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Abstract

Left ventricular hypertrophy (LVH) diagnosed by electrocardiography (ECG-LVH) and 

echocardiography (echo-LVH) are independently associated with an increased risk of 

cardiovascular disease (CVD) events. However, it is unknown if ECG-LVH retains its predictive 

properties independent of left ventricular anatomy. We compared the risk of CVD associated with 

ECG-LVH and echo-LVH in 4,076 participants (41% male, 86% white) from the Cardiovascular 

Health Study (CHS), who were free of baseline CVD. ECG-LVH was defined with Minnesota 

ECG Classification criteria from baseline ECG data. Echo-LVH was defined by sex-specific left 

ventricular mass values normalized to body surface area (male: >102 g/m2; female: >88 g/m2). 

ECG-LVH was detected in 144 (3.5%) participants and echo-LVH in 430 (11%) participants. Over 

a median follow-up of 10.6 years, 2,274 CVD events occurred. In a multivariable Cox regression 

analysis adjusted for common CVD risk factors, ECG-LVH (HR=1.84, 95%CI=1.51, 2.24) and 

echo-LVH (HR=1.35, 95%CI=1.19, 1.54) were associated with an increased risk for CVD events. 

The association between ECG-LVH and CVD events was not substantively altered with further 

adjustment for echo-LVH (HR=1.76, 95%CI=1.45, 2.15). In conclusion, the association of ECG-

LVH with CVD events is not dependent on echo-LVH. This finding provides support to the 

concept that ECG-LVH is an electrophysiologic marker with predictive properties independent of 

left ventricular anatomy.
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Left ventricular hypertrophy (LVH) diagnosed by electrocardiography (ECG-LVH) and 

echocardiography (echo-LVH) have both been independently associated with an increased 

risk of cardiovascular disease (CVD) events1–6. When combined with imaging modalities, 

ECG-LVH has variable success in predicting CVD events after controlling for LVH7,8. 

However, it is uncertain if the CVD risk associated with ECG-LVH is comparable to the risk 

associated with echo-LVH, and if ECG-LVH retains its predictive properties independent of 

left ventricle (LV) anatomy. Therefore, we compared the predictive abilities of ECG-LVH 

and echo-LVH for future CVD events in the Cardiovascular Health Study (CHS), and also 

determined if the predictive abilities of ECG-LVH were dependent on LV mass (LVM).

METHODS

Details of CHS have been previously described 9. Briefly, CHS is a prospective population-

based cohort study of risk factors for coronary heart disease and stroke in individuals 65 

years and older. A total of 5,888 participants with Medicare eligibility were recruited from 4 

field centers located in the following locations in the United States: Forsyth County, NC; 

Sacramento County, CA; Washington County, MD; and Pittsburgh, PA. Subjects were 

followed with semi-annual contacts, alternating between telephone calls and surveillance 

clinic visits. CHS clinic exams ended in June of 1999 and since that time 2 yearly phone 

calls to participants were used to identify events and collect data. The institutional review 

board at each site approved the study and written informed consent was obtained from 

participants at enrollment. Participants were excluded if any of the following criteria were 

met: baseline CVD was present, baseline covariate data were missing, QRS duration ≥120 

ms, or follow-up data were missing. A total of 4,076 participants (41% male; 86% white) 

with complete baseline data were used in this analysis.

LVH was determined from the baseline ECG or echocardiogram. Identical 

electrocardiographs (MAC PC, Marquette Electronics Inc., Milwaukee, Wisconsin) were 

used at all clinic sites, and resting, 10-second standard simultaneous 12-lead ECGs were 

recorded in all participants10. All ECGs were processed in a central laboratory (initially at 

Dalhousie University, Halifax, NS, Canada and later at the Epidemiological Cardiology 

Research Center, Wake Forest School of Medicine, Winston-Salem, NC). ECG-LVH was 

defined by Minnesota ECG Code 3 11. In a sensitivity analysis, we also used Cornell voltage 

LVH. A baseline echocardiogram was obtained for each study participant according to 

previously described techniques12. All measurements were read at a central 

echocardiography reading center. Measurements were made from digitized images using an 

off-line image-analysis system equipped with customized computer algorithms. LVM was 

derived from standard formulas described by Devereux et al13. Echo-LVH was defined by 

sex-specific LVM normalized to body surface area (male: >102 g/m2; female: >88 g/m2)14.

The ascertainment and adjudication of baseline and incident cases of CVD events in CHS 

have been previously described15–17. For this analysis, CVD was defined as the development 

of the composite of the following events: coronary heart disease, stroke, and congestive heart 

failure. Adjudicated incident coronary heart disease events were defined as one of the 

following: fatal or non-fatal myocardial infarction, angina pectoris without myocardial 
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infarction, coronary revascularization procedures (angioplasty and coronary artery bypass 

graft surgery), or other fatal coronary heart disease events. All suspected stroke events and 

stroke-related deaths were reviewed by the Cerebrovascular Adjudication Committee and 

included fatal and non-fatal events and subtypes classified as ischemic or hemorrhagic. 

Heart failure events were determined from both the physician diagnosis and/or treatment 

defined by a current prescription for typical therapies (e.g., diuretics, digitalis, and 

vasodilators). Additionally, typical symptoms, signs, and chest X-ray findings of heart 

failure were reviewed by the CHS Events Committee. Probable and definite heart failure 

cases were included.

Participant characteristics were collected during the initial CHS interview and questionnaire. 

Age, sex, race, income, education, and smoking status were self-reported. Annual income 

was dichotomized at $25,000 and education was dichotomized at “high school or less.” 

Smoking was defined as current or ever smoker. Participants’ blood samples were obtained 

after a 12-hour fast at the local field center. Diabetes was defined as self-reported history of 

a physician diagnosis, a fasting glucose value ≥126 mg/dL, or by the current use of insulin 

or oral hypoglycemic medications. Blood pressure was measured for each participant in the 

seated position and systolic measurements were used in this analysis. The use of aspirin and 

antihypertensive medications were self-reported. Hypertension was defined as a baseline 

blood pressure ≥140/90 or by the use of antihypertensive medications. Body mass index was 

computed as the weight in kilograms divided by the square of the height in meters.

Categorical variables were reported as frequency and percentage while continuous variables 

were recorded as mean ± standard deviation. Statistical significance for categorical variables 

was tested using the chi-square method and the student’s t-test for continuous variables. 

Comparisons were examined between participants with and without ECG-LVH and echo-

LVH, separately. We examined the association between ECG-LVH and echo-LVH at 

baseline with incident CVD events. Follow-up time was defined as the time from the initial 

study exam until one of the following: CVD development, death, loss to follow-up, or end of 

follow-up (December 31, 2010). Kaplan-Meier estimates were used to compute cumulative 

incidence of CVD by ECG-LVH and echo-LVH and the differences in estimates were 

compared using the log-rank procedure18. Cox regression was used to compute hazard ratios 

(HR) and 95% confidence intervals (CI) for the association between ECG-LVH and echo-

LVH and incident CVD, separately. Additionally, we examined the association of either 

ECG-LVH or echo-LVH to define LVH to determine the combined effect of both modalities 

regarding CVD risk assessment. Multivariate models were constructed as follows: Model 1 

adjusted for age, sex, race, education, and income; Model 2 adjusted for Model 1 covariates 

plus body mass index, HDL cholesterol, total cholesterol, smoking, systolic blood pressure, 

diabetes, aspirin, and antihypertensive medications. To determine how much of the observed 

risk of CVD associated with ECG-LVH was explained by echo-LVH, we used a third model 

(Model 3) with covariates from Model 2 plus echo-LVH. A sensitivity analysis also was 

performed using covariates from Model 2 and LVM as a continuous variable. The 

proportional hazards assumption was not violated in our analyses. Statistical significance 

was defined as p<0.05. SAS Version 9.3 (Cary, NC) was used for all analyses.
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RESULTS

ECG-LVH was detected in 144 (3.5%) participants and echo-LVH was present in 199 (4.9%) 

participants. Forty-eight participants had both ECG-LVH and echo-LVH. Baseline 

characteristics stratified by ECG-LVH and echo-LVH are shown in Table 1.

Over a median follow-up of 10.6 years, a total of 2,274 (56%; incidence rate=50.0 per 1000 

person-years) CVD events occurred. CVD events occurred. CVD events were more common 

in individuals with ECG-LVH (incidence rate=108.2 per 1000 person-years) and echo-LVH 

(incidence rate=75.8 per 1000 person-years) compared with those without LVH. The 

unadjusted cumulative incidence curves of CVD events by ECG-LVH and echo-LVH are 

shown in Figures 1 and 2, respectively.

In a multivariable Cox regression analysis, ECG-LVH and echo-LVH were associated with 

an increased risk for CVD events (Table 2). The association between ECG-LVH and CVD 

events was not materially altered after inclusion of echo-LVH in the model (Table 2). A 

similar result was observed with LVM as a continuous variable (HR=1.74, 95%CI=1.42, 

2.13).

Similar results were obtained when LVH by Cornell voltage was used instead of LVH by 

Minnesota code. The multivariable HR for Cornell voltage was 1.46 (95%CI=1.19, 1.78), 

which remained significant after accounting for echo-LVH (HR=1.25, 95%CI=1.01, 1.56).

DISCUSSION

In this analysis from CHS, both ECG-LVH and echo-LVH were shown to be predictive of 

future CVD events after accounting for well-known CVD risk factors. The predictive ability 

of ECG-LVH did not depend on echo-LVH, suggesting that ECG-LVH is an important 

electrophysiologic marker of cardiac abnormalities independent of LV anatomy.

LVH by imaging is useful in the prediction of CVD events19. However, important prognostic 

information regarding CVD risk assessment can still be obtained from ECG-LVH. Our study 

demonstrates that the ability of ECG-LVH to predict future CVD events does not depend on 

structural abnormalities. This finding suggests that the electrophysiological abnormalities 

detected with ECG-LVH are important to the prediction of CVD events.

In this analysis, we defined ECG-LVH using Minnesota code criteria. The Minnesota code 

classification system has been used for ECG classification in studies for the past 3 

decades20. Additionally, ECG-LVH detected using these criteria have been shown to predict 

future CVD events across numerous studies and populations21–23. There are many other 

validated ECG-LVH criteria. However, the current ECG interpretation guidelines do not 

favor or recommend one over the other 24, and our results were similar when we used 

Cornell voltage.

LVH is usually associated with increased voltage. However QRS changes in LVH can also 

include prolonged QRS, left axis deviation, left anterior fascicular block, and left bundle 

block-like patterns25. While it had previously been believed that changes in the QRS 
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complex were associated with an increased LVM, studies have shown that the changes are 

due to a combination of anatomical and electrical remodeling26. In contrast, echo-LVH is a 

measurement soley of LVM27. While ECG-LVH and echo-LVH do not detect identical 

pathology, useful information is obtained from both methods. Due to the important 

prognostic information that is obtained from the ECG, this tool provides clinicians with a 

valuable tool to assess CVD risk, especially in facilities with limited resources. Additionally, 

ECG-LVH can reliably be used as a prognostic marker in epidemiologic studies where large-

scale echocardiography is not feasible.

Several limitations should be noted. CHS is a predominately white cohort and this limits the 

generalizability of our findings to other races. Several baseline characteristics were self-

reported and possibly subjected our analysis to recall bias. We grouped several CVD 

outcomes into one category, and it is possible that the results will vary by each outcome. 

However, our results provide exploratory evidence that ECG-LVH provides prognostic 

information independent of LVM and provides a framework for further investigation. Lastly, 

we included several covariates in our multivariable models, but acknowledge that residual 

confounding remains a possibility.
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Figure 1. 
Cumulative Incidence of Cardiovascular Disease by ECG-LVH*

*The cumulative incidence curves are statistically different (log-rank p<0.0001).

ECG-LVH=electrocardiographic left ventricular hypertrophy; LVH=left ventricular 

hypertrophy.
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Figure 2. 
Cumulative Incidence of Cardiovascular Disease by echo-LVH*

*The cumulative incidence curves are statistically different (log-rank p=0.0004).

echo-LVH=echocardiographic left ventricular hypertrophy; LVH=left ventricular 

hypertrophy.
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