
ORIGINAL CONTRIBUTION

Systolic and Diastolic Heart Failure
in the Community
Francesca Bursi, MD, MSc
Susan A. Weston, MS
Margaret M. Redfield, MD
Steven J. Jacobsen, MD, PhD
Serguei Pakhomov, PhD
Vuyisile T. Nkomo, MD
Ryan A. Meverden, BS
Véronique L. Roger, MD, MPH

HEART FAILURE (HF) IS A

highly prevalent syndrome
with diverse etiologies that
may be associated with re-

duced or preserved ejection fraction
(EF). The pathophysiology of HF with
reduced EF has been extensively stud-
ied and management strategies are well
defined.1 Conversely, while clinical se-
ries, epidemiological surveys, and clini-
cal trials have improved our under-
standing of HF and preserved EF,2,3

controversy remains on many key ele-
ments of this entity, including its preva-
lence, clinical characteristics, and out-
come.4 To this end, the prevalence and
distribution of diastolic dysfunction
among patients with HF and reduced
or preserved EF has not, to the best of
our knowledge, been reported. Fur-
ther, previous studies share key limi-
tations, including retrospective de-
sign, inclusion of prevalent cases,
inconsistent assessment of EF, infre-
quent assessment of diastolic func-
tion, and most being hospital based.2-4

We addressed these knowledge gaps
by prospectively studying all Olmsted
County residents presenting with HF at
Mayo Clinic inpatient and outpatient fa-
cilities. Our objective was to determine

the prevalence of preserved and re-
duced EF and that of diastolic dysfunc-
tion among all patients with HF in a con-
temporary community cohort. Further,
we sought to define key clinical charac-
teristics of patients with HF, including
the burden of comorbidity, the severity
of neurohumoral activation, and sur-
vival according to EF and diastolic dys-
function. The central hypothesis was that
the community prevalence of HF with
preserved EF is high, and that among pa-
tients with preserved EF, most have dia-
stolic dysfunction of moderate to se-

vere degree. The prevalence of diastolic
dysfunction in the general population of
OlmstedCounty(assessedwithamethod
similar to the one we used) has previ-
ously been reported,5 thereby provid-
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Context The heart failure (HF) syndrome is heterogeneous. While it can be defined
by ejection fraction (EF) and diastolic function, data on the characteristics of HF in the
community are scarce, as most studies are retrospective, hospital-based, and rely on
clinically indicated tests. Further, diastolic function is seldom systematically assessed
based on standardized techniques.

Objective To prospectively measure EF, diastolic function, and brain natriuretic pep-
tide (BNP) in community residents with HF.

Main Outcome Measures Echocardiographic measures of EF and diastolic func-
tion, measurement of blood levels of BNP, and 6-month mortality.

Design, Setting, and Participants Olmsted County residents with incident or preva-
lent HF (inpatients or outpatients) between September 10, 2003, and October 27, 2005,
were prospectively recruited to undergo assessment of EF and diastolic function by
echocardiography and measurement of BNP.

Results A total of 556 study participants underwent echocardiography at HF diag-
nosis. Preserved EF (�50%) was present in 308 (55%) and was associated with older
age, female sex, and no history of myocardial infarction (all P�.001). Isolated dia-
stolic dysfunction (diastolic dysfunction with preserved EF) was present in 242 (44%)
patients. For patients with reduced EF, moderate or severe diastolic dysfunction was
more common than when EF was preserved (odds ratio, 1.67; 95% confidence inter-
val [CI], 1.11-2.51; P=.01). Both low EF and diastolic dysfunction were indepen-
dently related to higher levels of BNP. At 6 months, mortality was 16% for both pre-
served and reduced EF (age- and sex-adjusted hazard ratio, 0.85; 95% CI, 0.61-1.19;
P=.33 for preserved vs reduced EF).

Conclusions In the community, more than half of patients with HF have preserved
EF, and isolated diastolic dysfunction is present in more than 40% of cases. Ejection
fraction and diastolic dysfunction are independently related to higher levels of BNP.
Heart failure with preserved EF is associated with a high mortality rate, comparable to
that of patients with reduced EF.
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ing the necessary framework to inter-
pret the results.

METHODS
The Rochester Epidemiology Project

This study was conducted in Olmsted
County, Minnesota. Population-based
epidemiological research is feasible in
Olmsted County because it is relatively
isolated from other urban centers and
only a few providers (Mayo Clinic, Olm-
sted Medical Center, and a few private
practitioners) deliver all health care to
residents. Most care is provided through
the Mayo Clinic, which has maintained
a unified medical record for the past 80
years. The Mayo Clinic unit record
includes all outpatient office visits, clinic
consultations, emergency department
visits,nursinghomecare,hospitaladmis-
sion,autopsyexamination,anddeathcer-
tification, which is indexed. The epide-
miological potential of this index system
is further enhanced because each pro-
vider uses an integrated medical record
system, whereby all data collected for an
individualpatient are assembled in 1 file.

Identification of Patients

Our approach to case finding and data
collection combined a 2-step prospec-
tive approach for patient recruitment
with the use of the medical record for
data collection.

First, for case finding, we used natu-
ral language processing of the unstruc-
tured text of the electronic medical rec-
ord to prospectively identify patients
presenting with clinical findings com-
patible with HF.6 As most clinical evalu-
ations are electronically transcribed
within 24 hours, this method, which
was applied to all care settings includ-
ing outpatient visits, allows rapid iden-
tification by electronic search of the
transcribed notes for a wide range of
terms indicative of HF. The search was
restricted to patients at least 20 years
old residing in Olmsted County. This
approach yielded 100% sensitivity com-
pared with billing data, which is the de-
sired methodology for case finding.6

Second, thecomplete records (includ-
ing inpatient and outpatient records) of
potential cases were manually reviewed

to validate the diagnosis of HF using
Framinghamcriteria7 andtocollectclini-
cal data. Patients were contacted directly
andasked toconsent toparticipate in the
prospective study that included Dop-
plerechocardiographyandvenousblood
draw for the brain natriuretic peptide
(BNP). Thus, the identification of study
participants did not rely on a preexist-
ing database, but rather on a prospec-
tive studydesign.The feasibility andreli-
ability of theFraminghamcriteria for the
ascertainment of HF in Olmsted County
have been previously published.8

Study participants provided written
consent to participate in the study,
which was approved by the Mayo Clinic
Institutional Review Board.

Echocardiography-Doppler

In Olmsted County, all echocardio-
grams are performed and interpreted in
the Mayo Clinic Echocardiographic
Laboratory. M-mode, 2-dimensional,
Doppler, and Doppler tissue imaging
(DTI) were performed according to
guidelines of the American Society of
Echocardiography.9 Digital echocardio-
graphic data containing a minimum of
3 consecutive beats (5 in atrial fibrilla-
tion) were acquired and transferred to a
server for storage and archiving (Pro-
Solv Echo Management System, Prob-
lem Solving Concepts, Carmel, Ind). Left
ventricular EF was measured by M-
mode or 2-dimensional echocardiogra-
phy using the Quinones formula from
the parasternal views,10 by the quantita-
tive 2-dimensional biplane volumetric
Simpson method from 4- and 2-cham-
ber views,9 and by the semiquantitative
2-dimensional visual estimate method
from multiple echocardiographic views,
all methods previously validated.10,11 The
correlation between the methods of as-
sessment of EF was excellent. Ejection
fraction values were averaged when mul-
tiple measurements were performed. As
recommended,12 preserved systolic func-
tion was defined as an EF greater than
or equal to 50%. Left ventricular end-
diastolic diameter, interventricular sep-
tal, and posterior wall thickness were
measured by M-mode or 2-dimen-
sional echo from the parasternal views

at end-diastole as recommended by the
American Society of Echocardiogra-
phy, and they were used to calculate left
ventricular mass, which was indexed to
body surface area.9

Diastolic function was assessed by an
approach similar to that used in the gen-
eral population in Olmsted County.5 It
integrates Doppler measurements of the
mitral inflowandDTIof themitral annu-
lus using the medial annulus velocity,
which is standard practice in our labo-
ratory, as correlations of filling pres-
sures with the medial annulus measure-
ment were consistently equivalent to
or better than the lateral annulus mea-
surement or the combination of both
measurements.13 Doppler tissue imag-
ing is a sensitive and relatively load-
independent measure of left ventricular
relaxation (e� velocity). E/e� is a sensi-
tivemeasureof fillingpressuresthatoffers
greaterreproducibilityandfeasibilitythan
previouslyusedmeasures.5,13-15 Thealgo-
rithm thus relies on mitral inflow and
DTI, both methods that can be applied
to large numbers of patients with high
reproducibility.13,16,17 While other indi-
ces (left atrial volume, use of Valsalva
maneuvers, and color M-mode) have
beenproposed toevaluatediastolic func-
tion, they present notable methodologi-
cal challengeswithoutadding incremen-
tal value over those selected for the
current study.13,17-19 Doppler tissue imag-
ingindiceshavebeenvalidatedinpatients
withreducedandpreservedEF15 andpro-
vide reliable estimates of left ventricular
filling pressures both in systolic and dia-
stolic HF compared with invasive pres-
sure recordings.14

Thisapproachenabledclassifyingdia-
stolic function in 4 categories: normal
diastolicfunction,milddiastolicdysfunc-
tion (impaired relaxation without evi-
dence of increased filling pressures),
moderatediastolicdysfunction(impaired
relaxation or pseudo-normal with mod-
erate elevation of filling pressures), and
severe diastolic dysfunction (advanced
reduction incompliance)5,13 (FIGURE 1).
Diastolic functionwascategorizedas in-
determinate in the presence of mitral
valve prosthesis, severe mitral stenosis
orregurgitation,ormissingdata. Isolated
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diastolicdysfunctionwasdefinedasdia-
stolic dysfunction with EF greater than
or equal to 50%.

Patient Characteristics

The characteristics of patients at the
time of HF diagnosis were determined
from the medical records. Patients were
classified as outpatient cases if not hos-
pitalized within 7 days of the outpa-
tient diagnosis. Clinicians’ diagnoses
were used to identify hypertension, hy-
perlipidemia, and former or current
smoking. Diabetes mellitus was de-
fined according to the American Dia-
betes Association criteria.20 The hemo-
globin value at the date of HF diagnosis
was used to define anemia (hemoglo-
bin concentration �13.0 g/dL in men
and �12.0 g/dL in women).21 Height
(first available outpatient value) and
weight (last outpatient value prior to
HF diagnosis) were used to calculate
body mass index and body surface area.

Myocardial infarction (MI) was de-
fined by published criteria.22 Chronic
obstructive pulmonary diseases and
other comorbid conditions were de-
fined by clinicians’ diagnoses and sum-
marized using the Charlson index.23

Atrial fibrillation and flutter were as-
certained on the electrocardiogram that

was closest to the Doppler-echocardi-
ography study. Valvular heart disease
was considered present if any prosthe-
sis or more than moderate aortic or or-
ganic mitral valve disease were noted.24

Creatinineclearancewascalculatedus-
ing the last outpatient serum creatinine
value prior to the diagnosis of HF with
theModificationofDiet inRenalDisease
Study(MDRD)equation(estimatedglo-
merular filtration rate=186.3�[serum
creatinine]−1.154�age −0.203�[0.742 for
women]�[1.21 if African American]).
Renal function was deemed severely re-
ducedwhenthecreatinineclearancewas
less than or equal to 29 mL / min.25

BNP Assays

Allbloodsampleswerecollectedbyveni-
puncture in EDTA tubes. After centrifu-
gation, plasma was stored at −70°C until
BNPmeasurementby immunoradiomet-
ric assay (nonextracted) with antibody
to human BNP using the Shionoria assay
(Shionogi,Osaka, Japan).Themean(SD)
interassay and intra-assay variability was
7.2 (1.7) pg/mL and 8.0 (1.4) pg/mL,
respectively,withnormalrangeinplasma
of 12 (4) pg/mL. Brain natriuretic pep-
tidewasmeasured in the Immunochemi-
cal Core Laboratory of Mayo Clinic,
Rochester, Minn.

Statistical Analysis
Data are presented as frequencies or
mean(SD). Characteristics were com-
pared across groups using �2 tests for
categorical variables and t test or analy-
sis of variance (ANOVA) for continu-
ous variables. As the distribution of BNP
was skewed, natural log-transformed
values were used. For display pur-
poses, BNP data are shown as median
(25th-75th percentile). All stratified
analyses were performed on the basis
of the prespecified aim to describe the
distribution of EF and diastolic func-
tion among patients with HF.

Logistic regression was used to test
the hypothesis that patients with re-
duced EF had more severe diastolic dys-
function than patients with preserved
EF while adjusting for age and sex.

Survival was analyzed with the Kap-
lan-Meier method. The observed sur-
vival was compared with that expected
for the general population with a simi-
lar age and sex distribution. Propor-
tional hazards regression was used to ex-
amine the association between death and
EF while controlling for age and sex. The
proportional hazard assumption was
tested using the Schoenfeld residuals and
there was no evidence to suggest the as-
sumption was invalid.

Figure 1. Echocardiography-Doppler Criteria for Assessment of Diastolic Function
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E indicates early peak mitral inflow velocity; A, late peak mitral inflow velocity, DT, deceleration time of the E-wave; e�, velocity of annulus early diastolic motion.
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All statistical tests were 2-sided and
a P value of .05 was selected for the
threshold of statistical significance.
Analyses were performed using SAS sta-
tistical software, version 8 (SAS Insti-
tute Inc, Cary, NC) and Splus statisti-
cal software, version 6.4 (Insightful
Corp, Seattle, Wash).

RESULTS
Patient Identification
and Characteristics

Between September 10, 2003, and Oc-
tober 27, 2005, 3562 Olmsted County
residents were identified from the Mayo

Clinic electronic medical record as po-
tential candidates for inclusion. After
manual record review, 886 individuals
with active HF (both incident and preva-
lent) were approached for participation
in the study. Among these, 607 con-
sented (participation rate of 69%) and
556 underwent echocardiography at a
median (25th-75th percentile) of 1 (1-4)
day within the diagnosis of HF and com-
prise the study population. A total of 501
patients underwent measurement of BNP
at a median (25th-75th percentile) of 4
(2-8) days after diagnosis. The median
(25th-75th percentile) time between ech-

ocardiography and BNP measurement
was 1 (0-4) day.

The mean (SD) age of study partici-
pants was 76 (13) years, 517 (93%) met
Framingham criteria for HF, and 50%
were men; the burden of comorbidity
was high in this population, as 384
(69%) of the patients presented with a
Charlson index of 3 or greater
(TABLE 1). Among the 556 study par-
ticipants, 122 (22%) were diagnosed in
the outpatient setting and 295 (53%)
were incident cases. Outpatient cases
were similar to their inpatient coun-
terparts for all the clinical characteris-
tics, with the exception of valvular dis-
ease, which was more frequent among
patients diagnosed as outpatient (31
[25%] and 66 [15%] for outpatients and
inpatients, respectively; P=.009) and
anemia, which was less frequent among
participants diagnosed as outpatient (45
[37%] and 240 [55%] for outpatients
and inpatients, respectively; P�.001).

Left Ventricular Systolic
and Diastolic Function

Of the 556 patients with HF, 308 (55%)
had preserved EF. Compared with their
counterparts with reduced EF, patients
withpreservedEFwereolder,morelikely
to be women, less likely to be smokers
or have a history of MI, and had a lower
New York Heart Association class, but
they did not differ for other comorbidi-
ties.PatientswithpreservedEFalsohad
smaller left ventricular size and mass
(Table 1). In patients with reduced EF,
the degree of left ventricular dilatation
increasedwiththeseverityofsystolicdys-
function,andinthosewithpreservedEF,
only 11 (4%) had a left ventricular end
diastolic diameter that exceeded the up-
per limits of normal as defined by the
AmericanSocietyofEchocardiography.9

Among patients with preserved EF,
diastolic dysfunction was mild in 22
(7%), moderate in 194 (63%), and se-
vere in 26 (8%). Diastolic function was
normal in 31 patients (10%) and inde-
terminate in 35 patients (11%). Pa-
tients who presented with isolated dia-
stolic dysfunction (TABLE 2) made up
44% of the total number of patients pre-
senting with HF in the community.

Table 1. Characteristics of Patients With Heart Failure*

Characteristic
Overall

(n = 556)

Ejection
Fraction
�50%

(n = 308)

Ejection
Fraction
�50%

(n = 248)
P

Value

Age, mean (SD), y 75.6 (13.3) 77.4 (12.5) 73.4 (14.0) �.001

Men 276 (50) 132 (43) 144 (58) �.001

Cardiovascular risk factors
Hypertension 467 (84) 266 (86) 201 (81) .09

Smoking (current or former) 342 (62) 177 (58) 165 (67) .03

Diabetes mellitus 206 (37) 111 (36) 95 (38) .56

Hyperlipidemia 437 (79) 238 (77) 199 (80) .40

BMI, mean (SD) 29.4 (7.6) 29.6 (7.5) 29.1 (7.8) .32

Comorbidity
Prior MI 237 (43) 112 (36) 125 (50) �.001

COPD 192 (35) 117 (38) 75 (30) .06

Creatinine clearance, mean (SD), mL/min 54.4 (20.1) 54.2 (19.7) 54.7 (20.5) .99

Severely reduced renal function 57 (10) 35 (11) 22 (9) .34

Anemia 285 (51) 163 (53) 122 (49) .38

Atrial fibrillation/flutter 173 (31) 95 (31) 78 (32) .85

Valvular disease 97 (17) 53 (17) 44 (18) .87

Charlson index �3 384 (69) 216 (70) 168 (68) .59

NYHA class
I 52 (9) 36 (12) 16 (6)

II or III 246 (44) 143 (46) 103 (42) .006

IV 258 (46) 129 (42) 129 (52)

Echocardiographic variables
Left ventricular mass index, mean (SD), g/m2 117.8 (36.7) 106.9 (32.1) 131.1 (37.5) �.001

Left ventricular end-diastolic diameter,
mean (SD), mm

52.1 (9.2) 47.9 (6.3) 57.3 (9.5) �.001

Medications before the echocardiogaphic study
ACE inhibitors or angiotensin II receptor blockers 102 (18) 52 (17) 50 (20) .32

�-Blockers 109 (20) 65 (21) 44 (18) .32

Diuretics 126 (23) 73 (24) 53 (21) .51

Medications after the echocardiographic study
ACE inhibitors or angiotensin II receptor blockers 348 (63) 157 (51) 191 (77) �.001

�-Blockers 387 (70) 193 (63) 194 (78) �.001

Diuretics 406 (73) 218 (71) 188 (76) .18
Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index (calculated as weight in kilograms divided by

height in meters squared); COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; NYHA, New York
Heart Association.

SI conversion factor: to convert mL/min to mL/s for creatinine clearance, multiply by 0.0167.
*Data are presented as No. (%) unless otherwise specified.
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Of the 248 HF patients with re-
duced EF, diastolic dysfunction was
mild in 10 (4%), moderate in 138
(56%), and severe in 56 (23%). Dia-
stolic function was normal in 13 pa-
tients (5%) and indeterminate in 31 pa-
tients (13%). Patients with reduced EF
were more likely to have moderate or
severe diastolic dysfunction (odds ra-
tio, 1.67; 95% confidence interval [CI],
1.11- 2.51; P=.01) than their counter-
parts with preserved EF (Table 2).

The distribution of systolic and dia-
stolic function abnormalities was simi-
lar when the analyses were restricted
to cases of incident HF or to patients
presenting in the outpatient setting
(Table 2). Similar distributions were
also observed while restricting analy-
ses to patients meeting Framingham cri-
teria, to patients not in atrial fibrilla-
tion, and in the absence of valvular
disease.

All analyses were repeated using a
value of 55% or greater to define pre-
served EF. Using this value, the preva-
lence of HF with preserved EF was 46%.
The frequencies of diastolic function
grades were similar to that observed in
the main analysis.

At the time of the echocardiogram,
the use of medications did not differ by
EF (P�.05 for all comparisons) and
there was no association between the
use of any of these medications and the
diastolic function grade. After the
echocardiogram, patients with pre-
served EF were less likely to receive an-
giotensin-converting enzyme inhibi-
tors or angiotensin II receptor blockers
(157 [51%] vs 191 [77%]) and �-block-
ers (193 [63%] vs 194 [78%]) (P�.001
for both comparison).

Among nonparticipants who under-
went a clinically indicated echocardio-
gram and had authorized the use of
their medical records for research un-
der Minnesota law (n=145), the preva-
lence of HF with preserved EF was simi-
lar to that observed among participants
(59% vs 55%; P= .49). After adjust-
ment for age, sex, and EF, there was no
association between diastolic function
and participation. This supports the
generalizability of our results.

BNP Measurements
Median(25th-75thpercentile)BNPlevel
was257.0pg/dL(115.0-511.0pg/dL)and
was higher among patients with reduced
EF than among those with preserved EF
(median,388pg/dL[164.8-651.3pg/dL]
and 183.0 pg/dL [87.6-350.5 pg/dL],
respectively; P�.001). Within EF cat-
egories,BNPlevelswerehigherwhendia-
stolicdysfunctionwasmoresevere (P for
trend, �.001 for preserved EF and .045
for reduced EF) (FIGURE 2).

Brain natriuretic peptide levels were
independently associated with age, EF,
and degree of diastolic dysfunction.
There was no clinically significant cor-
relation between BNP and time to pre-
sentation since the R2 value was 0.01,
indicating that time explained only 1%
of the variance in BNP.

Mortality

After a mean (SD) follow-up of 292
(208) days, 147 patients died. Fol-
low-up for vital status was 100% com-
plete. A total of 444 (80%) patients died
or had at least 6 months of follow-up.
There was no difference in the mortal-
ity rates between patients with re-
duced and preserved EF (6-month Ka-
plan-Meier mortality rates 16% vs 16%;
hazard ratio for reduced vs preserved
EF, 1.06 [95% CI, 0.77-1.48]; P=.72).
At 6 months, the mortality rate for pa-

tients with reduced EF was 16% (95%
CI, 11%-21%) compared with an ex-
pected mortality of 3% (P�.001). For
patients with preserved EF, the mor-
tality rate at 6 months was 16% (95%
CI, 11%-20%) compared with an ex-
pected mortality of 4% (P�.001)
(FIGURE 3). Compared with those with
reduced EF and after adjusting for age
and sex, patients with preserved EF had
a similar risk of death (adjusted haz-

Figure 2. Median Brain Natriuretic Peptide
(BNP) Levels by Ejection Fraction Categories
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Table 2. Distribution of Ejection Fraction and Diastolic Dysfunction Among Patients With
Heart Failure*

No. (%)

Normal
Diastolic
Function

Indeterminate
Diastolic
Function

Mild
Diastolic

Dysfunction

Moderate
Diastolic

Dysfunction

Severe
Diastolic

Dysfunction

All cases (N = 556)
Ejection fraction �50% 31 (10) 35 (11) 22 (7)† 194 (63)† 26 (8)†

Ejection fraction �50% 13 (5) 31 (13) 10 (4) 138 (56) 56 (23)

Total 44 (8) 66 (12) 32 (6) 332 (60) 82 (15)

Incident cases (n = 295)
Ejection fraction �50% 18 (11) 10 (6) 16 (9)† 114 (67)† 12 (7)†

Ejection fraction �50% 3 (2) 16 (13) 4 (3) 72 (58) 30 (24)

Total 21 (7) 26 (9) 20 (7) 186 (63) 42 (14)

Outpatient cases (n = 122)
Ejection fraction �50% 7 (10) 4 (5) 6 (8)† 50 (68)† 6 (8)†

Ejection fraction �50% 3 (6) 4 (8) 3 (6) 25 (51) 14 (29)

Total 10 (8) 8 (7) 9 (7) 75 (61) 20 (16)
*Mild diastolic dysfunction represents impaired relaxation mitral inflow patterns with normal filling pressures; moderate dia-

stolic dysfunction represents impaired relaxation mitral inflow patterns with elevated filling pressures or a pseudo-normal
mitral inflow pattern with elevation of filling pressures; and severe diastolic dysfunction represents restrictive mitral inflow
patterns.

†Patients with isolated diastolic dysfunction.
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ard ratio, 0.85; 95% CI, 0.61-1.19;
P=.33). After further adjustment for hy-
pertension, comorbidity, and reduced
renal function, the results were simi-
lar (adjusted hazard ratio, 0.91; 95% CI,
0.65-1.28; P=.59). Adjusting for dura-
tion of HF did not change the results.

COMMENT
In this large contemporary community-
based prospective cohort of patients with
HF, more than half (55%) of the indi-
viduals had preserved left ventricular EF.
Diastolic dysfunction was present in 80%
of patients, combined systolic and dia-
stolic dysfunction was present in 37%,
and isolated diastolic dysfunction was
present in 44%. These distributions were
robust irrespective of whether HF was
identified in the inpatient or outpatient
setting or whether prevalent or inci-
dent HF was examined. The severity of
systolic and diastolic dysfunction was in-
dependently related to higher levels of
BNP. Outcomes for HF are poor as mor-
tality with preserved EF is similar to that
with reduced EF.

Systolic Function

Previous studies reported wide varia-
tions in the proportion of patients with
preserved EF among those with HF. On
average, population-based studies and
cross-sectional echocardiographic se-
ries report higher frequencies than ear-
lier hospital cohort studies.2,3,26,27 These
discrepancies in part reflect differ-
ences in the methods of measurement
and cut-points for systolic dysfunc-

tion, but more importantly are related
to the participant selection.

Previous reports included chiefly hos-
pitalized patients and relied on clini-
cally indicated tests to assess EF. The re-
liance on clinically indicated tests could
result in biased findings.2 To this end,
several studies, including earlier data
from Olmsted County, reported a no-
ticeably lower proportion of HF with
preserved EF than in the current one.
This may reflect reliance on clinical
echocardiography data that were not
uniformly obtained in those studies. Al-
ternatively, the greater frequency of HF
with preserved EF reported in this and
other more contemporary cohorts may
reflect the emerging evidence of a tem-
poral increase in the prevalence of HF
with preserved EF.27 Finally, the major-
ity of published data may be affected by
incidence-prevalence bias.

Thus, the current data more conclu-
sively establish that the majority of pa-
tients with HF in the community pre-
sent with preserved EF. The robustness
of these findings is further supported
by the fact that the distribution of pre-
served and reduced EF is similar among
prevalent and incident cases of HF, and
among inpatient and outpatient cases.

Diastolic Function

The pathophysiology of HF with nor-
mal EF is not fully defined,28 although
a previous study established that HF
with preserved EF satisfied the key
pathophysiological derangements char-
acteristic of HF.29 It has been assumed

that patients with HF and preserved EF
either have impaired relaxation or im-
paired relaxation with reduced left ven-
tricular compliance as the key pertur-
bation mediating elevated filling
pressures and symptoms of HF.30 In
small highly selected series of patients
with HF and preserved EF studied at
referral centers, there is evidence to sup-
port31 and refute32 this hypothesis.

Herein, in a consecutive series includ-
ing all patients with incident or preva-
lent HF in the community, we provide
evidence to support the importance of
diastolic dysfunction in patients with HF
and preserved EF. Doppler evidence of
isolated impairment in left ventricular re-
laxation is common in elderly patients
with cardiovascular disease.5 However,
the prevalence of Doppler evidence of re-
duced left ventricular compliance (mod-
erate or severe diastolic dysfunction) ob-
served here in patients with HF and
preserved EF (71%) is strikingly higher
than that observed in elderly patients
with cardiovascular disease but no his-
tory of HF (17%) in the general Olm-
sted County population in a study that
used similar methods to assess diastolic
function. These data, together with the
absence of left ventricular dilatation in
patients with HF and preserved EF, pro-
vide strong evidence that diastolic dys-
function is a key factor in the patho-
physiology of HF with preserved EF.

Patient Characteristics

Patients with preserved EF were more
likely to be elderly and were more fre-

Figure 3. Expected and Observed Survival by Ejection Fraction Category
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quently women; those with reduced EF
were more likely to have had a previ-
ous MI. These findings are consistent
with previous reports.29 Few studies
compared the prevalence of comorbidi-
ties in patients with HF and preserved
or reduced EF.33,34 Because HF is a dis-
ease of the elderly, it coexists with a
high frequency of risk factors and co-
morbidities.3,26 As these may mimic HF
symptoms, this generated concern of
possible misdiagnosis of HF when the
EF was preserved.35 However, in the
current study, the frequency of comor-
bid conditions was similar in patients
with HF and preserved or reduced EF.
Therefore, it is unlikely that HF-like
symptoms were caused by other con-
ditions (such as chronic pulmonary dis-
ease or renal failure) more often among
patients with preserved compared with
those patients who had reduced EF. Im-
portantly, the potential for underesti-
mating the burden of HF among pa-
tients with comorbid illness has recently
been underscored.36

Brain natriuretic peptide plasma lev-
els were elevated compared with the val-
ues reported for asymptomatic individu-
als from the same population (range,
17-58 pg/dL),37 supporting the fact that
BNP levels help identify patients with
HF.38,39 Further, we found that individu-
als with HF and reduced EF had higher
BNP levels than patients with pre-
served EF, extending post-hoc analyses
from previous studies in the commu-
nity.29,40 Among individuals with HF,
both EF and diastolic dysfunction are im-
portant determinants of BNP elevation,
which is also independently associated
with age and comorbidity.

Mortality

The current study clarifies previous
inconsistentresultsonsurvival inpatients
withHFandpreservedEF33,34,41,42 by indi-
cating that, at6months,mortality ishigh
irrespective of EF. These results under-
score the importance of determining the
prevalenceandcharacteristicsofHFwith
preserved EF in current populations.
How the severity of diastolic dysfunc-
tion modulates survival should be the
objective of future studies.

Limitations and Strengths
Potential l imitations should be
acknowledged to facilitate the inter-
pretation of the results. We identified
Olmsted County residents through the
Mayo Clinic electronic medical record.
The participation rate was high but
cannot preclude some degree of par-
ticipation bias. However, we did not
detect an association between partici-
pation and EF or diastolic function
distribution. The sample size allows
detection of an absolute survival
difference between preserved and
reduced EF at 6 months of 6% based
on a 2-sided test assuming �=.05 and
80% power. This is of clinical and
public health significance.

As no study will be generalizable to
the entire US population, potential limi-
tations related to the racial and ethnic
composition of the population may im-
pact the extrapolation of the data to un-
derrepresented populations. Year 2000
US Census data indicate that Olmsted
County is becoming more diverse (http:
//www.census.gov/), with nearly 10%
of the population being nonwhite. The
value of Olmsted County studies, how-
ever, lies in the ability to measure in one
population the occurrence of disease
and subsequent outcomes. Indeed, our
data resources allow complete enu-
meration of a geographically defined
population and provide the ability
through the innovative ascertainment
approaches outlined herein to actively
ascertain newly diagnosed cases of HF
in the population. Our data provide
benchmarks for needed comparisons to
other populations.

Strengths of this study include the
community-based approach, which en-
hances its external validity, and the
novel case-finding method, which en-
ables rapid identification of all cases of
HF and enhances the timeliness and
completeness of the ascertainment by
allowing the identification of cases as
soon as they are diagnosed.6 Outpa-
tient cases, which comprise a quarter
of patients presenting with HF in the
community, were included and inci-
dent as well as prevalent cases were
identified. Further, we relied on rigor-

ous validated Doppler echocardiogra-
phy techniques and measured BNP
promptly after HF diagnosis.

While direct measurements of ac-
tive relaxation and passive stiffness
by catheterization are considered by
some to be the criterion standard to
measure diastolic function,31 they are
not applicable clinically to large num-
bers of patients. The algorithm used to
grade diastolic function is based on
extensive evidence, experience, and
state-of-the-art techniques including
DTI.5,13,15 While the presence of mod-
erate and severe diastolic dysfunction
as classified assumes that elevated
filling pressures are mediated by re-
ductions in left ventricular compli-
ance, the normal left ventricular di-
mensions observed in patients with HF
and normal EF strongly supports these
assumptions. Our algorithm allowed
classification of diastolic function in the
vast majority of patients.

CONCLUSIONS
In a large community-based prospec-
tive cohort of patients presenting with
HF, the majority of the individuals
had preserved left ventricular EF and
most had Doppler evidence of dia-
stolic dysfunction. The presence of
comorbid conditions in this elderly
HF cohort was high, but independent
of EF. The prevalence of moderate and
severe diastolic dysfunction among
patients with HF and preserved EF
was strikingly higher than that
observed in elderly patients with car-
diovascular disease but without HF in
the same community, supporting the
hypothesis that diastolic dysfunction
is present in a large segment of
patients presenting with HF and pre-
served EF. Similarly, the high preva-
lence of moderate and severe diastolic
dysfunction in patients with HF and
reduced EF supports the importance
of diastolic dysfunction in both forms
of HF. The importance of characteriz-
ing the pathophysiology of HF with
preserved EF is underscored by the
high mortality rate of these patients,
which is comparable to that of patients
with reduced EF.
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