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Abbreviations:

BMI: body mass index

BSA: body surface area

CP: Cornell voltage-duration product

ECG: electrocardiography / electrocardiographic

IQR: interquartile range

LDL: low-density lipoprotein

LV: left ventricular / left ventricle

LVH: left ventricular hypertrophy 

LVM: left ventricular mass

LVMI: left ventricular mass index

SL: Sokolow-Lyon voltage combination

ABSTRACT

It is unclear whether 12-lead ECG employing standard criteria for left ventricular hypertrophy (LVH) provides similar 

information with respect to long-term cardiovascular risk as echocardiography. We performed a retrospective cohort 

study of 1376 individuals without cardiovascular disease, who underwent ECG (LVH defined using the Sokolow-Lyon 

voltage combination (>35 mm) or the Cornell voltage-duration product (>2440 mmms)) and echocardiography (LVH 

defined as LV mass index (LVMI) >95 g/m2 for women and >115 g/m2 for men). The prognostic ability of LVH was 

assessed in Cox regression models adjusted for age, sex, smoking, systolic blood pressure, total cholesterol, 

antihypertensive medication, and fasting glucose. The primary endpoint was the composite of coronary events, heart 

failure, stroke, or death. The main secondary endpoint was heart failure or cardiovascular death. Median age was 67 

(range 56-79) years, 68% were male. Eleven percent had ECG-defined LVH, 17% had echocardiographic LVH. Over 

median 8.5 years, 29% experienced a primary event. Event rates were 29%/35% for persons without/with ECG-defined 

LVH and 27%/39% for those without/with echocardiographic LVH. The Sokolow-Lyon combination, Cornell product, 

and ECG-defined LVH did not significantly predict the primary endpoint (P0.05), but ECG-defined LVH predicted 

heart failure or cardiovascular death (adjusted hazard ratio (HR), 1.86, 95% confidence interval (CI), 1.13-3.08); 

P=0.02). Conversely, LVMI was a significant, independent predictor of the primary endpoint (adjusted HR, 1.87, 

95%CI, 1.13-3.10; P=0.01), as was echocardiographic LVH (adjusted HR, 1.27, 95%CI, 1.01-1.61; P=0.04). 

Echocardiographic LVH may be a better predictor of long-term cardiovascular risk than ECG-defined LVH in middle-

aged and older individuals. 
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INTRODUCTION

Left ventricular hypertrophy (LVH) is a well-known risk factor for cardiovascular morbidity and mortality.1-3 Early 

diagnosis is essential as regression of LVH is associated with a reduction in cardiovascular events.4-6 Although several 

modalities are available for detection of LVH, ECG and echocardiography are most commonly used in daily clinical 

practice. ECG is easy to perform, but its specificity and, in particular, sensitivity are limited. On the other hand, 

echocardiography has a higher diagnostic accuracy, but is more expensive and time-consuming.7-10

Contemporary guidelines for arterial hypertension and appropriate use criteria for echocardiography do 

not support universal application of echocardiography in patients with hypertension, but recommend its use when the 

results are likely to influence management.10-12 However, it is unclear whether 12-lead ECG employing standard criteria 

for LVH provides similar information with respect to long-term cardiovascular risk as echocardiography. Data on direct 

prognostic comparisons remain scarce, though some studies have suggested potential advantages of echocardiography 

compared with ECG depending on the setting.13-15 Therefore, the aim of our study was to investigate the prognostic 

ability of LVH diagnosed by either ECG or echocardiography in older normotensive and hypertensive individuals 

without established cardiovascular disease.  

MATERIAL AND METHODS

Study population

The Malmö Preventive Project (1974-1992, n=33,346) was a population-based cohort study that included inhabitants of 

Malmö, Sweden, born 1921-1949. In 2002-2006, 18,238 of the remaining individuals attended a re-screening, the 

Malmö Preventive Project Re-Examination Study. Approximately one-tenth of these subjects (n=1792), randomly 

chosen from groups defined by fasting plasma glucose (normal fasting glucose, impaired fasting glucose, or diabetes), 

underwent a 12-lead ECG and echocardiography at a subsequent visit.16,17 Both examinations were performed on the 

same day. The study was approved by the Regional Ethical Review Board of Lund University, Sweden and conducted 

in accordance with the Declaration of Helsinki. All participants provided written informed consent.

For the present study, we excluded individuals with conditions thought to affect ECG analysis, 

including prior myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, heart failure, 

or left or right bundle branch block (n=272). Subjects with missing echocardiographic variables (n=50), ECG variables 

(n=12), pertinent explanatory variables, i.e., smoking status, systolic blood pressure, plasma total cholesterol, or use of 
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antihypertensive medication (n=76), or those who emigrated (n=6) were also excluded, leaving a final sample size of 

1376 (Supplemental Figure S1). 

Baseline evaluation

A comprehensive, self-administered, computer-based form was used to obtain information on lifestyle (e.g., smoking 

history), medical history, symptoms, and active medications. Details on prior cardiovascular disease were confirmed 

through national and local registries, using appropriate International Classification of Diseases (ICD-9 and ICD-10) 

codes. Height and weight were measured in light indoor clothing. Blood pressure was recorded twice in the supine 

position after 5 minutes of rest, and the average was used for analysis. Blood samples for analysis of plasma glucose 

and plasma cholesterol were drawn after an overnight fast. 

Hypertension

Hypertension was defined per the 2018 European Society of Cardiology/European Society of Hypertension (ESC/ESH) 

guidelines (systolic blood pressure 140 mmHg and/or diastolic blood pressure 90 mmHg and/or use of 

antihypertensive medication) and per the 2017 American College of Cardiology/American Heart Association 

(ACC/AHA) guidelines (systolic blood pressure 130 mmHg and/or diastolic blood pressure 80 mmHg and/or use of 

antihypertensive medication).10,11

Electrocardiogram

A 10-second, 12-lead ECG strip was recorded at 50 mm/s and 1 mV/cm, using MAC, MAC5K or MAC8 devices (GE 

Healthcare, Milwaukee, WI). The manufacturer’s automated Marquette 12SL algorithm was used for assessment of 

QRS duration. This algorithm uses signal-averaging by creating a median QRS complex, i.e., a representative QRS 

complex generated from the median voltages by aligning all QRS complexes of the same shape in time. QRS onset and 

offset are determined by analyzing the slopes in all 12 simultaneous leads, using the time-aligned median complexes. 

The QRS duration is then measured as a global interval, from the earliest detection of depolarization in any lead (onset) 

to the latest detection of depolarization in any lead (offset). Experienced technicians with no knowledge of the clinical 

data manually measured R- and S-wave amplitudes on signal-averaged ECG complexes. We then calculated the Cornell 

voltage-duration product (CP; males: (RaVL+SV3)  QRS duration; females: (RaVL+SV3+6 mm)  QRS duration) 

and the Sokolow-Lyon voltage combination (SL; SV1 + (RV5 or RV6, whichever was taller)). Partitions defining LVH 

were >35 mm for SL and >2440 mmms for CP.10,18

Echocardiography

All echocardiographic images were acquired by six experienced sonographers, using either an S3 transducer (Sonos 

5500 Philips, Andover, MA) or a 3V2c transducer (Acuson Sequoia, Mountain View, CA). These technicians 

subsequently performed offline, guideline-compliant analysis, without knowledge of the clinical data.19 The thickness 

of the interventricular septum, LV internal diameter, and thickness of the posterior wall were obtained from end-

diastolic, 2-dimensional images, in the parasternal long-axis view. Left ventricular mass was computed with the 

Devereux equation and indexed for body surface area (DuBois formula) (conventional scaling; LVH: LVMI >95 g/m2 

[women] and >115 g/m2 [men]).19 Sensitivity analyses were performed by indexing for height1.7 (allometric scaling #1; 
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LVH: LVMI >60 g/m1.7 [women] and >80 g/m1.7 [men]) and for height2.7 (allometric scaling #2; LVH: LVMH >47 

g/m2.7 [women] >50 g/m2.7 [men]).10,20-22 Relative wall thickness was calculated as 2*posterior wall thickness / LV 

internal diameter (abnormal relative wall thickness: >0.42).19 All measurements were averaged from 3-5 cardiac cycles. 

Leósdóttir et al. previously reported intra- and inter-observer variabilities (coefficients of variation) for measurements 

of the interventricular septum, LV inner diameter, and thickness of the posterior wall at 10.5% and 13.0%, 3.3% and 

4.1%, and 5.5% and 12.1%, respectively.16

Outcomes

The primary outcome was the composite of coronary events (i.e., myocardial infarction or invasively treated stable or 

unstable ischemic heart disease), heart failure, stroke, or death from any cause, whichever came first. This broad 

composite endpoint was chosen to maximize the total number of events. Sensitivity analyses were performed using 1) 

heart failure or death from cardiovascular causes and 2) myocardial infarction, stroke, or death from cardiovascular 

causes. These two secondary endpoints emphasized heart failure and ischemic outcomes, respectively. Diagnoses were 

obtained through national and local registries, using ICD-9 and ICD-10 codes (Supplemental Table S1). Only primary 

diagnoses were considered. Moderate-to-high validities for all diagnoses were previously reported in the Swedish 

National Inpatient Register.23 Mortality data were acquired using the National Registry on Causes of Mortality at the 

Swedish Central Bureau of Statistics. Follow-up ended on December 31, 2014.

Statistical analyses

Summary statistics for continuous variables were plotted as means and standard deviations (clear or approximate 

normal distribution) or medians and interquartile ranges (clear non-normal distribution). Categorical variables were 

presented as counts with corresponding percentages. Group-wise comparisons were done using independent samples t-

test or one-way analysis of variance, Mann-Whitney U test or Kruskal-Wallis test, or Pearson’s 2-test, as appropriate. 

Kaplan-Meier analysis with the log-rank test and Cox proportional-hazards regression, assuming an 

uncensored policy for handling ties, were used to assess the risks associated with electrocardiographic and 

echocardiographic markers of LVH.24 Hazard ratios (HR) were reported unadjusted and adjusted for age, sex, smoking 

status, systolic blood pressure, plasma total cholesterol, use of antihypertensive medication, and fasting plasma glucose 

status (i.e., normal fasting glucose, impaired fasting glucose, or diabetes mellitus). A supplemental analysis was 

performed with further adjustment for LVH (conventional echocardiographic LVH for ECG measures, 

electrocardiographic LVH for echocardiographic measures). Standardized HRs were reported for continuous markers of 

LVH. Whether the prognostic implications of LVH were modified by baseline variables was examined using the 

likelihood-ratio test for regression models with and without the relevant interaction term and displayed using Forest 

plots. 

A two-sided P-value <0.05 was considered statistically significant. No adjustments for multiple 

comparisons were made as the study was considered exploratory. The statistical packages IBM SPSS Statistics 24 

(IBM, Armonk, NY, USA) and Stata/IC 15 (StataCorp LP, College Station, TX, USA) were used for all computations.

RESULTS

Baseline characteristics
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Table 1 summarizes baseline clinical, laboratory, electrocardiographic, and echocardiographic characteristics of the 

study participants. Median time from the first screening visit to ECG and echocardiography was 5.5 (interquartile range: 

3.9-7.4) months. One-hundred and fifty-one individuals (11%) had ECG-defined LVH, and 240 (17%) had 

echocardiographic LVH. Individuals who experienced a primary composite event were older, had higher blood 

pressures, higher concentrations of fasting plasma glucose, and were more often on antihypertensive medications. In 

addition, the Cornell voltage-duration product was on average greater, and markers of echocardiographic LVH more 

prevalent, in the group of subjects with an incident event. Supplemental Table S2 shows baseline characteristics 

according to LVH subgroup. 

Incident events

Median follow-up time from ECG and echocardiography was 8.5 (interquartile range: 8.0-9.1) years for all subjects. A 

total of 405 (29%) individuals experienced a primary event, with an incidence density of 36.0 per 1000 person-years. 

Heart failure or death from cardiovascular causes occurred in 92 (7%) subjects (incidence density, 7.6 per 1000 years), 

and myocardial infarction, stroke, or death from cardiovascular causes in 238 subjects (17%; incidence density, 21.0 per 

1000 years). Primary event rates were 29%/35% for persons without/with ECG-defined LVH and 27%/39% for those 

without/with echocardiographic LVH. Corresponding numbers in patients with ESC/ESH-defined hypertension were 

31%/36% for participants without/with ECG-defined LVH and 30%/40% for those without/with echocardiographic 

LVH. Event rates for the primary outcome, stratified for ECG and echocardiographic findings in individuals fulfilling 

the 2017 ACC/AHA criteria for hypertension, are displayed in Figure 1.

Electrocardiography

Means ± standard deviations of the Sokolow-Lyon voltage combination and Cornell voltage-duration product were 22 ± 

7 mm and 1535 ± 625 mmms, and 151 (11%) had electrocardiographic LVH. None of the ECG markers significantly 

predicted the primary outcome (Table 2 and Figure 2a). The Cornell voltage-duration product and electrocardiographic 

LVH were significantly associated with heart failure or death from cardiovascular causes, albeit the former on 

unadjusted analysis only. Conversely, only the Sokolow-Lyon voltage combination was associated with myocardial 

infarction, stroke, or death from cardiovascular causes. Additional adjustment for echocardiographic LVH resulted in 

attenuation of most of these associations (Supplemental Table S3). Electrocardiography-based LVH was not 

associated with the primary outcome across a broad range of subgroups, including baseline hypertension status (Figure 

S2a).  

Echocardiography

Mean LVMI was 88 ± 22 g/m2, with 240 (17%) subjects fulfilling the conventional criteria for LVH. Both LVMI and 

LVH were significantly related to all three composite outcomes after multivariable adjustment, with effect sizes 

strongest for the association with heart failure or death from cardiovascular causes (Table 2 and Figure 2b). Similar 

findings, albeit with slightly weaker effect sizes, were obtained when using allometric scaling, i.e., when indexing LVM 

for height1.7 and for height2.7, respectively (Table 2 and Figures 2c and 2d). Mild attenuation of these associations was 

seen with additional adjustment for electrocardiographic LVH (Supplemental Table S3). However, the addition of 

electrocardiographic LVH to echocardiographic LVH did not significantly alter the discrimination ability or model 

performance for any of the outcomes as assessed by Harrell’s concordance index and the likelihood-ratio test, 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

respectively (results not shown). LVH by either echocardiographic definition was consistently associated with the 

primary outcome across subgroups (Supplemental Figures S2b-d). Conversely, relative wall thickness was only 

associated with outcomes on univariable analysis (Table 2 and Supplemental Table S3).

DISCUSSION

In this retrospective, population-based cohort study of older individuals without established cardiovascular disease, we 

found that echocardiographic, but not electrocardiographic, markers of LVH, independently predicted long-term risk of 

composite coronary events, heart failure, stroke, or death from any cause. The presence of hypertension, irrespective of 

the definition used, did not significantly modify the association between LVH and the primary composite endpoint. 

Only few studies have compared the prognostic utilities of ECG and echocardiographically determined 

LVH. The Uppsala Longitudinal Study of Adult Men investigators reported that electrocardiographic LVH (defined 

using the Cornell voltage-duration product) and echocardiographic LVMI predicted total mortality independently of 

each other and were thus complementary. However, only LVMI was associated with cardiovascular mortality.13 A 

correction factor for females as suggested by the Losartan Intervention for Endpoint reduction (LIFE) study was not 

employed.18 Similarly, a case control study using data from the Oregon Sudden Unexpected Death Study found both 

echocardiographic LVH and Sokolow-Lyon-based LVH to be linked with sudden cardiac arrest, though the latter 

association was marginal.14 Finally, the prospective Cardiovascular Health Study showed that both echocardiographic 

and electrocardiographic LVH, the latter based on Cornell criteria, predicted incident congestive heart failure.15 

Although we were unable to demonstrate a significant association between LVH on ECG alone and the primary 

composite endpoint, our results did not significantly differ from prior studies as we found both echocardiographic and 

electrocardiographic LVH to predict heart failure or cardiovascular mortality, an endpoint that is mechanistically more 

clearly linked to adverse cardiac remodeling than ischemic events.25,26 In fact, the point estimates for 

electrocardiographic and echocardiographic LVH in predicting this endpoint were virtually identical. Furthermore, the 

Sokolow-Lyon combination displayed a strong association with ischemic endpoints while the Cornell product did not. 

This is supported by a recent meta-analysis that suggested distinct predictive properties of these methods for LVH 

detection.27 Finally, prior studies have reported a significantly greater proportion of individuals with 

echocardiographically versus ECG defined LVH, with considerable discordance between the two modalities.13-15,28 A 

study including the present cohort found age, blood pressure, female sex, relative wall thickness, and use of 

antihypertensive medication to affect the probability of concordance between ECG and echocardiography,28 but none of 

these variables significantly interacted with the association between LVH and clinical outcomes.  

Blood pressure measurements are often based on a single or few visits and are not necessarily 

standardized, leading to variability and difficulty in diagnosing hypertension.29 Hypertension-mediated organ damage, 

e.g., LVH, constitutes a potential intermediate state between uncomplicated hypertension and the development of 

clinical events, and its detection may potentially improve risk stratification.10,11 Intuitively, the lower blood pressure 

threshold defined by the 2017 ACC/AHA guidelines would lead to a reduced prevalence of LVH among hypertensive 

patients.30 Our overall prevalence of echocardiographic LVH agreed with prior studies having reported prevalences of 

5-20% in the general population.31-34 However, our prevalence estimates could have been spuriously lowered by the 

inclusion of rather healthy survivors from a cohort originating decades ago as well as the exclusion of individuals with 

known cardiovascular disease. In our subgroup of individuals with ACC/AHA defined hypertension, event rates were 
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lowest in those without any signs of LVH and highest in those with echocardiographically detected LVH alone. This 

may in part be explained by the presence of undiagnosed infiltrative cardiomyopathy.35 However, even those 

without LVH experienced high rates of cardiovascular events. Interestingly, electrocardiographic LVH was not a 

significantly stronger predictor of outcomes among non-obese individuals.36,37 Nevertheless, this was probably a result 

of the power limitations described below. Given the lower sensitivity of ECG and the added complexity and cost of 

broad application of echocardiography, the exact adjunctive role of detection and assessment of LVH in refining 

cardiovascular risk prediction thus remains unclear. Matters are further complicated by the difficulties in predicting 

which individual patients would benefit the most from antihypertensive therapy,38,39 and by extension, which patients, 

particularly among those without any electrocardiographic abnormalities, would be most likely to benefit from 

echocardiographic assessment.6,40,41 Further studies are required to determine whether an increased use of 

echocardiography, or potentially rapid point-of-care ultrasound, may improve contemporary risk stratification and 

inform treatment decisions for hypertension.

Strengths and limitations

Major strengths of our study include a stable, population-based sample with long-term follow-up and limited emigration. 

Furthermore, multiple LVH definitions were assessed. However, the low event rate and related power to detect 

associations and interactions with LVH, particularly on ECG, is a limitation. This is evident from the inability of the 

association between electrocardiographic measures and certain endpoints to meet formal significance despite point 

estimates resembling those for echocardiographic measures. Our selection of components comprising the primary 

composite endpoint that may not be directly pathophysiologically related to the presence of LVH, thus obscuring 

potentially important relationships with certain individual endpoints, could also be questioned; however, this choice was 

consciously made to maximize the total number of events. Given the composition of the study population, the 

generalizability of our results to younger individuals, women, and ethnicities other than white Swedish patients may also 

be limited. Most study participants fulfilled the ACC/AHA criteria for hypertension, limiting the number of individuals 

with normotension. In addition, 24-hour ambulatory blood pressure monitoring was not performed which could have 

strengthened the validity of our hypertension variable, detected resistant and masked hypertension, and provided a more 

precise estimate of cardiovascular risk.10,11,42 Participant selection based on glycemic categories, with oversampling of 

those with impaired fasting glucose or diabetes, prevented us from using fasting plasma glucose as a continuous variable 

and may have been a source of selection bias; however, tests of heterogeneity for the prognostic implications of LVH 

were not statistically significant. Finally, we were unable to explore a purely manual or automated approach to ECG 

analysis and to test newer ECG criteria for LVH as only variables related to the Sokolow-Lyon and Cornell approaches 

were measured.43-45 On the other hand, the Sokolow-Lyon and Cornell methods are also the ones traditionally endorsed 

by guidelines.10

CONCLUSIONS AND PERSPECTIVES

In this population-based cohort study of normotensive and hypertensive older individuals, traditional echocardiographic 

LVH was an independent predictor of the composite of coronary events, heart failure, stroke, or death from any cause, 

while electrocardiographic LVH was not. However, both echocardiographic and electrocardiographic LVH predicted 
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heart failure or cardiovascular mortality. Further work is needed to determine if echocardiography should be employed 

more often to improve risk stratification and inform treatment decisions among patients with hypertension. 
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Figure 1: Rates of the primary outcome stratified for ECG and echocardiographic findings in subjects fulfilling 

the 2017 ACC/AHA criteria for hypertension

Abbreviations: ACC/AHA = American College of Cardiology / American Heart Association; CV = cardiovascular; 

HTN = hypertension; LVH = left ventricular hypertrophy; TTE = transthoracic echocardiography.

Figure 2a: Kaplan-Meier survival curves for the composite of coronary events, heart failure, stroke, or death 

from any cause, according to the absence or presence of electrocardiographic left ventricular hypertrophy

Abbreviation: LVH = left ventricular hypertrophy.

Figure 2b: Kaplan-Meier survival curves for the composite of coronary events, heart failure, stroke, or death 

from any cause, according to the absence or presence of echocardiographic left ventricular hypertrophy 

(conventional)

Abbreviation: LVH = left ventricular hypertrophy.

Figure 2c: Kaplan-Meier survival curves for the composite of coronary events, heart failure, stroke, or death 

from any cause, according to the absence or presence of echocardiographic left ventricular hypertrophy 

(allometric #1)

Abbreviation: LVH = left ventricular hypertrophy.

Figure 2d: Kaplan-Meier survival curves for the composite of coronary events, heart failure, stroke, or death 

from any cause, according to the absence or presence of echocardiographic left ventricular hypertrophy 

(allometric #2)

Abbreviation: LVH = left ventricular hypertrophy.
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Table 1: Baseline clinical, laboratory, electrocardiographic, and echocardiographic characteristics 

 Coronary events, heart failure, stroke, or death from any cause 

 All participants 

n = 1376 

No events 

n = 971 

Events 

n = 405 

P-value 

Demographics     

Age, years 67 (61-70) 66 (59-70) 70 (65-74) <0.001a 

Male sex 942 (68%) 657 (68%) 285 (70%) 0.32b 

Active smoking 204 (15%) 133 (14%) 71 (18%) 0.07b 

Anthropometrics and vital signs     

Height, cm 172 ± 9 172 ± 9 171 ± 9 0.74c 

Weight, kg 83 ± 14 82 ± 14 83 ± 14 0.75c 

Body mass index, kg/m2 28.1 ± 4.3 28.1 ± 4.2 28.1 ± 4.4 0.97c 

Overweight (body mass index 25-29.9 

kg/m2) 

680 (49%) 493 (51%) 187 (46%) 0.12b 

Obese (body mass index ≥30 kg/m2) 387 (28%) 268 (28%) 119 (29%) 0.50b 

Systolic blood pressure, mm Hg 148 ± 20 147 ± 19 150 ± 22 0.01c 

Diastolic blood pressure, mm Hg 85 ± 10 85 ± 10 85 ± 11 0.75c 

Heart rate, bpm 72 ± 12 72 ± 12 72 ± 13 0.63c 

Antihypertensive medication use     

Any antihypertensive medication 565 (41%) 356 (37%) 209 (52%) <0.001b 

Angiotensin-converting-enzyme 

inhibitor 

264 (19%) 168 (17%) 96 (24%) 0.006b 

Beta blocker 258 (19%) 172 (18%) 86 (21%) 0.13b 

Calcium channel blocker 125 (9%) 85 (9%) 40 (10%) 0.51b 

Diuretic 78 (6%) 37 (4%) 41 (10%) <0.001b 

Hypertension (2018 ESC/ESH) 1063 (77%) 724 (75%) 339 (84%) <0.001b 

Hypertension (2017 ACC/AHA) 1255 (91%) 877 (90%) 378 (93%) 0.07b 

Laboratory data     

Fasting plasma glucose, mmol/L 6.2 (5.5-7.2) 6.2 (5.5-7.1) 6.3 (5.5-7.6) 0.02a 

Total cholesterol, mmol/L 5.6 ± 1.1 5.6 ± 1.0 5.5 ± 1.1 0.16c 

Low-density lipoprotein cholesterol, 

mmol/L 

3.6 ± 1.0 3.6 ± 0.9 3.5 ± 1.0 0.16c 

Electrocardiogram     

Sokolow-Lyon combination, mm 22 ± 7 21 ± 7 22 ± 7 0.40c 

Cornell product, mmms 1535 ± 625 1512 ± 604 1590 ± 669 0.04c 

Left ventricular hypertrophy (either 

Sokolow-Lyon or Cornell) 

151 (11%) 98 (10%) 53 (13%) 0.11b 

Echocardiogram     

Left ventricular mass, g 172 ± 48 169 ± 46 180 ± 52 <0.001c 

Left ventricular mass index, g/m2 88 ± 22 87 ± 20 93 ± 24 <0.001c 
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Left ventricular hypertrophy (left 

ventricular mass index in g/m2) 

240 (17%) 147 (15%) 93 (23%) <0.001b 

Left ventricular mass index, g/m1.7 69 ± 18 67 ± 17 72 ± 19 <0.001c 

Left ventricular hypertrophy (left 

ventricular mass index in g/m1.7) 

493 (36%) 316 (33%) 177 (44%) <0.001b 

Left ventricular mass index, g/m2.7 40 ± 10 39 ± 10 42 ± 11 <0.001c 

Left ventricular hypertrophy (left 

ventricular mass index in g/m2.7) 

245 (18%) 151 (16%) 94 (23%) <0.001b 

Relative wall thickness 0.41 ± 0.08 0.40 ± 0.08 0.42 ± 0.09 0.001c 

Ejection fraction, % 61 ± 6 61 ± 6 61 ± 8 0.90c 

aMann-Whitney U test; bPearson’s 2-test; cindependent samples t-test. 

Abbreviations: ACC/AHA = American College of Cardiology / American Heart Association; ESC/ESH = European 

Society of Cardiology / European Society of Hypertension. 
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Table 2: Hazard ratios for markers of left ventricular hypertrophy  

 Unadjusted   Adjusteda  

Coronary events, heart failure, stroke, or death from any cause  

ECG HR (95% CI)  P-value HR (95% CI) P-value  

Sokolow-Lyon 

combination 
1.33 (0.81-2.21) 0.26 1.32 (0.79-2.20) 0.29 

 

Cornell product 1.34 (0.92-1.94) 0.13 1.18 (0.80-1.74) 0.42  

Left ventricular 

hypertrophyb 
1.23 (0.92-1.64) 0.16 1.18 (0.88-1.58) 0.26 

 

Echocardiography HR (95% CI)  P-value HR (95% CI) P-value  

Left ventricular mass index, 

g/m2 
2.64 (1.64-4.26) <0.001 1.87 (1.13-3.10) 0.01 

 

Left ventricular 

hypertrophy, g/m2 
1.45 (1.15-1.83) 0.002 1.27 (1.01-1.61) 0.04 

 

Relative wall thickness 2.12 (1.32-3.41) 0.002 1.23 (0.75-2.03) 0.41  

Left ventricular mass index, 

g/m1.7 
1.71 (1.19-2.46) 0.004 1.53 (1.02-2.30) 0.04 

 

Left ventricular 

hypertrophy, g/m1.7 
1.36 (1.12-1.66) 0.002 1.30 (1.05-1.61) 0.01 

 

Left ventricular mass index, 

g/m2.7 
2.36 (1.54-3.62) <0.001 1.53 (0.97-2.43) 0.07 

 

Left ventricular 

hypertrophy, g/m2.7 
1.43 (1.13-1.80) 0.003 1.16 (0.92-1.47) 0.21 

 

ECG or 

echocardiography 
HR (95% CI)   HR (95% CI) P-value 

 

Left ventricular 

hypertrophy, g/m2 
1.45 (1.17-1.79) <0.001 1.28 (1.03-1.60) 0.02 

 

Left ventricular 

hypertrophy, g/m1.7 
1.40 (1.15-1.70) <0.001 1.32 (1.07-1.62) 0.009 

 

Left ventricular 

hypertrophy, g/m2.7 
1.42 (1.15-1.75) 0.001 1.19 (0.96-1.48) 0.12 

 

Heart failure or death from cardiovascular causes  

ECG HR (95% CI)  P-value HR (95% CI) P-value  

Sokolow-Lyon 

combination 
2.19 (0.79-6.05) 0.13 2.04 (0.75-5.58) 0.17 

 

Cornell product 2.19 (1.06-4.53) 0.04 1.58 (0.75-3.33) 0.23  

Left ventricular 

hypertrophyb 
2.18 (1.33-3.58) 0.002 1.86 (1.13-3.08) 0.02 

 

Echocardiography HR (95% CI)  P-value HR (95% CI) P-value  

Left ventricular mass index, 

g/m2 
9.40 (3.78-23.35) <0.001 5.73 (2.22-14.81) <0.001 
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Left ventricular 

hypertrophy, g/m2 
2.53 (1.65-3.90) <0.001 2.11 (1.36-3.27) <0.001 

 

Relative wall thickness 2.67 (1.02-7.00) 0.045 1.18 (0.44-3.16) 0.75  

Left ventricular mass index, 

g/m1.7 
4.54 (2.32-8.90) <0.001 4.16 (1.95-8.88) <0.001 

 

Left ventricular 

hypertrophy, g/m1.7 
2.05 (1.36-3.09) <0.001 1.87 (1.20-2.90) 0.006 

 

Left ventricular mass index, 

g/m2.7 
7.00 (3.17-15.47) <0.001 4.50 (1.90-10.65) <0.001 

 

Left ventricular 

hypertrophy, g/m2.7 
2.34 (1.52-3.61) <0.001 1.79 (1.15-2.80) 0.01 

 

ECG or 

echocardiography 
HR (95% CI)  P-value HR (95% CI) P-value 

 

Left ventricular 

hypertrophy, g/m2 
2.70 (1.79-4.08) <0.001 2.21 (1.45-3.36) <0.001 

 

Left ventricular 

hypertrophy, g/m1.7 
2.38 (1.56-3.63) <0.001 2.10 (1.34-3.27) 0.001 

 

Left ventricular 

hypertrophy, g/m2.7 
2.67 (1.77-4.02) <0.001 2.07 (1.36-3.16) <0.001 

 

Myocardial infarction, stroke, or death from cardiovascular causes  

ECG HR (95% CI)  P-value HR (95% CI) P-value  

Sokolow-Lyon 

combination 
2.96 (1.61-5.46) <0.001 2.67 (1.43-5.01) 0.002 

 

Cornell product 1.47 (0.91-2.37) 0.12 1.39 (0.84-2.28) 0.20  

Left ventricular 

hypertrophyb 
1.42 (0.99-2.03) 0.06 1.39 (0.97-2.00) 0.07 

 

Echocardiography HR (95% CI)  P-value HR (95% CI) P-value  

Left ventricular mass index, 

g/m2 
3.08 (1.67-5.71) <0.001 2.27 (1.19-4.34) 0.01 

 

Left ventricular 

hypertrophy, g/m2 
1.53 (1.13-2.06) 0.005 1.36 (1.01-1.85) 0.04 

 

Relative wall thickness 2.49 (1.36-4.56) 0.003 1.56 (0.82-2.96) 0.18  

Left ventricular mass index, 

g/m1.7 
1.70 (1.06-2.74) 0.03 1.75 (1.03-2.97) 0.04 

 

Left ventricular 

hypertrophy, g/m1.7 
1.25 (0.97-1.62) 0.09 1.23 (0.94-1.62) 0.13 

 

Left ventricular mass index, 

g/m2.7 
2.76 (1.60-4.78) <0.001 1.88 (1.04-3.39) 0.04 

 

Left ventricular 

hypertrophy, g/m2.7 
1.51 (1.12-2.03) 0.006 1.23 (0.91-1.67) 0.18 

 

ECG or 

echocardiography 
HR (95% CI)  P-value HR (95% CI) P-value 
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Standardized HRs were reported for continuous markers of left ventricular hypertrophy (Sokolow-Lyon voltage 

combination, Cornell voltage-duration product, left ventricular mass index, relative wall thickness).  
aAdjusted for age, sex, smoking status, systolic blood pressure, plasma total cholesterol, use of antihypertensive 

medication, and fasting plasma glucose category. 
bLeft ventricular hypertrophy by either ECG definition. 

Abbreviations: CI = confidence interval; HR = hazard ratio.  

Left ventricular 

hypertrophy, g/m2 
1.56 (1.19-2.05) 0.001 1.41 (1.07-1.86) 0.02 

 

Left ventricular 

hypertrophy, g/m1.7 
1.28 (0.99-1.66) 0.06 1.24 (0.95-1.63) 0.12 

 

Left ventricular 

hypertrophy, g/m2.7 
1.55 (1.19-2.03) 0.001 1.31 (0.995-1.73) 0.054 
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