
ORIGINAL CONTRIBUTION

Burden of Systolic and Diastolic Ventricular
Dysfunction in the Community
Appreciating the Scope of the Heart Failure Epidemic
Margaret M. Redfield, MD
Steven J. Jacobsen, MD, PhD
John C. Burnett, Jr, MD
Douglas W. Mahoney, MS
Kent R. Bailey, PhD
Richard J. Rodeheffer, MD

CONGESTIVE HEART FAILURE

(CHF) is a clinical syn-
drome defined by character-
istic symptoms and physical

findings. Echocardiography is often per-
formed in patients with CHF to mea-
sure the ejection fraction (EF) and de-
termine if systolic function is reduced,
systolic CHF or preserved, diastolic
CHF. Comprehensive Doppler echo-
cardiography can now characterize di-
astolic function directly in addition to
measurement of the EF.

Cardiovascular diseases (CVDs) such
as hypertension, coronary artery dis-
ease, and cardiomyopathies often lead to
systolic and diastolic ventricular dys-
function. Nearly all patients with sys-
tolic dysfunction have some degree of
concomitant diastolic dysfunction, spe-
cifically, impaired relaxation and vari-
able decreases in ventricular compli-
ance.1 However, it is now recognized that
patients with normal EF can display
marked impairment in diastolic func-
tion (isolated diastolic dysfunction).2

Clinically, it has been recognized that
some patients with advanced systolic
dysfunction remain free of symptoms
of CHF. Thus, individuals may have
systolic dysfunction without receiv-
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Context Approximately half of patients with overt congestive heart failure (CHF) have
diastolic dysfunction without reduced ejection fraction (EF). Yet, the prevalence of di-
astolic dysfunction and its relation to systolic dysfunction and CHF in the community
remain undefined.

Objectives To determine the prevalence of CHF and preclinical diastolic dysfunc-
tion and systolic dysfunction in the community and determine if diastolic dysfunction
is predictive of all-cause mortality.

Design, Setting, Participants Cross-sectional survey of 2042 randomly selected
residents of Olmsted County, Minnesota, aged 45 years or older from June 1997 through
September 2000.

Main Outcome Measures Doppler echocardiographic assessment of systolic and
diastolic function. Presence of CHF diagnosis by review of medical records with des-
ignation as validated CHF if Framingham criteria are satisfied. Subjects without a CHF
diagnosis but with diastolic or systolic dysfunction were considered as having either
preclinical diastolic or preclinical systolic dysfunction.

Results The prevalence of validated CHF was 2.2% (95% confidence interval [CI],
1.6%-2.8%) with 44% having an EF higher than 50%. Overall, 20.8% (95% CI, 19.0%-
22.7%) of the population had mild diastolic dysfunction, 6.6% (95% CI, 5.5%-
7.8%) had moderate diastolic dysfunction, and 0.7% (95% CI, 0.3%-1.1%) had se-
vere diastolic dysfunction with 5.6% (95% CI, 4.5%-6.7%) of the population having
moderate or severe diastolic dysfunction with normal EF. The prevalence of any sys-
tolic dysfunction (EF �50%) was 6.0% (95% CI, 5.0%-7.1%) with moderate or se-
vere systolic dysfunction (EF �40%) being present in 2.0% (95% CI, 1.4%-2.5%).
CHF was much more common among those with systolic or diastolic dysfunction than
in those with normal ventricular function. However, even among those with moder-
ate or severe diastolic or systolic dysfunction, less than half had recognized CHF. In
multivariate analysis, controlling for age, sex, and EF, mild diastolic dysfunction (haz-
ard ratio, 8.31 [95% CI, 3.00-23.1], P�.001) and moderate or severe diastolic dys-
function (hazard ratio, 10.17 [95% CI, 3.28-31.0], P�.001) were predictive of all-
cause mortality.

Conclusions In the community, systolic dysfunction is frequently present in indi-
viduals without recognized CHF. Furthermore, diastolic dysfunction as rigorously de-
fined by comprehensive Doppler techniques is common, often not accompanied by
recognized CHF, and associated with marked increases in all-cause mortality.
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ing a diagnosis of or treatment for CHF.
This has been termed preclinical sys-
tolic dysfunction and may be com-
mon.3-5 However, the prevalence of di-
astolic dysfunction and its relation to
systolic dysfunction and recognized
CHF in the community is unclear.

The efficacy of therapy to abort or de-
lay the progression of preclinical sys-
tolic dysfunction to CHF is recog-
nized by CHF practice guidelines.6

Studies indicate that even simple Dop-
pler evidence of diastolic dysfunction
is an independent risk factor for the fu-
ture development of CHF and cardiac
death.7,8 Thus, if common, early rec-
ognition and treatment of preclinical
systolic and diastolic dysfunction rep-
resent a potentially powerful strategy
to reduce the incidence of CHF.

Our objective was to establish the
prevalence of preclinical systolic and di-
astolic dysfunction and the preva-
lence of CHF in randomly selected resi-
dents of Olmsted County, Minnesota,3

aged 45 years or older. Furthermore, we
sought to determine whether the pres-
ence of diastolic dysfunction is inde-
pendently predictive of all-cause mor-
tality.

METHODS
In 1990, 96% of the 106470 residents
of Olmsted County were white. Other
characteristics of this population have
been previously described.9-11 The Mayo
Foundation institutional review board
approved this study.

Using the resources of the Roches-
ter Epidemiology Project,10 a random
sample of residents who were at least
45 years old as of January 1, 1997, was
identified. Participants were enrolled
and studied during a 3-year period, end-
ing September 30, 2000. Of the 4203
eligible residents invited, 2042 (47%)
participated. Analysis of the medical re-
cords of 500 randomly selected resi-
dents who did not participate revealed
similar age and sex distribution to that
observed in participants and a similar
prevalence of hypertension, coronary
artery disease, previous myocardial in-
farction, diabetes, previous cardiovas-
cular hospitalization, and CHF.

Community medical records for each
participant were reviewed by trained
nurse abstractors using established cri-
teria for hypertension12 or myocardial in-
farction.13 In addition, clinical diag-
noses of coronary artery disease and
diabetes mellitus were recorded. Each
participant underwent a focused physi-
cal examination that included measure-
ment of blood pressure, height, and
weight. Body mass index (BMI) was cal-
culated as weight in kilograms divided
by the square of height in meters. Each
participant’s medical records were re-
viewed to determine if any diagnosis of
CHF had been made. If so, each medi-
cal encounter was reviewed to deter-
mine whether the documented clinical
information fulfilled Framingham crite-
ria9 (validated CHF; BOX). Participants
with no CHF diagnosis but with either
diastolic or systolic dysfunction at ech-
ocardiography were considered to have
preclinical diastolic or systolic dysfunc-
tion. Such designation does not imply
that the participant would definitely de-
velop CHF or did not have symptoms,
only that the participant had not sought
evaluation or had not had an evalua-
tion that resulted in a diagnosis of CHF.

Doppler Echocardiography
All echocardiograms were performed by
1 of 3 registered diagnostic cardiac
sonographers who used the same echo-
cardiographic instrument (HP-2500,
Palo Alto, Calif) according to a stan-
dardized protocol and interpreted by a
single echocardiologist (M.M.R.) who
was masked to clinical data. Two-
dimensional (2-D) and color Doppler
imaging were performed to screen for
valvular disease.

In each participant, measurement of
EF was performed by M-mode echo-
cardiography using the modified Qui-
nones formula, by the quantitative 2-D
(biplane Simpson) method, and by the
semiquantitative 2-D visual estimate
method.11,14-17

Each participant underwent pulsed-
wave Doppler examination of mitral in-
flow before and during Valsalva ma-
neuver and of pulmonary venous inflow
and Doppler tissue imaging of the mi-
tral annulus. Diastolic function was cat-
egorized according to the progression
of diastolic dysfunction: normal; mild,
defined as impaired relaxation with-
out evidence of increased filling pres-
sures; moderate, defined as impaired

Box. Framingham Criteria for the Clinical Diagnosis
of Congestive Heart Failure9

Major Criteria
Paroxysmal nocturnal dyspnea
Orthopnea
Elevated jugular venous pressure
Pulmonary rales
Third heart sound
Cardiomegaly on chest radiograph
Pulmonary edema on chest radiograph

Minor Criteria
Peripheral edema
Night cough
Dyspnea on exertion
Hepatomegaly
Pleural effusion
Heart rate �120/min
Weight loss �4.5 kg in 5 days*

*Weight loss �4.5 kg in 5 days is considered a major criterion if it occurred in response to
therapy for congestive heart failure (CHF). A patient was considered to have validated CHF
if 2 major criteria were present or 1 major and 2 minor criteria were present concurrently.
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relaxation associated with moderate el-
evation of filling pressures or pseudo-
normal filling, and severe, defined as ad-
vanced reduction in compliance or
reversible or fixed restrictive filling as
previously described and validated
(FIGURE 1).1,18 Participants were re-

quired to have 2 Doppler criteria con-
sistent with moderate or severe dias-
tolic dysfunction to be so classified.
Subjects with 1 criterion for moderate
or severe diastolic dysfunction or those
whose parameters were borderline and
suggestive of but not definitive for di-

astolic dysfunction were classified as in-
determinate rather than as normal.

Left ventricular mass and left atrial
volume were calculated from M-mode
and 2-D measurements, respectively,
and were indexed to body surface area
as previously described.19,20

Figure 1. Doppler Criteria for Classification of Diastolic Function
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Participants with atrial fibrillation with DT �140 ms, other arrhythmia, fusion of E and A, or in whom diastolic parameters were not obtained, who had only 1 criterion
suggesting moderate or severe diastolic dysfunction, or in whom diastolic parameters were borderline and suggestive of but not diagnostic of abnormality were clas-
sified as having indeterminate diastolic function. E, peak early filling velocity; A, velocity at atrial contraction; DT, deceleration time; Adur, A duration; ARdur, AR
duration; S, systolic forward flow; D, diastolic forward flow; AR, pulmonary venous atrial reversal flow; e’, velocity of mitral annulus early diastolic motion; a’, velocity
of mitral annulus motion with atrial systole; DT, mitral E velocity deceleration time.

*Corrected for E/A fusion.40
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As part of the Rochester Epidemiol-
ogy Project infrastructure, mortality
data on Olmsted County residents are
routinely collected by reviewing com-
munity medical records, death certifi-
cates, and obituary notices. Partici-
pants were followed up until death or
October 1, 2002, at which time they
were censored. This provided 7000 per-
son-years of follow-up, with a median
(25th, 75th percentile) of 3.5 (2.9, 4.2)
person-years of follow-up. Active sur-
veillance of the first 41% (n=974) of the
cohort recruited to participate in our
study for a follow-up visit identified no
additional deaths to those identified via
the above mechanisms.

Statistical Methods
For each EF method, the correspond-
ing distribution was summarized as the
empirically estimated cumulative dis-
tribution function. The overall preva-
lence of systolic dysfunction was
estimated for each method among par-
ticipants from whom EF was obtained
by that method with the correspond-
ing 95% confidence interval (CI) based
on the exact binomial distribution. Simi-
lar methods were used to estimate the
overall prevalence of diastolic dysfunc-
tion. The association between the preva-
lence of systolic dysfunction with clini-
cal variables was investigated using the
�2 test for univariate associations and lo-
gistic regression when controlling for po-
tential confounding variables. The Man-
tel-Haenszel �2 test of trend was used to
investigate the association between the
ordinal scale of diastolic dysfunction
with dichotomous clinical variables and
the Spearman correlation coefficient for
continuous variables. Ordinal logistic re-
gression was used to adjust the associa-
tion of clinical variables with diastolic
dysfunction for age and sex. The sur-
vival-free (of any cause) status was es-
timated using the Kaplan-Meier method
and the association with diastolic dys-
function was assessed using the log-
rank test. The Cox proportional haz-
ards regression model was used to adjust
the association of diastolic dysfunction
with all-cause mortality for age, sex, and
EF. The proportional hazards assump-

tion was evaluated and not rejected us-
ing methods developed by Grambsch
and Therneau.21All analyses were done
using SAS version 8 (SAS Institute, Cary,
NC) except for the test of proportional
hazards which was done using the sur-
vival analysis software in S-Plus Ver-
sion 6.1.2 (Seattle, Wash).

RESULTS
Study Participants

The mean (SD) age of study partici-
pants was 62.8 (10.6) with 29.4% aged
45 through 54, 30.6% aged 55 through
64, 25.4% aged 65 through 74 years,
and 14.6% aged 75 years or older. The
mean (SD) BMI was 28.4 (5.41). Of the
participants, 8.9% were current and
50.1% were former smokers, 4.5 had
diabetes, 12.2% had a history of coro-
nary artery disease, and 4.8 % had a pre-
vious myocardial infarction.

Congestive Heart Failure
The prevalence of any CHF diagnosis
was 2.6% (95% CI, 1.9%-3.3%) with 21

participants (41%) having an EF higher
than 50%. A validated diagnosis of CHF
was present in 45 participants (2.2%;
95% CI, 1.6%-2.8%) with 20 (44%) of
those having an EF higher than 50%.
The mean (SD) time between CHF di-
agnosis and the echocardiogram was 4.9
(4.1) years (range, 0.1-16.2 years). The
prevalence of validated CHF increased
with age groups: 0.7% for those aged 45
through 54; 1.3% in those aged 55
through 64; 1.5% for those aged 65
through 74; and 8.4% for those aged 75
years or older. The P value with or with-
out adjustment for sex was P�.001. The
prevalence of validated CHF was 2.7%
in men vs 1.7% in women (P=.11, with-
out adjustment for age). When ad-
justed for age, CHF was slightly more
common in men (P=.03).

Diastolic Dysfunction
Diastolic function was classified as nor-
mal or abnormal in 1779 participants
(87.1%) and as indeterminate in 263 par-
ticipants (12.9%). Among the 45 with

Table 1. Prevalence of Systolic and Diastolic Dysfunction According to Age and Sex*

Variables

No. (%) of Patients Affected

Age Group, y

Overall45-54 55-64 65-74 �75

Diastolic Dysfunction

Mild
All 27 (4.8) 72 (13.2) 149 (34.2) 123 (52.8) 371 (20.8)

Men 20 (7.2) 43 (16.0) 76 (37.2) 49 (57.0) 188 (22.5)

Women 7 (2.4) 29 (10.4) 73 (31.6) 74 (50.3) 183 (19.4)

Moderate
All 8 (1.4) 33 (6.0) 43 (9.9) 34 (14.6) 118 (6.6)

Men 5 (1.8) 19 (7.1) 17 (8.3) 15 (17.4) 56 (6.7)

Women 3 (1.0) 14 (5.0) 26 (11.3) 19 (12.9) 62 (6.6)

Severe
All 0 (0) 2 (0.4) 3 (0.7) 8 (3.4) 13 (0.7)

Men 0 (0) 0 (0) 2 (1.0) 3 (3.5) 5 (0.6)

Women 0 (0) 2 (0.7) 1 (0.4) 5 (3.4) 8 (0.8)

Systolic Dysfunction

Any, ejection fraction �50%
All 18 (3.0) 30 (4.8) 37 (7.1) 38 (12.9) 123 (6.0)

Men 15 (5.1) 23 (7.4) 27 (10.6) 26 (22.8) 91 (10.2)

Women 3 (1.0) 7 (2.2) 10 (3.8) 12 (6.6) 32 (3.8)

Moderate to severe,
ejection fraction �40%

All 5 (0.8) 8 (1.3) 14 (2.7) 13 (4.4) 40 (2.0)

Men 5 (1.7) 6 (1.9) 12 (4.7) 9 (7.9) 32 (3.6)

Women 0 (0.0) 2 (0.6) 2 (0.8) 4 (2.2) 8 (1.0)

*A total of 1799 participants were classified as having normal diastolic function or as having mild, moderate, or severe
diastolic dysfunction with 243 classified as indeterminate. Ejection fraction was assessed in 2036 participants.
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validated CHF, only 1 met Doppler cri-
teria for normal diastolic function.
Twenty-one met Doppler criteria for di-
astolic dysfunction. The remaining 23
participants were classified as indeter-
minate, 13 for atrial fibrillation with mi-
tral inflow deceleration time greater than
140 milliseconds, 1 for other atrial ar-
rhythmia, 1 for mild mitral stenosis, 3
for E–A fusion, and 5 who had border-
line parameters that were suggestive of
diastolic dysfunction but did not meet
all criteria required for designation as di-
astolic dysfunction.

Overall, 20.8% (95% CI, 19.0%-
22.7%) had mild, 6.6% (95% CI, 5.5%-
7.8%) had moderate, and 0.7% (95% CI,
0.3%-1.1%) had severe diastolic dys-
function (Table 1) with 5.6% (95% CI,
4.5%-6.7%) having moderate or severe

diastolic dysfunction with normal EF.
The prevalence of diastolic dysfunc-
tion increased with age, was more com-
mon in participants with CVD, diabe-
tes, or systolic dysfunction, and was
equally common in men and women
(TABLE 1 and TABLE 2). A greater per-
centage of particpants with mild dias-
tolic dysfunction (38.8%) were obese
(BMI �30) compared with those with
normal (30.3%) diastolic function or
moderate (29.7%) or severe (23.1%) di-
astolic dysfunction.

Systolic Dysfunction
We obtained EF from 78.0% of partici-
pants by M-mode, 79.2% by biplane
Simpson method, and 99.7% by 2-D vi-
sual methods. Of the 2042 subjects,
1888 (92.5%) had quantitative assess-

ment of EF measured by M-mode or bi-
plane Simpson method if no M-mode
was possible. The mean (SD) EF among
participants without CD was similar by
M-mode (63.5% [6.5%]), biplane Simp-
son (63.9% [6.7%]), and 2-D visual
(63.3% [5.4%]) methods.

The cumulative distribution of EF
within the population as assessed by the
3 techniques is displayed in FIGURE 2,
which illustrates the prevalence of sys-
tolic dysfunction according to the EF
level and method of measuring it.

In 1888 participants with a quanti-
tative EF assessment, the prevalence
was 6.5% (95% CI, 5.4%-7.6%) for
those with an EF of 50% or less and was
1.8% (95% CI, 1.2%-2.4%) for those
with an EF of 40% or less. Among 2036
participants whose EF was measured by
the 2-D visual method, the prevalence
was 6.0% (95% CI, 5.0%-7.1%) for
those with an EF of 50% or less and was
2.0% (95% CI, 1.4%-2.5%) for those
with an EF of 40% or less. The preva-
lence of systolic dysfunction was lower
when restricting the population by us-
ing only 1 quantitative method (Fig-
ure 2), was higher in men than women
(TABLE 3) with and without control-
ling for age (P�.001 for all), and in-
creased with age with and without ad-
justment for sex (P�.001 for all).
Systolic dysfunction determined by the
2-D visual method was more common
in participants with CD (Table 3). All
associations were similar when only
participants with quantitative EF as-
sessment were examined.

Diastolic and Systolic
Function Parameters
An EF of 50% or less was present in
1.4% of participants with normal, 10.5%
with mild, 19.5% with moderate, 61.5%
with severe, and 13.6% with indeter-
minate diastolic function. Overall, 100
participants (5.6%; 95% CI, 4.5%-
6.7%) had moderate or severe dias-
tolic dysfunction but had normal EF
(isolated diastolic dysfunction).

Among subjects with normal EF and
no CHF diagnosis, increasing severity
of diastolic dysfunction was associ-
ated with a higher mean (SD) left ven-

Table 2. Association of Diastolic Function With Clinical Parameters

Variables

No. (%) of Participants

P
ValueNormal

Diastolic Dysfunction

Mild Moderate Severe

Men 587 (70.2) 188 (22.5) 56 (6.7) 5 (0.6)
.40

Women 690 (73.2) 183 (19.4) 62 (6.6) 8 (0.8)

Age, y
45-64 969 (87.2) 99 (8.9) 41 (3.7) 2 (0.2)

.001
�65 308 (46.1) 272 (40.7) 77 (11.5) 11 (1.6)

Ejection fraction, %*
�50 1259 (74.5) 331 (19.6) 95 (5.6) 5 (0.3)

.001
�50 18 (20.5) 39 (44.3) 23 (26.1) 8 (9.1)

Hypertension
No 1013 (79.3) 198 (15.5) 62 (4.9) 5 (0.4)

.001
Yes 264 (52.7) 173 (34.5) 56 (11.2) 8 (1.6)

Diabetes
No 1211 (73.3) 323 (19.5) 108 (6.5) 11 (0.7)

.001
Yes 66 (52.4) 48 (38.1) 10 (7.9) 2 (1.6)

Coronary disease
No 1197 (75.3) 304 (19.1) 84 (5.3) 5 (0.3)

.001
Yes 80 (42.3) 67 (35.4) 34 (18.0) 8 (4.2)

Myocardial infarction
No 1250 (73.4) 339 (19.9) 106 (6.2) 8 (0.5)

.001
Yes 27 (35.5) 32 (42.1) 12 (15.8) 5 (6.6)

Validated CHF diagnosis
No 1276 (72.6) 362 (20.6) 112 (6.4) 7 (0.4)

.001
Yes 1 (4.5) 9 (40.9) 6 (27.3) 6 (27.3)

CHF diagnosis
No 1276 (72.8) 358 (20.4) 111 (6.3) 7 (0.4)

.001
Yes 1 (3.7) 13 (48.2) 7 (25.9) 6 (22.2)

Body mass index, kg/m2

�25 344 (75.1) 74 (16.2) 35 (7.6) 5 (1.1)

25-30 546 (72.6) 153 (20.3) 48 (6.4) 5 (0.7) .03

�30 387 (68.0) 144 (25.3) 35 (6.2) 3 (0.5)
Abbreviation: CHF, congestive heart failure. Percentages may not sum to 100 due to rounding.
*In 1 patient, it was possible to assess diastolic dysfunction but not ejection fraction.
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tricular mass index (normal, 92.2
[17.7]; mild, 105.9 [24.8]; moderate,
104.4 [25.1]; and severe, 107.6 [44.2]
g/m2; Spearman r=0.23; P�.001) and
mean (SD) left atrial volume index (nor-
mal, 22.9 [6.0]; mild, 24.6 [7.6]; mod-
erate, 30.5 [8.1]; and severe, 46.3 [12.6]
mL/ m2; Spearman r=0.20; P�.001).

Ventricular Dysfunction and CHF
FIGURE 3 shows the percentage of par-
ticipants with any or validated CHF di-
agnosis according to the level of sys-
tolic or diastolic dysfunction. The
percentage of participants with recog-
nized CHF increased according to the
severity of systolic or diastolic dysfunc-
tion, clearly indicating that diastolic as
well as systolic dysfunction is associ-
ated with CHF. However, even when
only participants with moderate or se-
vere diastolic dysfunction or with an EF
of 40% or less are considered less than
half had any or validated CHF diagno-
sis. Of participants with an EF of 40%
or less, 47.5% were taking angiotensin-
converting enzyme (ACE) inhibitors and
22.5% were taking �-blockers. Of sub-
jects with moderate or severe diastolic
dysfunction, 14.2% were taking ACE in-
hibitors and 40.2%, �-blockers.

The prevalence of preclinical sys-
tolic and diastolic dysfunction in a high-
risk group defined by simple clinical
characteristics greatly exceeded that ob-
served in the general adult population
(TABLE 4).

All-cause mortality (n=48 deaths)
was increased among those with dias-
tolic dysfunction (FIGURE 4). Multi-
variate analysis showed that diastolic
dysfunction was predictive of all-
cause mortality even when control-
ling for age, sex, and EF (TABLE 5).

COMMENT
This study provides the first estimates of
the prevalence of diastolic dysfunction
in the community as assessed by rigor-
ousandhemodynamicallyvalidatedDop-
pler criteria. Diastolic dysfunction was
common and isolated diastolic dysfunc-
tion was as common as systolic dysfunc-
tion. The frequency of CHF increased
dramatically with increasing severity of

Table 3. Association of Systolic Dysfunction With Cardiovascular Disease

Variable

Ejection Fraction, %

�50 �40

No. of
Participants

at Risk

No. (%) of
Participants

Affected
P

Value

No. (%)
Participants

Affected
P

Value

Hypertension
No 1440 66 (4.6) .001 20 (1.4)

.004
Yes 596 57 (9.6) 20 (3.4)

Diabetes
No 1885 102 (5.4) .001 34 (1.8) .07

Yes 151 21 (13.9) 6 (4.0)

Coronary disease
No 1789 71 (4.0) .001 16 (0.9)

.001
Yes 247 52 (21.0) 24 (9.7)

Myocardial infarction
No 1939 98 (5.1) .001 26 (1.3)

.001
Yes 97 25 (25.8) 14 (14.4)

Validated CHF diagnosis
No 1991 98 (4.9) .001 22 (1.1)

.001
Yes 45 25 (55.6) 18 (40.0)

CHF diagnosis
No 1985 93 (4.7) .001 19 (1.0) .001

Yes 51 30 (58.8) .001 21 (41.2)

Body mass index, kg/m2

�25 526 25 (4.8) 9 (1.7)

25-30 857 53 (6.2) .30 19 (2.2) .77

�30 653 45 (6.9) 12 (1.8)
Abbreviation: CHF, congestive heart failure.

Figure 2. Cumulative Distribution of Ejection Fraction Within the Population
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diastolic dysfunction. However, even
severe diastolic dysfunction was often
preclinicalwithnorecognizedCHFdiag-
nosis. When controlling for age, sex, and
EF both mild and moderate or severe
diastolic dysfunction were predictive of
all-cause mortality. Systolic dysfunc-
tionwasalsocommon.Although the fre-
quencyofCHFalso increasedwithwors-
eningsystolic function,evenamongthose
with an EF of 40% or less, fewer than
50% of participants had a diagnosis of
CHF. Simple clinical characteristics
allow identification of individuals at
highestriskforpreclinicaldiastolicorsys-
tolic dysfunction.

A novel aspect of this study is our ef-
fort to describe the frequency of dias-
tolic dysfunction and its association
with systolic dysfunction and CHF in

the population. These data are impor-
tant because population-based stud-
ies9,22-24 have repeatedly demonstrated
that 40% to 50% of individuals with
CHF have normal EF, a finding we
again confirm. Recent studies have
documented that individuals with CHF
and normal EF consistently demon-
strate diastolic dysfunction when sub-
jected to hemodynamic study and docu-
ment that patients presenting with CHF
and normal EF do not have transient
systolic dysfunction.2,25 Furthermore,
using more rudimentary indices to as-
sess diastolic function, Aurigemma et
al7 documented that mitral inflow pat-
terns suggesting mild or moderate or
severe diastolic dysfunction were in-
dependently predictive of future devel-
opment of CHF in free-living older vol-

unteers. Bella et al8 report that a mitral
inflow pattern suggestive of diastolic
dysfunction was associated with in-
creased cardiac mortality, indepen-
dent of pertinent covariates. In our
study, we used more rigorous Dop-
pler methods to characterize diastolic
function, requiring that 2 indices
proven as predictive of advanced dias-
tolic dysfunction be present for assign-
ment to the moderate or severe dias-
tolic dysfunction category. We observed
the previously described association be-
tween diastolic dysfunction and age.26

These data are consistent with age-
associated increases in CVD and with
studies suggesting that senescence it-
self may be associated with impair-
ment in diastolic function.27 The pres-
ence of diastolic dysfunction was closely
associated with the presence of CVD,
confirming the propensity of hyperten-
sion28,29 and coronary artery dis-
ease28,30 to produce diastolic dysfunc-
tion. Even confining the analysis to
participants with normal EF and no
CHF, worsening diastolic dysfunction
was associated with increases in in-
dexed left ventricular mass and left atrial
volume. These structural findings sup-
port the Doppler evidence of diastolic
dysfunction because the hypertro-
phied ventricle is more likely to dis-
play diastolic dysfunction and chronic
increases in left atrial pressure associ-
ated with diastolic dysfunction would
be expected to lead to atrial enlarge-
ment. Finally, we demonstrate that, as
rigorously defined in our study, both
mild and moderate or severe diastolic

Figure 3. Relationship Between Congestive Heart Failure (CHF) Diagnosis and Ventricular
Dysfunction
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Table 4. Prevalence of Preclinical Systolic and Diastolic Dysfunction in the Community*

Variables
No. of

Participants

Prevalence (95% Confidence Interval)

Ejection Fraction, % Diastolic Dysfunction

�40 �50 Mild Moderate to Severe

General Adult Population

All 1991 1.1 (0.7-1.7) 4.9 (4.0-6.0) 20.6 (18.7-22.6) 6.8 (5.6-8.0)

Men 952 2.0 (1.2-3.1) 7.9 (6.3-9.8) 22.3 (19.5-25.3) 6.2 (4.7-8.1)

Women 1039 0.3 (0.1-0.8) 2.2 (1.4-3.3) 19.1 (16.7-21.8) 7.3 (5.7-9.1)

High-Risk Population (Age �65 y and Hypertension or Coronary Artery Disease)

All 396 2.8 (1.4-4.9) 10.9 (8.0-14.4) 47.6 (42.1-53.1) 16.5 (12.6-20.9)

Men 196 5.1 (2.5-9.2) 16.8 (11.9-22.8) 48.7 (40.7-56.8) 14.6 (9.5-21.0)

Women 200 0.5 (0.0-2.8) 5.0 (2.4-9.0) 46.5 (38.8-54.3) 18.2 (12.7-24.9)

*Preclinical denotes no previous validated congestive heart failure diagnosis. Ejection fraction was assessed by 2-D visual method.
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dysfunction was associated with marked
increases in all-cause mortality, inde-
pendent of age, sex, and EF.

In our study, EF was measured by 3
different techniques to facilitate com-
parison to previous studies that have
used a variety of EF methods. The
prevalence of any systolic dysfunction
was previously reported as 7.7% for an
urban population (aged 25-75 years; bi-
plane Simpson method) in North
Glasgow, Scotland.3 When age, sex, and
technique-specific prevalence rates are
compared, we found a somewhat lower
prevalence of systolic dysfunction in Ol-
msted County. Devereux et al31 re-
ported that 14.1% of American Indi-
ans (aged 45-74 years) had systolic
dysfunction.31 Other population-
based studies have reported preva-
lence rates similar to ours when age,
sex, and technique-specific rates were
examined.4,32 Although the preva-
lence of systolic dysfunction in-
creased with increasing severity of di-
astolic dysfunction, most participants
with diastolic dysfunction had a nor-
mal EF. Indeed, moderate or severe iso-
lated diastolic dysfunction was as com-
mon as systolic dysfunction.

The frequency of any and validated
CHF diagnoses among patients with ven-
tricular dysfunction increases with the
severity of ventricular dysfunction, but
even among those with advanced dias-
tolic or systolic dysfunction, more than
50% have no CHF diagnosis or re-
ceived no treatment. Although previ-
ous studies also suggest that up to 50%
of patients with systolic dysfunction have
preclinical systolic dysfunction,3-5 the
current data extend previous studies by
examining both types of ventricular dys-
function known to be associated with the
development of CHF, their relation to
each other, and the frequency of CHF di-
agnosis.Easily identifiedhigh-riskgroups
have a higher prevalence of preclinical
ventricular dysfunction.

The lifetime risk of developing CHF
for those who have reached the age of
40 years is 20% for both men and wom-
en33 and exceeds the lifetime risk of
many conditions commonly screened for
in the community. Prevention of CHF

through the treatment of preclinical sys-
tolic dysfunction is recommended in
CHF guidelines.6 Although we acknowl-
edge the lack of therapies proven to
modify disease course in diastolic CHF,
several clinical trials are underway. The
current data are crucial if we are to be
poised to extend the paradigm of pre-
vention of CHF through treatment of
preclinical systolic dysfunction to those
with preclinical diastolic dysfunction.
Screening strategies to detect preclini-
cal ventricular dysfunction include Dop-
pler echocardiography and potentially,
measurement of plasma brain natri-
uretic peptide concentration (BNP).
However, studies vary as to the sensi-
tivity and specificity of BNP for the de-
tection of systolic or diastolic dysfunc-
tion and more data are needed.11,34-39

The Olmsted County population is
primarily white and may not be repre-
sentative of national demographics of

diastolic and systolic dysfunction. Al-
though comparison of the clinical char-
acteristics of participants and nonpar-
ticipants did not reveal significant
differences, preferential participation by
subjects with or without disease can-
not be excluded.

In the community, systolic dysfunc-
tion is frequently present in subjects
without recognized CHF. Further-
more, diastolic dysfunction as rigor-
ously defined by comprehensive Dop-
pler techniques is common, often not
accompanied by recognized CHF and
associated with marked increases in all-
cause mortality.
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Table 5. Multivariate Analysis of Predictors of All-Cause Mortality

Variables
Hazard Ratio

(95% Confidence Interval) P Value

Age per year 1.06 (1.03-1.10) .004

Male sex 1.40 (0.74-2.68) .30

Ejection fraction, per 5 EF % points 0.81 (0.71-0.92) .02

Mild diastolic dysfunction
vs normal diastolic function

8.31 (3.00-23.10) �.001

Moderate to severe diastolic
dysfunction vs normal diastolic function

10.17 (3.28-31.00) �.001
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