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1 | INTRODUCTION

Left ventricular hypertrophy (LVH) is a well-known risk factor for
cardiovascular disease and asymptomatic organ damage in patients
with hypertension. Therefore, it is necessary to evaluate the presence
of LVH in these patients. Currently, electrocardiography (ECG) and
two-dimensional echocardiography (Echo) are the most widely used
methods for LVH diagnosis. Although Echo is more expensive and time
consuming, it is considered a more accurate test for diagnosing LVH
than ECG. However, few studies have compared the effectiveness of
these two methods.1 ¢ Additionally, it remains unclear whether the
diagnosis of LVH by Echo reflects its prognosis better than diagnosis of
LVH by ECG alone.” If ECG is as diagnostically and prognostically effec-
tive as Echo for LVH in patients with hypertension, it might be able to
reduce unnecessary examinations and save time and cost.

Therefore, this study aimed to compare the long-term outcomes of

LVH, as evaluated by ECG and Echo, in patients with hypertension.

2 | METHODS

2.1 | Study population

The Korean Hypertension Cohort (KHC) study integrated the detailed
clinical and long-term follow-up data from six national university hospi-
tals and the National Health Insurance System (NHIS) claims database,
respectively. We collected information on patients treated for or
newly diagnosed with hypertension in each hospital between 2006
and 2011. Details of the KHC have been published.2 Hypertension
was defined as systolic blood pressure (SBP)/diastolic blood pressure
(DBP) at or above 140/90 mmHg without antihypertensive medica-
tions or SBP/DBP at or below 130/80 mmHg with antihypertensive
medications. The cardiovascular disease, organ damage, and cardiovas-
cular risk factors were defined based on the 2018 Korean Society of
Hypertension Guidelines for the Management of Hypertension (Sup-

plementary Table 1).87 Exclusion criteria were patients under 30 years

to the detection of LVH by ECG or Echo: No LVH (n = 996), LVH diagnosed by ECG
alone (n = 181), LVH diagnosed by Echo alone (n = 415), LVH diagnosed by both ECG
and Echo (n = 151). After adjusting for variables, the incidence of MACEs or death was
significantly greater in patients with LVH diagnosed by ECG alone (hazards ratio [HR]:
1.69; 95% confidence interval [Cl]: 1.22-2.35; P =.001), LVH diagnosed by Echo alone
(HR: 1.54; 95% Cl: 1.16-2.05; P=.002), and LVH diagnosed by both ECG and Echo (HR:
1.87;95% Cl: 1.18-2.94; P = .002) than in those with no LVH. Both ECG and Echo are
efficient diagnostic tools for LVH and useful for long-term risk stratification. Additional
Echo evaluation for LVH is helpful for predicting long-term outcomes only in patients
without LVH diagnosis by ECG.

echocardiography, electrocardiography, hypertension, left ventricular hypertrophy

of age at the first visit and patients receiving antihypertensive treat-
ment for the primary diagnosis of cardiovascular diseases other than
hypertension (eg, beta-blockers after myocardial infarction). The clin-
ical data were collected through the electronic medical records of
each hospital. We collected clinical and biochemical data, including
repeated SBP, DBP, and heart rate measurements. Specialized labora-
tory data, such as ECG and Echo data, were also collected. In this study,
1743 patients who underwent both ECG and Echo were included in
the final analysis. A flow diagram of the study participants is shown
in Figure 1. The study protocols were approved by the Institutional
Review Board of each participating hospital (No. KNUH 2019-01-036).
The requirement for informed consent was waived by the board.

2.2 | LVH definition by ECG

A 12-lead ECG was recorded at 25 mm/s and 1 mV/cm standardization
using equipment with frequency response characteristics conforming
to the recommendations of the American Heart Association.'® ECG
parameters included the voltages of the S waves of the leads V1 (SV1)
and V3 (SV3), R waves of the leads V5 (RV5) and aVL (RaVL), and dura-
tion of the QRS wave. Several ECG indices, including the Sokolow-Lyon
index, Cornell criterion, and Cornell QRS duration product criterion,
were applied to assess high voltage in the left ventricle for LVH diagno-
sis. LVH was diagnosed as SV1 + RV5 > 3.5 mV for the Sokolow-Lyon
index,” SV3 + RaVL > 2.8 mV in males, and >2.0 mV in females for the
Cornell criterion,*! or (SV3 + RaVL) x QRS duration > 244 mV/ms in
males and (SV3 + RaVL + 0.6) x QRS duration > 244 mV/ms in females

for the Cornell QRS duration product criterion.2

2.3 | LVH definition by Echo

For quality control, Echo measurement was performed by two inde-
pendent sonographers who were blinded to the clinical information
and ECG findings under the supervision of the attending physician
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according to the protocol of each institution’s Echo laboratory. Left
ventricular end-diastolic diameter (LVEDd), diastolic posterior wall
thickness (PWTd), and diastolic interventricular septum thickness
(IVSTd) were imaged from a parasternal long-axis window at the
level of the mitral chordae using M-mode echocardiography. Left
ventricular (LV) mass was calculated using the American Society of
Echocardiography-cube formula: LV mass (g) = 0.8 x [1.04 x {(LVEDd +
PWTd + IVSTd)3 — (LVEDd)3}] + 0.6.23 LV mass was indexed for body
surface area to obtain LV mass index. LVH was defined as an LV mass
index > 115 g/m2 in men and > 95 g/mZ in women.

2.4 | Primary outcome

The primary outcome was the composite of major adverse cardiovas-
cular events (MACEs) or death. MACEs included heart failure requir-
ing hospitalization, myocardial infarction, peripheral artery disease,
ischemic stroke, hemorrhagic stroke, or end stage renal disease. The
incidence of MACEs or death was compared according to the presence
or absence of LVH diagnosed by ECG and/or Echo. Long-term sur-
vival data over a period of approximately 10 years were obtained from
the National Health Insurance Claim and National Health Examination

databases.

2.5 | Statistical analysis

Data were expressed as means + standard deviations and percentages
for continuous and categorical variables, respectively. Comparisons
between baseline variables were performed using Student’s t-tests and
Chi-squared tests for continuous and categorical variables, respec-
tively. If cells with an expected frequency of 5 or less exceeded 20%,
Fisher’s exact tests were performed instead of Chi-squared tests. If
normality tests were not significant, Wilcoxon’s rank-sum tests were
performed instead of Student’s t-tests. Comparisons of numeric vari-
ables among four groups that were categorized based on the presence
of LVH by ECG or Echo were performed using ANOVA test. All P-values
were two-sided. A P-value < .05 was considered statistically significant.
Hazard ratios [HR] and corresponding 95% confidence intervals [Cl]
were calculated from the Cox proportional-hazards analysis for risk
of the primary outcome in the LVH group and compared to those in
the non-LVH group. Kaplan-Meier survival curves were used to ana-
lyze survival in the LVH and non-LVH groups. When the proportional
risk assumption was not met, HR for the risk of occurrence in the LVH
group compared to the non-LVH group, was performed using other sta-
tistical models, such as the Poisson model. The likelihood ratio test was
performed to examine the incremental predictive value of the param-
eters in the Cox proportional-hazards model. The factors added to the
model at each step were considered significant when the test statistic,
calculated as twice the difference in the log-likelihood of each model,
corresponded to P < .05. All statistical analyses were performed using
SAS version 7.1 (SAS Institute, Cary, NC, USA) and R version 4.0.3 (R
Core Team, 2021).

TABLE 1 Baseline characteristics of the study participants
Variable Total (no. = 1743)
Age (years) 61.0+10.9
Male 912 (52.3%)
Body mass index (kg/m?) 255+3.3
Left ventricular mass by Echo (g/m?) 97.7 +24.2
Systolic blood pressure (mmHg) 148.4 +17.7
Diastolic blood pressure (mmHg) 87.1+12.2
Heart rate (/min) 76.5+13.1
Prior treatment of hypertension 1073 (70.1%)
Family history of hypertension 498 (39.5%)
Current smoking 141 (11.4%)
Previous disease history

Heart failure 38(2.1%)
Mpyocardial infarction 225(12.9%)
Peripheral artery disease 51(2.9%)
Hemorrhagic stroke 1(0.06%)
Ischemic stroke 81 (4.6%)
End-stage renal disease 9(0.5%)

Data are expressed as mean + standard deviation or number (percentage).

3 | RESULTS

Baseline characteristics of the study participants (n = 1743) are shown
in Table 1. The mean age was 61.0 + 10.9 years, and 912 (52.3%) par-
ticipants were male. The mean LV mass index, measured by Echo, was
97.7 + 24.2 g/m2. Baseline SBP and DBP were 148.4 + 17.7 mmHg
and 87.1 + 12.2 mmHg, respectively. Overall, LVH was identified in
747 (42.9%) participants. The participants were categorized into four
groups according to the presence of LVH by ECG or Echo; No LVH
(n =996; 57.1%), LVH diagnosed by ECG alone (n = 181; 10.4%), LVH
diagnosed by Echo alone (n =415; 23.8%), LVH diagnosed by both ECG
and Echo (n = 151; 8.7%). There was a significant minimal level of cat-
egorical agreement of LVH diagnosed by ECG or Echo (kappa = .13;
accuracy = 65.8%; P < .001; Supplementary Figure 1).

The baseline characteristics, laboratory findings, and medication
use of patients with LVH diagnosed by ECG or Echo are shown in
Supplementary Table 2. Patients with LVH diagnosed by ECG were
more likely to be male (P < .001). In patients with LVH diagnosed
by ECG, the LV mass index (P < .001) and SBP (P < .001) were sig-
nificantly higher than the corresponding measurements in the other
groups. Past history of prior treatment of hypertension (P = .004)
and myocardial infarction (P = .048) were significantly lower than the
corresponding measurements in the other groups. Patients with LVH
diagnosed by Echo were older (P < .001) and more likely to be female
(P <.001). In patients with LVH diagnosed by Echo, the LV mass index
(P <.001), SBP (P < .001), and past history of end-stage renal disease
(P = .006) were significantly higher, whereas past history of myocar-
dial infarction (P =.031) was significantly lower than the corresponding

measurements in the other groups.
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FIGURE 1
ventricular hypertrophy

Baseline characteristics, laboratory findings, and medication use
among the four groups are shown in Table 2. There were significant dif-
ferences in age (P =.004) and sex (P < .0001) among the four groups. In
patients with LVH diagnosed by both ECG and Echo, the LV mass index
(P < .001), SBP (P < .0001), and past history of end-stage renal dis-
ease (P =.009) were significantly higher compared with which patients
with LVH diagnosis by Echo or ECG, whereas past history of myocar-
dial infarction (P =.046) was significantly lower than the corresponding
measurements in the other groups.

MACEs or death occurred in 573 (32.8%) patients. Age (P < .001),
LV mass index (P = .0002), and past history of myocardial infarction
(P < .001), ischemic stroke (P = .001), and end-stage renal disease
(P = .007) were significantly higher in patients with MACEs or death
than in those without these outcomes (Table 3). In the Kaplan-Meier
survival curve analysis, there was a significant difference in MACEs
or death among the groups based on the presence of LVH diagnosed
by ECG or Echo (log-rank P = .02) (Figure 2). Compared with patients
without LVH diagnosis, MACEs or death were significantly higher in
patients with LVH diagnosed by ECG or Echo (36.8% vs. 29.6%, log-
rank P=.001), LVH diagnosed by ECG alone (34.9% vs. 29.6%, log-rank
P = .02), LVH diagnosed by Echo alone (37.8% vs. 29.6%, log-rank
P=.003), and LVH diagnosed by ECG and Echo (37.1% vs. 29.6%, log-
rank P=.05) (Supplementary Figure 2). In the Cox proportional-hazards
model, LVH diagnosed by ECG or Echo (adjusted HR:1.52; 95% Cl:1.18
-1.97; P=.001), LVH diagnosed by ECG alone (adjusted HR: 1.69; 95%
Cl: 1.22 - 2.35; P=.001), LVH diagnosed by Echo alone (adjusted HR:
1.54; 95% Cl: 1.16 - 2.05; P=.002), and LVH diagnosed by both ECG
and Echo (adjusted HR: 1.87; 95% Cl: 1.18 - 2.94; P=.007) were inde-
pendent predictors of MACEs or death after adjusting for confounding
variables (Table 4; Supplementary Tables 3 to 6).

Flow chart of the selection of study participants. Abbreviations: ECG, electrocardiogram; Echo, echocardiography; LVH, left

The incremental predictive values of the conventional risk fac-
tors, LVH diagnosed by ECG and LVH diagnosed by Echo, in the Cox
proportional-hazards model are shown in the Figure 3. There was
no significant difference in the predictive value for MACEs or death
between LVH diagnosed by ECG and LVH diagnosed by Echo when
added to the conventional risk factors (P= .07). LVH diagnosed by
Echo added incremental value to the combination of LVH diagnosed
by ECG and conventional risk factors in predicting long-term MACEs
or death (P=.016). However, additional diagnosis of LVH by Echo was
significantly associated with MACEs or death only in patients without
LVH diagnosed by ECG (29.6% vs. 38.1%, log-rank P=.005), but not in
patients with LVH diagnosed by ECG (37.2% vs. 33.2%, log-rank P=.80)
(Figure 4).

4 | DISCUSSION

In the present study, approximately 40% of patients with hypertension
had LVH diagnosed by ECG or Echo. LVH diagnosis by ECG and that by
Echo also showed significant minimal level of agreement. Furthermore,
LVH diagnosis by ECG and/or Echo were both independent prognos-
tic factors for long-term outcomes. Finally, the additional use of Echo
with ECG to diagnose LVH had an incremental predictive value only in
patients without LVH diagnosed by ECG.

LVH in patients with hypertension is well-known to be associated
with cardiovascular mortality and morbidities.!*"1¢ Therefore, the
current guidelines for the management of hypertension recommend
12-lead ECG and two-dimensional Echo to detect the presence of
LVH.1718 A novel finding of our study is that we investigated whether

additional Echo in patients with hypertension who underwent ECG
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TABLE 2 Baseline characteristics of the study participants according to LVH diagnosis by Echo or ECG

Variable
Age (years)
Male
Body mass index (kg/m?)
Left ventricular mass index (g/m?)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (/min)
Prior treatment of hypertension
Family history of hypertension
Current smoking
Previous disease history
Heart failure
Myocardial infarction
Peripheral artery disease
Hemorrhagic stroke
Ischemic stroke
End-stage renal disease
Blood chemistry
WABC (10°/L)
Hemoglobin (g/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Estimated GFR (mL/min)
Glucose (mg/dL)
Sodium (mEqg/L)
Potassium (mEq/L)
AST (U/L)
ALT (U/L)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Antihypertensive drugs
Thiazide/thiazide-like diuretic
CCB
ACE-I
ARB
Beta-blocker
Aldosterone antagonist

Alpha-blocker

LVH by both
ECG and Echo
(no.=151)

61.3+11.9
78 (51.6%)
255+3.3
131.3+25.7
153.3+21.1
88.1+14.4
74.9 +12.9
86 (66.1%)
42(37.1%)
13(12.5%)

5(3.3%)
10 (6.6%)
7 (4.6%)
0(0.0%)
10 (6.6%)
2(1.3%)

68+1.6
140+ 1.8
17.9+7.2
1.1+0.6
732+210
106.6 +28.6
140.7 + 3.8
42+04
243+94
252+164
183.9+39.9
153.3+107.4
50.9+13.8
108.0 +29.7

42 (27.8%)
90(59.6%)
16 (10.6%)
91(60.2%)
66 (43.7%)
1(0.6%)

3(1.9%)

LVH by ECG
(no.=181)

60.4+10.9
130(71.8%)
24.7+3.0
90.0+13.4
1525+ 19.5
88.4+13.2
75.7+10.9
92 (60.5%)
52(41.6%)
18 (14.2%)

6(3.3%)
22(12.1%)
3(1.6%)
0(0.0%)
6(3.3%)
1(0.5%)

68+17
144+ 14
155+5.6
1.0+0.5
795+19.8
107.8 +29.4
141.1+21
42+0.3
25.9+12.3
28.5+19.8
189.2+35.0
162.8 + 106.4
49.8+13.8
1142+ 340

42 (23.2%)
106 (58.5%)
8 (4.4%)
100 (55.2%)
70(38.6%)
5(2.7%)
3(1.6%)

LVH by Echo
(no.=415)

62.6+11.1
129 (31.0%)
25.9+35
119.6 +18.6
150.6 +18.9
87.2+12.9
73.9+12.9
272(72.7%)
103 (35.5%)
19 (6.8%)

9(2.1%)
49 (11.8%)
10 (2.4%)
0(0.0%)
23(5.7%)
5(1.2%)

65+2.1
13.3+1.6
16.9+7.3
1.0+0.6
70.4+19.9
105.9 +26.8
1412422
42+04
256+17.4
26.2+238
187.9+38.3
144.3 +88.4
51.2+13.7
110.6 +34.1

121(29.1%)
254 (61.2%)
28(6.7%)
261 (62.8%)
147 (35.4%)
11(2.6%)

7 (1.6%)

WILEY 122

No LVH

(no. = 996) P
60.3+10.7 .004
575 (57.7%) <.0001
255+32 .001
84.9+14.4 <.001
145.9+15.7 <.0001
86.7+11.1 212
78.1+13.5 .040
623 (71.3%) .023
301(41.1%) 351
91(12.4%) .012
18(1.8%) 449
144 (14.4%) .046
31(3.1%) 397
1(0.1%) >.999
41 (4.1%) 272
1(0.1%) .009
68+21 122
141+ 1.6 <.0001
16.1+5.2 .0007
1.0+0.2 .078
748 +17.1 <.0001
109.5+29.3 162
140.9+2.2 .072
42+04 229
253+13.0 751
27.9+20.6 271
189.6 +40.6 413
155.0+ 96.0 169
50.6+14.1 74
114.9+35.8 .106
210 (21.0%) .007
542 (54.4%) .098
45 (4.5%) .012
579 (57.1%) 256
341(34.2%) 119
18(1.8%) .393
9(0.9%) 476

(Continues)
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TABLE 2 (Continued)

LVH by both
ECG and Echo LVH by ECG LVH by Echo No LVH
Variable (no.=151) (no.=181) (no.=415) (no. = 996) P
Single-pill combination .090
ACE-I/ARB with CCB 27 (17.8%) 29 (16.0%) 50 (12.0%) 152 (15.2%)
ARB with diuretic 26 (17.2%) 22 (12.1%) 81(19.5%) 145 (14.5%)
Other 3(1.9%) 3(1.6%) 5(1.2%) 30 (3.0%)

Abbreviations: ACE-l, angiotensin-converting enzyme inhibitor; ALT, alanine transferase; ARB, angiotensin receptor blocker; AST, aspartate aminotrans-
ferase; BMI, body mass index; BUN, blood urea nitrogen; CCB, calcium channel blocker; DBP, diastolic blood pressure; ECG, electrocardiogram; Echo,
echocardiography; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HTN, hypertension;If cells with an expected frequency of 5 or less exceeded
20%. Fisher’s exact test was performed instead of Chi-squared test ;If the normality test was not significant, Wilcoxon’s rank-sum test was performed instead
of Student’s t-test.; LDL, low-density lipoprotein; LVH, left ventricular hypertrophy; SBP, systolic blood pressure; WBC, white blood cell.

TABLE 3 Baseline characteristics of the study participants according to the occurrence of MACEs or death

MACEs or death
Variable Yes (no.=573) No (no.=1170) P
Age (years) 64.7 +10.3 59.1+10.8 <.001
Male 314 (54.8%) 598 (51.1%) .147
Body mass index (kg/m?) 25.3+3.1 25.6+3.379 107
Left ventricular mass index 101.0+25.6 96.1+23.4 .0002
Systolic blood pressure (mmHg) 147.9 + 16.8 148.5 +18.1 593
Diastolic blood pressure (mmHg) 84.7+10.8 88.3+12.7 <.001
Heart rate (/min) 74.3 +14.0 77.5+12.6 .06
Prior treatment of hypertension 369 (71.5%) 704 (69.5%) 415
Family history of hypertension 162 (37.4%) 336 (40.6%) 260
Current smoking 53(12.6%) 88 (10.8%) 623
Left ventricular hypertrophy .009
Both ECG and Echo 56(9.7%) 95 (8.1%)
ECG alone 62(10.8%) 119(10.1%)
Echo alone 159(27.7%) 256 (21.8%)
None 296 (51.6%) 700 (59.8%)
Previous disease history
Heart failure 16 (2.7%) 22 (1.8%) .220
Myocardial infarction 121 (21.1%) 104 (8.8%) <.001
Peripheral artery disease 21(3.6%) 30(2.5%) .200
Hemorrhagic stroke 0(0.0%) 1(0.08%) >.999
Ischemic stroke 40 (6.9%) 41 (3.5%) .001
End-stage renal disease 7 (1.2%) 2(0.1%) .007
Blood chemistry
WABC (10°/L) 6.9+20 6.7+21 014
Hemoglobin (g/dl) 13.6+1.8 141+ 15 <.001
BUN (mg/dL) 18.0+7.9 15.6 +4.7 <.001
Creatinine (mg/dL) 1.1+0.7 0.9+0.2 <.001
Estimated GFR (mL/min) 69.3+19.8 76.5+17.5 <.001
Glucose (mg/dL) 112.8+32.1 106.0 +26.6 <.001
Sodium (mEq/L) 140.7 + 2.7 141.2+22 .0008

(Continues)
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TABLE 3 (Continued)
MACEs or death
Variable Yes (no.=573) No (no.=1170) P

Potassium (mEq/L) 43+04 42+0.3 014
AST (U/L) 255+16.7 253+12.2 .158
ALT (U/L) 263+214 27.9+20.9 .005
Total cholesterol (mg/dL) 182.4 +38.6 191.8 +39.5 <.001
Triglyceride (mg/dL) 158.0 + 103.0 150.9 +93.1 .399
HDL cholesterol (mg/dL) 488+ 12.9 51.5+144 <.001
LDL cholesterol (mg/dL) 107.5+34.1 116.0 + 34.9 <.001

Antihypertensive drugs

Thiazide/thiazide-like diuretic

CCB

ACE-|

ARB

Beta-blocker
Aldosterone antagonist
Alpha-blocker

Single pill combination
ACE-I/ARB with CCB
ARB with diuretic
Other

144 (25.1%)
337 (58.8%)
45(7.8%)
333(58.1%)
256 (44.6%)
12 (2.0%)
14 (2.4%)

72(12.5%)
93(16.2%)
9(1.5%)

271(23.1%) 364
655 (55.9%) 262
52 (4.4%) .003
698 (59.6%) .538
368 (31.4%) <.001
23(1.9%) .857
8(0.6%) .002
.109
186 (15.9%)
181(15.4%)
32(2.7%)

If cells with an expected frequency of 5 or less exceed 20%, Fisher’s exact test will be performed instead of Chi-squared test.If normality test is not significant,
Wilcoxon’s rank sum test will be performed instead of Student’s t-test.
Abbreviations: ACE-l, angiotensin-converting enzyme inhibitor; ALT, alanine transferase; ARB, angiotensin receptor blocker; AST, aspartate aminotrans-
ferase; BMI, body mass index; BUN, blood urea nitrogen; CCB, calcium channel blocker; DBP, diastolic blood pressure; ECG, electrocardiogram; Echo,
echocardiography; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HTN, hypertension; LDL, low-density lipoprotein; LVH, left ventricular
hypertrophy; MACEs, major adverse cardiovascular events; SBP, systolic blood pressure; WBC, white blood cell.

0.8

0.6

=== LVH by ECG

MACESs or death free survival

0.41

Log-rank p =.02

=== No LVH (n=996)

alone (n=181)

=== |LVH by Echo alone (n=415)
=== | VH by both ECG and Echo (n=151)

o 1 2 3 4

5 6 7 8 0

Year

10 1

12 13 14

FIGURE 2 Kaplan-Meier survival curve for MACEs or death
among the four groups based on the presence of LVH diagnosed by
Echo or ECG. Abbreviations: ECG, electrocardiogram; Echo,
echocardiography; LVH, left ventricular hypertrophy; MACEs, major

adverse cardiovascular events

could improve the accuracy of the LVH diagnosis or better reflect the
long-term prognosis of LVH.

First, we compared the diagnostic accuracy of ECG and Echo for
LVH. To detect the presence of LVH, ECG is recommended for routine
workup of patients with hypertension based on simple criteria, such
as the Sokolow-Lyon index, Cornell index, and Cornell voltage dura-
tion product criteria. However, the sensitivity of ECG for LVH diagnosis
is limited. Therefore, the current guidelines recommend Echo as an
additional diagnostic test to improve the diagnostic accuracy for LVH.
Furthermore, Echo could provide additional information, such as the
LV geometry, left atrial volume, LV systolic and diastolic function, and
others relevant parameters. Moreover, in previous studies, the degree
of agreement between LVH diagnosis by ECG and Echo was relatively
low.1%20 |n contrast, the present study showed that LVH diagnosed
by ECG showed minimal but significant level of agreement with LVH
diagnosed by Echo. Therefore, it remains unclear whether Echo, which
requires additional time and cost, should be performed in all patients
with simple hypertension to diagnose LVH. We need to consider the
patient population which may require additional Echo examination to

improve prognosis.
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TABLE 4 Cox proportional hazard model for major adverse cardiovascular event by LVH category

Variable Univariable Multivariable
Crude HR (95% Cl) P *Adjusted HR (95% CI) P

LVH category
No LVH 1 (ref) 1 (ref)
LVH by ECG alone 1.29(1.04-1.59) .02 1.69(1.22-2.35) .001
LVH by Echo alone 1.31(1.10- 1.56) .002 1.54(1.16 - 2.05) .002
LVH by ECG or Echo 1.30(1.10- 1.53) .002 1.52(1.18-1.97) .001
LVH by ECG and Echo 1.31(0.99-1.75) .058 1.87(1.18-2.94) .007

Abbreviations: ECG, electrocardiogram; Echo, echocardiography; HR, hazard ratio; LVH, left ventricular hypertrophy.
*Variables used in this multivariate analysis are shown in supplementary Table 3-6.

p = .001 FIGURE 3 Incremental predictive value of
p= .016 conventional risk factors, ECG, and Echo by the
B - 109 Cox proportional-hazards model.
p = .006 Ll — Abbreviations: ECG, electrocardiogram; Echo,
200 p= .07 echocardiography; LVH, left ventricular
194.6 hypertrophy
=.04
196 P 192.1
192

188

Global Chi-square

184

180

176

Conventional
risk factors +
Echo

Conventional
risk factors +
ECG

Conventional
risk factors

Second, we compared LVH diagnosed by ECG and Echo for their pre-
dictive values for MACEs or death. Early LVH diagnosis helps to reduce
the incidence of cardiovascular events.21-23 L\VH diagnoses by ECG and
Echo are both significantly associated with the occurrence of sudden
cardiac arrest and congestive heart failure.22° Although some studies
have shown that LVH diagnosis by Echo is a better predictor of cardio-
vascular events compared to LVH diagnosis by ECG,1%24 few studies
have investigated whether additional Echo is necessary to stratify the
cardiovascular risk in patients with hypertension who have undergone
ECG.242% Similar to previous studies, LVH diagnosed by ECG and/or
LVH diagnosed by Echo were both significantly associated with MACEs
or death in the present study. Furthermore, since additional Echo eval-
uation for LVH, in combination with conventional risk factors and ECG,
was helpful for long-term outcome prediction,'?-2¢ clinicians may won-
der whether additional Echo examination will be required to predict
long-term prognosis in all patients with hypertension, including those
with LVH diagnosed by ECG. Additional LVH diagnosis by Echo was
helpful to predict long-term MACEs or death in patients without LVH

Conventional
risk factors +
ECG + Echo

diagnosed by ECG, but not in those with LVH diagnosed by ECG. There-
fore, the results of our study provide evidence that patients who were
previously diagnosed with LVH by ECG through routine screening do
not require an additional diagnostic test for identifying LVH by Echo.
This study has certain limitations. First, due to the observational
nature of the KHC study, we cannot exclude the possibility of residual
confounding factors. Therefore, our results require further validation.
Second, the study population only included patients with hyperten-
sion from six national university hospitals of the Korean healthcare
system. Therefore, it is difficult to generalize these findings. Third, eth-
nic differences should be considered in LVH studies. In this regard,
most studies on LVH prognosis have been conducted involving Cau-
casian participants. As the body mass index and body surface area
of Caucasians differ from those of Koreans, the Western diagnos-
tic criteria for LVH may not be applicable to Koreans. Fourth, since
this analysis was performed based on chart review without external
prospective ascertainment, the results need to be interpreted with cau-
tion. Despite these limitations, this study provides important long-term
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FIGURE 4 Kaplan-Meier survival curve for MACEs or death between patients with and without LVH diagnosed by ECG according to the
absence (A) or presence (B) of LVH diagnosed by Echo. Abbreviations: ECG, electrocardiogram; Echo, echocardiography; LVH, left ventricular

hypertrophy. MACEs, major adverse cardiovascular events

outcome data over a period of approximately 10 years obtained from
the National Health Insurance Claim and National Health Examination
of patients from multiple national university hospitals.

In conclusion, ECG and Echo are both efficient diagnostic tools for
LVH. These methods are useful for long-term risk prediction in patients
with hypertension. Additional Echo evaluation for LVH can be help-
ful for predicting long-term outcomes only in patients without LVH
diagnosed by ECG.
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