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Abstract

Background: Several ECG criteria have been widely used for diagnosis of left ventric-
ular hypertrophy (LVH) in clinical practice. However, their performance in a general
Chinese population is limited.

Methods and results: A multi-stage, stratified cluster sampling across China was per-
formed and 7415 representative Chinese adults aged 18-85 years were analyzed.
ECG was collected by using GE MAC 5500 machine. The association between five
ECG-LVH criteria (i.e., Peguero-Lo Presti, Cornell, Cornell product, Sokolow-Lyon
and Sokolow-Lyon product) and echocardiographic LVH (Echo-LVH) was assessed by
Pearson's correlation, diagnostic statistics like predictive values, and receiver operat-
ing characteristics (ROC) curve. We found that the prevalence of the Echo-LVH was
11% while ECG-LVH ranged from 3% to 27%. All ECG-LVH criteria had high nega-
tive predictive value (NPV) (89%) and specificity (73-96%) but low positive predictive
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1 | INTRODUCTION

Left ventricular hypertrophy (LVH), which is defined by increased
left ventricular mass (LVM), is usually regarded as a response to
chronic pressure and volume load, and it has been reported as an
independent risk factor for subclinical atherosclerosis and heart
failure (Bayml & Underwood, 2014; Drazner et al., 2004; Velagaleti
et al., 2014; Zile et al., 2011) with a prevalence of up to 15%-20% in
the general population (Weber, 1991). Cardiac magnetic resonance
imaging (MRI) is the current gold standard for evaluation of LVH
(Jain et al., 2010). Nevertheless, two-dimensional echocardiography
is still the main routine tool to estimate LV mass in clinical practice
given economic considerations (Palmieri et al., 1999). In clinical prac-
tice, ECG is so far the most cost-effective and convenient tool to
screen for LVH, and great efforts have been made to improve the
performance of ECG-LVH criteria over the years.

Researchers have proposed numerous ECG criteria to evaluate
LVH, with a high specificity of 85%-90% but low sensitivity of less
than 50%, and different criteria often have different sensitivity, spec-
ificity, and accuracy (Hancock et al., 2009). Among the various crite-
ria, Sokolow-Lyon and Cornell criteria were more commonly used in
clinical practice (Sokolow et al., 2004; Casale et al., 1987). And it has
been often reported that Sokolow-Lyon voltage criteria have higher
sensitivity while Cornell voltage criteria have higher specificity. The
product of QRS duration and voltage derived from Sokolow-Lyon or
Cornell criteria were reported to be more accurate than the voltage
alone (Khaled et al., 2004). Recently, Peguero et al. reported that
sum voltage of the deepest S wave (S;) and S wave in lead V4 (S, )
outperformed Cornell voltage with a significantly higher sensitivity
(Peguero et al., 2017). Most validation of these ECG-LVH criteria was
conducted in Caucasians from Europe and United States of America.
Furthermore, some studies presented that there was racial difference
between Whites and African Americans with ECG-LVH (Chapman
etal., 1999; Peter et al., 2017). However, the validation and compari-
son of these ECG-LVH in a Chinese general population were limited.

value (PPV) (12-24%) and sensitivity (4-29%). The newly Peguero-Lo Presti criteria
had higher sensitivity (29%) but lower specificity (73%) and accuracy (68%) compared
with other criteria. Cornell product had the best diagnostic performance (AUC: 0.59),
as well as the highest specificity (96%) and accuracy (86%) but lowest sensitivity (4%).
Among single-lead components of ECG criteria, R, voltage and QRS duration per-
formed relatively better than others. Hypertensive and older individuals had higher
sensitivity but lower specificity and accuracy than their counterparts.

Conclusion: ECG-LVH criteria had high NPV to detect Echo-LVH. Though with higher
sensitivity, Peguero-Lo Presti criteria did not have better diagnostic performance to
detect Echo-LVH. R, and QRS duration had stronger association with Echo-LVH

among all single-lead components.

ECG, echocardiography, hypertension, left ventricular hypertrophy

In our present study, we aimed to analyze the association be-
tween ECG-LVH and LVH diagnosed by two-dimensional echocar-
diography (Echo-LVH) in a general Chinese population. We also
explored if the results differed by age, body mass index (BMI), and
blood pressure in a Chinese population.

2 | METHODS

2.1 | Study design and study population
We used data from China National Survey of ECG Measures, a cross-
sectional study conducted in China during 2012-2013. In this na-
tional survey, a multi-stage, stratified cluster sampling method was
applied to select study participants. First, we classified 31 provinces,
autonomous regions, and municipalities in mainland China into eight
geographic regions. One administrative area from each region was
then selected by convenience, with consideration of their repre-
sentativeness of the regional social and economic development sta-
tus. Then, a stratified cluster random sampling was used to select
about 1000 eligible study participants in each of the eight regions,
half from urban and half from rural. More detailed study design was
described in all study participants were provided with detailed infor-
mation, and data collection started after the informed consent form
was signed. The study was reviewed and approved by the Peking
University People's Hospital Institution Review Board (#2012-17).
For this analysis, we additionally excluded the following par-
ticipants: 1) participants absence of echocardiogram or ECG; 2)
participants with poor-quality ECG; 3) participants with non-sinus
rhythm, including atrial fibrillation, atrial flutter, junctional rhythm,
et al; 4) participants with frequent premature ventricular contrac-
tion or aberration; 5) participants with major ventricular conduc-
tion abnormalities, such as complete left or right bundle branch
blocks, QRS duration =120 ms; 6) participants with S wave area
<160 uV'ms in all leads.
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2.2 | Electrocardiography
Standard 12-lead ECGs were digitally acquired at a sampling rate
of 2000 samples per second using GE MAC 5500 ECG machine
(GE Healthcare, Wauwatosa, Wisconsin) by trained technicians
and stored using the MUSE data management system for later
retrieval. All ECGs were auto-analyzed using a GE/Marquette 12-
lead ECG Analysis Program-12SL (GE Healthcare) at a central core
laboratory.

ECG-LVH was defined based on the following ECG-LVH criteria
which were calculated from the automatically measured ECG wave-
forms and mainly used in clinical practice:

1. Peguero-Lo Presti voltage: deepest S wave in any single-lead
Sp + Sys 2 2.3 mV for women and = 2.8 mV for men (Peguero
et al., 2017)

2. Sokolow-Lyon voltage: S, + Rys,4 = 3.5 mV (Casale et al., 1987)

3. Gender-specific Cornell voltage: S, ; + R, >2.8 mV for men and
>2.0 mV for women (Casale et al., 1987)

4. Cornell voltage product: (R, + Sy3 * QRS duration
2244 000 pV'ms (Molloy et al., 1992)

5. Sokolow-Lyon voltage product: (S,; + Rys,) QRS duration
>371 000 pV:ms (Molloy et al., 1992)

2.3 | Echocardiography

Echocardiography examinations were performed by trained re-
searchers following standard protocols. End-diastolic interven-
tricular septum (IVSd), posterior wall thickness (PWTd), and left
ventricular internal diameter (LVIDd) were obtained by two-
dimensional echocardiography-guided M-mode tracings. Left
ventricular mass (LVM) was estimated by cube formula 0.8 x 1.0
4 x [(IVSd + LVIDd + PWTd)® - LVIDd®] + 0.6 g,, and left ven-
tricular mass index (LVMI) was LVM indexed by body surface area
(BSA) calculated as 0.007184 x Height®’?° x Weight®4?° reported
by Devereux et al (Devereux et al., 1986). Cutoff values of LVMI
as Echo-LVH were defined as 115 g/m? for male and 95 g/m?
for female according to American Society of Echocardiography

(Recommendations, 2016).

2.4 | Covariates

Standard questionnaires were used to collect information about de-
mographics, socioeconomic, medical and family history, medication
use, smoking, alcohol intakes, and physical activity. Physical exami-
nations following standard protocol were used for anthropometry
and blood pressure measurement. Seated blood pressure was meas-
ured three times with a calibrated upper arm electronic monitor.
Average blood pressure was analyzed in the study. Hypertension
was defined as systolic blood pressure (SBP) 2140 mmHg or diastolic
blood pressure (DBP) 290 mmHg.

2.5 | Statistical analysis

We first described the baseline characteristics according to LVH
group and non-LVH groups. Numerical variables were reported as
mean =+ standard deviation for normal-distributed variables and me-
dian (25%, 75%) for non-normal-distributed variables. Categorical
variables were reported as percentages. We then analyzed Pearson
correlation between LVMI and the voltage or voltage product of
ECG-LVH. Sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy were reported to describe the
performance of each ECG-LVH criteria. AUC analysis was used to
evaluate the discrimination ability of ECG-LVH criteria to identify
Echo-LVH. McNemar’s test was used to compare these ECG-LVH
criteria against the Echo-LVH. Pearson correlation and AUC analy-
sis were also performed on single-lead components of ECG-LVH
criteria. Results were reported as percentage with their respective
95% confidence interval (Cl), and the p < 0.05 was considered sta-
tistically significant. Subgroup analyses were performed based on
age, body mass index (BMI), and blood pressure. Sensitivity analy-
sis for diagnostic performance was conducted on LVM using a dif-
ferent index, namely height (Palmieri, 1999; Velagaleti et al., 2014).
All statistical analysis was carried out in SAS 9.4 (SAS Institute,
Cary, NC).

3 | RESULTS

31 |
LVH

Baseline characteristics and prevalence of

A total of 7415 participants (about 53% female) with an average
age of 48 years old and a baseline blood pressure of 126/82 mmHg
were finally included in the analysis (Figure 1), among whom 32%
were categorized as “hypertension” defined by a seated blood pres-
sure over 140/90 mmHg and 17% were reported to have a history
of cardiovascular disease (Table 1). Echo-LVH was detected in 11%
of the sample population with an average left ventricular ejection
fraction (EF) of 68% and LVMI of 80 g/m2. Lower BSA but higher
BMI, higher blood pressure and lipid were observed in the Echo-LVH
participants. The prevalence of ECG-LVH varied largely, which was
27.3% by Peguero-Lo Presti criteria, 5.3% by Cornell criteria, 3.6%
by Cornell product criteria, 10.9% by Sokolow-Lyon criteria, and
3.7% by Sokolow-Lyon product.

3.2 | Linear correlation between LVMI and ECG-
LVH criteria or its single-lead component

We first treated the calculated ECG-LVH voltage or voltage prod-
uct as numerical variable and analyzed its correlation with LVMI. As
shown in Table 2 and Figure 2, the five ECG-LVH criteria showed
relatively weak correlation with Echo-LVH (r=.10 ~ 0.21, all p < .05),
and the highest correlation was observed in Cornell voltage criteria.



4 of 10
o0 | \WILEY

LV ET AL.

10504 participants with ECG data

FIGURE 1 The flow chart of
participants in the study

1600 excluded due to absent of echocardiogram

8904 completed echocardiogram

913 excluded due to?:
Poor quality (n =72)

Frequent PVCY (n = 6)

Aberrant conduction (n = 3)

BBB (n = 210, 195 RBBB, 15 LBBB“)
QRS > 120ms (n = 137)

S area <160 pV-ms (n = 765)

7991 with appropriate ECG diagnosis

b 143 overlapped

PVC: Premature ventricular contraction
BBB: Bundle branch block

LBBB: Left bundle branch block
RBBB: Right bundle branch block

Poor quality and S area < 160 pV-ms(n = 8)
BBB and QRS > 120 ms (n = 116)
BBB and S area <160 pV-ms(n =19)

516 excluded due to 1% smallest extreme value for
Rvs, Rves, Ravi, Sv3, Sva and deepest S wave.

7415 participants finally included

To clarify the importance of each component in ECG-LVH criteria,
the correlations between LVMI and voltage of R wave or S wave as
well as QRS duration in these criteria were also assessed (Table 2).
R,y showed the highest correlation among all single-lead compo-
nents (r = 0.18, p < .05), which is consistent with Cornell voltage

criteria, namely the sum of R, and S, .

3.3 | Diagnostic performance of ECG-LVH criteria
We evaluated the diagnostic performance of ECG-LVH criteria
when Echo-LVH was taken as reference standard. As presented
in Table 3, generally ECG-LVH criteria had low sensitivity, PPV
but high specificity and NPV. Peguero-Lo Presti criteria had the
best sensitivity (29%, 95%Cl: 26%-32%), followed by Cornell volt-
age (12%, 95% Cl: 9%-14%) as well as Sokolow-Lyon voltage (12%,
95% Cl: 10%-15%), and finally the Cornell and Sokolow-Lyon
product (4%). Peguero-Lo Presti criteria were found to have cor-
respondingly lower specificity (73%, 95% Cl: 72%-74%) but even
much lower accuracy (68%, 95%Cl: 67%-69%), compared with the
others. All criteria performed poor with AUC ranged from 0.50 to
0.59, where Cornell duration product had relative better perfor-
mance (AUC: 0.59, 95% Cl: 0.57-0.61). This may be to some extent
explained by the single-lead components performance shown in
Figure 2, where R, (AUC: 0.60, 95% Cl: 0.58-0.62) and QRS du-
ration (AUC: 0.58, 95% Cl: 0.56-0.6) showed a slightly superiority
over the rest of single leads.

3.4 | Subgroup analysis by age, BMI, and
hypertension

Relatively high specificity, low sensitivity, and poor AUC were ob-
served in all subgroups (Figure 3 Figure 2 and Figure $1,52,53).
As shown in Figure 3 and Figure 51,52 Peguero-Lo Presti criteria
showed the highest sensitivity but lowest specificity and accuracy
no matter how our population was stratified by age, hypertension, or
BMI. The criteria performed generally better in accuracy and AUC in
younger participants, especially those less than 45 years old. Higher
sensitivity for these criteria was observed in groups with older age.
Moreover, as presented in Figure 3 D-F, ECG criteria had higher sen-
sitivity, lower specificity, and accuracy in subjects with hyperten-
sion. Peguero-Lo Presti criteria showed higher AUC in normotensive
participants (Figure S2), which is consistent with the larger AUC of
deepest S in normotensive ones (Figure S3).

4 | DISCUSSION

Here, we obtained the following key findings: 1) All the five ECG-
LVH criteria had low sensitivity, PPV but high specificity and NPV. 2)
Generally, the five ECG-LVH had weak linear correlation with LVMI and
poor discrimination ability with Echo-LVH. 3) Among the five criteria,
Peguero-Lo Presti criteria have the highest sensitivity but lowest accu-
racy and discrimination ability. Cornell voltage product had relatively su-
perior accuracy and AUC but lowest sensitivity. 4) R, and QRS duration
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TABLE 1 Baseline characteristics of sample population

Characteristics
Age,y

Female (%)

BMI, kg/m?
Overweight (%)
BSA

SBP, mmHg

DBP, mmHg
Hypertension (%)

total cholesterol(mmol/I)

TG (mmol/l)

Serum Creatine(umol/I)

Smoking (%)
Drinking (%)

All

(n = 7145)
48.18 + 14.72
3920 (52.87%)
24.18 + 3.57
2856 (38.52%)
1.69 +0.18
126.46 + 19.25
81.81 +10.98
2397 (32.46%)
493+1.1

1.37 (0.94, 2.01)
6742 + 23.29
1855 (25.44%)
1491 (20.48%)
1222 (16.66%)

WILEY-L2°™

non-LVH Echo-LVH indexed by

(n = 6580) BSA(n = 835) P value
4713 £ 14.6 56.38 + 13.03 <0.0001
3284 (49.91%) 636 (76.17%) <0.0001
2412 + 3.57 24.69 + 3.55 <0.0001
2498 (37.96%) 358 (42.87%) 0.006
1.7 +0.18 1.62+0.15 <0.0001
125.33 + 18.61 135.34 + 21.77 <0.0001
81.55 + 10.83 83.83+11.9 <0.0001
1999 (30.49%) 398 (48.07%) <0.0001
491+11 506 +1.11 0.0005
1.35(0.93, 2) 1.52(0.99, 2.14) <0.0001
67.69 +17.34 65.31 + 48.62 0.008
1722 (26.57%) 133 (16.42%) <0.0001
1397 (21.59%) 94 (11.62%) <0.0001
959 (14.73%) 263 (31.88%) <0.0001

Past history of cardiovascular disease
(%)

Abbreviations: BMI = body mass index; DBP = diastolic blood pressure; LVM = left ventricular mass; LVMI = left ventricular mass index; SBP: systolic

blood pressure; TG = triglycerides.
Note: Data are presented as mean =+ standard deviation or n (%)

TABLE 2 Linear correlation between LVMI and ECG-LVH criteria
or its single-lead component

Variable Correlation P value
ECG Criteria

Peguero-Lo Presti 0.14 <0.0001
Gender-specific Cornell voltage 0.21 <0.0001
Cornell voltage product 0.14 <0.0001
Sokolow-Lyon voltage 0.15 <0.0001
Sokolow-Lyon voltage product 0.16 <0.0001

ECG criteria components

Rt 0.18 <0.0001
Rys 0.16 <0.0001
Rye 0.11 <0.0001
Sv1 0.06 0.6108
Svs 0.14 <0.0001
Sva 0.13 <0.0001
deepest S 0.12 0.0092
QRS duration 0.08 0.6552

had stronger association with Echo-LVH compared with other single-
lead components 5) Hypertensive and older individuals had higher sen-
sitivity but lower specificity and accuracy than their counterparts.

4.1 | Prevalence of Echo-LVH in a Chinese
general population

We reported that the prevalence of Echo-LVH determined by BSA-
indexed LVM accounted for 11% in the Chinese general population,

a slightly lower value than found in previous studies describing the
prevalence of LVH being from 13% to 20% (Gallego et al., 2009;
Xu et al., 2015; Stewart et al., 2018). This may be due to different
population or racial differences in progression of LVH (Weber, 1991).
Methodological issues like index approaches may be another inter-
pretation. The rate of Echo-LVH defined by height (Palmieri et al.,
1999; Velagaleti et al., 2014). indexed LVM was much higher com-
pared with that of Echo-LVH indexed by BSA (24% vs.11%) in our pop-
ulation, which suggested that different thresholds for abnormality are
critical and need further investigation. Whether echo LVH indexed by
height or BSA reflects LVH more accurately is a question that MRI or
more advanced techniques may be required to answer. Limited stud-
ies have so far referred to this issue. Differences in baselines between
Echo-LVH and non-Echo-LVH suggested that in individuals with risk
factors of aging, female, hypertension, and obesity, an early screening

of LVH by electrocardiology or echocardiography is needed.

4.2 | Association between Echo-LVH and ECG-LVH

Our study found all the main ECG-LVH criteria had low sensitivity
and PPV as well as high specificity and NPV. The PPV ranges from 12
to 24% while NPV was around 89%. We also assessed the diagnostic
performance of Romhilt-Estes score, another ECG criterion that in-
volves T wave abnormalities, abnormal voltages in limb leads and a
widened QRS duration (Romhilt & Estes, 1968). Low sensitivity (2%),
low PPV (21%), high specificity (99%), and high NPV (89%) were again
observed, which suggested Romhilt-Estes score may be more useful
for excluding the presence of LVH in our population. The high NPV of
ECG-LVH suggested we would be more confident to rule out Echo-
LVH with a normal voltage (or voltage product) in ECG. Discrepancies
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Measures Area Under the ROC Curve (AUC) AUC (95%CI) Correlation
ECG-LVH Criteria- ;
Peguero-Lo Presti- | : I 0.51(0.49~0.53) 0.14
Cornell voltage R 0.55(0.53~0.57) 0.21
Cornell voltage product A 0.59(0.57~0.61) 0.14
Sokollow-Lyon voltage 4 ¢ —t | 0.51(0.48~0.53) 0.15
Sokollow-Lyon voltage product - P 0.53(0.51~0.55) 0.16
Single Lead
RavL voltage —+ 4| 0.60(0.58~0.62) 0.18
Rvs voltage ; " 0.52(0.50~0.55) 0.16
Rve voltage - — 0.52(0.50~0.54) 0.11
Sv1 voltage | — 0.52(0.50~0.54) 0.06
Svs voltage | ————— 0.50(0.48~0.52) 0.14
Svavoltage|  ——t—ri 0.51(0.49~0.53) 0.13
Deepest S voltage R S — 0.53(0.51~0.55) 0.12
QRS duration - —_— 0.58(0.56~0.60) 0.08
0.g0 0.[55 0.|60

FIGURE 2 Areaunder the ROC Curve (AUC) and correlation between the main ECG-LVH criteria or single lead and Echo-LVH. BSA
indexed LVM (LVMI) was applied for determination of Echo-LVH. AUC and 95% confidence interval (95% Cl), as well as correlation, were
presented to evaluate the discrimination ability of ECG-LVH criteria to identify Echo-LVH

TABLE 3 Diagnostic statistics of ECG-LVH criteria for Echo-LVH

ECG criteria Sensitivity(95%Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% Cl) Accuracy(95%Cl)
Peguero-Lo Presti 29(26,32)° 73(72, 74) 12(11, 14) 89(88, 90) 68(67, 69)
Cornell voltage 12(9, 14) 95(95, 96)° 24(20, 29)" 89(89, 90) 86(85, 87)
Cornell product 4(3,5) 96(96,97) 12(8, 16) 89(88, 90) 86(85, 87)
Sokolow-Lyon voltage 12(10, 15) 89(89, 90)" 13(10, 15) 89(88, 90) 81(80, 82)
Sokolow-Lyon product 4(3,6) 96(96,97) 13(9, 17) 89(88, 90) 86(85, 87)

ECG-LVH, electrocardiographic left ventricular hypertrophy. PPV: positive predictive values. NPV: negative predictive values

Accuracy was defined as the percentage of correctly classified instances (True Positive Rate + True Negative Rate)/(True Positive Rate + True

Negative Rate + False Positive Rate + False Negative Rate)

*p < .05: P value stands for pair-wise comparison of sensitivity, specificity, PPV, NPV or accuracy between ECG criteria using Fisher's Exact test,

where Peguero-Lo Presti taken as the reference.

between ECG criteria to detect Echo-LVH were noticed. Previous
studies reported a higher specificity in Cornell and a higher sensitiv-
ity in Sokolow-Lyon criteria (Truong et al., 2016), the two ECG-LVH
criteria most commonly used in practice. Cornell voltage showed
higher correlation and diagnostic performance compared Sokolow-
Lyon criteria for LVMI (Fang et al., 2017; Xu et al., 2015). Recently, the
newer Peguero-Lo Presti criterion defined by the sum of the deep-
est S wave and S wave in lead V4 has been validated as one of the
best criteria by AUC analysis theoretically based on the change of
cardiac depolarization vector (Peguero et al., 2017). However, Sun
et al found it was inferior to Cornell criterion in a Chinese popula-
tion from Liaoning province (Sun et al., 2018). Here, we obtained the
similar results that the diagnostic performance of Cornell voltage was
better than Sokolow-Lyon and Peguero-Lo Presti criteria, though
Peguero-Lo Presti criteria had the highest sensitivity among afore-
mentioned five ECG criteria. Additionally, we found Cornell voltage

product even had slightly better diagnostic performance than Cornell
voltage. Further AUC analysis of single-lead component demon-
strated a greater importance of R wave voltage than S wave alone in
the diagnosis of Echo-LVH in Chinese population. These inconsistent
results from different population may be explained by ethnicity, sam-
ple population, and enrollment of participants, as aforementioned in
previous studies (Peter et al., 2017; Sun et al., 2018). Despite of the
numerous ECG-LVH criteria, it is warranted to explore better screen-
ing method for different regional population (Narita et al., 2019).

4.3 | Association between Echo-LVH and single-
lead component for ECG-LVH

ECG-LVH criteria were different combinations of multiple com-
ponents. Here, we found QRS duration and R,, had stronger
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FIGURE 3 The sensitivity, specificity, and accuracy of the five ECG criteria stratified by age and hypertension

association with Echo-LVH among all other single-lead compo-
nents, which may drive the better performances of Cornell-related
and product-related criteria. QRS duration was reported to be an
independent predictor for LVH in previous studies (Okin et al.,
2002; Palmieri et al., 2007). Potential mechanisms included the
longer time required to activate myocardium that was increas-
ingly distant from specialized conduction tissue and the decreased
conduction velocity in hypertrophied myocardium. In addition,
products of voltage and duration may have a more accurate ap-
proximation of time-voltage integral of QRS complex, which has
been associated with LVH (Okin et al., 1995; Palmieri et al., 2007).
This may explain the stronger association between Echo-LVH and
the two “product” criteria, namely Sokolow-Lyon and Cornell
product criteria, compared with the one using voltage alone. R,
was also a good and reproducible index for LVH. Some studies even
suggested it as the first line to detect LVH (Courand et al., 2015;

Gosse et al., 2012). This may because R,y reflects most of vectors,
directed leftward and superiorly, originating from activation of the
left ventricle (Verdecchia et al.,2009).

4.4 | Subgroup analysis stratified by age and
hypertension

Older age, hypertension, and obesity are risk factors of processing
LVH (Aj & Gr, 2015; Shao et al., 2019; Cheng et al., 2010; Turkbey
et al., 2010). We observed that hypertensive and older individuals
had higher sensitivity but lower specificity and accuracy than their
counterparts. Echo-LVH was reported to be more prevalent in hy-
pertensive and older individuals, which may contribute to the higher
sensitivity in these populations. The decrease of accuracy indicates
the drop of specificity, and the 11% prevalence of Echo-LVH had
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more predominant effects than the increase of sensitivity in hyper-
tensive and older population. Taking all these results into consid-
eration, differences in ECG-LVH by age and blood pressure might
suggest specific criteria for hypertensive population and age-specific
criteria in addition to the factor of sex.

4.5 | Discrepancy between ECG-LVH and LVH
by imaging

We noticed weak linear correlations between ECG-LVH and LVMI
as well as poor discriminative ability of ECG-LVH to detect Echo-
LVH. We speculate that the role of Echo-LVH, or even the current
gold standard MRI-LVH, as a reference standard to be compared
with ECG-LVH may need to be re-examined. The interpretation
of the association between ECG and imaging should be cautious:
instead of just regarding them as equivalent approaches for LVH
detection and taking one as reference standard to validate an-
other, potential distinction of the true nature between these two
approaches may be reconsidered. In theory, ECG reflects the elec-
trical signal of the whole heart while imaging predicts the cardiac
structure and function. Different evaluation may reveal different
functionalities, either diagnosis or prediction (Bacharova, 2009;
Li et al., 2014; Narayanan et al., 2014). It has been reported that
ECG-LVH can predict the outcome of heart failure, outperforming
MRI-LVH (Oseni et al., 2017). Further study is warranted for the
comparisons between individuals with isolated ECG-LVH, imaging-
LVH or both of these two, as well as pathophysiological mecha-
nisms behind these two approaches.

5 | LIMITATIONS

Firstly, we used Echo-LVH as reference standard rather than MRI.
However, LVH estimated by 2D-echocardiography is still the most
widely used method in clinical practice. Secondly, we did not analyze
the association between ECG-LVH and Echo-LVH in multi-variate
model. However, we still considered both ECG-LVH and Echo-LVH
as diagnostic criteria to detect LVH. Thus, covariate variables were

not adjusted.

6 | CONCLUSION

In the present study, we assessed the association between major
ECG-LVH criteria and LVH diagnosed by echocardiology in a
Chinese general population. ECG-LVH criteria had high negative
predictive value to detect Echo-LVH. Though with higher sensitiv-
ity, Peguero-Lo Presti criteria did not have better diagnostic perfor-
mance than traditional ECG-LVH criteria to detect Echo-LVH. R,
and QRS duration had stronger association with Echo-LVH among

all single-lead components.
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9 | ACQUISITION OF DATA

Tingting Lv and Yifang Yuan drafted and designed of the manuscript.
Yifang Yuan, Tingting Lv, and Huijuan Li statistical analyzed the
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revisions.

10 | What Is New?

We analyzed the association between main ECG-LVH criteria, in-
cluding a recently reported criterion, and Echo-LVH in a general
Chinese population. The performance of each single-lead compo-
nent was also evaluated.

11 | What Are the Clinical Implications?
We confirmed the negative predictive value of ECG as a routine
screening tool to rule out Echo-LVH. The performance of the re-
cently reported Peguero-Lo Presti criteria questioned its generaliz-
ability in Chinese population. The better performance of R_,, and
QRS duration among all single-lead components supports their po-
tential application in the development of future ECG-LVH criteria.
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