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ATRIAL FIBRILLATION IS THE MOST

common clinically signifi-
cant arrhythmia in adults1,2

and is associated with in-
creased risks of death,3-5 heart failure,5

and stroke.3,6,7 The incidence of atrial fi-
brillation is increased in patients with
hypertension, coronary heart disease,
and heart failure.4-6,8-10 Incidence of atrial
fibrillation increases with age1 even in
the absence of these risk factors.2 The
increasing population prevalence of
atrial fibrillation2 and significant risks as-
sociated with antiarrhythmic and anti-
thrombotic therapies aimed at prevent-
ing atrial fibrillation recurrences and
decreasing the risk of embolic se-
quella,11-13 coupled with the increased
risks associated with the development
of atrial fibrillation,3-7 make prevention
of atrial fibrillation a clinical priority.

Recent studies have found that thera-
pies aimed at reducing blood pres-

sure, and in particular blockade of the
renin-angiotensin system by either an-
giotensin-converting enzyme (ACE) in-
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Context Atrial fibrillation (AF) is associated with increased risk of mortality and car-
diovascular events, particularly stroke, making prevention of new-onset AF a clinical
priority. Although the presence and severity of electrocardiographic left ventricular hy-
pertrophy (LVH) appear to predict development of AF, whether regression of electro-
cardiographic LVH is associated with a decreased incidence of AF is unclear.

Objective To test the hypothesis that in-treatment regression or continued absence
of electrocardiographic LVH during antihypertensive therapy is associated with a de-
creased incidence of AF, independent of blood pressure and treatment modality.

Design, Setting, and Participants Double-blind, randomized, parallel-group study
conducted in 1995-2001 among 8831 men and women with hypertension, aged 55-80
years (median, 67 years), with electrocardiographic LVH by Cornell voltage-duration
product or Sokolow-Lyon voltage, with no history of AF, without AF on the baseline
electrocardiogram, and enrolled in the Losartan Intervention for Endpoint Reduction
in Hypertension Study.

Interventions Losartan- or atenolol-based treatment regimens, with follow-up as-
sessments at 6 months and then yearly until death or study end.

Main Outcome Measure New-onset AF in relation to electrocardiographic LVH de-
termined at baseline and subsequently. Electrocardiographic LVH was measured using
sex-adjusted Cornell product criteria ({RaVL�SV3 [�6 mm in women]}�QRS duration).

Results After a mean (SD) follow-up of 4.7 (1.1) years, new-onset AF occurred in 290
patients with in-treatment regression or continued absence of Cornell product LVH for
a rate of 14.9 per 1000 patient-years and in 411 patients with in-treatment persistence
or development of LVH by Cornell product criteria for a rate of 19.0 per 1000 patient-
years. In time-dependent Cox analyses adjusted for treatment effects, baseline differ-
ences in risk factors for AF, baseline and in-treatment blood pressure, and baseline se-
verity of electrocardiographic LVH, lower in-treatment Cornell product LVH treated as
a time-varying covariate was associated with a 12.4% lower rate of new-onset AF (ad-
justed hazard ratio [HR], 0.88; 95% CI, 0.80-0.97; P=.007) for every 1050 mm�msec
(per 1-SD) lower Cornell product, with persistence of the benefit of losartan vs atenolol
therapy on developing AF (HR, 0.83; 95% CI, 0.71-0.97; P=.01).

Conclusions Lower Cornell product electrocardiographic LVH during antihyperten-
sive therapy is associated with a lower likelihood of new-onset AF, independent of
blood pressure lowering and treatment modality in essential hypertension. These find-
ings suggest that antihypertensive therapy targeted at regression or prevention of elec-
trocardiographic LVH may reduce the incidence of new-onset AF.
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hibitors or angiotensin II receptor an-
tagonists, can reduce atrial fibrillation
incidence in patients with hyperten-
sion, heart failure, and after myocar-
dial infarction.3,14-16 One of the stud-
ies3 also has shown that these therapies
can attenuate the risk associated with
atrial fibrillation. Indeed, among hy-
pertensive patients with electrocardio-
graphic left ventricular hypertrophy
(LVH) in the Losartan Intervention for
Endpoint Reduction in Hypertension
(LIFE) randomized trial, a losartan-
based therapy was associated with a
33% reduction in the incidence of atrial
fibrillation and with a significant re-
duction in the incidence of subse-
quent stroke compared with an ateno-
lol-based therapy.3 Baseline severity of
LVH has been demonstrated to be an
additional predictor of atrial fibrilla-
tion in many3,4,7-9 but not all studies.10

In the LIFE trial, baseline severity of
Cornell product LVH was a signifi-
cant predictor of the development of
new-onset atrial fibrillation after con-
trolling for drug therapy and other risk
factors.3 These findings, taken to-
gether with the greater reduction in
Cornell product LVH with the losartan-
based therapy reported earlier in the
LIFE study17 and the reduction in car-
diovascular morbidity and mortality as-
sociated with LVH regression re-
ported in the LIFE study,18 suggest that
regression of LVH could play an im-
portant role in the prevention of atrial
fibrillation. However, whether regres-
sion of electrocardiographic LVH per
se is associated with a reduced inci-
dence of atrial fibrillation is unclear.

Accordingly, the present study ex-
amined whether lower in-treatment val-
ues of electrocardiographic LVH dur-
ing treatment, as measured by Cornell
voltage-duration product criteria, are as-
sociated with a reduced rate of atrial fi-
brillation—independent of the effects
of in-treatment blood pressure change,
baseline severity of electrocardio-
graphic LVH, other risk factors for atrial
fibrillation, and the previously demon-
strated impact of losartan-based therapy
on atrial fibrillation incidence in this
population.3

METHODS
Patients
The LIFE study17-21 enrolled 9193
hypertensive patients with electro-
cardiographic LVH by Cornel l
voltage-duration product22,23 and/or
Sokolow-Lyon voltage criteria24 on a
screening electrocardiogram in a pro-
spective, double-blind randomized study
that compared cardiovascular morbid-
ity and mortality with use of losartan-
based as opposed to atenolol-based treat-
ment.19 The study was approved by all
individual-center ethics committees. As
described in detail elsewhere,17-21 eli-
gible patients for the LIFE trial were men
and women, aged 55 through 80 years
(median, 67 years) with previously un-
treated or treated essential hyperten-
sion (range of mean seated systolic/
diastolic blood pressure, 160-200
mm Hg/95-115 mm Hg) after 1 or 2
weeks of receiving placebo, who had not
experienced a myocardial infarction or
stroke within 6 months and did not re-
quire treatment with a �-blocker, ACE
inhibitor, or angiotensin II receptor an-
tagonist. All participants provided in-
formed, written consent. A total of 362
patients with either a history of atrial fi-
brillation (n=342) or atrial fibrillation
on their baseline electrocardiogram in
the LIFE study (n = 135) were ex-
cluded, leaving 8831 patients without a
history of atrial fibrillation or atrial fi-
brillation on their baseline electrocar-
diogram in the present study con-
ducted in 1995-2001. Race/ethnicity was
determined by patient self-report based
on an investigator-provided list of op-
tions that included white, black, Asian,
Hispanic, and other.

Treatment Regimens

Blinded treatment was begun with 50
mg/d of losartan or 50 mg/d of ateno-
lol and matching placebo of the other
agent, with a target systolic/diastolic
blood pressure of 140/90 mm Hg or
lower. During clinic visits, at frequent
intervals during the first 6 months, and
at 6-month intervals thereafter, study
therapy could be up-titrated by the ad-
dition of 12.5 mg of hydrochlorothiaz-
ide, followed by an increase in blinded

dosage of losartan or atenolol to 100
mg/d. In patients whose blood pres-
sure was still not controlled, an open-
label upward titration of hydrochlo-
rothiazide was added along with a
calcium channel blocker or other medi-
cations (excluding an angiotensin II re-
ceptor blocker, �-blockers, or ACE in-
hibitors) if necessary.19

Electrocardiography

Electrocardiograms were routinely ob-
tained according to protocol at base-
line, at 6 months, and at yearly fol-
low-up intervals until study termination
or patient death. Electrocardiograms
were interpreted by observers blinded
to other clinical data at the core labo-
ratory at the Sahlgrenska University
Hospital/Östra in Göteborg, Sweden, as
previously reported in detail.17-20 The
product of QRS duration multiplied
by the Cornell voltage combination
(RaVL � SV3, with 6 mm added in wom-
en22,23) higher than 2440 mm�msec or
Sokolow-Lyon voltage (SV1 � RV5/6)
higher than 38 mm24 were used to iden-
tify LVH.17,18 New-onset atrial fibrilla-
tion was identified from the annual
in-study electrocardiograms that un-
derwent Minnesota coding for atrial fi-
brillation at the core laboratory or by
adverse event reports from the inves-
tigators.3

Statistical Analyses

The relationship between changing lev-
els of the Cornell product and the risk
of developing atrial fibrillation were as-
sessed using Cox proportional haz-
ards models,25 with baseline and sub-
sequent determinations of the Cornell
product entered as time-varying covar-
iates. Baseline risk factors, a treatment
group indicator, and prerandomiza-
tion use of digitalis drugs, antiarrhyth-
mics, nonthiazide diuretics, aldoster-
one antagonists, and calcium channel
blockers were included as standard co-
variates. Baseline and subsequent sys-
tolic and diastolic blood pressure mea-
surements and hydrochlorothiazide use
were entered as time-varying covari-
ates. In addition, regression or contin-
ued absence of electrocardiographic
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LVH by Cornell product criteria vs the
development or persistence of Cornell
product LVH treated as a dichoto-
mous variable predictor of the devel-
opment of atrial fibrillation was also
analyzed using time-varying Cox mod-
els. The adjusted hazard ratios (HRs)
for the incidence of atrial fibrillation as-
sociated with the Cornell product and
treated as continuous variables were
computed per 1 SD of the mean’s lower
values as the antilog of the estimated
coefficient multiplied by the SD.26 The
95% confidence interval (CI) of each
HR was calculated from the estimated
coefficients and their SEs.

Analyses were repeated stratifying
the population by relevant subgroups
with sex, age, race, treatment group,
history of ischemic heart disease,
myocardial infarction or congestive
heart failure, prevalent diabetes, and by
the presence or absence of LVH by
Cornell product and Sokolow-Lyon
voltage on the baseline electro-
cardiogram. Interaction between the
time-varying Cornell product and
these variables was formally tested by
adding cross-product terms of the
time-varying Cornell product and these
variables into the models of the total
population. The relationship of new
atrial fibrillation over time to chang-
ing values of Cornell product LVH was

illustrated by plotting atrial fibrilla-
tion rates according to the presence or
absence of LVH by Cornell product us-
ing a univariate-modified Kaplan-
Meier method,27 with assignment to
LVH groups updated at the time of each
new electrocardiogram based on the
measurement of Cornell product at
those times. For all tests, 2-tailed P�.05
was required for statistical significance.

Data analyses were primarily per-
formed by the Clinical Biostatistics De-
partment of Merck Research Labora-
tories using SAS version 8 (SAS Institute
Inc, Cary, NC). Independent valida-
tion of these analyses was performed by
one of the authors (P.M.O.) using SPSS
version 12.0 (SPSS Inc, Chicago, Ill),
on a complete set of the raw data, rep-
licating the findings from Merck.

RESULTS
Regression of Electrocardiographic
LVHandNew-OnsetAtrialFibrillation

After a mean (SD) follow-up of 4.7
(1.1) years, new-onset atrial fibrilla-
tion occurred in 701 patients (7.9%).
New atrial fibrillation was detected
solely on the annual electrocar-
diogram in 129 patients (1.5%), only
as an adverse clinical event in 296
patients (3.4%), and by both annual
electrocardiogram and adverse event
in 276 patients (3.1%).

New-onset atrial fibrillation occurred
in 290 patients with in-treatment regres-
sion or continued absence of Cornell
product LVH for a rate of 14.9 per 1000
patient-years and in 411 patients with
in-treatment persistence or develop-
ment of LVH by Cornell product cri-
teria for a rate of 19.0 per 1000 patient-
years. The relationship of changing
Cornell product LVH to the develop-
ment of new-onset atrial fibrillation is
examined in TABLE 1 and in the FIGURE.
In univariate Cox analyses in which
time-varying Cornell product was
treated as a continuous variable, lower
in-treatment values of Cornell prod-
uct were strongly associated with a
decreased risk of developing atrial fibril-
lation—a 1050 mm�msec (1 SD of the
baseline mean in the overall LIFE study
population18) lower Cornell product
was associated with a 14.5% lower risk
of new-onset atrial fibrillation. In par-
allel analyses in which Cornell prod-
uct LVH was treated as present or absent
on each electrocardiogram based on the
threshold value of 2440 mm�msec, in-
treatment regression or absence of LVH
by Cornell product was associated with
a 30% lower incidence of atrial fibril-
lation compared with in-treatment per-
sistence or development of electrocar-
diographic LVH by Cornell product
criteria. Modified Kaplan-Meier curves27

comparing the rate of new-onset atrial
fibrillation according to the presence or
absence of Cornell product LVH on
electrocardiograms over the course of
the study (Figure) demonstrate that
regression or continued absence of LVH
was associated with lower risk of devel-
oping atrial fibrillation compared with
persistence or development of Cornell
product LVH. Regression or contin-
ued absence of Cornell product LVH
was associated with an estimated 1.5%
lower absolute incidence of atrial
fibrillation after 4 years of follow-up.
Of note, the predictive value of the
time-varying Cornell product for new-
onset atrial fibrillation was not depen-
dent on whether it was determined
by annual electrocardiogram or by
an adverse clinical event. Lower in-
treatment Cornell product was simi-

Table 1. Predictive Value of Cornell Voltage-Duration Product and Regression or Persistent
Absence of Cornell Product LVH in the Development of New-Onset Atrial Fibrillation

Predictor Variable Hazard Ratio (95% CI) P Value

Univariate
Cornell voltage-duration product* 0.85 (0.80-0.91) �.001

Cornell product LVH†‡ 0.70 (0.60-0.81) �.001

Multivariable model 1§
Cornell voltage-duration product* 0.88 (0.80-0.97) .007

Cornell product LVH‡ 0.83 (0.71-0.98) .03

Multivariable model 2�
Cornell voltage-duration product* 0.88 (0.80-0.98) .02

Cornell product LVH‡ 0.82 (0.70-0.97) .02
Abbreviations: CI, confidence interval; LVH, left ventricular hypertrophy.
*Per 1050 mm � msec decrease.
†New-onset atrial fibrillation occurred in 290 patients with in-treatment regression or continued absence of Cornell prod-

uct LVH (rate, 14.9/1000 patient-years) and in 411 patients with in-treatment persistence or development of LVH by
Cornell product criteria (rate, 19.0/1000 patient-years).

‡Absent vs present.
§Adjusted for possible effects of treatment with losartan vs atenolol, age, sex, race, prevalent diabetes, history of is-

chemic heart disease, myocardial infarction, congestive heart failure, stroke, peripheral vascular disease or smoking,
baseline albumin/creatinine ratio, total cholesterol and high-density lipoprotein cholesterol, serum creatinine, body
mass index; changes from baseline in systolic and diastolic blood pressure; and baseline values for Sokolow-Lyon
voltage and Cornell voltage-duration product.

�Adjusted for variables in model 1 and for prerandomization treatment with digitalis drugs, antiarrhythmics, nonthiazide
diuretics, aldosterone antagonists, or calcium channel blockers and for in-treatment use of hydrochlorothiazide.
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larly predictive of decreased incidence
of atrial fibrillation defined by annual
electrocardiograms (n=405; HR, 0.85
[95%CI,0.77-0.92])orbyadverseevent
reports (n=572; HR, 0.88 [95% CI,
0.83-0.94]).

We examined the independent rela-
tionship of new-onset atrial fibrillation
to in-treatment Cornell product after
adjusting for the possible effects of
treatment, age, sex, race, prevalent dia-
betes, history of ischemic heart disease,
myocardial infarction, congestive heart
failure (defined by patient or enrolling
physicianreport), stroke,peripheralvas-
cular disease and smoking, baseline ra-
tioofurinaryalbumintocreatinine, total
cholesterolandhigh-density lipoprotein
cholesterol, serumcreatinine,bodymass
index, in-treatmentsystolicanddiastolic
blood pressure, and baseline Cornell
product and Sokolow-Lyon voltage
(Table 1). After adjusting for these fac-
tors, a 1050 mm�msec lower Cornell
product remainedassociatedwitha12%
lowerriskofnew-onsetatrial fibrillation;
inaparallelanalysis, in-treatmentregres-
sionorabsenceofLVHbyCornellprod-
uct criteria was associated with a 17%
lower incidence of atrial fibrillation af-
ter controlling for these covariates. In-
treatment Cornell product remained a
significantpredictor of incident atrial fi-
brillationafterfurtheradjustmentforpre-
randomization therapy with digitalis
drugs, antiarrhythmics, nonthiazide di-
uretics,aldosteroneantagonists,calcium
channel blockers, and in-treatment use
of hydrochlorothiazide (Table 1). Of
note, losartan-based therapy remained
asignificantpredictorofdecreasedatrial
fibrillation incidence in these multivari-
able models (HR, 0.83 [95% CI, 0.71-
0.97]; P=.01 in model 1 and HR, 0.85
[95%CI,0.73-0.98];P=.03 inmodel2).

Subset Analyses

The predictive value of time-varying
Cornell product for new-onset atrial fi-
brillation in relevant subsets of the
population is presented in TABLE 2. The
association between in-treatment Cor-
nell product and new-onset atrial fi-
brillation was similar in men and
women, in both treatment groups of the

study, in patients older and younger
than 65 years, among patients with and
without diabetes or a history of ische-
mic heart disease or myocardial infarc-
tion, and among patients with and
without LVH on their baseline electro-
cardiogram by either Cornell product
or Sokolow-Lyon voltage criteria, with
nonsignificant interaction terms for
these variables. In contrast, lower in-
treatment Cornell product was associ-
ated with a greater decrease in risk of
developing atrial fibrillation in pa-
tients with than without a history of
congestive heart failure and in pa-
tients without black race. Although in-
treatment Cornell product signifi-
cantly stratified atrial fibrillation risk in
patients with and without a history of
heart failure, patients with heart fail-
ure had a higher incidence of atrial fi-
brillation (17.1% vs 7.8%) and a 1050
mm�msec lower Cornell product was
associated with a 31% lower risk of
atrial fibrillation in patients with a his-
tory of heart failure as opposed to a 13%
decreased risk in patients with no his-
tory of heart failure at baseline. In-
treatment Cornell product was a strong
predictor of new-onset atrial fibrilla-
tion among the large subset of the popu-

lation that was not black but did not
significantly stratify risk among hyper-
tensive patients with black race, per-
haps in part reflecting the lower inci-
dence of new-onset atrial fibrillation
among black patients (4.8% vs 8.1%;
P=.007).

COMMENT
These findings demonstrate that re-
gression of electrocardiographic LVH
during antihypertensive therapy is as-
sociated with a lower likelihood of new-
onset atrial fibrillation, independent of
blood pressure lowering and of the ben-
eficial effect of losartan-based therapy
on the development of atrial fibrilla-
tion. In contrast, persistence or devel-
opment of high values of Cornell prod-
uct during treatment are associated with
higher rates of new-onset atrial fibril-
lation. These findings support the value
of serial measurement of Cornell prod-
uct LVH criteria for assessing the risk
of developing atrial fibrillation in hy-
pertensive patients and suggest that an-
tihypertensive therapy targeted at re-
gression or prevention of Cornell
product LVH may reduce the inci-
dence of atrial fibrillation.

Figure. Rate of New-Onset Atrial Fibrillation
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Atrial Fibrillation and LVH
The relationship of LVH to the risk of
developing atrial fibrillation has been
demonstrated in population-based
studies4,5,8,9 and among hypertensive
patients,3,7 using both electrocardio-
graphic measures of LVH3-5,7,8 and
echocardiographic left ventricular
mass.7,9 An earlier report from the
LIFE study3 found that the baseline
severity of Cornell product LVH was a
significant predictor of the develop-
ment of new-onset atrial fibrillation
after controlling for other risk factors
and the impact of losartan on atrial
fibrillation incidence. However, the
current study is the first to demon-
strate an association between regres-
sion of electrocardiographic LVH and

a decreased incidence of atrial fibrilla-
tion. After controlling for other risk
factors for atrial fibrillation and for
the effect of losartan on atrial fibrilla-
tion incidence,3 regression or contin-
ued absence of Cornell product LVH
on serial assessment of electrocardio-
grams in the LIFE study was associ-
ated with a 17% lower incidence of
atrial fibrillation. Importantly, the
predictive value of in-treatment Cor-
nell product was not dependent on
the use of the 2440 mm � msec
threshold for defining LVH and was
not dependent on whether new-onset
atrial fibrillation was determined
by centrally read annual electrocar-
diograms or by physician reports of
atrial fibrillation as an adverse clinical

event with associated atrial fibrilla-
tion. Moreover, losartan therapy
remained independently associated
with reduced atrial fibrillation inci-
dence in the current multivariable
models, supporting the independent
value of losartan therapy3 and of the
renin-angiotensin system blockade by
either ACE inhibition or angiotensin
II receptor blockade for reducing
atrial fibrillation incidence.14-16

The strong association of increased
left atrial size with atrial fibrillation9,28

and with echocardiographic LVH and
concentric left ventricular geometry in
the echocardiographic substudy of the
LIFE study,28 and the relationship of
left atrial dilation to electrophysiologi-
cal and structural abnormalities of the
atria that are also associated with atrial
fibrillation29-31 provide a potential
mechanistic link between regression of
LVH and a decrease in atrial fibrilla-
tion incidence. Increased atrial dilata-
tion in isolated Langendorff-perfused
canine heart preparations has been
linked to increased dispersion of
atrial relative refractory periods and
increased percentage of slow conduc-
tion in the atria, both of which are
highly correlated with atrial fibrilla-
tion inducibiltiy.29 Further study of
the relationship of changes in left
atrial size to changing values of elec-
trocardiographic LVH during antihy-
pertensive therapy will hopefully pro-
vide greater insight into this potential
mechanistic link between electrocar-
diographic LVH regression and the
development of atrial fibrillation.

The associa t ion between in-
treatment Cornell product and new-
onset atrial fibrillation was robust
across most subsets of the population,
including similar effects in patients
taking losartan or atenolol, suggesting
that the impact of LVH regression on
atrial fibrillation incidence may be
independent of the treatment modality
used to achieve regression despite
the greater level of regression with
losartan-based therapy in the LIFE
study17 and the independent effect
of losartan on atrial fibrillation
incidence.3

Table 2. Predictive Value of Time-Varying Cornell Voltage-Duration Product in the
Development of New-Onset Atrial Fibrillation in Prespecified Subgroups

No. of Patients
With New-Onset
Atrial Fibrillation HR (95% CI)*

P Value for
Interaction†

Sex
Male (n = 4022) 356 0.84 (0.77-0.91)

.92
Female (n = 4809) 345 0.85 (0.78-0.92)

Race/ethnicity
White or other (n = 8313)‡ 676 0.85 (0.80-0.91)

.007
Black (n = 518) 25 1.01 (0.71-1.43)

Type of treatment
Atenolol (n = 4392) 377 0.85 (0.79-0.92)

.35
Losartan (n = 4439) 324 0.88 (0.80-0.98)

Age, y
�65 (n = 3412) 155 0.84 (0.72-0.97)

.47
�65 (n = 5419) 546 0.89 (0.84-0.95)

History of congestive heart failure
No (n = 8702) 679 0.87 (0.82-0.93)

.04
Yes (n = 129) 22 0.69 (0.54-0.88)

History of ischemic heart disease
No (n = 7474) 543 0.85 (0.80-0.91)

.94
Yes (n = 1357) 158 0.92 (0.83-1.02)

History of myocardial infarction
No (n = 8304) 642 0.85 (0.80-0.91)

.92
Yes (n = 527) 59 0.90 (0.75-1.08)

Diabetes
No (n = 7725) 599 0.85 (0.79-0.90)

.38
Yes (n = 1106) 102 0.92 (0.78-1.08)

Cornell product LVH on baseline ECG
No (n = 2907) 202 0.93 (0.77-1.12)

.34
Yes (n = 5924) 499 0.85 (0.80-0.90)

Sokolow-Lyon voltage LVH on baseline ECG
No (n = 6976) 509 0.83 (0.76-0.90)

.48
Yes (n = 1855) 192 0.86 (0.79-0.96)

Abbreviations: CI, confidence interval; ECG, electrocardiogram; HR, hazard ratio; LVH, left ventricular hypertrophy.
*Values for HR are per 1 SD of the mean (1050 mm � msec) decrease in Cornell product.
†Between time-varying Cornell product and the subgroup variable.
‡Excludes blacks.
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However, quantitative differences in
the association between changing lev-
els of Cornell product did not appear
to stratify equally the risk of develop-
ing atrial fibrillation between black
patients and patients of other races
and in patients with vs without a his-
tory of congestive heart failure. Lack
of an association between in-treatment
Cornell product and new-onset atrial
fibrillation in black patients with
hypertension could in part reflect the
lower incidence of atrial fibrillation
among black patients with hyperten-
sion in the LIFE study or the higher
prevalence of other risk factors for
atrial fibrillation in black patients
with hypertension in the current
population. Indeed, the interaction
term between race and time-varying
Cornell product was no longer signifi-
cant (P=.15) after further adjustment
for these variables. Of note, the lower
incidence of atrial fibrillation among
black patients with hypertension in
the LIFE study is consistent with the
lower prevalence of atrial fibrillation
among black patients in the Antico-
agulation and Risk Factors in Atrial
Fibrillation Study (1.5% vs 2.2%;
P�.001).1 Although regression of Cor-
nell product LVH significantly strati-
fied atrial fibrillation risk in patients
with and without a history of heart
failure, LVH regression was associated
with a greater than 2-fold risk reduc-
tion of atrial fibrillation incidence in
patients with a history of heart failure
than in those without such a history
(Table 2). This finding, taken together
with the more than 2-fold higher
incidence of atrial fibrillation among
hypertensive patients in the LIFE
study with a history of heart failure
(17.1% vs 7.8%), the increased mortal-
ity associated with development of
atrial fibrillation in patients with pre-
existing heart failure,32 and the appar-
ently greater impact of angiotensin II
receptor blockers and ACE inhibitors
on atrial fibrillation incidence among
heart failure patients,16 suggest that
therapy with these agents aimed at
regressing LVH to prevent atrial fibril-
lation should in particular be targeted

to patients with heart failure. Further
study of the impact of LVH regression
on atrial fibrillation incidence and the
risks associated with atrial fibrillation
is necessary to clearly delineate the
potential prognostic benefit in this
population.

Methodological Issues

Several limitations of the present study
warrant review. Use of Cornell prod-
uct and Sokolow-Lyon voltage criteria
to select patients for the LIFE study in-
creased the baseline risk of the study
population. While the present find-
ings may not be representative of hy-
pertensive populations with less se-
vere disease, it has been estimated that
7.8 million patients would have met eli-
gibility criteria for the LIFE study in the
first 15 member-nations of the Euro-
pean Union,33 with similar numbers in
the rest of Europe and in the United
States. Second, although both annual
electrocardiograms and adverse event
reports were used by the LIFE study in-
vestigators to detect atrial fibrillation,
the true incidence of atrial fibrillation
may have been underestimated, par-
ticularly asymptomatic atrial fibrilla-
tion, potentially reducing precision of
the effect estimates of LVH regression
on atrial fibrillation incidence, particu-
larly if most of the undetected cases of
atrial fibrillation were associated with
high levels of in-treatment Cornell
product. Unfortunately, regular ambu-
latory electrocardiographic monitor-
ing was not feasible in a study the size
of the LIFE trial (�43 000 patient-
years of follow-up). In addition, al-
though the statistical phenomenon of
regression to the mean may affect the
current findings,18,34 the use of Cor-
nell product and Sokolow-Lyon volt-
age values above threshold levels to se-
lect patients for the LIFE study, using
separate screening and baseline elec-
trocardiograms18,20,21 and assessment of
atrial fibrillation risk based on electro-
cardiographic LVH criteria consid-
ered as time-dependent covariates ad-
justed for both baseline and subsequent
levels of these variables, makes any sig-
nificant impact of regression to the

mean unlikely, mitigating the impact
of any overestimations.

Implications
These findings potentially have impor-
tant implications for the management
of patients with hypertension and LVH.
Given the increasing incidence and
prevalence of atrial fibrillation in the
population1 and the increased risk of
death, stroke, and heart failure associ-
ated with atrial fibrillation in the LIFE
study and in other studies,3-7 these data
support the use of serial evaluation of
Cornell product criteria during treat-
ment to monitor the risk of develop-
ing atrial fibrillation. These observa-
tions and the previous finding that
regression of Cornell product LVH is
associated with decreased cardiovas-
cular morbidity and mortality in the
LIFE study18 provide preliminary evi-
dence suggesting that antihyperten-
sive therapy targeted at regression or
prevention of electrocardiographic LVH
may be an additional goal of therapy,
beyond blood pressure lowering, to re-
duce the incidence of atrial fibrillation
and its associated morbidity and mor-
tality. However, further study will be
required to determine whether therapy
aimed specifically at regression of LVH
above and beyond attainment of a tar-
get blood pressure will further reduce
the incidence of new-onset atrial fibril-
lation in hypertensive patients with
electrocardiographic LVH.
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