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Asymptomatic Ventricular Arrhythmias and Mortality Risk in
Subjects With Left Ventricular Hypertrophy
MAHESH BIKKINA, MD, MPH, MARTIN G . LARSON, ScD, DANIEL LEVY, MD
Framingham, Massaclursetts

Objectives. The purpose of this study was to evaluate the
long-term prognostic role of asymptomatic ventricular arrhyth-
mias in original Framingham Heart Study subjects and Framing-
ham Offspring Study subjects who had echocardiographic evi-
dence of halt ventricular hypertrophy .

Background. Echocardiographically determined left ventricu-
lar hypertrophy Is associated with increased risk for ventricular
arrhythmias. There are no population-banal data available with
regard to the long-term prognostic implications of asymptomatic
ventricular arrbythmias in subjects with left ventricular hyper-
trophy .

Methods. In a population-based cohort study, we studied 224
men and 393 women with echocardiographically determined left
ventricular hypertrophy who were Free of coronary heart disease
and had 1-h ambulatory electrocardiograms at the baseline exam-
ination . The age-adjusted prevalence of complex or frequent
ventricular arrhythmias (>30 ventricular premature beats/h,
multiform premature complexes, couplets, ventricular tachycar-
dia or R on T ventricular premature complexes) was 28% (51 of
224) in men and 17% (71 of 393) in women. The mean follow-up
period was 5 .7 years for cohort and 4 .5 years for offspring
subjects.

Several previous studies (1-3) have shown that left ventric-
ular hypertrophy is an important risk factor for cardiovas-
cular disease morbidity and mortality . Earlier Framingham
reports (4,5) documented increased risk for sudden death in
subjects with electrocardiographic (ECG) evidence of left
ventricular hypertrophy. Left ventricular hypertrophy is
more accurately detected by echocardiography than by the
ECG (6). Echocardiographically determined left ventricular
hypertrophy is associated with increased incidence of ven-
tricular arrhythmias (7,8), but there are no population-based
data available with regard to the prognostic importance of
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Results. In men with complex or frequent arrbythmias, the
6-year cumulative incidence of all-cause mortality was 38%,
whereas in those free of arrhythmia it was 12% ; corresponding
values In women were 22 % and 111% . The cumulative incidence of
myocardial infarction or death due to coronary heart disease was
20% for men with and 10% for men without arrhythmia, but In
women little difference was noted (5% vs . 4%). After adjustment
for age and gender in a Cox proportional hazards model, subjects
with complex or frequent arrhythmia were at increased risk for
all-cause mortality (hazard ratio 1 .80, 95% confidence Interval
ICII 1 .13 to 2 .87, p = 0 .013) . After adjusting for eight clinical
covariates, the increased risk for all-cause mortality remained
marginally significant (hazard ratio 1 .62, 95% CI 0.98 to 2.68,
p = 0.058). No significant increased risk was noted for myocardial
Infarction or death due to coronary heart disease .

Conclusions . In subjects with left ventricular hypertrophy, the
presence of asymptomatic ventricular arrhythmias was associated
with higher mortality, which was statistically significant after
adjusting for age and gender and marginally significant after
taking into account other covariates .

(J Am Coll Cardiol 1993;22:1111-6)

asymptomatic ventricular arrhythmias in subjects with
echocardiographically determined left ventricular hypertro-
phy. Therefore, we examined the prognostic role of asymp-
tomatic ventricular arrhythmias in original subjects from the
Framingham Heart Study and the Framingham Offspring
Study subjects who had echocardiographic evidence of left
ventricular hypertrophy .

Methods
Study sample. In the Framingham Heart Study, a cohort

of 5,209 men and women between the ages of 28 and 62 years
was selected to undergo biennial examinations in a prospec-
tive epidemiologic study . The study originated in 1948 .
Offspring of the original cohort (and spouses of these off-
spring) were enrolled in the Framingham Offspring Study in
1971 . Study design and selection criteria have been reviewed
previously (9 .10) .

From 1979 to 1983, echocardiograms, 12-lead rest ECGs
and I-h ambulatory ECGs were performed in surviving
original cohort subjects undergoing their 16th biennial exam-
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ination and in offspring subjects undergoing their second
examination. Subjects were eligible for the present study if
they bad left ventricular hypertrophy by echocardiogram,
were free of clinically apparent coronary heart disease (no
previous history of anginal pectoris, coronary insufficiency
or myocardial infarction) and had I-h ambulatory ECGs at
the index examination .

phlc methods. Echocardiographic methods
used at the Fratningham Heart Study have been reviewed
previously (II). Subjects were studied using a standard
M•mode echocardiographic technique. Left ventricular mass
(LVM) was calculated from the formula (12) LVM (in grams)
= 1,04t(LVID + VST + PWT) 3 - (LVID)3] -- 13 .6, where
LVID = left ventricular internal diameter, VST = ventricu-
lar septa) thickness and PWT - posterior wall thickness .
These variables were measured in diastole, as previously
described by Devereux and Reichek (12) . Left ventricular
mass was indexed by height (in meters) because it was
associated with height in a healthy reference group of 86A
subjects (I 1) . The cutoff values for left ventricular hypertro-
phy were 143 glm in men and 102 g/m in women, correspond-
ing to 2 SD above mean values in a healthy reference
population (11) .

Ambulatory electrocardlographle methods. One-hour am-
bulatory ECG recordings were obtained routinely in subjects
who attended the index examination. Two-lead frequency-
modulated recorders (simultaneous leads V I and V s , Clinical
Data Inc .) were used for ambulatory ECG recording . Con-
tinuous ambulatory ECG recordings were analyzed with a
high speed digital computer system (Clinical Data Inc .) .
Premature depolarization and arrhythmias were identified
and interpreted by a technician and reviewed by a cardiolo-
gist .

Ventricular arrhythmias were classified as previously
outlined by Lown and Wolf (13) according to the presence of
the following arrhythmia types : ventricular premature beats,
multiform ventricular premature beats, ventricular couplets,
ventricular tachycardia and R on T ventricular premature
beats. The summary arrhythmia, complex or frequent ar-
rhythmia (>30 ventricular premature beats/h, multiform
ventricular premature beats, couplets, ventricular tachycar-
dia or R on T ventricular premature beats), was used as a
single dichotomous variable in all outcome analyses .

Onteame e . Two outcomes were analyzed in this
study : I) all-cause mortality, and 2) myocardial infarction or
coronary heart disease death (sudden and nonsudden) . Dur-
ing follow-up examinations (2, 4 and 6 years later for the
original cohort subjects. 4 years later for offspring subjects),
interim coronary heart disease events were assessed by
medical history, physical examination and 12-lead ECG . In
addition . medical records were obtained for participants who
did not attend an examination, and these were evaluated for
evidence of interim coronary heart disease and causes of
death . All suspected coronary heart disease events were
reviewed by a committee of three physicians who evaluated
pertinent medical records, hospitalization records and pa-
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thology reports . Criteria for coronary heart disease out-
comes have been defined previously (14), including angina
pectoris, coronary insufficiency . myocardial infarction and
sudden and nonsudden deaths due to coronary heart disease .
The mean follow-up period was 5 .7 years for the original
cohort subjects and 4 .5 years for offspring subjects. Only
four subjects (two cohort, two offspring) were lost to
follow-up for death .

Statistical methods . Gender-specific prevalence rates of
individual arrhythmia grades were directly age adjusted to
the pooled age distribution. Gender-specific incidence rates
for outcome events were computed from Kaplan-Mdier
estimates of event probability, and the log-rank statistic was
used for statistical testing between arrhythmia groups (15) .
Age-, gender- and covariate-adjusted hazard ratios associ-
ated with the presence of ventricular arrhythmia were ana-
lyzed separately for l) all-cause mortality and 2) myocardial
infarction or coronary heart disease death using Cox propor-
tional hazards regression models (15,16) with age strata
(40 to 69, 70 to 79, 80 to 89 years) and a gender-specific term
(0 = male, I = female) . A result was considered significant
if p < 0,05 .

For multivariabie analyses, several covariates were in-
cluded because of their established roles His ^t-mill risk
factors for coronary heart disease or mortality or because of
their possible confounding role with regard to ventricular
arrhythmias and left ventricular hypertrophy : age, gender,
body mass index (weight in kilograms divided by square of
height in meters) . ratio of total to high-density lipoprotein
(HDL) cholesterol, hypertension (systolic pressure ?160 or
diastolic pressure ?95 on each of two blood pressure deter-
minations by a physician, or currently receiving antihyper-
tensive therapy), current use of beta-adrenergic blocking
agents (yes = I . no = 0), history of congestive heart failure
(yes = i, no = 0) and diabetes (yes = l. no = 0) .
Beta-blocker use was considered a separate variable because
of its potential antiarrhythmic properties .

Results
Study sample. Of 4,849 subjects (age range 40 to 89 years)

who attended the index examination, 4,297 were free of
clinically apparent coronary heart disease. Criteria for left
ventricular hypertrophy were fulfilled in 234 men and 401
women; 224 (96%) of 234 men and 393 (98%) of 401 women
had 1-h ambulatory ECG monitoring data . This sample of
617 subjects was used for all subsequent analyses . Study
sample characteristics are presented in Table 1 . Men had a
higher ratio of total to high density lipoprotein cholesterol
and were more likely to be cigarette smokers than were
women. Women were slightly older than men and had higher
rates of hypertension and use of antihypertensive therapy .

The most common etiology of left ventricular hypertro-
phy was hypertension. Definite or borderline hypertension
was present in 57% of men and 63% of women at the index
examination. In addition, 14% of men and 10% of women
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Table 1 . Study Sample Characteristics

Values presented We mean Wide SD or percent . Borderline hyperten-
sion = systolic pressure 140 to 159 mm tit; or diastolic pressure 9(1 to

94 mm Hg; definite hyperension systolic pressure ~-160 mm Hg ar diastolic
pressure a95 mm Hg: HDL = high-density lipoprotein .

were hypertensive at a previous examination (but not at the
index examination) . Of the normotensive subjects with left
ventricular hypertrophy . obesity (defined as body mass
index >26 kg/m) was present in 22%.% of men and 18% of
women. Either hypertension or obesity was present in 93%
of men and 91% of women .

Prevalence of ventricular arrhythmias . Age-adjusted
prevalerv :e rates of various ventricular arrhythmias are
presented in Table 2. The age-adjusted prevalence of ~ I
ventricular premature beat/h was 51% in men and 40% in
women. In men, the age-adjusted prevalence of complex or
frequent arrhythmia was 28% (51 of 224) ; it was 17% (71 of
393) in women. All ventricular arrhythmias were less com-
mon in women than in men .

Association of arrhythmia and outcome . The cumulative
incidence rates for each outcome are presented in Table 3 .
Incidence rates of all-cause mortality and myocardial infarc-

Table 2. Age-Adjusted Prevalence (per 1001 of Ventricular
Arrhythmias in Subjects With Left Ventricular Hypertrophy

VPBs = a-I ventricular premature beats : C or F = complex or frequent
ventricular premature beats (Lown grade >_2) . Couplets = two consecutive

ventricular premature beats: VT = ventricular tachycardia (?3 consecutive
ventricular premature beats) . R on T = R on T ventricular premature beats .
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Table 3 . Six-Year Cumulative Incidence of Outcome in
Subjects With Left Ventricular Hypertrophy According to
Arrhythmia Status*

*Bused on Kaplan-Meier estimate of event probability within 6 years .

tion or death due to coronary heart disease were higher in
men with complex or frequent arrhythmia (37.7% and 19 .6%,
respectively) than in those without (12 .4% and 9.8%, respec-
tively), with significant differences between groups for all-
cause mortality (p = 0 .0003) and myocardial infarction or
coronary heart disease death (p = 0.01). The all-cause
mortality rate was 22 .3% in women with complex or frequent
arrhythmia but only 10 .8% in those without (p = 0 .05) . There
was no association between ventricular arrhythmia and
myocardial infarction or coronary heart disease death in
women .

Further analyses of complex or frequent arrhythmia in
relation to outcome were carried out after pooling men and
women. Results are presented in Table 4 . After adjusting for
age and gender in a Cox proportional hazards model, sub-
jects who had complex or frequent arrhythmias were at
increased risk for all-cause mortality (hazard ratio 1 .80, 95%
confidence interval [CI] 1 .13 to 2 .87, p = 0.013). After
adjusting for several clinical covariates, it remained margin-
ally significant (HR 1 .62, 95% CI 0 .98 to 2 .68, p = 0.058).
For myocardial infarction or coronary heart disease death, a
slight increase in risk was noted that did not achieve statis-
tical significance in the multivariable model (HR = 1 .22, 95%
CI = 0.55 to 2.70, p = 0 .62). Age- and gender-adjusted
Kaplan-Meier survival curves, according to arrhythmia sta-
tus, are presented in Figures I and 2 . Subjects with complex
or frequent arrhythmia were noted to have substantially
reduced survival compared with those without complex or
frequent arrhythmia (p = 0 .01) (Fig. 1) . They were also at
greater risk for myocardial infarction or coronary heart
disease death (Fig . 2), but the absolute differences were
smaller than for all-cause mortality and did not achieve
statistical significance (p = 0 .46) .

Discussion
Our study demonstrates that in subjects with echocardio-

graphically determined left ventricular hypertrophy who

Men
In = 224)

Women
(n = 393)

VPBs(%) 51 40

C or F (%} 28 17

Multiformity 1%) 25 13

Couplets (%) 10 4

VT(%) <I <I

R on T (%) 2 1

M
_
-n

In = 2241
Women
(n = 393)

Age Iyr) 59 1 I I 64 ± 1-1
Current definite hypertension (% 1 38 45
Current borderline hyperension Ill ;) 19 18
Previous (but not current) definite or borderline

hypertension 1%l
14 10

Current or previous definite or borderline
hypertension (`%' )

71 73

Beta-adrenergic blocking agent use 9 8
Total/HDL cholesterol 5 .5 ± 1 .7 4.8 ± 1 .7
Body mass index (kg/m., ) 28 .7 ± 3 .8 29.1 ± 5 .4
Cigarette smoking I`~) 29 24

Diabetes (%1 8 8
Congestive heart failure (';11 2 3

1.01 venlricalar mass/height (g/ml 174 ± 41 127 ± 31
Let) ventricular internal diameter Imm) 55 .7 ± 5 .2 49 .2

	

5.3

Sepal thickness Imm) 11 .3 +_ 1 .7 9 .9 ± 2 .1
Posterior wall thickness Inmtl 11 .1 ± 1 .5 9 .6 xx 1 .6

Comrler or Frequent Arrhythmias

Absent Present
p Value

(log rank test)

Men
No. of subjects 173 51
Incidence of all-cause mortality (a!) 12 .4 37 .7 0.0003
Incidence of myocardial infarction 9 .8 19 .6 0.011
or coronary heart disease death (9f)

Women
No. of subjects 322 71
Incidence of all-cause mortality ('f) 10 .8 22 . 3 0.052
Incidence of myocardial infarction 5 .1 3 .8 0.58
or coronary heart disease death (%)
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were free of clinically apparent coronary heart disease, the
presence of asymptomatic complex or frequent ventricular
arrhythmia is associated with a nearly twofold risk of mor-
tality when adjusted for age and gender . This association
remained marginally significant after adjusting for eight
coronary heart disease risk factors and potential confound-
ers. Men with left ventricular hypertrophy were also at
increased risk for myocardial infarction or coronary heart
disease death when complex or frequent arrhythmias were
detected .

Previous studies (7,8) have reported an increased preva-
lence of ventricular arrhythmias, particularly complex or
frequent forms, in subjects with left ventricular hypertrophy .
A recent report by Pringle et al . (17) evaluated the associa-
tion of ventricular arrhythmias in subjects with left ventric-
ular hypertrophy with abnormalities on signal-averaged
ECGs and electrophysiologic studies . They concluded that
there is little evidence to suggest an arrhythmogenic sub-
strate in these subjects . Coste et al . (18), however, studied
24 patients with programmed electrical stimulation and
noted an increased incidence of inducible reentrant beats

BIKKINA ET AL.
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Table 4. Hazard Ratios for Outcome Events Associated With the Presence of Complex of Frequent
Ventricular Arrhythmias

'Covariates ; totallhigh density lipoprotein cholesterol . body mass index. elevated blood pressure or antihyper-
tensive therapy, beia.edrenergio blocker agents, diabetes, smoking, congestive heart failure .
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and nonsustained ventricular tachycurdia in subjects with
left ventricular hypertrophy. but the long-term prognostic
implications of these ventricular arrhythmias was not estab-
lished. The present study documents the association of
ventricular arrhythmias with long-term mortality risk in
subjects with left ventricular hypertrophy and extends the
observation of increased mortality risk conferred by ventric-
ular arrhythmias in subjects with hypertrophic cardiomyop-
athy (19) to a population-based sample with left ventricular
hypertrophy .

Mechanisms. The mechanisms of the increased risk for
ventricular arrhythmias in subjects with left ventricular
hypertrophy and the increased mortality risk conferred by
such arrhythmias remain unresolved . Reduced coronary
vascular reserve, silent myocardial ischemia, abnormal
membrane properties of hypertrophied myocytes and elec-
trophysiologic disturbances due to increased fibrous tissue
or altered collagen content (20-23) have been considered as
possible mechanisms for arrhythmogenesis .

Ghali et al . (24) observed increased risk for ventricular
arrhythmias in subjects with left ventricular hypertrophy

Figure 1 . Age- and gender-adjusted Kaplan-Meier plots for
all-cause mortality in subjects with left ventricular hyper-
trophy according to the complex or frequent arrhythmia
status. The difference between arrhythmia groups for all-
cause mortality was significant at p = 0 .01 .

Subjects
at Risk
Ino.)

Outcome
Events
(no.)

Hazard
Ratio

95%
Confidence
Interval p Value

All-cause mortality
Age and gender adjusted 617 81 1 .80 1 .13-2.87 0.013
Age, gender and covariate' adjusted 580 75 1 .62 0.98-2.68 0.058

Myocardial infarction or coronary heart disease death
Age and gender adjusted 617 35 1_33 0.63-2,80 0,46
Age, gender and covadate adjusted 580 34 1 .22 11.5.5-2.70 0.62
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Figure 2, Age- and gender-adjusted Kaplan-Meier plots for
myocardial infarction or coronary heart disease death in
subjects with left ventricular hypertrophy according to
complex or frequent arrhythmia status . The difference
between arrhythmia groups for myocardial infarction or
coronary heart disease death was not significant (p = 0 .461 .

even in the absence of epicardial coronary artery disease as
assessed by coronary arteriography . Szlachcic et al . (25)
noted silent coronary artery disease as an independent
predictor of ventricular arrhythmia in subjects with left
ventricular hypertrophy . In addition, coronary circulation
might be altered in the setting of left ventricular hypertrophy
due to decreased coronary vascular reserve (20,21) or failure
of the blood supply to keep pace with the growth of cardiac
muscle (26) .

A comprehensive multivariable model was constructed to
adjust for the influence of coronary disease risk factors and
potential confounding variables . Earlier studies (27,28)
noted the increased occurrence of ventricular arrhythmias in
hypertensive subjects who were treated with diuretic agents .
Others (29.30) have suggested that antiarrhythmic properties
of beta-blockers might in part be responsible for improved
survival among survivors of myocardial infarction who re-
ceived these medications. The presence and severity of heart
failure were the strongest independent predictors of both
cardiac death and sudden death in subjects with ventricular
tachyarrhythmias studied by Swerdlow et al . (31) . In view of
the potential impact of diuretic agents, beta-blockers and
heart failure on arrhythmia expression and outcome, we
considered these variables in our multivariable model .

Study strengths and limitations . Referral bias was
avoided in the current study by using a large population-
based sample. All subjects in the final sample had ambula-
tory ECG data and adequate echocardioghaphic data . Risk
factor information was available in >97% of subjects except
for the ratio of total to HDL cholesterol in women (93%
available) . Potential confounding variables that could influ-
ence outcome and the association between arrhythmia and
outcome were included in the multivariable analyses .

One-hour ambulatory ECG monitoring was performed in
our study subjects. However, 24-h ECG monitoring would
have detected a higher prevalence of arrhythmias than I-h
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monitoring and would have provided greater statistical
power to detect excess mortality in subjects who had ven-
tricular arrhythmias . Because exercise ECG testing and
coronary angiographic studies were not performed in our
sample, the possibility of occult coronary disease cannot be
assessed .

Conclusions . After adjustment for age and gender . the
presence of complex or frequent ventricular arrhythmia was
associated with reduced survival in subjects with left ven-
tricular hypertrophy who were free of clinically apparent
coronary heart disease. This association remained margin-
ally significant after adjusting for several relevant covariates .
Subjects with left ventricular hypertrophy are at increased
risk for mortality (1-3), and detection of ventricular arrhyth-
mias in patients with left ventricular hypertrophy might help
to identify those who are at greatest risk for mortality .
Additional investigations are necessary to identify mecha-
nisms of risk . At present, the therapeutic implications of the
excess mortality associated with ventricular arrhythmia in
subjects with left ventricular hypertrophy are unknown .
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