion of patients
taking anti-hypertensive medication was higher in the
LVH group defined by the SokV criteria, while the pro-
portion of patients taking anti-diabetic and anti-dyslipi-
demic medications was lower than in the control group.
Using the CorV criteria, BMI, SBP and DBP, FBG, TC, and
hsCRP were significantly higher in subjects with LVH com-
pared with control subjects. The proportion of patients tak-
ing anti-hypertensive and anti-diabetic medications was
higher in subjects with LVH defined by the CorV criteria
than in the control group.

2. LVH prevalence by carotid IMT and plaque

The prevalence of LVH defined by the SokV criteria in-
creased with increasing CCA-IMT quartiles (7.0%, 11.6%,
13.9%, and 18.0%, respectively) (p<0.001) and that of LVH
defined by the CorV criteria showed a similar trend accord-
ing to increasing quartiles (6.0%, 9.2%, 10.8%, and 12.4%,
respectively) (p <0.001). The prevalence of LVH defined by
the SokV criteria increased by 8.1%, 12.0%, 14.4%, and
16.5% (p-trend <0.001) for the first, second, third, and
fourth CB-IMT quartiles, respectively, and that defined by
the CorV criteria increased by 8.2%, 9.3%, 9.8%, and 11.3%
(p<0.001), respectively. According to the SokV criteria,
the prevalence of LVH was 15.7% in subjects with carotid
plaque and 11.3% in those without carotid plaque (p
<0.001). However, according to the CorV criteria, no sig-
nificant difference was observed between subjects with
carotid plaque and those without (p=0.658; Table 3).

3. Association between carotid IMT, plaque, and LVH
The associations between carotid atherosclerosis and
ECG-LVH using logistic regression analysis are presented
in Table 4. Using both the SokV and CorV criteria, the age-
and gender-adjusted ORs for LVH increased as the
CCA-IMT quartiles increased (p<0.001). After multi-
variate adjustment, compared to the lowest CCA-IMT
quartile, the ORs and 95% Cls for ECG-LVH carotid IMT
quartiles increased linearly and were 1.54 (1.24-1.90) for
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TABLE 3. Prevalence of LVH assessed with carotid IMT and plaque

Sokolow-Lyon criteria Cornell criteria

p-difference p-difference
(p-trend) Normal LVH (p-trend)

CCA-IMT* <0.001 (<0.001)
Quartile 1 (n=2,216) 2,061 (93.0) 155 (7.0)
Quartile 2 (n=2,360) 2,086 (88.4) 274 (11.6)
Quartile 3 (n=2,289) 1,970 (86.1) 319 (13.9)
Quartile 4 (n=2,401) 1,970 (82.0) 431 (18.0)
CB-IMT " <0.001 (<0.001)
Quartile 1 (n=2,389) 2,196 (91.9) 193 (8.1)
Quartile 2 (n=2,216) 1,950 (88.0) 266 (12.0)
Quartile 3 (n=2,337) 2,001 (85.6) 336 (14.4) 2,107 (90.2) 230 (9.8)
Quartile 4 (n=2,313) 1,931 (83.5) 382 (16.5) 2,052 (88.7) 261 (11.3)
Carotid plaque <0.001 0.658
Absent (n=6,307) 5,592 (88.7) 715 (11.3) 5,703 (90.4) 604 (9.6)
Present (n=2,959) 2,495 (84.3) 464 (15.7) 2,667 (90.1) 292 (9.9)

Normal LVH

<0.001 (<0.001)
2,082 (94.0) 134 (6.0)
2,144 (90.8) 216 (9.2)
2,041 (89.2) 248 (10.8)
2,103 (87.6) 298 (12.4)
0.005 (<0.001)
2,192 (91.8) 197 (8.2)
2,009 (90.7) 207 (9.3)

Values are expressed as number (percentile).

LVH, left ventricular hypertrophy; CCA, common carotid artery; IMT, intima-media thickness; CB, carotid bulb.

*Quartile 1: median value 0.594, interquartile range 0.549-0.609, range (min-max) 0.387-0.641 mm; quartile 2: median value 0.688,
interquartile range 0.670-0.698, range (min-max), 0.642-0.732 mm, quartile 3: median value 0.775, interquartile range 0.733-0.779,
range (min-max) 0.733-0.822 mm; quartile 4: median value 0.876, interquartile range 0.859-0.959, range (min-max) 0.823-1.839 mm.
T Quartile 1, median value 0.688, interquartile range 0.640-0.707, range (min-max) 0.420-0.733 mm; quartile 2: median value 0.785,
interquartile range 0.777-0.823, range (min-max) 0.734-0.830 mm, quartile 3: median value 0.875, interquartile range 0.869-0.914,
range (min-max) 0.831-0.932 mm; quartile 4: median value 1.01, interquartile range 0.966-1.10, range (min-max) 0.933-2.070 mm.
TEleven subjects with missing CB-IMT information were excluded.

TABLE 4. Associations between carotid atherosclerosis and LVH using multiple logistic regression

LVH defined using Sokolow-Lyon criteria LVH defined using Cornell criteria

Age- and gender-adjusted Multivariate adjusted*  Age- and gender-adjusted Multivariate adjusted®

CCA-IMT
Quartile 1 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Quartile 2 1.53 (1.24-1.89) 1.54 (1.24-1.90) 1.45 (1.15-1.82) 1.33 (1.05-1.68)
Quartile 3 1.72 (1.40-2.12) 1.62 (1.31-2.02) 1.68 (1.33-2.11) 1.41(1.11-1.78)
Quartile 4 2.12 (1.72-2.61) 1.91 (1.54-2.38) 2.02 (1.60-2.54) 1.48 (1.16-1.88)
p-trend <0.001 <0.001 <0.001 0.003
CB-IMT
Quartile 1 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Quartile 2 1.33 (1.09-1.63) 1.25 (1.02-1.53) 1.10 (0.89-1.36) 1.06 (0.85-1.31)
Quartile 3 1.45 (1.19-1.76) 1.32 (1.08-1.61) 1.22 (0.99-1.51) 1.14 (0.92-1.41)
Quartile 4 1.57 (1.29-1.91) 1.41 (1.15-1.72) 1.45 (1.17-1.78) 1.29 (1.04-1.60)
p-trend <0.001 0.002 <0.001 0.016
Carotid plaque
Absent 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Present 1.10 (0.96-1.25) 1.01 (0.87-1.16) 1.06 (0.91-1.24) 0.92 (0.78-1.08)

Values are expressed as odds ratios (95% confidence intervals).

LVH, left ventricular hypertrophy; CCA, common carotidartery; IMT, intima-media thickness; CB, carotid bulb.

*Adjusted for age, gender, smoking status, alcohol consumption, body mass index, heart rate, systolic blood pressure, fasting blood
glucose, total cholesterol, high-density lipoprotein cholesterol, high-sensitivity C-reactive protein (log), anti-hypertensive medication,
anti-diabetic medication, and anti-dyslipidemic medication.

the second quartile, 1.62 (1.31-2.02) for the third quartile, tile, 1.41 (1.11-1.78) for the third quartile, and 1.48
and 1.91 (1.54-2.38) for the fourth quartile using the SokV ~ (1.16-1.88) for the fourth quartile using the CorV criteria
criteria (p<0.001) and 1.33 (1.05-1.68) for the second quar-  (p=0.003). In addition, the age- and gender-adjusted ORs

157



Atherosclerosis and Left Ventricular Hypertrophy

for LVH increased as the CB-IMT quartiles increased (p
<0.001) using both the SokV and CorV criteria. After full
adjustment, compared to the lowest CB-IMT quartile, the
ORs and 95% CI for LVH increased for both the SokV (1.25
(1.02-1.53), 1.32 (1.08-1.61), and 1.41 (1.15-1.72) for the
second, third, and fourth quartiles, respectively; p<0.001)
and the CorV (1.06 (0.85-1.31), 1.14 (0.92-1.41), and 1.29
(1.04-1.60) for the second, third, and fourth quartiles, re-
spectively; p=0.017) criteria. However, no significant asso-
ciation between carotid plaque and LVH (defined by the
SokV or CorV criteria) was found in a logistic regression
analysis.

DISCUSSION

We explored the cross-sectional associations between
carotid atherosclerosis and ECG-LVH in a community-
based Korean population aged 45-74 years. Carotid IMT,
including CCA-IMT and CB-IMT, was independently and
linearly associated with ECG-LVH, while this association
was more strongly present in ECG-LVH defined by the
SokV criteria than by the CorV criteria. However, no sig-
nificant association between carotid plaque and ECG-LVH
was determined.

Although echocardiography is the preferred method
used to diagnose LVH in clinical practice, ECG is commonly
used as the first-line instrument for detecting LVH due to
its convenience, good reproducibility, cost-effectiveness,
and availability in large cohort settings.” However, ECG-
LVH may be a better predictor of cardiovascular complica-
tions than LVH detected by echocardiography (Echo-
LVH).”” Both ECG and echocardiography should be per-
formed as they predict total and cardiovascular mortality
independently of each other; ECG-LVH provides in-
dependent prognostic information on cardiovascular risk
even after adjusting for left ventricular mass.?** Recent
studies have shown that both ECG-LVH and Echo-LVH
are independent risk factors for various CVDs.”?
ECG-LVH and Echo-LVH can be used alternately for the
prediction of stroke or congestive heart failure because,
both have been shown to be similarly associated with in-
creased risk.””® Therefore, ECG-LVH, independent of
Echo-LVH, is regarded as an electrophysiological marker
for future CVD.*’

The present study showed that among carotid athero-
sclerotic indices, IMT, but not plaque, is significantly asso-
ciated with ECG-LVH. It is not clear why this is so. One pos-
sible explanation is that increased IMT and atherosclerotic
plaque formation reflect different stages, and distinct
pathobiological aspects, of atherosclerosis,” although they
have been used as a surrogate of CVD."'* Carotid IMT
thickening, which is associated with hypertrophy of the in-
tima and media as a compensatory non-atherosclerotic al-
teration, represents an early stage of atherosclerosis.**’
Plaque formation, which is more prevalent in CB or ICA
than CCA, is a pathology of the intima and reflects a more
advanced phase of atherosclerotic disease, caused by oxi-
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dation, inflammation, endothelial dysfunction, and
smooth muscle cell proliferation.’’ Epidemiological stud-
ies revealed that carotid IMT thickening is more closely as-
sociated with hypertension and ischemic stroke, while car-
otid plaque is more strongly associated with hyperlipi-
demia and CAD.'***%

Variability in subjects and devices, as well as differences
in IMT measurements, plaque definition, and methods of
determining LVH (ECG or Echo) between previous studies
and our study should be considered. Epidemiological stud-
ies have shown that carotid atherosclerosis was sig-
nificantly associated with Echo-LVH.***® The study by
Cuspidi et al. in untreated and uncomplicated essential hy-
pertension found a significant association between carotid
thickening and Echo-LVH defined as an increase in left
ventricular mass.?® Cardiac hypertrophy defined as
Echo-LVH was significantly associated with the presence
of carotid plaque.’®? In addition to these studies, carotid
plaque was significantly associated with ECG-LVH in 349
asymptomatic subjects.’” However, the abovementioned
studies included only small sample sizes and hypertensive
subjects, used plaque as a marker and not IMT, or used
Echo-LVH. Our results revealed that carotid IMT thicken-
ing was positively associated with ECG-LVH in a large pop-
ulation, while carotid plaque was not.

In our study investigating LVH determined by both the
SokV and CorV criteria, the strength of the association be-
tween carotid IMT and ECG-LVH was greater when using
the CCA region for the IMT measurement compared with
the CB region. A possible explanation for this is as follows.
When plaque was present in the IMT measurement region
of CCA and CB in our study, we measured IMT in a region
free of plaque. Plaque was more prevalent in the CB and
the origin of the ICA than in the CCA. Although ultrasound
identifies later stages of atherosclerosis such as plaque,
which may be identified either in the absence of, or in con-
junction with, increased IMT, it cannot clearly identify the
intermediate stages between increasing IMT and plaque
formation.” Thus, particularly in the CB region, IMT and
plaque may not have been definitively separated in the
present study. Compared with the other regions used for
IMT measurements, the segment that is most useful for as-
sessment, and which produces the most reproducible re-
sults for IMT measurement, is the CCA.”” Although there
are no superior carotid artery segments clearly associated
with CVD, CCA-IMT is associated with a higher relative
risk for stroke, whereas ICA-IMT is associated with a high-
er relative risk for CHD.*

The present study had certain limitations. First, our
cross-sectional study design did not allow us to infer a caus-
al relationship between carotid atherosclerosis and
ECG-LVH. In addition, this study used the presence of car-
otid plaque as an outcome variable. However, more precise
analyses using Doppler flow quantification to assess the
degree of plaque stenosis are needed because carotid
Doppler measurements, in addition to IMT and plaque
evaluation, are independently associated with future



CVD.” Third, because this study measured only ECG-LVH
instead of Echo-LVH, there may be a distortion in the re-
sults of this study that suggested a relationship between
carotid atherosclerosis and LVH. Despite these limi-
tations, our work is valuable as it provides insight into the
potential role of carotid atherosclerosis in the development
of LVH, as determined by ECG in large populations.

In conclusion, our study demonstrated that high carotid
IMT, but not carotid plaque, was significantly associated
with LVH as assessed by ECG in the general Korean
population. These associations were more powerful in the
CCA than the CB. Moreover, carotid IMT measured at both
the CCA and CB was more strongly associated with
ECG-LVH defined using the SokV criteria than using the
CorV criteria. Further longitudinal, population-based
studies are warranted to explore the relationship between
carotid atherosclerosis and ECG-LVH. In addition, further
research designs are needed to evaluate the clinical impact
of carotid atherosclerosis on ECG-LVH.
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