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ABSTRACT

Background: Hypertensive patients witBCG let ventricular hypertrophy (LVH) have higher
cardiovascular (CV) morbidity and mortality, but single ECG criteria may underestimate risk.
Whether continued presence or new development of ECG LVH by two criteria cam furthe
concentrate risk during blood pressure lowering is unclear.

Methods and Results Incident stroke, myocardial infarctio@V death, the composite of these
outcomesy andatause mortality were examined in relation to the presencenéatmenECG
LVH by Cornell product and/or Sokolow-Lyon voltage during 4.8+0.9 years mean follow-up in
9,193 hypertensive patients randomizetbsartan or atenololbased regimens Patients were
categorizedinto 4 groups according to the presence or absence of ECG ledehbyriterion at
baseline andyearly during the studpt baseline, LVH by both criteria was present in 960
patients (10.4%). Compared with the absence of ECG LVH by baikeria persistence or
development of ECG LVH by both criteria entered as a-iarying covariate was associated with
>3-fold increased risk of events in multivariable Cox analyses adjusting for randomized
treatment;“baseline risk factors andtoeatment heart rate, systwand diastolic blood pressure;
patients with.ECG LVH by either Cornell product or Sokolow-Lyon voltage had 45 to 140%
higher risks of all endpoints.

Conclusions Persistence or developmentEel£G LVH byboth Cornell product and
Sokolow-Lyon voltage criteria during antihypertensive thela@gsociated witimarkedly
increased risks'd@V endpoints and atause mortality. Further study is indicated to determine
whether additional therapy in these patients can reduce their risk

Clinical*Fral=Registration Information : clinicaltrials.gov. Identifier: NCT00338260.
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CLINICAL PERSPECTIVE

What is new?
e The combination of two different electrocardiographic (ECG) criteria for left ventricular
hypertrophy (LVH) can improve risk stratification compared with either criterion alone.
e Thepersistence or development of ECG LVH by both Cornell product and Sekgptow
voltage.was associated with-#dd increased risks of myocardial infarction, stroke,
cardiovascular mortality, the composite endpoint of these three prior outcamdes

all-cause mortality after adjusting for other known or suspected predictors of risk.

What are the clinical implications?
e Theuse of both Cornell product and Sokolayen voltage together can aid clinicians in
risk stratification of patients with hypertension.
e These.findings further suggest that patients with persistence or developmewnt lo¥H
by hoth_criteria might benefit from additional therapy aimed at regressing their LVH, but

further study of this issue is needed.
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Left ventricular hypertrophy (LVH) detected by the-l#ad electrocardiogram (ECG)
(1-3) and by echocardiography-8& are common manifestations of preclinical cardiovascular
(CV) disease that strongly predict CV morbidity and mortality. Antihypertensive therapy aimed
at reducing blood pressure (BP) can produce regression of LVH-{B}#hdregression of ECG
LVH and (prevention of progression to LVH have bemsociated with a reduced risk of CV
morbidity and mortality(2,3,12,13,16-20) Importantly the improvedorognosiswith regression
of ECG LVH.is.independent ofeductionan BP during antihypertensive therag$6-20). This
increased(riskassociated with failure to regress LVH highlights the importance of better
identifying patients who remain at residual risk despitgressive BP lowering (16-20).

The welkrecognized limited sensitivity of any one ECG LVH criterion as compared with
imaging modalities has been put forward as a limitation of H€@endent approaches to LVH
diagnosig21);"despite findings that imagirajnd ECG methods appear to similarly track prognosis
(17,21,22 and may provide complimentary informati¢@l1,23-28). Based on the limited
sensitivity of single ECG criteria, investigators have demonstrated timat lngih SokolowLon
voltage and' Cornell oltageduration product criteria together cancieasesensitivity and
population=prevalence for detection of echocardiographic LVH, albeit with someofoss
specificity (29;30) and that the presence of both of these criteria on an ECGsoiatad with
higher LV mass index and a greater prevalence of echocardiographic LVH than either criterion
alone or neither (31).Thefinding that different ECG LVH criteria identify different populations
of patients_at potentially increased risk6£9-31) and the additive value of ECG and
imagingbased_VH for risk stratification (21,228) suggests an opportunity to better track risk
by combiningstwo ECG LVH criteria withaznplimentary prognostic power.n this scenarioit
might bespredicted that the mutual abseoicEVH by both criteria would be associated with the
lowest risk, the presence of LVH by both criteria with the highest risk and thenoe=of LVH by
one or the other with intermediate risk.he LIFE study recruited patients with ECG LVH by
either Corell preduct and/or Sokolowyon voltage prior to enrollmentracked the magnitude of
ECG LVH,by boh criteria throughout followup and demonstrated that-treatment Cornell
product and SokoloMcyon criteria separately predicted CV rigk7-20), but did not examine
whether combining the two ECG LVH criteria could improve risk stratificatidimerefore the
present poshoc analysis of data from the LIFE study weslertakerto examine whether the
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continued presence or new development of ECG LVH by both Cornell product and Sakolow
voltagewas associated with increased risk of CV events, CV andaake mortality compared
with continued absence or regression of ECG LVH by both these criteria, atdewkige

presence or development of LVH by either Cornell product or Sokbjem voltage is associated

with intermediateslevation of risk.

METHODS
Subjects

The LIFE study (17-20,3p enrolled 9,193 hypertensive patientith ECG LVH by
Cornell valtageduration product33) and/orSokolowdlyon voltage criteria (3don a screening
ECG in a prospective, doubldind randomized study that compared cardiovascular morbidity and
mortality with*ase of losartaras oppsed to ateolol-based treatment The study was approved
by all ethics committees concerned. As described in detail elsevifie?®,33, eligible patients
for LIFE were men and women aged 55 to 80 with previously untreated or treatedaéssenti
hypertension with mean seated BP in the range2080954115 mm Hg after one and two weeks
on placebo'whoe had not suffered a myocardial infarction or stroke within 6 months and did not
require treatment with a bebdocker, angiotensin converting enzw{#CE)-inhibitor or
angbtensin receptefAT1)-antagonist. IRB approval was obtained and all participants gave

informed written consent.

Treatment Regimens

Blinded-treatment was begun with losartan 50 mg or atenolol 50 mg daily and matching
placeborof thesother agent, with a target BP of 140/90 mm Hg or lower. During clinicatisits
frequentintervals for the first 6 months and at 6 month intervals thereafter, stuagyytbeuld be
up-itrated by addition of hydrochlorothiazide 12.5 mg, followed by increase in blindethlosar
atenolol to 100:mg daily. In patients whose BP was still not controlled, additionaladys
upward-titration of hydrochlorothiazide and if necessary institution of therapy widicaim
channel blocker or additional other medications (excludi@l- or betablockers or
ACE-inhibitors) was added to the double-blind treatment regimen (17-20,32).
Electrocardiography
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ECGs were obtained at study baseline -atahiths and at yearly followp intervals until
study termination or patient death. ECGs were interpreted at the Core Lapat&ahlgrenska
Univerdty Hospital/Ostra in Gotebor@weden by experienced readers blinded to clinical
information.” QRS duration was measured to the nearest 4 msec and the QiIR&lasto the
nearest 0.5 mm (0.05 mV). The product of QRS duration times the Cornell voltage cambinati
(Rave +,.Sva,With 6 mm added in women [Z]) >2,440 mmmsec or Sokolow.yon voltage
(Sv1 + RV35je).>38 mmwere used to identify LVH17-20,32-34) A sexadjustment of 6 mm as
opposed to the originally proposed 8 mm (17), was employed based on studies publibbed as t
LIFE study was getting started suggesting that a higher threshold in women ceasang to
maintain specificity (new 35,36).

Endpoint Determination

TheLIFE studyused a composite endpoint of CV death,-fadal myocardial infarction or
non-fatal stroke, according previously defined criteria (32These endpoints arnlle secondary
endpoint ofall-cause mortality were ascertainesid then verified by an expert Endpoint
Committee who were blinded to ECG results when classifying possible morbid eve(3,823.
Statistical’Analyses

Datamanagement and analysis were performed with SPSS version 22 software. Data are
presented as meantzSD for continuous variables and proportions for categorichlesaria
Patients were classified into fogroups according tthe presence or absence of ECG LVH by
both Cornell_product and Sokolekyon voltage. Differences in prevalence between groups
were compared using x* analyses and mean values of continuous variables were compared using
one-way analysi of variance (ANOVA).

Event rates in relation to the presence or absence of LVH by Cornell product and
Sokolowilyon voltage at baseline were calculated from KaplBer survival estimates.The
relation ofthe presence or absence of LVH ®grnell product andr Sokolowtyon voltage to
the risk of events as assessed using Cox proportional hazards models, with baseline and
subsequent determinations tiie presence or absence of LVH I@ornell product and
Sokolowdlyon voltage entered as tiawvarying covariates 17-20) Initial analyses were
performed with Cornell product and Sokokhwon voltage LVH as separate variables in

univariate and multivariate Cox models and then with LVH classified by theisdbesrinto four
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groupswith the group with nd.VH by either criterion serving as the reference grougaseline

risk factors and a treatment group indicator were included as standard covariates, and baseline and
subsequent systolic and diastolic blood pressume: heart rateneasurements were enterasl
time-varying covariates. The 95% CI of each hazard ratio was calculated from the estimated
coefficients and their standard error$he relationship of the combination of Cornell product and
Sokolowlyon voltage LVH to the composite endpoint was furtxamined in relevant
subgroups.of the study population using the same multivariable Cox analysis as noteddbove a
differences’in the predictive value between subgroups tested by examining théiam&etoveen

the combined LVH variable and each subgroup variable in the overall populd&mrall tests, a

two-tailed'p< 0.05 was required for statistical significance.

RESULTS

At baseline, LVH by both criteria was present in 960 patients (10.48&keline clinical
and demographic characteristics of patients in relationship to the presence or absence of ECG
LVH by Cornell'product and Sokolow-Lyon voltagestudy baselinare slown in Table 1.
PatientsracrosSCG LVH groups differed significantly with respect to agex race, prevalent
diabetes, history of ischemic heart diseasdythmia stroke, peripheral vascular disease,
smoking, prior antihypertensive treatment, baayss indexserum glucosecreatinineand total
and HDL cholesterol levels and urine albumin/creatinine ratio. Compared with patiemtstwith
LVH by either criteron, patients wittECG LVH by both criteria tended to be efdless likely to
be female, dibeticandhave received prior antihypertensive therapy, more likebetblack and a
current smoker;y have a history of ischemic heart disaasgithmia strokeand peripheral
vasculardiseasdad lowelbody mass index and serum gluctseels and higher serum
creatinine'and urine albumin/creatinine ratios.

Blood pressure and ECG LVH measurements at baseline and changes in these
measurementssbetween baseline and lastiuicly determination in relation tbe presence or
absencewf ECG LVH by Cornell product and Sokolow-Lyon voltage at study baseline are shown
in Table 2. Patients across ECG LVH groups differed significantly with respect to all baseline BP
and ECG measurements and for all changes in these measurements with the exception of change in
heart rate. Baseline levels of QRS duration, Cornell product and Sokglowvoltage varied as
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would be predicted by group definition. Changes in SBP and DBP were greatest in paifents
ECG LVH by both criteria, while regression of ECG LVH during treatment wgtgehiin groups
defined by the presence of LVH by that criterion at baseline, and greatest aments péth

ECG LVH by both criteria at study baseline

During mean followup of 46+1.2 years,myocardial infarction occurred in 386 patients
(4.2%), stroke_in 541 patients (5.9%), CV death in 438 patients (41#8%)..IFE composite
endpoint of CV death, myocardial infarction or strokel,096 patients (11.9%@nd allcause
mortality in' 814 patients (8.9%). Univariate and multivariable Cox aralfor the prediction of
these endpoints by Cornell product or Sokeloyon LVH separately are shown in Table 3.
Compared with the absence of LVH by each criterion, the presence of LVH by either
SokolowLyenwoltage or Cornell product was associated ®8&land 128% increased unadjusted
risks of these” outcomes and from 14 to 69% increased adjusted risk of all outcomes in
multivariable Cox models that adjusted for other risk factors.

Compared with each LVH criterion alone (Table 3), the combination ofe@grroduct
and SokolowLyon voltage further concentrates the risk of all endpoints (Figure 1 anB&es
of eachroutcome in relation to the presence or absence of LVH by Cornell product and
SokolowLlyonsvoltage at study baseline are shown in FigureFbr all outcomes, event rates
varied significantly across groups and were lowest in patients who did not havent®&fichediate
in patients with LVH by either Cornell product or Sokolayon voltage and highest in pats
with LVH by both criteria, withfrom 2.5 to 3.5fold higher event rates among patients with LVH
by both criteria than in in those without ECG LVH by either.

Therrisk=of CV morbidity, CV and attause mortality in relationship to the-treatment
presence=or-absence of ECG LVH liith Cornell voltageluration product and Sokolelayon
voltagetreated as tim&arying covariates is shown in Figure 2n univariate Cox analysethe
persistence or development of new ECG LVH was associated with significantly higher risks of all
events: compared with the absence of LVH by both criteria, the presencel diyLivoth Cornell
product-and Sokolowzyon voltage was associated with betweenl-and 5.86fold increased
risks of CV eventsCV mortality and alcause mortality and the presence of LVH by one or the
other criteria with intermediate increased risks of everadter controlling for randomized
treatment with losartan or atenolalge, sex, prevalent diabetes, history of stroke, myocardial
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infarction, ischemic heart disease, heart failure, peripheral vascular disease or prior
antihypertensive treatment, baseline serum cholesterol, HDL cholesterol, glucose and creatinine,
and urine albumin/creatinine ratio treated as standard covariates,-tnedtoment heart rate and
diastolic and systolic blood pressure treated as-vanging covariateson-treatment presence of

ECG LVH by either criteonremained associated with between at A& 840% increased risk of
events and the presence of ECG LVH by both criteria was associated wifold adjusted risk

of all outcomes. There were no significant differences in the predictive value of the condrinati

of Cornellfproduct and Sokolelwyon voltage for the composite endpoint in subgroups of the
LIFE study population stratified by sex, race, age, history of ischemic heart disease, diabetes or

randomized treatment allocation to losartan vs atenolol (Bable

DISCUSSION

Previous workprovidesa conceptual framework for combining EC&/HL criteria to
concentrate risk A number of studies, including in the LIFE population, have demonstrated that
serial assessment of either Sokolbyon voltage or Cornell product can stratify risk of CV
outcomes;"CV-and attause mortality (1:20). However, none of these earlier studies analyzed
whether combining these two criteria could furtttemcentrate riskBased on the limited
sensitivity of single ECG LVH criteriavhich utilize QRSvoltage or voltageluration product
measurements, several studiesre demonstrated that defining ECG LVH by the presence of
either increased Cornell product &okolowlLyon voltage increased ECG sensitivity and
population prevalence of LVHbut at the cost of lower specificity (29,30)n analyses of baseline
echocardiegraphicdata from the LFE study (31), persistence of ECG LVH by both Cornell
productrand=Sailow-Lyon voltage on ECGs performed study baseline was associated with
increased LV chamber volume and wall thickness, higher LV mass, and with increased
prevalenceof echocardiographic LVH and abnormal LV geometry compared with the absence of
ECG LVH by_both criteria. Indeed, after adjusting for the possible effects ofsagetace,
baselinesSBP and body mass index on LV mass, the presence of ECG LVH by both Cornell
product and Sokolovieyon voltage was associated with a -fefd increased odds of
echocardiographic LVH (31). Parallelingoutcomefindings in the current study, the presence of
ECG LVH by either Cornell product or Sokoldwon voltage alone were associated vegithaller
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increases LV mass abnormal LV geometry and echocardiographs¢d (31).

Further supporting the construct of using two different ECG LVH criteria heget
combinationsof ECG LVH with imagingderived LV mass determinations (21,28) QT
prolongation (3Y carry higher risk than either finding alonén an analysis of 4,748 participants
in the MESA study (21), only the presence of LVH on both ECG (by either Cornell or
Sokolowdlyon voltage) and on cardiac MRI remained significantly associated with an increased
risk of a compasite endpoint of CV disease events after adjusting for other taas {@tR1.77,
95% CI 1.033.04), whereas neither LVH by ECG alone (HR 1..20, 95% CI2.69) or on MRI
alone (HR 1.38, 95% CI 0.9B96) were significantly associated with increased risk in their fully
adjusted Cr madel. Similarly, in hypertensive patients in the echocardiographiessudly of
LIFE (28)thevincidence of hospitalization for newset heart failure was markedly higher in
patients with™"LVH on both echocardiography and ECG (by either Cornell praotuct
Sokolowdyon voltage) (4.9%) compared to patients with echocardiographic LVH only (2.2%),
ECG LVH only,(0.6%) or LVH on neither test (0%, p<0.01). After controlling for otteart
failure risk factors in this population, the presence of LVH on both ECG and ediogram
remained-associated with >3fold increased risk of new heart failure (HR 3.60, 95% CI
1.24410.49). Lastly, among 7,506 participants in the US Third National Health and Nutrition
Examination Survey (NHANESI), Soliman et al () found that after adjusting for other risk
factors, risk of allcause mortality was highest in the group with concomitant ECG LVH by
Cornell voltage and a prolonged heart tatiusted QT interval (HR 1.63, 95% CI 1.236) with
intermediateadjustedmortaity risks in those with isolated ECG LVH (HR 1.48, 95% CI
1.24-1.77)sandthose with an isolated long QT interval (HR 1.27, 95% CIl 1.12-1.46).

The'eurrent study builds upon the above findings and concepts and on tiestaklished
prognostic value of serial assessment of ECG LVH (2,3,12,20))160 demonstrate that the
combination of two different ECG LVH criteria can dramatically concentrate risk in hypegensiv
patients undergoing treatment compared with either criterion aldm&ing advantage of the
complimentary information provided by Sokoldwon voltage and Cornell voltaguration
product criteria, these findings suggest that the persistence or developme@ biVE(hy both
criteria in the face obubstantialBP lowering can identify patients whremain at >3old
increased adjusted risk of CV morbidity, CV or-@lluse mortality. In contrast, regression or
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absence of ECG by both criteria was associated with the lowest everntvatdsne, whereas
persistence or development of LVH by either Cornell product or Sokbymm voltage, but not

the other, was associated with intermediate risks of adverse outcomes (Figurae2high
residual risk associated with persistence or development of ECG LVH by both criteria despite
attaining similar level®f ontreatment BP (Table Zuggestshat persistence of LVH by both
criteriamay.identify a subgroup of hypertensive patients in whom more aggressive Bmpweri
could possibly improve their prognosigdowever, the significantly increased risks of @¥ath,

stroke and'the LIFE study composite endpoint in patients with persistent LVH byll(@oodect

criteria despite having average-aatment SBR130 mm Hg (3 8) raises the possibility that
additional. BP lowering in patients who do natlequately regss LVH may not improve
prognosis™inTcontrast, Soliman et al (39,40) demonstrated that more intensive blood pressure
reduction was associated with greater LVH regression and lower rates of developing new LVH
among hypertensive diabetic patients in ACCORD (39) anetinadyetic patients in SPRINT (40),

but that the greater LVH regression in SPRINT did not appear to explain mostitieéion in CV
events. Further study will be required to evaluate whether specifically targeting patients with
persistent'b\Ato further reduce BP and produce regression of LVH can improve prognosis in this
high-risk subgroup of hypertensive patients.

There are several limitations of the current study which warrant mention. First, this is a
posthoc analysis of data from a domized treatment trial that compdtwo different treatment
approaches_to blood pressure reduction. Although determining the relationship of BCG LV
changes with treatment to outcome was a planned secondary analysis of the LIFE study (17)
evaluationsofthe combination of Sokolowyon voltage and Cornell product criteria was not a
prespecified=analysis. Because use of ECG LVH criteria to select patients for LIFE (32)
increased the baseline risk of the population, caution should be used in gemngtiadige findings
to hypertensive patients at lower riskyounger than 55 years oldHowever,ECG LVH have
demonstrated.significant risk stratification in populations that have quitedvaegrees of
baselinewrisk and baseline prevalence of ECG LV13,(2,13, 21,2327), suggesting that these
findings are likely to apply in other, lower-risk hypertensive populations.

In summary, these findings have important implications for the managempatients
with hypertension. First, these observations sugdest derial assessment of both Cornell
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product and SokoloviLyon voltage can improve risk stratification in hypertensive patiuntisg
treatment. More intriguingly, the residual high risk associated with pErsesor development of
ECG LVH by both critea suggest that these patients might benefit from additional therapy aimed
at further lowering their BP and reducing their ECG LVH to reduce risk. Further study is clearly
warranted to determine whether combining ECG LVH criteria similarly concentrsitas pther
patient populations and under other treatment conditions and whether therapydtatgete
regression.of ECG LVH ipatients with persistence of ECG LVH by both criteria can reduce risk
or whether thisyrisk marker identifies a subset of hypsienpatients whose prognosis is less

likely to improve despite adequate BP reduction.
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Table 1. Study Baseline Demographic and Clini€taracteristics in Relation to the Presence or Absence of Electrocardiographic LeftuNéntric

Hypertrophy by:Both Cornell Product and Sokolow-Lyon Voltage at Baseline

Variables CP-/SL- CP+/SL- CP-/SL+ CP+/SL+ p value
(n=2023) (n=5220) (n=990) (n=960)
Age (years) 66.1+7.1 67.2£7.0 66.5£7.0 67.7+6.8 <0.001
Sex (% female) 56.7 58.4 32.5 46.0 <0.001
Race (% Black) 5.3 4.0 13.6 8.5 <0.001
Diabetes (%) 11.6 14.5 10.1 10.4 <0.001
History of ischemic heart disease (%) 13.0 16.4 18.0 17.9 <0.001
History of myocardial infarction (%) 5.2 6.6 6.3 6.1 0.214
History of arrhythmia (%) 5.2 7.0 8.0 9.8 <0.001
History of Stroke. (%) 3.6 4.3 5.7 5.2 0.031
History of heartfailure (%) 0.8 21 11 3.1 <0.001
History of peripheral vascular disease (%) 5.7 5.3 5.7 7.6 0.043
Current smoker (%) 17.4 13.8 23.1 20.7 <0.001
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Prior antihypertensive treatment (%) 71.8 73.4 67.9 70.9 0.003
Randomized Treatment (% Losartan) 50.5 50.0 49.2 50.8 0.870
Body mass indéx (kg/rf) 27.%4.7 28.#4.8 25.5+3.8 26.8+4.6 <0.001
Serumglucose (mMM) 5.90+2.03 6.14+2.31 5.80+1.99 5.87+2.02 <0.001
Total cholesterol{mM) 6.03+£1.12 6.08+£1.13 5.85+£1.08 6.05+£1.15 <0.001
HDL cholesterol{(mM) 1.50+0.43 1.48+0.43 1.54+0.45 1.51+0.44 <0.001
Creatinine (mg/mM) 85.4+19.7 85.8:t19.4 92.3+23.0 90.7+21.0 <0.001
UACR (mg/mM) 4.7+16.1 8.0+38.8 9.7+38.7 9.2+28.6 <0.001

CP=Cornell product; SL=Sokolowyon voltage GFR= glomerular filtration rate; UACR=urine albumin/creatinine fedige 2. Study Baseline and
Change From Study Baseline to LasStudyMeasurement of Blood Presspidectrocardiographic Left Ventricular Hypertroplf@RS Duration and
Heart Raten Relation tathe Presence or Absence of Electrocardiographic Left Ventricular Hgpleytby Both Cornell Product and Sokolow-Lyon

Voltage at Baeline

Variables CP-/SL- CP+/SL- CP-/SL+ CP+/SL+ p value
(n=2023) (n=5220) (n=990) (n=960)

Baseline Measurements
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Systolic BP (mm Hg)
Diastolic BP (mmHg)
Cornell product’ (mmemsec)
Sokolow-Lyon voltage (mm)
QRS duration (ms)

Heart rate (bpm)

Systolic BP (mm HQ)
Diastolic BP (mm_Hg)
Cornell product (mmemsec)
Sokolow-Lyon veltage (mm)
QRS duration+(ms)

Heart rate (bpm)

BP=blood pressure
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172+14

98+8

2065+393

26.4+7.3

92.8+11.5

74.1+11.2

-27.#18.6

-16.8+10.1

13+659

-2.5%6.0

2.7+11.5

-4.8+12.7

17414

9849

3212+897

25.7+6.8

105.7+£19.5

74.2+11.1

176t14

97+9

1715+518

44.9+5.9

96.6+9.4

72.2+10.7

176+143

9849

3454+1239

45.3+6.4

103.8+18.5

73.0+11.3

Change FromBaseline to Last Measurement

-29.4+19.4

-17.2+10.2

-27(+852

-2.8+6.5

1.5+12.3

-5.3+13.0

-30.8+20.2

-16.8+10.6

-13+790

-7.6+£8.4

1.4+13.1

-5.1+12.6

-31.3t21.4

-17.8:11.0

-428+1140

-8.619.1

1.4+13.2

-4.2+£12.7

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.091



Table 3.Univariate and Mulitvariable Cox Models for the Prediction of Outcomes According-tré€atment Left Ventricular Hypertrophy by Either
Cornell Product.or.Sokolowyon Voltage Treated as Tirrieependent Covariates

Outcomes Cornell Product LVH Sokolow-Lyon Voltage LVH

Hazard Ratio 95% CI p value Hazard Ratio 95% CI p value

Univariate

Myocardial Infarction 1.53 1.25-1.88 <0.001 1.62 1.25-2.10 <0.001
Stroke 1.44 1.21-1.71 <0.001 2.28 1.87-2.10 <0.001
Cardiovascular Death 1.80 1.48-2.19 <0.001 211 1.69-2.64 <0.001
Composite Endpoint 1.52 1.34-1.71 <0.001 2.00 1.73-2.31 <0.001
All-Cause Mortality 1.39 1.21-1.60 <0.001 2.05 1.74-2.43 <0.001

Multivariable*

<0.001
Myocardial Infarction 1.28 1.05-1.49 0.014 1.33 1.14-1.55 0.009
Stroke 1.21 1.07-1.34 0.010 1.69 1.35-2.11 <0.001
Cardiovascular-Death 1.37 1.11-1.70 0.004 1.53 1.19-1.98 0.001
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Composite Endpoint 1.17 1.03-1.34 0.021 1.50 1.27-1.76 <0.001

All-Cause Mortality 1.14 1.04-1.33 0.017 1.57 1.30-1.89 <0.001

Cl=confidence interval; LVH=left ventricular hypertrophy

* adjusted for randomized treatment, age, sex, prevalent diabetes, history of stroke, myocardial infarction, ischemic heaghdisatise, h
peripheral vascular:disease or prior antihypertensive treatment, baseline serum cholesterol, éidralgilcose and creatinine, and urine
albumin/creatinine ratio treated as standard covariates, amdaiment heart rate and diastolic and systolic blood pressure treated-aartimg

covariates.

Table 4. Multivariable Cox Analyses to Assess fedictive Value of the Combination of Qmeatment Cornell Product and Sokolayon Voltage

for the LIFE Study-Composite Endpoint in Relevant Subgroups of the Study Population

Subgroup Composite | Hazard Ratio 95% CI p value for
Endpoint interaction
(n)
Sex 0.190
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Female (n=963) 476
Cornell product+/Sokolow-Lyon voltage- 1.44 1.12-1.84
Cornell product-/Sokolow-Lyon voltage+ 1.62 1.02-2.57
Cornell product+/Sokolow-Lyon voltage+ 3.02 2.18-4.18
Male (n=4230) 620
Cornell product+/Sokolow-Lyon voltage- 1.44 1.17-1.78
Cornell preduct-/Sokolow-Lyon voltage+ 1.99 1.49-2.66
Cornellfproduct+/Sokolow-Lyon voltage+ 3.13 2.41-4.06
Race 0.154
White/Other (n=8660) 1021
Cornell preduct+/Sokolow-Lyon voltage- 1.44 1.22-1.70
Cornell-preduct-/Sokolow-Lyon voltage+ 1.82 1.40-2.37
Cornell product+/Sokolow-Lyon voltage+ 3.20 2.60-3.95
Black (n=533) 75
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Cornell product+/Sokolow-Lyon voltage- 1.69 0.84-3.40
Cornell product-/Sokolow-Lyon voltage+ 1.80 0.81-3.95
Cornell product+/Sokolow-Lyon voltage+ 1.87 0.79-4.42
Age 0.481
<65 years (n=3489) 250
Cornell product+/Sokolow-Lyon voltage- 1.52 1.11-2.08
Cornell preduct-/Sokolow-Lyon voltage+ 1.90 1.15-3.14
Cornellfproduct+/Sokolow-Lyon voltage+ 4.60 3.08-6.88
>65 years (n=5704) 846
Cornell product+/Sokolow-Lyon voltage- 1.52 1.26-1.82
Cornell preduct-/Sokolow-Lyon voltage+ 2.03 1.53-2.69
Cornell-preduct+/Sokolow-Lyon voltage+ 2.98 2.36-3.77
History of Ischemic Heart Disease 0.969
No (n=7724) 802
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Cornell product+/Sokolow-Lyon voltage- 1.46 1.22-1.75

Cornell product-/Sokolow-Lyon voltage+ 1.76 1.32-2.35

Cornell product+/Sokolow-Lyon voltage+ 3.06 2.42-3.87
Yes (n=1469) 294

Cornell product+/Sokolow-Lyon voltage- 1.48 1.04-2.10

Cornell product-/Sokolow-Lyon voltage+ 2.45 1.52-3.96

Cornell preduct+/Sokolow-Lyon voltage+ 3.50 2.32-5.27

Diabetes 0.140

No (n=7998) 854

Cornell product+/Sokolow-Lyon voltage- 1.45 1.21-1.73

Cornell preduct-/Sokolow-Lyon voltage+ 1.64 1.24-2.17

Cornell-preduct+/Sokolow-Lyon voltage+ 3.02 2.40-3.79
Yes (n=1195) 242

Cornell product+/Sokolow-Lyon voltage- 1.53 1.05-2.21
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Cornell product-/Sokolow-Lyon voltage+ 3.40 2.03-5.68
Cornell product+/Sokolow-Lyon voltage+ 3.44 2.17-5.45
Randomized Treatment 0.209

Atenolol (n=4558) 588

Cornell product+/Sokolow-Lyon voltage- 1.36 1.09-1.70

Cornell preduct-/Sokolow-Lyon voltage+ 1.45 1.01-2.07

Cornell product+/Sokolow-Lyon voltage+ 2.62 1.98-3.47
Losartan (n=4605)

Cornell product+/Sokolow-Lyon voltage- 1.55 1.23-1.96

Cornell product-/Sokolow-Lyon voltage+ 2.44 1.74-3.41

Cornell-proeduct+/Sokolow-Lyon voltage+ 3.78 2.82-5.08
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Figure Legends:

Figure 1. Rates of myocardial infarction, stroke, cardiovascular death, the composite endgaificause
mortality in relationship to the presence or absence of electrocardiographic left ventricular higpdryropth
Cornell Product and Sokolelwyon voltage at study baseline. (CP=Cornell product; SL=Sokalpon voltage).

Figure 2. Risk of myocardial infarction, stroke, cardiovascular death, the composite endpoatitcandse
mortality in relationship téhe ontreatment presence or absence of electrocardiographic left ventricular
hypertrophy by both Cornell Product and Sokolow-Lyon voltage treated as time-varying cevar@o
analyses. (*adjusted for randomized treatment, age, sex, prevalent dihistteyg of stroke, myocardial
infarction, ischemic*heart disease, heart failure, peripheral vascular disease or prior antihypé&reatsignt,
baseline serum chelesterol, HDL cholesterol, glucose and creatinine, and urine albumin/creatiniadedtast
standard covariates, and-tleatment heart rate and diastolic and systolic blood pressure treated-aar{img

covariates. CP=Cornell product; SL=Sokotayion voltage).
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