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ABSTRACT

Objectives The sensitivity of ECG for detecting left
ventricular hypertrophy (LVH) is low. The aim of this study
was to explore a better ECG criterion for screening LVH in a
large general Chinese population.

Design Case—control study.

Setting China Medical University in Shenyang, China.
Participants All permanent residents in Dawa, Zhangwu
and Liaoyang aged 35 years or older were invited.
Participants with unqualified data, pacemaker rhythm,
frequent premature ventricular beats, Wolff-Parkinson-
White syndrome, complete bundle branch block,
myocardial infarction or hypertrophic cardiomyopathy were
excluded. A total of 10 360 subjects (4630 males) were
recruited.

Interventions A novel ECG criterion (Northeast China

Rural Cardiovascular Health Study (NCRCHS)) composed

of different ratios of maximum R wave in lead V, or V; (R,
> S wave inleadV, (S,,) and R wave in lead aVL (R, ) was
proposed and validated using multiple linear regression.
Receiver-operating characteristic curves were used to
compare the NCRCHS criterion with traditional criteria for LVH
detection.

Results An optimised model (15R,, +8'S,, +7 R,, ;) was
constructed (R? 0.192, p<0.001) with the cut-off values of
36.8mV for males and 26.1 mV for females. The maximum
area under the curve was obtained using the NCRCHS
criterion (male 0.74, 95% Cl 0.73 to 0.75; female 0.73,
95%Cl 0.72 t0 0.75), followed by Cornell voltage criterion,
Sokolow-Lyon criterion, Peguero-Lo Presti criterion, multi-
ethnic study of atherosclerosis (MESA)-specific criterion and
Syst-Eur voltage criterion. Compared with the Cornell voltage
criterion, the NCRCHS criterion had a significantly higher
sensitivity for detecting LVH at the same level of specificity
(p<0.05).

Conclusions The NCRCHS criterion significantly improved
sensitivity for LVH detection in a general Chinese population,
with cut-off values of 36.8 and 26.1 mV for males and
females, respectively. This criterion can detect LVH earlier
and better and may prevent subsequent cardiovascular
diseases.

2 Ying Zhou,’
% Yingxian Sun @

Strengths and limitations of this study

» A large sample of 10360 individuals from a general
Chinese population was studied.

» To the best of our knowledge, this is the first study
to investigate a new ECG method for predicting
left ventricular hypertrophy in a general Chinese
population.

» The present study proposed a new ECG criterion
(Northeast China Rural Cardiovascular Health Study
(NCRCHS) criterion) with higher sensitivity than tra-
ditional criteria.

» The NCRCHS criterion needs to be validated in other
populations.

INTRODUCTION

Left ventricular hypertrophy (LVH) has
been shown to be an important predictor
of cardiovascular events and mortality, espe-
cially in patients with hypertension."” ECG is
commonly used as the first-line method for
LVH detection due to its convenience and
cost-effectiveness. Numerous ECG criteria
have been established for the diagnosis of
LVH. However, low sensitivity restricts the
applications of these methods in clinical prac-
tice. A better screening method for LVH with
an improved detection ability of LVH should
be explored.

The Cornell voltage criterion, reported to
be the best criterion with the highest predic-
tive ability, was constructed using the R wave
in lead aVL (R ;) and S or QS complex in
lead V, (S,,). The R wave in lead V, or V, is
the main component of the Sokolow-Lyon
criterion,4 which is directed towards the
cardiac depolarisation vector. It is consid-
ered to represent the value of the cardiac
electrical activity in the anterior left of the
horizontal plane (figure 1).” The sum of
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Diagram for vector change in left ventricular hypertrophy. (A) Normal vector for non-hypertrophic heart in coronal

plane (1), frontal plane (2) and sagittal plane (3). (B) Vector changes in hypertrophic heart in coronal plane (1), frontal plane (2)
and sagittal plane (3), WCT and cardiac vector became more posteriorly oriented. Black arrow indicates whole cardiac vector,

and blue arrow shows vector for leads—S,;, R 5,
R,; v, and traditional Cornell voltage covered three-
dimensional ECG amplitude changes and thus facilitated
a better evaluation of three-dimensional modifications
in the hypertrophic ventricle. A novel ECG expression
(BR  +B,Sy5tB,Ry 5 vs) was based on the multiple linear
regression analysis of R, S, and R, ., against the left
ventricular mass index (LVMI). The aims of the present
study were to evaluate the diagnostic performance of the
newly proposed Northeast China Rural Cardiovascular
Health Study (NCRCHS) criterion (B,R , +B,S,,+B,Ry; v,)
and to further determine its gender-specific cut-off values
in a large general Chinese population.

MATERIALS AND METHODS

Study population

Data were acquired from a previously published cross-
sectional study known as the NCRCHS.® Briefly, a multi-
stage, randomly stratified, clustersampling study was
conducted between January 2013 and August 2013 in
three counties (Dawa, Zhangwu and Liaoyang) and 26
nearby rural villages (n=14016) of Liaoning Province in
participants older than 35 years. This was a retrospective
study to investigate a better ECG standard for LVH predic-
tion using NCRCHS data. Subjects with missing data and/
or poor echocardiographic or ECG quality were excluded
from further analysis. Other exclusion criteria for ECG or
echocardiography were as follows: (1) pacemaker rhythm
or frequent premature ventricular beats (=3 beats/min);
(2) complete left/right bundle branch block; (3) Wolft-
Parkinson-White syndrome; (4) self-reported history of
myocardial infarction, or subjects with presentations of

or R, . LA, left arm; LL, left leg; RA, right arm; WCT, Wilson Central Terminal.

myocardial infarction in ECG and asynergy of left ventric-
ular wall motion in echocardiography; and (5) hypertro-
phic cardiomyopathy in echocardiography.

This study was undertaken in accordance with the
Second Helsinki Declaration. Written informed consent
was obtained from all subjects prior to their participation
in the study.

Data collection

Data collection was conducted using a standardised
questionnaire. Height, weight and waist circumference
were measured by well-trained technicians following a
standard protocol. Body mass index (BMI) was calcu-
lated from weight and height, which were measured to
the nearest 0.1kg and 0.1 cm, respectively. Lipid profiles,
blood routine tests, and creatinine, uric acid and fasting
blood glucose (FBG) levels were enzymatically analysed
on an Olympus AU640 auto-analyser (Olympus, Kobe,
Japan). Blood pressure was measured according to the
American Heart Association guidelines7 with a HEM-907
Omron sphygmomanometer (Omron Healthcare, Kyoto,
Japan). The average value of three measurements was
used in the final analyses. Hypertension was defined as
systolic blood pressure =2140mm Hg or diastolic blood
pressure 290 mm Hg, using self-reported history of hyper-
tension, or by the use of antihypertensive medications.

Electrocardiographic criteria for LVH

Twelve-lead resting ECGs for all participants were
recorded by well-trained cardiologists with a sweep speed
of 25 mm/s and calibration set at 10mm/mV (MAC
5500; GE Healthcare). The Marquette 12SL ECG analysis
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Table 1 Traditional electrocardiographic criteria for comparison

Criteria Formula References
Cornell voltage criterion Men: R, +S,,>2.8mV 8

Women: R, +S,,22.0mV
Cornell product Men: (R, +S,,)xQRS duration >244 mVxms 9

Women: (R_, +S,,+0.6 mV)xQRS duration 244 mVxms
Sokolow-Lyon criterion Sy +Rysne23-5mV 4
Syst-Eur criterion Ru+Sy + Ry 10
MESA-specific criterion Sy +S,+Rs24.2mV 11
Peguero-Lo Presti criterion Men: SD+S,,22.8mV 12

Women: SD+S,,>2.3mV

V4=

*No diagnostic cut-off values were reported for Syst-Eur criterion.

MESA, multi-ethnic study of atherosclerosis; SD, deepest S wave in any lead.

program (MUSE; V.7.0.0; GE Healthcare) was used for
digital ECG recording, interpretation, storage and anal-
ysis. All ECG criteria for LVH prediction were calculated
using the MUSE computer-generated algorithm for ECG.
Individual leads were analysed by measuring the tallest
R wave and the deepest S or QS complex in all of the
precordial and limb leads using the PR segment as base-
line. The QRS duration was defined as the time from
the beginning of the QQ wave to the end of the S wave.
Supplemental figure represents the measuring method
for R, SVS and R, ve 011 AN ECG. The efficacy of the
novel NCRCHS criterion was compared with that of other
traditional criteria: Cornell voltage criterion,” Cornell
plroduct,9 Sokolow-Lyon Criterion,4 Syst-Eur criterion,m
multi-ethnic study of atherosclerosis (MESA)-specific
criterion'! and Peguero-Lo Presti criterion'? (table 1).

Echocardiography

Echocardiograms were carried out on the same
day as ECG using standard, commercially available
Doppler echocardiographs (Vivid; GE Healthcare)
with a 3.0 MHz transducer. The diastolic interven-
tricular septal thickness (IVSTd), diastolic posterior
wall thickness (PWTd), left ventricular end-diastolic
diameter (LVEDD), left ventricular end-systolic diam-
eter (LVESD) and left ventricular ejection fraction
(LVEF) were measured according to the recommen-
dations of the American Society of Echocardiog-
raphy.”” '* A modified Simpson method was used to
obtain the LVEE.' Left ventricular mass (LVM) was
calculated using the Devereux formula'® as follows:
0.8x1.04x((IVSTd +LVEDD+PWTd)*-(LVEDD)?)+0.6,
and divided by body surface area to calculate LVMI, the
gold standard for diagnosing LVH in this study. The body
surface area was calculated using the Stevenson formula
as follows: 0.0061xheight (cm) +0.0128xwt (kg)-0.1529.
Finally, LVH was defined as LVMI >115 g/m2 in males
or >95 g/m2 in females.'® To further confirm the LVH
findings, LVH was also defined based on the standard of
de Simone (LVM divided by height*7)."°

Statistical analysis
Continuous variables were expressed as means=SD. Cate-
gorical variables were represented as frequencies or
percentages. Differences between characteristics of subjects
with and without echocardiographic LVH (echo-LVH)
were examined using Student’s t-test or % test accordingly.
Multiple linear regression with robust SE was used to assess
the relationships between electrocardiographic indices and
LVMI to construct the formula for the NCRCHS criterion.
All ECGs constructing the regression model were used
for the following comparison between models. Receiver-
operating characteristic curves (ROCs) were plotted to
compare the performance of each criterion, and the respec-
tive area under the curve (AUC) was assessed using the
DeLong’s method.'” Values with 90% specificity were used
as the cut-off values for the NCRCHS criterion. Subjects
with missing anthropometric details were excluded. Given
the LVMI standard, sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and F, score
were determined using the following formulas:
PPV=TP/TP +FP, NPV=TN/TN +FN; F, score=2TP/
(2TP +FP+FN), where TP is the number of true positives,
FP is the number of false positives, TN is the number of true
negatives and FN is the number of false negatives.
Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) V.22.0 (SPSS)
and MedCalc V.18.11.3 (MedCalc Software bvba, Ostend,
Belgium). All results were reported as percentages with
their corresponding 95% CI. A two-tailed p<0.05 was
considered statistically significant.

Patient and public involvement
Patients or the public were not involved in the design, conduct,
reporting, or dissemination plans of the present research.

RESULTS

Baseline clinical characteristics

The inclusion process for study participants is described
in figure 2. After filtering patients based on the exclusion
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[ 11,956 participants ]

4[ Missing baseline data (n = 1,529)]

[ 10,427 participants ]

A[Unqualiﬁed echo data (n = 27)]

[ 10,400 participants ]

4[ Unqualified ECG (n = 40) ]

[ 10,360 participants included J

Figure 2 Flow chart for participant selection process.

criteria, a total of 10 360 participants (mean age: 53.6+10.6
years, 4630 males) remained for further analysis. Base-
line characteristics of the target population are shown in
table 2. There were 1270 (12.3%) subjects showing echo-
cardiographic LVH. Compared with the non-LVH group,
subjects with echo-LVH had a significantly higher serum
level of total cholesterol, low-density lipoprotein choles-
terol, FBG, creatinine, uric acid and blood sodium (all
p<0.05). In addition, significantly higher BMI was found
in LVH subjects (p<0.001).

Determination of expression formula for NCRCHS criterion
Due to the three-dimensional relationships among leads
RS, and R\5 ve (figure 1), an optimised linear regres-
sion model (R 0.192, p<0.001) was constructed as follows:

LVMI=60.25 +15.35 R , +7.55°S, +6.67 R, .~

The variance inflation factor and the Durbin-Watson
values of this model showed no multicollinearity between
the variables (R, S, atnd R ve)- Th*e NCRCHS crite-
rion was defined as ‘15 R, +8'S, +7 R, /\,,6’ without a
constant.

Diagnostic performance of electrocardiographic LVH (ECG-
LVH) measured against echo-LVH

AUCs for all ECG-LVH criteria are shown in table 3.
According to the LVMI standard, the R wave in lead V,
and lead I had the highest AUC for one-lead measure-
ments for both males and females (both p<0.001).
Two-lead ECG-LVH criteria, including Cornell voltage,
Sokolow-Lyon criterion and Peguero-Lo Presti criterion,
resulted in a series of AUCs ranging from 0.65 to 0.69
for males and from 0.64 to 0.70 for females (all p<0.001).
The Cornell voltage criterion performed best in both
single-lead and two-lead measurements.

For the three-lead measurements, MESA-specific ECG-
LVH criterion (Sv,+Sv,+Rv,) and Syst-Eur voltage crite-
rion (R  +Sv+Rv,) were included for comparison. In
the present study, the NCRCHS criterion performed
significantly better than the other two-lead or three-lead
measurements, with AUCs of 0.74 for males and 0.73 for
females (both p<0.001). The NCRCHS product, where

Table 2 Baseline characteristics of total cohort and comparisons of LVH and non-LVH groups

Overall LVH Non-LVH
Baseline characteristics (N=10360) (n=1270) (n=9090) P value*
Age (years) 53.6+10.6 59.4+10.3 52.8+10.4 <0.001
Male, n (%) 4630 (44.7) 418 (32.9) 4212 (46.3) <0.001
Hypertension, n (%) 5226 (50.4) 1012 (79.7) 4214 (46.4) <0.001
BMI (kg/m?) 24.8+3.6 25.4+3.8 24.7+3.6 <0.001
SBP (mmHg) 141.5+23.4 159.5+27.4 139.0+21.6 <0.001
DBP (mmHg) 81.9+11.7 87.5+14.1 81.1+11.1 <0.001
FBG (mmol/L) 5.9+1.6 6.1+1.7 5.9+1.6 <0.001
TC (mmol/L) 5.2+1.1 5.5+1.1 5.2+1.1 <0.001
LDL-C (mmol/L) 2.9+0.8 3.1£0.9 2.9+0.8 <0.001
HDL-C (mmol/L) 1.4+£0.4 1.4+£0.4 1.4+£0.4 0.075
Creatinine 71.6+20.8 74.6+46.4 71.2+13.8 <0.001
Sodium (mmol/L) 141.2+2.2 141.5+2.0 141.2+2.2 <0.001
LVM (g) 137.6+35.7 189.8+42.7 130.4+27.6 <0.001
LVMI (g/m?) 83.6+19.1 117.6+20.1 78.8+13.2 <0.001
LVEF (%) 63.1+3.8 62.4+4.6 63.2+3.7 <0.001

*Indicates examination of differences between participants with and without LVH.

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVM, left ventricular mass; LVMI, left
ventricular mass index; SBP, systolic blood pressure; TC, total cholesterol.
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Table 3 Area under the ROC curves for different electrocardiographic criteria used for predicting left ventricular hypertrophy

Male: AUCs (95% CI)

Female: AUCs (95% CI)

Diagnosing criteria for LVH LVMI standard

De Simone standard LVMI standard

De Simone standard

Single-lead ECG modalities

R

Ry,

5

Two-lead ECG modalities

Cornell Voltage

Sokolow-Lyon criterion
Peguero-Lo Presti criterion

Cornell product

0.64 (0.61 to 0.67)
0.67 (0.63 to 0.70)

0.69 (0.68 to 0.71)*
0.67 (0.64 to 0.70)*
0.65 (0.62 to 0.68)*
0.68 (0.65 to 0.71)

0.68 (0.66 to 0.71)
0.64 (0.61 to 0.66)

0.67 (0.66 to 0.69)*
0.63 (0.60 to 0.65)*
0.62 (0.59 to 0.64)"
0.67 (0.64 to 0.69)

Sokolow-Lyon product
Three-lead ECG modalities
MESA-specific criterion

0.67 (0.64 to 0.70)

0.66 (0.63 to 0.69)*
0.69 (0.66 to 0.72
0.72 (0.70 t0 0.75
0.74 (0.73t0 0.75

Syst-Eur criterion
NCRCHS product
NCRCHS voltage criterion

)
)
) 0.71
)

0.63 (0.61 to 0.66)

0.62 (0.60 to 0.65
* 0.67 (0.64 to 0.69
0.69 to 0.74
0.73 (0.72t0 0.74

0.66 (0.64 to 0.68) 0.69 (0.67 to 0.71)
0.60 (0.58 to 0.63) 0.56 (0.54 to 0.59)
0.70 (0.69 t0 0.71)*  0.70 (0.69 to 0.71)F
0.64 (0.62t0 0.66)*  0.60 (0.58 to 0.62)*
0.66 (0.64 to 0.68)  0.64 (0.62 to 0.66)*
0.69 (0.67 to 0.71) 0.69 (0.67 to 0.71)
0.65 (0.63 to 0.67) 0.60 (0.58 to 0.62)

*  0.66(0.64 to 0.68)"

* 0.68(0.66 to 0.70)"
0.73 (0.71 to 0.74)
0.73 (0.72 to 0.75)

0.62 (0.60 to 0.64)*
0.65 (0.63 to 0.67)*
0.72 (0.70 to 0.67)
0.73 (0.72 to 0.74)

= = = =

The single-lead criterion with AUCs <0.5 was not listed.
*Indicates p<0.01 in comparison to the NCRCHS voltage criterion.
TIndicates p<0.05 in comparison to the NCRCHS criterion.

AUCs, area under the curves; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; MESA, multi-ethnic study of atherosclerosis;
NCRCHS, Northeast China Rural Cardiovascular Health Study; ROC, receiver-operating characteristic curve.

the NCRCHS criterion voltage value and QRS dura-
tion were multiplied, did not improve diagnostic ability
compared with the NCRCHS criterion.

Accordingly, ROC curves were plotted to explore the
NCRCHS criterion’s best performance based on LVMI
standard (figure 3A and B) and de Simone standard
(figure 3C and D). Sensitivity, specificity, PPV, NPV and
F, score for NCRCHS voltage criterion and traditional

1
criteria are listed in online supplemental table 1.

Comparison of NCRCHS criterion and Cornell voltage criterion
In order to compare the performance of the NCRCHS
criterion with that of Cornell criterion for detecting LVH,
sensitivities and specificities were calculated for males
and females at the cut-off point or at the 90% level of
specificity (online supplemental table 2). The sensitivity
for the NCRCHS criterion was significantly higher than
that for the Cornell voltage criterion using the Del.ong’s
method at the same level of specificity (all p<0.05). Based
on the previous studies,’ sex-specific cut-off values for the
NCRCH criterion were set at the 90% level of specificity
(males: 36.8mV, females: 26.1 mV).

DISCUSSION

Principal study findings

The main findings of the present study were as
follows: a novel ECG criterion (NCRCHS criteri-
on:15*le +8*SVs +7*R‘) ve) to predict LVH was proposed
and maximum AUCs of 0.74 for males and 0.73 for
females were obtained using the NCRCHS criterion;

sensitivity and specificity of the NCRCHS criterion were
90.0% and 36.0%, respectively, and sex-specific cut-off
values for the NCRCHS criterion were 236.8 mV for males
and 226.1mV for females.

Due to its conical shape, a left hypertrophic ventricle
causes different vector changes in different directions,
resulting in three-dimensional ECG modifications
(figure 1). The R wave in lead V, or V, is directed towards
the cardiac depolarisation vector and is considered to
represent the value of the cardiac electrical activity in the
anterior left of the horizontal plane.5 S wave amplitudes
in V, and V, are believed to reflect the depolarisation of
the posterior ventricular myocardium and thus change
in accordance with more posteriorly oriented chamber
in case of hypertrophy.® " Since the direction of the
S wave in V, is very similar to the opposite direction of
the R wave in lead V,, and the direction of lead V, or
V, represents the main depolarisation direction of the
heart, only the S wave amplitude in V, was included in
the construction of the NCRCHS voltage. The direction
of R, was nearly perpendicular to the plane defined
by S, and R, ... R, voltage measured in the hypertro-
phied heart® i was tightly correlated with LVMI.**** R
alone or in combination with N-terminal B-type natri-
uretic peptide had a better predictive value for cardio-
vascular risk than echo alone.” * Although the R wave
in lead I had the best performance in single-lead ECG
prediction, it was not used to construct the NCRCHS
criterion because wave amplitudes in bipolar limb leads
(leads I, IT and III) are easily influenced by altering the
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curve.

lead position.26 As a result, three-dimensional changes
in ECG voltage in sz’ Rh e and RaVL were included in
the NCRCHS criterion. Due to the different changes in
hypertrophic heart vectors, the combination of different
R or S wave ratios for three constituent leads contributes
to the superiority of this criterion.

Strengths and limitations

Many ECG indices for LVH detection have been
reported.” ¥ New strategies based on non-ECG partic-
ipants’ characteristics and ECG variables have been
reported to improve LVH prediction ability."" However,
the NCRCHS criterion is much easier to automatically
calculate using an electrocardiographic machine or by
doctors in clinical practice. The present study referred to
a large sample of 10360 individuals. To the best of our
knowledge, this is the first study to investigate a new ECG
criterion for predicting LVH in Chinese population. In
addition, the sum of different scales (instead of same
ratios) of three ECG leads representing conical changes
in ECG vectors in a left hypertrophic ventricle may
contribute to the superiority of the NCRCHS criterion.

This study has limitations that should be considered.
First, all ECGs included in the construction of the regres-
sion model were used for the comparison and no vali-
dation dataset was included. Additional data from other
populations are needed for validation of the NCRCHS
criterion. Second, relationships between the NCRCHS
criterion and other LVH detection methods, such as
cardiac MRI, should be explored. Cardiac MRI is a rela-
tively reliable standard for assessing LVM, but it is not a
generally available examination in Chinese rural areas
and MRI for large population samples is not an option.
More data are needed to validate the NCRCHS criterion.

Study implications

LVH is a well-known risk factor for heart failure,
arrhythmia, sudden death and kidney disease. The occur-
rence of LVH strongly predicts future cardiovascular
morbidity and mortality.27_30 Furthermore, electrical LVH
with ECG has separate associations with CVD outcomes
independent of anatomic LVH.”' ECG evidence for LVH
has been incorporated into a cardiovascular disease
(CVD) risk score to reduce the incidence of secondary
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cardiovascular events.”” The novel NCRCHS ECG voltage
criterion is composed of leads in different directions and
thereby significantly improves LVH prediction. Better
diagnostic ability helps the NCRCHS criterion to detect
LVH earlier and with higher precision. LVH is a modifi-
able risk factor for CVD and mortality.™** LVH detection
with higher sensitivity can potentially create more aware-
ness of complications, encourage primary prevention of
CVDs and improve clinical outcomes.”

ECG is the simplest, most economical and convenient
method of screening LVH. It is the firstline screening
method for LVH in large population studies. Because
ethnic groups differ in anthropometric measures that
correlate with heart size,”” ethnic-specific criteria for LVH
may be warranted. Prior studies have shown the same
ECG criteria with different sensitivity and specificity in
different populations.12 % Until now, no specific criterion
for LVH prediction has been reported for the Chinese
population. The present study included a large sample
of 10360 individuals from a general Chinese population
and determined a simple and optimal model to screen
for LVH. The NCRCHS voltage criterion may represent
a better method for LVH prediction in a Chinese popu-
lation than other traditional criteria developed based on
other populations.

Unanswered questions and future research

ECG remains the simplest and most important method
for LVH detection. It also has an important role in the
primary care system and preventive medicine. LVH, as
a sign of the target organ damage, should be evaluated
and intervened with early in patients with hypertension.
Echocardiography is another commonly used method
to detect LVH. However, it has significant interobserver
variability®® and is affected by ultrasonic section and body
shape. It is not universally recommended for adults to
assess LVH by means of echocardiography or MRI during
evaluation and management of hypertension.”’ The
NCRCHS criterion with higher sensitivity for predicting
LVH will improve the management of hypertension.
Whether the NCRCHS criterion has a better ability to
predict LVH than traditional criteria in other races or in
other Chinese populations remains unclear.

ECG evidence for LVH is incorporated in risk assess-
ment for CVD and can improve CVD risk prediction.” *!
Individualised risk reduction plans are needed for patients
with different CVD risk scores. Because the prevalence of
LVH and incidence of morbid events vary depending on
the threshold selected for the ECG criteria,"*™ it is advis-
able to determine if thresholds obtained from the general
population apply to patients with hypertension. Sensitivity
requirements for detecting LVH in different populations
also vary. Different cut-off values for each ECG criterion
result in different sensitivity and specificity. Therefore,
specific cut-off values for patients with a different cardio-
vascular risk are reasonable. Further research is needed
to investigate cardiovascular outcomes associated with the

NCRCHS criterion and its specific cut-off values among
populations with a different risk score.

CONCLUSIONS
The proposed NCRCHS ECG criterion
(15*1{1\,,L +8*SV3 +7*Rv5 ve) significantly improved the diag-

nostic ability for LVH in a general Chinese cohort, with
the cut-off values of 236.8and >26.1mV for males and
females, respectively. This criterion can be used clinically
to ensure better and earlier LVH detection and treatment
in order to prevent subsequent cardiovascular outcomes.
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