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Background: Reduction of electrocardiographic left ventricular hy-
pertrophy (LVH) has been associated with decreased cardiovascular
death, stroke, myocardial infarction, and atrial fibrillation. However,
whether reduction of electrocardiographic LVH is associated with
decreased heart failure is unclear.

Objective: To examine the relation of reduction of electrocardio-
graphic LVH to incident heart failure.

Design: Multicenter cohort study derived from a randomized, con-
trolled trial.

Setting: Losartan Intervention For Endpoint reduction in hyperten-
sion study.

Patients: 8479 hypertensive patients without history of heart failure
who were randomly assigned to losartan or atenolol treatment.

Measurements: Change in Cornell product electrocardiographic
LVH between baseline and in-study electrocardiograms, examined
as both a continuous variable and a dichotomous variable (above or
below the median decrease of 236 mm - msec) to predict heart
failure hospitalization occurring after the 6-month follow-up visit.

Results: During mean follow-up of 4.7 years (SD, 1.1 years), 214
patients were hospitalized for heart failure (2.5%): 77 patients with
an in-treatment decrease of 236 mm - msec or more (4.4 per 1000
patient-years) and 137 patients with a reduction less than 236 mm -
msec during treatment (6.8 per 1000 patient-years). In a univariate
Cox analysis in which change in Cornell product was treated as a
time-varying continuous variable, decrease in Cornell product dur-
ing treatment was associated with a decreased risk for new-onset

heart failure, with a 24% lower risk for heart failure for every
817-mm - msec (1 SD of the mean) lower Cornell product (hazard
ratio, 0.76 [95% Cl, 0.72 to 0.80]). In a parallel analysis in which
change in Cornell product was entered as a time-varying dichoto-
mous variable, a greater-than-median in-treatment decrease in Cor-
nell product (236 mm - msec) was associated with a 43% lower
risk for heart failure (hazard ratio, 0.57 [Cl, 0.44 to 0.76]). After
adjustment for treatment, baseline risk factors for heart failure,
baseline and in-treatment blood pressure, and baseline severity of
electrocardiographic LVH, in-treatment decrease of Cornell product
LVH in time-varying multivariate Cox models remained strongly
associated with new heart failure hospitalization, with a 19% lower
risk for every 817-mm - msec lower Cornell product treated as a
continuous variable (hazard ratio, 0.81 [Cl, 0.77 to 0.85]) or a 36%
decreased rate of new heart failure in patients with an in-treatment
reduction in Cornell product of 236 mm - msec or more (hazard
ratio, 0.64 [Cl, 0.47 to 0.89]; P < 0.001 for all comparisons).

Limitations: Use of electrocardiographic LVH to select patients may
have increased risk compared with unselected hypertensive pa-
tients, and use of hospitalization for heart failure as the end point
will underestimate the incidence of new heart failure.

Conclusion: Reduction in Cornell product electrocardiographic LVH
during antihypertensive therapy is associated with fewer hospital-
izations for heart failure, independent of blood pressure lowering,
treatment method, and other risk factors for heart failure.
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eart failure is an increasing public health problem—

both men and women have a 20% lifetime risk for
this condition (1). Because of the enormous clinical and
societal impact of heart failure, current recommendations
emphasize the importance of its prevention (2—4), which
requires a better understanding of risk factors for it
Hypertension doubles the lifetime risk for heart failure in
men and triples the risk in women (1, 5), accounting for
39% of new heart failure cases in men and 59% of incident
cases in women (5). Although numerous studies have doc-
umented the efficacy of antihypertensive therapy in pre-
venting heart failure (6-12), the mechanisms by which
hypertension predisposes to heart failure or by which blood
pressure reduction prevents or retards its development re-
quire further elucidation (5).

Left ventricular hypertrophy (LVH) on electrocardiog-
raphy predicts incident heart failure in both hypertensive
and normotensive individuals (5, 13-22), and prevention
of electrocardiographic LVH appears to attenuate the risk

for new-onset heart failure in high-risk patients (22). In the
LIFE (Losartan Intervention For Endpoint reduction in
hypertension) study (23-27), reduction of blood pressure
by using antihypertensive therapy induced reduction of
electrocardiographic LVH by both Cornell voltage-dura-
tion product and Sokolow—Lyon voltage criteria (23),
which, in turn, were associated with statistically significant
reductions in the risk for cardiovascular death, myocardial
infarction, stroke, and the LIFE composite end point of
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Context

Regression of left ventricular hypertrophy (LVH) has been
associated with reductions in cardiovascular death, stroke,
myocardial infarction, and atrial fibrillation in patients with
treated hypertension, but heart failure outcomes have not
been carefully studied.

Contribution

This analysis of data from the LIFE (Losartan Intervention
For Endpoint reduction in hypertension) trial found an as-
sociation between reduction of LVH by Cornell product
electrocardiographic criteria and hospitalization for new-
onset heart failure. This relationship appeared to be unre-
lated to blood pressure reduction and type of therapy.

Caution

Without clinical trials that directly address the issue, it re-
mains uncertain whether clinicians should adjust antihyper-
tensive therapy on the basis of electrocardiographic find-
ings of LVH.

—The Editors

these 3 outcomes, independent of treatment method and
blood pressure reduction (24). These findings suggest that
reduction of LVH could play an important mechanistic
role in decreasing incident heart failure among treated hy-
pertensive patients (5-12). However, whether reduction of
electrocardiographic LVH itself is associated with a de-
creased incidence of new-onset heart failure during anti-
hypertensive therapy is unclear (19). Accordingly, we exam-
ined whether in-treatment reduction of electrocardiographic
LVH, as measured by change in Cornell voltage-duration
product criteria, is associated with a reduced incidence of
heart failure in the LIFE study sample, independent of the
effects of blood pressure, baseline severity of electrocardio-
graphic LVH, and other risk factors for heart failure.

METHODS
Patients

The LIFE trial (23-27) enrolled 9193 hypertensive
patients with electrocardiographic LVH by Cornell volt-
age-duration product (28, 29) or Sokolow—Lyon voltage
criteria (30) on a screening electrocardiogram. The trial
was a double-blind, randomized study that compared car-
diovascular morbidity and mortality with use of losartan-
based as opposed to atenolol-based treatment (25, 27). It
was approved by all ethics committees concerned. As de-
scribed in detail elsewhere (23-27), patients eligible for the
LIFE study were men and women age 55 to 80 years who
1) had previously untreated or treated essential hyperten-
sion with a mean seated blood pressure of 160 to 200 mm
Hg/95 to 115 mm Hg after 1 and 2 weeks of receiving
placebo; 2) had not had myocardial infarction or stroke
within 6 months; and 3) did not require treatment with a
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B-blocker, angiotensin-converting enzyme inhibitor, or
angiotensin-1-antagonist. All participants gave written in-
formed consent. Patients with a history of heart failure
(n = 166), incident heart failure before the 6-month elec-
trocardiogram (7 = 58), follow-up less than 6 months
(n = 101), or no 6-month electrocardiogram (n = 389)
were excluded from analyses, leaving 8479 patients in our
study.

Treatment Regimens

Blinded treatment was begun with losartan, 50 mg/d,
or atenolol, 50 mg/d, and matching placebo of the other
agent, with a target blood pressure of 140/90 mm Hg or
lower. During clinic visits, dose of the study drug could be
titrated upward by addition of hydrochlorothiazide, 12.5
mg, followed by an increase in the dose of blinded losartan
or atenolol to 100 mg/d. In patients whose blood pressure
was still not controlled, additional open-label upward titra-
tion of the hydrochlorothiazide dose and, if necessary, ther-
apy with a calcium-channel blocker or other medications
(excluding angiotensin-1—blockers, B-blockers, or angio-
tensin-converting enzyme inhibitors) was added to the
double-blind treatment regimen (25).

Electrocardiography

Electrocardiograms were obtained at baseline, at 6
months, and at yearly follow-up intervals until study ter-
mination or patient death. Electrocardiograms were inter-
preted at the Core Laboratory at Sahlgrenska University
Hospital/Ostra in Goteborg, Sweden, as reported else-
where (23-26). The product of QRS duration times the
Cornell voltage combination (R, + Sy, with 6 mm
added in women [28, 29]) greater than 2440 mm - msec or
Sokolow-Lyon voltage (Sy; + RVj,) greater than 38 mm
(30) was used to identify LVH (23, 24). Because patients
were selected for the study on the basis of electrocardio-
graphic LVH above these threshold levels on a screening
electrocardiogram obtained before baseline (23-27), a pro-
portion of patients at baseline would be expected to no
longer meet threshold criteria for LVH as a result of regres-
sion to the mean (23, 24). As a consequence, despite this
selection process, 1934 patients (22.8%) did not meet
threshold criteria for electrocardiographic LVH by either
Cornell product or Sokolow—Lyon voltage on their base-
line electrocardiogram.

End Point Determination

Hospitalization for heart failure was a prespecified sec-
ondary end point in the LIFE study (25); the diagnosis of
heart failure was based on clinical and diagnostic findings.
Each case was reviewed and verified by the Endpoint Com-
mittee, which was blinded to study electrocardiographic
LVH findings when classifying possible morbid events
(25-27).

Statistical Analysis
Data were managed and analyzed by using SPSS, ver-
sion 12.0 (SPSS, Chicago, Illinois). Data are presented as
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means (SDs) for continuous variables and as proportions
for categorical variables. Differences in mean values be-
tween patients with and without new-onset heart failure
were compared by using unpaired # tests; proportions were
compared between groups by using chi-square tests. Dif-
ferences in mean Cornell product between baseline and
subsequent in-treatment electrocardiograms were com-
pared with repeated-measures analysis of variance, and dif-
ferences in changes in Cornell product between baseline
and each in-treatment electrocardiogram were compared
between patients with and without heart failure by using
analysis of variance.

The relation of an in-treatment reduction in Cornell
product to the risk for heart failure was assessed by using
Cox proportional hazards models (31), with the change in
Cornell product between baseline and subsequent in-treat-
ment electrocardiograms entered as a time-varying covari-
ate (24). Baseline risk factors and a treatment group indi-
cator were included as standard covariates; baseline and
subsequent systolic and diastolic blood pressure and in-
treatment changes in Sokolow—Lyon voltage measurements
were entered as time-varying covariates. In addition, we
also analyzed the relation of a reduction in Cornell product
of 236 mm - msec or more versus a reduction less than 236
mm - msec (the median decrease between baseline and last
in-study measurement) treated as a dichotomous time-
varying variable to the development of heart failure. The
adjusted hazard ratios for the incidence of heart failure
associated with in-treatment reduction of Cornell product
treated as a continuous variable were computed per

817-mm - msec lower Cornell product (1 SD of the mean
change in Cornell product between baseline and last in-
study measurement) as the anti-log of the estimated coef-
ficient times the SD (32). The 95% CI of each hazard ratio
was calculated from the estimated coefficients and their
SEs. Analyses were repeated by stratifying the population
by sex, age, race, treatment group, whether the patient was
65 years of age or older, history of atrial fibrillation, isch-
emic heart disease, myocardial infarction, prevalent dia-
betes, and the presence or absence of LVH by Cornell
product or Sokolow—Lyon voltage on the baseline electro-
cardiogram. Interaction between time-varying change in Cor-
nell product and these variables was formally tested by
adding cross-product terms of time-varying reduction of
Cornell product with these variables into the models of the
total population. The relationship of new-onset heart fail-
ure over time to in-treatment reduction of Cornell product
LVH was illustrated by plotting heart failure rates accord-
ing to the presence or absence of reduction in Cornell
product of 236 mm - msec by using a modified Kaplan—
Meier method (33); assignment to groups was adjusted at
the time that each electrocardiogram was obtained, on the
basis of the change in Cornell product between baseline
and those times. For all tests, a 2-tailed P value less than
0.05 was required for statistical significance.

Role of the Funding Source

Merck & Co. provided the study authors with free
access to all of the data; the authors were free to interpret
data and write the paper. The sponsor agreed to support

Table 1. Patient Characteristics and Development of Heart Failure

Variables Patients without Heart Failure Patients with New-Onset P Value
(n = 8265) Heart Failure
(n = 214)
Mean age (SD), y 66.7 (7.0) 70.7 (6.6) <0.001
Men, % 455 47.2 0.671
African-American patients, % 5.2 9.3 0.011
Diabetes, % 12.3 27.6 <0.001
History of ischemic heart disease, % 14.2 341 <0.001
History of myocardial infarction, % 5.1 16.8 <0.001
History of stroke, % 4.1 7.0 0.051
History of peripheral vascular disease, % 5.2 14.0 <0.001
History of atrial fibrillation, % 33 12.6 <0.001
Treatment with losartan, % 50.1 495 0.924
Current smoker, % 15.6 27.6 <0.001
Mean body mass index (SD), kg/m? 28.0 (4.7) 29.0 (5.8) 0.002
Mean serum glucose level (SD) <0.001
mmol/L 5.98 (2.13) 6.96 (3.42)
mg/dL 108 (38) 125 (62)
Mean serum creatinine level (SD) <0.001
umol/L 86.2 (19.6) 91.3 (23.1)
mg/dL 0.98 (0.22) 1.04 (0.26)
Mean total cholesterol level (SD) 0.052
mmol/L 6.06 (1.11) 5.90 (1.17)
mg/dL 235 (43) 228 (45)
Mean high-density lipoprotein cholesterol level (SD) 0.003
mmol/L 1.50 (0.43) 1.41 (0.45)
mg/dL 58 (17) 55 (17)
Mean urine albumin—creatinine ratio (SD), mg/mmol per L 6.5 (27.6) 15.9 (34.7) <0.001
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Table 2. Blood Pressure and Electrocardiographic Left Ventricular Hypertrophy and Development of Heart Failure*

Variable Patients without Heart Failure Patients with New-Onset P Value
(n = 8265) Heart Failure
(n = 214)
Baseline measurements
Systolic blood pressure, mm Hg 174 (14) 175 (14) 0.411
Diastolic blood pressure, mm Hg 98 (9) 95 (9) <0.001
Cornell voltage-duration product, mm - msec 2805 (1022) 3085 (1165) <0.001
Sokolow-Lyon voltage, mm 29.8 (10.4) 33.4(11.4) <0.001
Change from baseline to last measurement
Systolic blood pressure, mm Hg —30 (19) —36(22) <0.001
Diastolic blood pressure, mm Hg —17 (10) -18(12) 0.326
Cornell voltage-duration product, mm - msec —228 (795) 111 (1389) <0.001
Sokolow-Lyon voltage, mm —5.0 (7.0) —4.0 (9.7) 0.042

* Values are expressed as the mean (SD).

performance of the study, at which time it was agreed that
the findings would be published by the investigators re-
gardless of the results. The decision to publish the paper,
the choice of analyses to include, and the drafting of the
manuscript were wholly controlled by all authors.

RESULTS
Patient Characteristics and New-Onset Heart Failure

During mean follow-up of 4.7 years (SD, 1.1), new-
onset heart failure occurred in 214 patients (2.5%). Table
1 shows clinical and demographic characteristics of pa-
tients and development of heart failure. Compared with
patients who did not develop heart failure, hypertensive
patients who developed heart failure were older; were more
likely to be African American, have diabetes, and have his-
tories of myocardial infarction, ischemic heart disease,
stroke, peripheral vascular disease, or atrial fibrillation;
were more likely to be current smokers; had higher body
mass index, glucose levels, and creatinine levels; had lower
total and high-density lipoprotein cholesterol levels and
greater albuminuria; and were equally likely to have been
treated with losartan or atenolol.

Table 2 shows blood pressure and electrocardiographic
LVH measurements at baseline, changes in these measure-
ments between baseline and the last in-study determina-
tion, and development of heart failure. Patients who devel-
oped heart failure had similar baseline systolic pressure,
lower baseline diastolic pressure, and greater reductions in
systolic pressure but similar changes in diastolic pressure.
Development of heart failure was associated with greater
baseline severity of Cornell product and Sokolow-Lyon
voltage LVH and with higher baseline prevalences of elec-
trocardiographic LVH according to both Cornell product
(71.2% vs. 66.7%; P = 0.018) and Sokolow—Lyon voltage
(27.4% vs. 20.5%; P < 0.001) criteria. Despite similar
reductions in diastolic pressure and a greater decrease in
systolic pressure, there were modest progression of Cornell
product LVH and less regression of Sokolow—Lyon voltage
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LVH between baseline and last in-study measurement over
the course of treatment in patients who developed heart
failure.

Table 3 further examines in-treatment Cornell prod-
uct LVH, changes in Cornell product LVH between base-
line and each in-treatment annual electrocardiogram, and
development of heart failure. Among patients who did not
develop heart failure, Cornell product LVH decreased sig-
nificantly between baseline and year 1, with a further de-
crease by the year 2 electrocardiogram; in-treatment Cor-
nell product and the change between baseline and these
electrocardiograms leveled out over subsequent years. In
contrast, among patients who developed heart failure, Cor-
nell product LVH did not change significantly between
baseline and any of the in-treatment annual electrocardio-
grams, with small mean decreases in Cornell product be-
tween baseline and years 1 and 2 and subsequent mean
increases in Cornell product over the remainder of the
study. All these changes were statistically significanty dif-
ferent from the changes in Cornell product among patients
without heart failure.

Reduction in Electrocardiographic LVH and New-Onset
Heart Failure

Table 4 and the Figure examine the relationship of
in-treatment reduction of Cornell product LVH to hospi-
talization for new-onset heart failure. Heart failure devel-
oped in 77 patients who had an in-treatment decrease in
Cornell product of 236 mm - msec or more (4.4 per 1000
patient-years) and in 137 patients with a reduction less
than 236 mm - msec in Cornell product during treatment
(6.8 per 1000 patient-years). In a univariate Cox analysis in
which change in Cornell product was treated as a time-
varying continuous variable, a decrease in Cornell product
during treatment was associated with a decreased risk for
new-onset heart failure, with a 24% lower risk for heart
failure for every 817-mm - msec (1 SD of the mean) lower
Cornell product. In a parallel analysis in which change in
Cornell product was entered as a time-varying dichoto-
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mous variable, an in-treatment decrease in Cornell product
of 236 mm - msec or more was associated with a 43%
lower risk for heart failure than was an in-treatment reduc-
tion less than 236 mm - msec. Modified Kaplan—Meier
curves (33) comparing the rate of new-onset heart failure
according to the reduction of Cornell product LVH be-
tween baseline and in-study electrocardiograms over the
duration of the study (Figure) demonstrate that reduction
of Cornell product LVH of 236 mm - msec or more was
associated with lower risk for heart failure compared with
lesser reductions of Cornell product LVH; reduction of
Cornell product LVH was associated with an estimated
1.0% lower absolute incidence of heart failure after 4 years
of follow-up.

Because patients who developed heart failure differed
from those who did not develop heart failure with respect
to demographic and clinical variables that could affect out-
come (Tables 1 and 2), the independent relation of new-
onset heart failure to in-treatment reduction of Cornell
product LVH was examined after adjustment for the pos-
sible effects of these variables, in-treatment systolic and
diastolic blood pressure, in-treatment change in Sokolow—
Lyon voltage, and baseline Cornell product and Sokolow—
Lyon voltage (Table 4). After adjustment for these factors,
every 817-mm - msec decrease in Cornell product treated
as a continuous variable remained associated with a 19%
lower risk for new-onset heart failure; in a parallel analysis,
in-treatment reduction of Cornell product of 236 mm -
msec or more was associated with a 36% lower incidence
of heart failure after controlling for these covariates. Of
note, the predictive value of in-treatment change in Cor-
nell product for new-onset heart failure remained highly
statistically significant and nearly identical to outcomes in
the overall study sample when analyses were restricted to
the subset of the sample (72 = 5585) who had Cornell
products on their baseline electrocardiograms that met
study criteria for LVH (>2440 mm - msec), whether
change in Cornell product was treated as a time-varying
continuous variable (hazard ratio, 0.80 [95% CI, 0.70 to
0.90]) or as a time-varying dichotomous variable (hazard

ratio for reduction =236 mm - msec, 0.57 [CI, 0.40 to
0.81]) in multivariable Cox analyses. In addition, in-treat-
ment change in Cornell product remained predictive of
new-onset heart failure after further adjustment for the
presence or absence of the electrocardiographic strain pat-
tern (34) in the subset of the sample in which electrocar-
diographic strain was determined (7 = 8219).

Table 5 examines the predictive value of a reduction
of Cornell product for new-onset heart failure in relevant
subsets of the sample. The association between in-treat-
ment decrease of Cornell product and less new-onset heart
failure was similar when the sample was stratified by sex,
ethnicity, age, study treatment group, history of atrial fi-
brillation, ischemic heart disease or myocardial infarction,
and the presence or absence of Cornell product LVH or
Sokolow—Lyon voltage LVH on the baseline electrocardio-
gram. In contrast, reduction of Cornell product LVH was
associated with statistically significant greater decreased risk
for heart failure in patients without prevalent diabetes at
baseline.

Discussion

These findings demonstrate that reduction of electro-
cardiographic LVH during antihypertensive therapy is as-
sociated with a lower likelihood of new-onset heart failure,
independent of blood pressure lowering and the predictive
value of other risk factors for heart failure. In contrast, the
absence of a reduction in Cornell product LVH during
treatment is associated with a higher rate of new-onset
heart failure. These findings support the value of serial
measurement of Cornell product criteria for assessing the
risk for heart failure in hypertensive patients.

Heart Failure and LVH

The relationship of electrocardiographic LVH at base-
line to the risk for heart failure has been well documented
in population-based studies and among hypertensive pa-
tients (13—22). Relevant studies were identified from a
MEDLINE search of English-language articles, published
through January 2007, of clinical trials of hypertrophy,

Table 3. Cornell Voltage-Duration Product and Development of Heart Failure*

Visit Patients without Heart Failure (n = 8265) Patients with New-Onset Heart Failure (n = 214) P Valuet
Year
Patients,  Baseline Visit Cornell ~ Change in P Value  Patients, Baseline Visit Cornell ~ Change in P Value
n Cornell Product, Cornell n Cornell Product, Cornell
Product, mm - ms Product, Product, mm - ms Product,
mm - ms mm - ms mm - ms mm - ms
1 7680 2800 (1011) 2610 (1010) —189 (616) <0.001 193 3109 (1195) 3096 (1409) —13 (1067) 0.870 <0.001
2 7347 2797 (1010) 2547 (1009) —250 (685) <0.001 166 3029 (1032) 2995 (1134) —35(871) 0.608 <0.001
3 7016 2788 (996) 2536 (1018) —252 (701) <0.001 154 3060 (992) 3069 (1164) 9(923) 0.908 <0.001
4 6835 2787 (991) 2548 (1052) —239 (743) <0.001 129 3036 (1051) 3119 (1370) 83 (1175) 0.422 <0.001
5 4993 2805 (980) 2549 (1001) —255 (753) <0.001 85 3041 (911) 3077 (1336) 35 (1361) 0.811 0.001
Last 8265 2805 (1022) 2578 (1082) —228 (795) <0.001 214 3085 (1165) 3195 (1539) 111 (1389) 0.246 <0.001

* Unless otherwise noted, values are the mean (SD).
1 Comparison between patients with heart failure and those without heart failure.
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Table 4. Predictive Value of the In-Treatment Decrease in
Cornell Product Left Ventricular Hypertrophy for Heart
Failure*

Predictor Variable Hazard Ratio P Value
(95% CI)
Univariatet
Change in Cornell product LVH 0.76 (0.68-0.85) <0.001
(per 817-mm - msec decrease)
Decrease in Cornell product LVH 0.57 (0.44-0.76) <0.001
= 236 mm - msec
Multivariate$
Change in Cornell product LVH 0.81 (0.74-0.89) <0.001
(per 817-mm - msec decrease)
Decrease in Cornell product LVH 0.64 (0.47-0.89) <0.001

= 236 mm - msec

* LVH = left ventricular hypertrophy.

T New-onset heart failure occurred in 77 patients with an in-treatment decrease in
Cornell product = 236 mm * msec (a rate of 4.4 per 1000 patient-years) and in
137 patients with a lesser in-treatment decrease or an increase in Cornell product
LVH (a rate of 6.8 per 1000 patient-years).

+ Adjusted for possible effects of treatment with losartan versus atenolol, age, sex,
race, prevalent diabetes, history of ischemic heart disease, myocardial infarction,
stroke, peripheral vascular disease, atrial fibrillation or smoking, baseline albumin—
creatinine ratio, serum glucose and creatinine levels, total and high-density
lipoprotein cholesterol levels, body mass index, and Cornell product; baseline and
in-treatment systolic and diastolic blood pressures; and baseline and changes in
Sokolow—Lyon voltage.

hypertension, and heart failure and from the authors’ ex-
perience. A recent report (21) found that baseline severity
of Cornell product LVH remained a statistically significant
predictor of the development of new-onset heart failure in
diabetic patients in the LIFE and RENAAL (Reduction of
Endpoints in NIDDM [non—insulin-dependent diabetes
mellitus] with the Angiotensin II Antagonist Losartan)
studies after controlling for other risk factors and the effect
of losartan treatment on heart failure incidence. In addi-
tion, we recently demonstrated that the electrocardio-
graphic strain pattern of ST-segment depression and T-
wave inversion in the lateral precordial leads, which is
strongly associated with increased left ventricular mass and
depressed left ventricular function (35) and with adverse
cardiovascular outcomes in the LIFE study (36), is a strong
predictor of incident heart failure in the large subset of the
LIFE sample with electrocardiographic strain determina-
tions (34). However, whether a decrease in electrocardio-
graphic LVH is associated with a reduced incidence of
heart failure has not been clearly demonstrated.

In the HOPE (Heart Outcomes Prevention Evalua-
tion) study (22), 8281 patients with high-risk vascular dis-
ease or diabetes had Sokolow—Lyon voltage LVH deter-
mined at baseline and at study end. Electrocardiographic
LVH was present in 672 patients (8.2%) at baseline and in
742 patients (9.0%) after a 4.5-year mean follow-up.
Using a simple chi-square analysis, the investigators found
that persistence or development of electrocardiographic
LVH was associated with a higher heart failure incidence
than prevention or regression of LVH (15.4% vs. 9.3%).
However, this analysis did not consider time to develop-
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ment of heart failure, which may have preceded the end-
study electrocardiogram; did not assess baseline or subse-
quent severity of LVH; and did not adjust for baseline or
in-study blood pressures or for other heart failure risk fac-
tors that differed between the groups with and without
persistent LVH (22). In addition, this analysis primarily
examined the relationship of persistent LVH over time to
the development of heart failure (22), since the prevalence
of LVH was only 8.2% at baseline and increased minimally
over follow-up. In a study evaluating the prognostic value
of serial electrocardiographic voltage in 4159 patients with
systolic hypertension (19), Fagard and colleagues found a
strong association between baseline electrocardiographic
left ventricular mass defined as the sum of 3 voltages
(RaVL + SV1 + RV5) and new-onset heart failure, but
change in the sum of voltage during follow-up was not a
statistically significant predictor of the development of
heart failure in these patients in multivariable Cox models.

In contrast, to our knowledge, our study is the first to
demonstrate a clear association between a reduction in
electrocardiographic LVH and decreased incidence of heart
failure. After controlling for other risk factors for heart
failure, in-treatment blood pressures, and treatment effects,
greater-than-median reduction of electrocardiographic LVH
by Cornell product on serial assessment of electrocardio-
grams in the LIFE study was associated with a 36% lower
incidence of heart failure (Table 4). When the analysis was
restricted to patients with LVH on their baseline electro-
cardiograms, greater-than-median reduction of Cornell
product was associated with a 43% lower rate of new heart
failure. Of note, the predictive value of a decrease in Cor-
nell product did not depend on use of the median values
for the change between baseline and last in-study measure-

Figure. Rate of new-onset heart failure according to
presence or absence of a 236-mm - msec reduction in
Cornell product left ventricular hypertrophy (LVH).

EN

Regression from baseline
Cornell product LVH

34 <236 mm - msec
—>236 mm - msec

New-Onset Heart Failure, %

OoT=H——T—T T T T T T
6 12 18 24 30 36 42 48 54 60

Follow-up, mo

Cornell product LVH regression < 236 mm - msec
Cumulative events, n 0 12 39 68 106 128
Patients at risk, n 5331 4632 4094 3905 3868 1439
Cornell product LVH regression = 236 mm - msec
Cumulative events, n 0 6 20 37 53 73
Patients at risk, n 3012 3671 4033 4025 3887 1649

Patient group assignment was adjusted at the time of each electrocardio-
gram on the basis of the Cornell product at that time (33).
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Table 5. Association of Decreases in Cornell Voltage-Duration Product with New-Onset Heart Failure: Univariate Analyses*

Subgroup New-Onset Hazard Ratio P Value for
Heart Failure, n (95% CIt Interaction#

Sex 0.194
Male (n = 3861) 101 0.46 (0.31-0.70)
Female (n = 4618) 113 0.67 (0.46-0.98)

Ethnicity 0.104
White or other (n = 8033) 194 0.53 (0.39-0.71)
Black (n = 446) 20 1.12 (0.46-2.68)

Treatment 0.482
Atenolol (n = 4232) 108 0.63 (0.42-0.93)
Losartan (n = 4247) 106 0.51 (0.36-0.76)

Age 0.113
<65y (n = 3282) 46 0.87 (0.49-1.56)
=65y (n = 5197) 168 0.51 (0.33-0.70)

History of atrial fibrillation 0.179
No (n = 8178) 185 0.52 (0.39-0.71)
Yes (n = 301) 29 0.88 (0.42-1.83)

History of ischemic heart disease 0.150
No (n = 7229) 141 0.51 (0.36-0.72)
Yes (n = 1250) 73 0.78 (0.49-1.25)

History of myocardial infarction 0.161
No (n = 8018) 178 0.51 (0.38-0.70)
Yes (n = 461) 36 0.88 (0.46-1.69)

Diabetes 0.001
No (n = 7406) 155 0.43 (0.31-0.60)
Yes (n = 1073) 59 1.20 (0.72-2.00)

Cornell product LVH on baseline ECG 0.578
No (n = 2894) 56 0.44 (0.23-0.86)
Yes (n = 5585) 156 0.54 (0.40-0.75)

Sokolow-Lyon voltage LVH on baseline ECG 0.423
No (n = 6666) 152 0.60 (0.43-0.84)
Yes (n = 1813) 62 0.46 (0.27-0.78)

* ECG = electrocardiogram; LVH = left ventricular hypertrophy.

+ Hazard ratio for in-treatment decrease in Cornell product LVH = 236 mm * msec.

¥ P values for interaction term in Cox models between time-varying Cornell product and the subgroup variable coded as absent or present.

ment for defining regression, but remained statistically sig-
nificant when change in Cornell product was examined as
a continuous variable as well.

The strong associations of left ventricular mass with
echocardiographic measures of systolic and diastolic func-
tion (37, 38) and of changes in left ventricular mass with
changes in systolic performance (39), and the established
predictive value of left ventricular mass and left ventricular
systolic and diastolic dysfunction for incident heart failure
(40-42), provide potential mechanistic links between re-
ductions of Cornell product LVH and a decrease in heart
failure incidence. In the echocardiographic substudy of the
LIFE study, increased baseline left ventricular mass was the
strongest independent correlate of impaired endocardial
and midwall shortening (37) and correlated with pro-
longed isovolumetric relaxation time (38). Moreover, in
679 LIFE patients with serial echocardiograms obtained at
baseline and yearly during 3 years of blinded therapy (39),
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multivariable analyses showed that reduction of left ven-
tricular mass was associated with improvement in midwall
shortening and contractility. Taken together, these findings
suggest that the relationship between reduction of electro-
cardiographic LVH and decreased incidence of heart fail-
ure in the LIFE sample may reflect reduction-mediated
improvements in left ventricular systolic and diastolic func-
tion. Further study of the relationship of changes in vari-
ables of left ventricular systolic and diastolic function to
changing values of electrocardiographic LVH during anti-
hypertensive therapy may provide greater insight into this
potential mechanistic link between electrocardiographic
LVH reduction and development of heart failure.

Limitations

Several limitations of our study warrant review. First,
use of Cornell product and Sokolow—Lyon voltage criteria
to select patients for the LIFE study increased the baseline
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risk for the study sample, and as a consequence, our find-
ings may not be representative of hypertensive populations
with less severe disease. Second, use of hospitalization for
heart failure to define new-onset heart failure most cer-
tainly underestimates the true incidence of heart failure,
potentially reducing precision of the estimates of effect of
reduction of LVH on heart failure incidence. In addition,
the statistical phenomenon of regression to the mean may
affect the current findings, particularly in light of the use of
Cornell product and Sokolow—Lyon voltage above thresh-
old levels to select patients for the LIFE study, despite our
attempt to minimize this problem by using separate screen-
ing and baseline electrocardiograms (24, 25). As a conse-
quence of this selection process and the intrinsic variability
of electrocardiographic measurements, both the degree of
electrocardiographic LVH at baseline and the subsequent
decrease in electrocardiographic LVH during therapy were
probably overestimated in some patients. However, de-
creased heart failure hospitalization was associated with re-
duction of Cornell product considered as a continuous
measure, which would bias against our findings because
overestimations due to statistical fluctuations would lead to
a more conservative estimate of the effect of electrocardio-
graphic LVH on outcome. Moreover, assessment of risk
based on Cornell product LVH criteria considered as time-
dependent continuous covariates adjusts for both baseline
and subsequent levels of these variables, mitigating the im-
pact of any overestimations. Finally, examination of the
5585 patients who met Cornell product criteria for LVH at
baseline did not affect our results, further arguing against a
substantial impact of regression to the mean on these find-
ings.
Implications and Future Directions

Taken together with the increasing incidence and
prevalence of heart failure in the U.S. population (1) and
the strong associations of both preexisting hypertension
and LVH with the development of heart failure (1, 5, 13—
22), these data support the use of serial evaluation of Cor-
nell product criteria during antihypertensive treatment to
monitor the risk for heart failure. These observations and
the previous finding that lower in-treatment values of Cor-
nell product and Sokolow—Lyon voltage LVH are associ-
ated with decreased cardiovascular morbidity and mortality
in the LIFE study (24) suggest that antihypertensive ther-
apy targeted at reduction of electrocardiographic LVH may
be an additional goal of therapy, beyond blood pressure
lowering, to reduce the incidence of heart failure and its
associated morbidity and mortality. However, further
study is required to determine whether therapy aimed spe-
cifically at reduction of LVH above and beyond attainment
of a target blood pressure will reduce the incidence of new-
onset heart failure in hypertensive patients with electrocar-

diographic LVH.

From Weill Medical College of Cornell University, New York, New
York; Amgen, San Francisco, California; Sahlgrenska University Hospi-

318|4 September 2007 | Annals of Internal Medicine | Volume 147 ¢ Number 5

tal/Ostra, Goteborg, Sweden; Ullevdl University Hospital, Oslo, Nor-
way; University of Michigan Medical Center, Ann Arbor, Michigan; and
Merck & Co., Whitechouse Station, New Jersey.

Grant Support: In part by grant COZ-368 and an Investigator Initiated
Study grant from Merck & Co., Inc., West Point, Pennsylvania.

Potential Financial Conflicts of Interest: Employmens: K.E. Harris
(Merck & Co. Inc.), J.M. Edelman (Merck & Co. Inc.). Consultancies:
R.B. Devereux (Merck & Co. Inc.), S. Julius (Merck & Co. Inc.), B.
Dahlsf (Merck & Co. Inc., Novartis, Boehringer Ingelheim, Pfizer Inc.).
Honoraria: R.B. Devereux (Merck & Co. Inc.), S.E. Kjeldsen (AstraZen-
eca, Bayer, Merck & Co. Inc., Novartis, Pfizer Inc., Boehringer In-
gelheim, Sankyo, Bristol-Myers Squibb), S. Julius (Merck & Co. Inc.),
B. Dahlof (Servier, Merck & Co. Inc., Novartis, Boehringer Ingelheim,
Pfizer Inc.). Stock ownership or options (other than mutual funds): J.M.
Edelman (Merck & Co. Inc.); Grants received: P.M. Okin (Merck & Co.
Inc.), R.B. Devereux (Merck & Co. Inc.).

Requests for Single Reprints: Peter M. Okin, MD, Weill Medical
College of Cornell University, 525 East 68th Street, New York, NY
10021; e-mail, pokin@med.cornell.edu.

Current author addresses and author contributions are available at www
.annals.org.

References

1. Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D’Agostino RA, Kannel
WB, et al. Lifetime risk for developing congestive heart failure: the Framingham
Heart Study. Circulation. 2002;106:3068-72. [PMID: 12473553]

2. Hunt SA, Baker DW, Chin MH, Cinquegrani MP, Feldman AM, Francis
GS, et al. ACC/AHA Guidelines for the Evaluation and Management of Chronic
Heart Failure in the Adult: Executive Summary A Report of the American Col-
lege of Cardiology/American Heart Association Task Force on Practice Guide-
lines (Committee to Revise the 1995 Guidelines for the Evaluation and Manage-
ment of Heart Failure): Developed in Collaboration With the International
Society for Heart and Lung Transplantation; Endorsed by the Heart Failure
Society of America. Circulation. 2001;104:2996-3007. [PMID: 11739319]

3. Baker DW. Prevention of heart failure. ] Card Fail. 2002;8:333-46. [PMID:
12411985]

4. Jessup M, Brozena S. Heart failure. N Engl ] Med. 2003;348:2007-18.
[PMID: 12748317]

5. Levy D, Larson MG, Vasan RS, Kannel WB, Ho KK. The progression from
hypertension to congestive heart failure. JAMA. 1996;275:1557-62. [PMID:
8622240]

6. Veterans Administration Cooperative Study Group on Antihypertensive
Agents. Effects of treatment on morbidity in hypertension. Results in patients
with diastolic blood pressures averaging 115 through 129 mm Hg. JAMA. 1967;
202:1028-34. [PMID: 4862069]

7. Veterans Administration Cooperative Study Group on Antihypertensive
Agents. Effects of treatment on morbidity in hypertension. II. Results in patients
with diastolic blood pressure averaging 90 through 114 mm Hg. JAMA. 1970;
213:1143-52. [PMID: 4914579]

8. Dahlof B, Lindholm LH, Hansson L, Scherstén B, Ekbom T, Wester PO.
Morbidity and mortality in the Swedish Trial in Old Patients with Hypertension
(STOP-Hypertension). Lancet. 1991;338:1281-5. [PMID: 1682683]

9. Kostis JB, Davis BR, Cutler J, Grimm RH Jr, Berge KG, Cohen JD, et al.
Prevention of heart failure by antihypertensive drug treatment in older persons
with isolated systolic hypertension. SHEP Cooperative Research Group. JAMA.
1997;278:212-6. [PMID: 9218667]

10. Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects of
different blood-pressure-lowering regimens on major cardiovascular events: results
of prospectively-designed overviews of randomised trials. Lancet. 2003;362:1527-
35. [PMID: 14615107]

11. Psaty BM, Lumley T, Furberg CD, Schellenbaum G, Pahor M, Alderman

MH, et al. Health outcomes associated with various antihypertensive therapies

www.annals.org



Electrocardiographic Left Ventricular Hypertrophy in Hypertensive Patients ARTICLE

used as first-line agents: a network meta-analysis. JAMA. 2003;289:2534-44.
[PMID: 12759325]

12. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Isso JL,
et al. The Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report.
JAMA. 2003;289:2560-72. [PMID: 12748199]

13. Kannel WB. Prevalence and natural history of electrocardiographic left ven-
tricular hypertrophy. Am ] Med. 1983;75:4-11. [PMID: 6226193]

14. Aronow WS, Ahn C. Association of electrocardiographic left ventricular
hypertrophy with the incidence of new congestive heart failure. ] Am Geriatr Soc.
1998;46:1280-1. [PMID: 9777912]

15. Aronow WS, Ahn C, Kronzon I, Koenigsberg M. Congestive heart failure,
coronary events and atherothrombotic brain infarction in elderly blacks and
whites with systemic hypertension and with and without echocardiographic and
electrocardiographic evidence of left ventricular hypertrophy. Am ] Cardiol.
1991;67:295-9. [PMID: 1825011]

16. Gottdiener JS, Arnold AM, Aurigemma GP, Polak JF, Tracy RP, Kitzman
DW, et al. Predictors of congestive heart failure in the elderly: the Cardiovascular
Health Study. ] Am Coll Cardiol. 2000;35:1628-37. [PMID: 10807470]

17. Arnold JM, Yusuf S, Young J, Mathew ], Johnstone D, Avezum A, et al.
Prevention of Heart Failure in Patients in the Heart Outcomes Prevention Eval-
uation (HOPE) Study. Circulation. 2003;107:1284-90. [PMID: 12628949]

18. Bibbins-Domingo K, Lin F, Vittinghoff E, Barrett-Connor E, Hulley SB,
Grady D, et al. Predictors of heart failure among women with coronary disease.
Circulation. 2004;110:1424-30. [PMID: 15353499]

19. Fagard RH, Staessen JA, Thijs L, Celis H, Birkenhiiger WH, Bulpitt CJ, et
al. Prognostic significance of electrocardiographic voltages and their serial changes
in elderly with systolic hypertension. Hypertension. 2004;44:459-64. [PMID:
15326091]

20. Ingelsson E, Sundstrom J, Arnlov J, Zethelius B, Lind L. Insulin resistance
and risk of congestive heart failure. JAMA. 2005;294:334-41. [PMID:
16030278]

21. Carr AA, Kowey PR, Devereux RB, Brenner BM, Dahlof B, Ibsen H, et al.
Hospitalizations for new heart failure among subjects with diabetes mellitus in the
RENAAL and LIFE studies. Am J Cardiol. 2005;96:1530-6. [PMID: 16310435]
22. Mathew J, Sleight P, Lonn E, Johnstone D, Pogue ], Yi Q, et al. Reduction
of cardiovascular risk by regression of electrocardiographic markers of left ventric-
ular hypertrophy by the angiotensin-converting enzyme inhibitor ramipril. Cir-
culation. 2001;104:1615-21. [PMID: 11581138]

23. Okin PM, Devereux RB, Jern S, Kjeldsen SE, Julius S, Nieminen MS, et al.
Regression of electrocardiographic left ventricular hypertrophy by losartan versus
atenolol: The Losartan Intervention for Endpoint reduction in Hypertension
(LIFE) Study. Circulation. 2003;108:684-90. [PMID: 12885747]

24. Okin PM, Devereux RB, Jern S, Kjeldsen SE, Julius S, Nieminen MS, et al.
Regression of electrocardiographic left ventricular hypertrophy during antihyper-
tensive treatment and the prediction of major cardiovascular events. JAMA. 2004;
292:2343-9. [PMID: 15547161]

25. Dahléf B, Devereux R, de Faire U, Fyhrquist F, Hedner T, Ibsen H, et al.
The Losartan Intervention For Endpoint reduction (LIFE) in Hypertension
study: rationale, design, and methods. The LIFE Study Group. Am ] Hypertens.
1997;10:705-13. [PMID: 9234823]

26. Dahlsf B, Devereux RB, Julius S, Kjeldsen SE, Beevers G, de Faire U, et al.
Characteristics of 9194 patients with left ventricular hypertrophy: the LIFE study.
Losartan Intervention For Endpoint Reduction in Hypertension. Hypertension.
1998;32:989-97. [PMID: 9856962]

27. Dahlsf B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire U, et al.

www.annals.org

Cardiovascular morbidity and mortality in the Losartan Intervention For End-
point reduction in hypertension study (LIFE): a randomised trial against atenolol.
Lancet. 2002;359:995-1003. [PMID: 11937178]

28. Molloy TJ, Okin PM, Devereux RB, Kligfield P. Electrocardiographic de-
tection of left ventricular hypertrophy by the simple QRS voltage-duration prod-
uct. ] Am Coll Cardiol. 1992;20:1180-6. [PMID: 1401620]

29. Okin PM, Roman M], Devereux RB, Kligfield P. Electrocardiographic
identification of increased left ventricular mass by simple voltage-duration prod-
ucts. ] Am Coll Cardiol. 1995;25:417-23. [PMID: 7829796]

30. Sokolow M, Lyon TP. The ventricular complex in left ventricular hypertro-
phy as obtained by unipolar precordial and limb leads. Am Heart J. 1949;37:
161-86.

31. Cox DR. Regression models and life tables. Journal of the Royal Statistical
Society B. 1972;34:187-220.

32. Kalbfleisch JD, Prentice RL. The Statistical Analysis of Failure Time Data.
New York: ] Wiley; 1980:101-3, 199-201.

33. Snapinn SM, Jiang Q, Iglewicz B. Illustrating the impact of a time-varying
covariate with an extended Kaplan-Meier estimate. Am Stat. 2005;59:301-7.
34. Okin PM, Devereux RB, Nieminen, MS, Jern S, Oikarinen L, Viitasalo M,
et al. Electrocardiographic strain pattern and prediction of new-onset congestive
heart failure in hypertensive patients: the Losartan Intervention for Endpoint
Reduction in Hypertension (LIFE) study. Circulation. 2006;113:67-73. [PMID:
16365195]

35. Okin PM, Devereux RB, Nieminen MS, Jern S, Oikarinen L, Viitasalo M,
et al. Relationship of the electrocardiographic strain pattern to left ventricular
structure and function in hypertensive patients: the LIFE study. Losartan Inter-
vention For End point. ] Am Coll Cardiol. 2001;38:514-20. [PMID: 11499746]
36. Okin PM, Devereux RB, Nieminen MS, Jern S, Oikarinen L, Viitasalo M,
et al. Electrocardiographic strain pattern and prediction of cardiovascular mor-
bidity and mortality in hypertensive patients. Hypertension. 2004;44:48-54.
[PMID: 15173125]

37. Wachtell K, Rokkedal J, Bella JN, Aalto T, Dahléf B, Smith G, et al. Effect
of electrocardiographic left ventricular hypertrophy on left ventricular systolic
function in systemic hypertension (The LIFE Study). Losartan Intervention For
Endpoint. Am ] Cardiol. 2001;87:54-60. [PMID: 11137834]

38. Wachtell K, Smith G, Gerdts E, Dahléf B, Nieminen MS, Papademetriou
V, et al. Left ventricular filling patterns in patients with systemic hypertension
and left ventricular hypertrophy (the LIFE study). Losartan Intervention For
Endpoint. Am ] Cardiol. 2000;85:466-72. [PMID: 10728952]

39. Wachtell K, Palmieri V, Olsen MH, Gerdts E, Papademetriou V, Niemi-
nen MS, et al. Change in systolic left ventricular performance after 3 years of
antihypertensive treatment: the Losartan Intervention for Endpoint (LIFE)
Study. Circulation. 2002;106:227-32. [PMID: 12105163]

40. Drazner MH, Rame JE, Marino EK, Gottdiener JS, Kitzman DW, Gardin
JM, et al. Increased left ventricular mass is a risk factor for the development of a
depressed left ventricular ejection fraction within five years: the Cardiovascular
Health Study. ] Am Coll Cardiol. 2004;43:2207-15. [PMID: 15193681]

41. Verdecchia P, Angeli F, Gattobigio R, Sardone M, Porcellati C. Asymp-
tomatic left ventricular systolic dysfunction in essential hypertension: prevalence,
determinants, and prognostic value. Hypertension. 2005;45:412-8. [PMID:
15655115]

42. Aurigemma GP, Gottdiener JS, Shemanski L, Gardin J, Kitzman D. Pre-
dictive value of systolic and diastolic function for incident congestive heart failure
in the elderly: the cardiovascular health study. ] Am Coll Cardiol. 2001;37:
1042-8. [PMID: 11263606]

4 September 2007 [ Annals of Internal Medicine | Volume 147 ¢ Number 5[319



Annals of Internal Medicine

Current Author Addresses: Drs. Okin and Devereux: Weill Medical
College of Cornell University, 525 East 68th Street, New York, NY
10021.

Dr. Harris: Amgen, Inc., 1120 Veterans Boulevard, San Francisco, CA
94080.

Drs. Jern and Dahlof: Sahlgrenska University Hospital/Ostra, SE-416
85, Goteborg, Sweden.

Dr. Kjeldsen: Ullevél University Hospital, Kirkeveien 166, Oslo, Nor-
way.

Dr. Julius: University of Michigan Medical Center, 24 Frank Lloyd
Wright Drive, Ann Arbor, MI 48106.

Dr. Edelman: Merck & Co., Inc., 351 North Sumneytown Pike, PO
Box 1000, Mail Stop UG4C-94, North Wales, PA 19454.

www.annals.org

Author Contributions: Conception and design: P.M. Okin, R.B. De-
vereux, K.E. Harris, S.E. Kjeldsen, S. Julius, J.M. Edelman, B. Dahlof.
Analysis and interpretation of the data: P.M. Okin, K.E. Harris, S.E.
Kjeldsen, S. Julius, J.M. Edelman, B. Dahlsf.

Drafting of the article: P.M. Okin.

Critical revision of the article for important intellectual content: P.M.
Okin, R.B. Devereux, S. Jern, S.E. Kjeldsen, S. Julius, B. Dahléf.
Final approval of the article: P.M. Okin, R.B. Devereux, S. Jern, S.E.
Kjeldsen, S. Julius.

Provision of study materials or patients: ].M. Edelman.

Statistical expertise: P.M. Okin, S.E. Kjeldsen.

Obrtaining of funding: P.M. Okin, R.B. Devereux, S.E. Kjeldsen, J.M.
Edelman, B. Dahlsf.

Administrative, technical, or logistic support: .M. Edelman.

Collection and assembly of data: K.E. Harris, S. Jern, S.E. Kjeldsen, J.M.
Edelman.

4 September 2007 [ Annals of Internal Medicine | Volume 147 * Number 5 |W-61



