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OBJECTIVES We evaluated the six-month clinical trajectory of patients hospitalized for heart failure (HF)
with preserved ejection fraction (EF), as the natural history of this condition has not been well
established. We compared mortality, hospital readmission, and changes in functional status in
patients with preserved versus depressed EF.

BACKGROUND Although the poor prognosis of HF with depressed EF has been extensively documented,
there are only limited and conflicting data concerning clinical outcomes for patients with
preserved EF.

METHODS We prospectively evaluated 413 patients hospitalized for HF to determine whether EF �40%
was an independent predictor of mortality, readmission, and the combined outcome of
functional decline or death.

RESULTS After six months, 13% of patients with preserved EF died, compared with 21% of patients
with depressed EF (p � 0.02). However, the rates of functional decline were similar among
those with preserved and depressed EF (30% vs. 23%, respectively; p � 0.14). After adjusting
for demographic and clinical covariates, preserved EF was associated with a lower risk of
death (hazard ratio [HR] 0.49, 95% confidence interval [CI] 0.26 to 0.90; p � 0.02), but
there was no difference in the risk of readmission (HR 1.01, 95% CI 0.72 to 1.43; p � 0.96)
or the odds of functional decline or death (OR 1.01, 95% CI 0.59 to 1.72; p � 0.97).

CONCLUSIONS Heart failure with preserved EF confers a considerable burden on patients, with the risk of
readmission, disability, and symptoms subsequent to hospital discharge, comparable to that of
HF patients with depressed EF. (J Am Coll Cardiol 2003;41:1510–8) © 2003 by the
American College of Cardiology Foundation

An estimated half of all patients with heart failure (HF)
have a preserved ejection fraction (EF) (1,2). Studies report
lower mortality rates of 8% in these patients, compared with
19% to over 50% annual mortality in patients with depressed
EF (3,4). These and other studies are often considered
evidence that the prognosis for patients with preserved EF
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is more benign (1,3,5–8), although some studies report no
difference in the risk of death (2,9–15). Thus, it is unclear
whether HF patients with preserved EF have a prognosis
similar to patients with depressed EF (16). Few comparative
studies have addressed hospital readmission rates in these
patients, and examinations of functional outcomes in these
patients are virtually non-existent.

Accordingly, we sought to compare a range of clinical
outcomes in a prospective cohort of hospitalized HF pa-
tients with preserved versus depressed EF. We comprehen-
sively assessed the risks of mortality, all-cause and HF
hospital readmissions, and decline in functional status, as
measured by a loss in activities of daily living (ADL) during
follow-up.

METHODS

Study sample. We screened consecutive patients admitted
to Yale–New Haven Hospital between March 1996 and
September 1998, who were �50 years old and met clinical
criteria for the presence of HF on admission. To identify
eligible patients, admissions were screened daily in two
phases. First, patients were identified with an admission
diagnosis or radiologic signs of HF on the admission chest
X-ray. Second, patients who met the aforementioned con-
ditions had their medical records reviewed within three days
of admission to verify the presence of HF, based on
modified National Health and Nutrition Examination
Survey-I study criteria and criteria by Schocken et al. (17)
and Harlan et al. (18). Details are published elsewhere (19).

Patients excluded were those admitted without evidence
of HF, those transferred from other hospitals or admitted
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from nursing homes, those having a non-cardiovascular
terminal illness such as cancer with less than six months of
expected survival (for follow-up), or those having HF
secondary to high-output states or non-cardiac diseases (for
homogeneity of sample). Of 1,151 patients screened, 648
met eligibility criteria. Of these, 126 were already enrolled
in our study and were re-screened during a subsequent
readmission, 45 died or were discharged before an interview,
45 refused or were unable to participate in an interview, and
six lived in another state (Table 1). We excluded five
patients due to missing baseline interview or medical record
and eight patients due to missing EF data, yielding a total
sample of 413 patients.

All patients were followed up for six months. Of the 342
patients who survived, 316 provided complete functional
status data at six-month follow-up (92%). Rates of loss to
follow-up were not significantly different among patients
with preserved versus depressed EF (n � 8 vs. 12; p � 0.44).
Study measures and outcomes. Patients were interviewed
within three days of admission for demographic information
and baseline functional status. Clinical information, as-
sessed through medical records abstraction, included cardiac
and non-cardiac history, EF, discharge systolic and diastolic
blood pressure, and discharge medications. Ejection fraction
was determined from quantitative or qualitative assessments
from multi-gated acquisition/radionuclide ventriculogra-
phy, cardiac catheterization, or echocardiography performed
during the index admission or within one year before the
hospital stay. In cases with multiple assessments, priority
was given to the most recent and quantitative assessment. If
quantitative results were unavailable (n � 41), then the
following values were assigned: severely depressed function
� 20%; moderate to severely depressed function � 25%;
moderately depressed function � 35%; mild to moderately
depressed function � 40%; mildly depressed function �
45%; and normal function � 50%. Of 413 patients, 71%

had EF assessed during the index admission, 13% had a
value within the previous six months, and 17% had a value
obtained between six months and one year before admis-
sion. Preserved EF was defined as �40%, based on clinical
observations that EFs below this value are associated with
systolic dysfunction. This definition has been used in
previous studies comparing patients with preserved versus
depressed systolic function (2,20). Other studies indicate
that higher cutoff values ranging from �45% to �50%
reflect preserved systolic function. Subsidiary analyses de-
tailed subsequently address this issue.

Dyspnea and functional limitations were assessed at
baseline and six-month follow-up. Limitations in activity
due to dyspnea were assessed using the Dyspnea Index,
which measures the degree of functional impairment and
the magnitude and effort of tasks that precipitate breath-
lessness (21,22). Dyspnea was dichotomized as “severe” or
“not severe,” based on whether patients experienced short-
ness of breath with mild activities or at rest.

Limitations in ADL were assessed using the Katz ADL
scale (23), where patients reported whether they needed
help in performing basic ADLs in the month before
admission. Disability was coded as needing help with or not
being able to perform at least one of the following: walking
across a small room, bathing, dressing, eating, moving from
bed to chair, and using the toilet. This instrument measures
functional status with high validity and reliability and is
appropriate for use in an acutely ill population. Versions of
this instrument have been used in other studies of HF
patients (24–26). The Minnesota Living with Heart Failure
Questionnaire, a disease-specific instrument (27), was not
used, as it is more suitable for use with outpatients. The
Kansas City Cardiomyopathy Questionnaire (28) was not
available at the initiation of this study.

Clinical outcomes included time to death, time to first
all-cause and first HF hospital readmission, and functional
decline. Follow-up was calculated from the date of dis-
charge. Deaths were ascertained through next-of-kin, hos-
pital records, and active monitoring of obituaries. Compre-
hensive assessment of hospital readmissions was conducted
using hospital administrative data bases for case finding and
discharge summaries for case review. Validation in a sub-
sample of patients (21%) indicated that 95% of readmissions
occurred at Yale–New Haven Hospital. Functional decline,
or decline in ADL during follow-up, was calculated by
subtracting the number of ADL limitations at baseline from
the number of limitations at follow-up. This outcome was

Abbreviations and Acronyms
ACE � angiotensin-converting enzyme
ADL � activities of daily living
CI � confidence interval
EF � ejection fraction
HF � heart failure
HR � hazard ratio
OR � odds ratio
V-HeFT � Veterans Administration Heart Failure Trial

Table 1. Demographic Characteristics in a Subset of Screened Patients Not Enrolled

Outcome
Total Sample

(n � 413)

Patients Who Died or
Were Discharged Before

Interview (n � 45)

Patients Who Died
Before Interview

(n � 14)

White race 77% 74% 64%
Men 52% 55% 29%
Mean age � SD (yrs) 72 � 11 70 � 11 75 � 10
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coded dichotomously, with any increase in the number of
disabilities considered as a decline in functional status.
Statistical analysis. BASELINE CHARACTERISTICS. Demo-
graphic and clinical characteristics and medications were
candidate covariates. These were compared between pa-
tients with preserved and depressed EF using the Pearson
chi-square test for categorical variables and the Wilcoxon
rank-sum test for continuous variables. Associations be-
tween selected outcomes and ordinal categories of EF
(�20%, 21% to 40%, 41% to 54%, and �55%) were tested
using the chi-square test for trend.

PREDICTORS OF MORTALITY AND READMISSION. Multiva-
riable Cox proportional hazards regression tested whether
EF was an independent predictor of time to death and time
to readmission (all-cause and HF). Multivariable analyses
included covariates identified in previous studies of read-
mission (29) and mortality (2,9,30) or those associated with
outcomes in bivariate analyses with p � 0.25. In these
models, the number of baseline ADL and years of HF were
entered as continuous independent variables. A history of
coronary artery disease was a composite variable defined as
any history of myocardial infarction, coronary artery bypass

Table 2. Baseline Differences in Preserved Versus Depressed Ejection Fraction

Characteristics
Preserved EF

(n � 200)
Depressed EF

(n � 213) p Value

Demographic
Age (yrs) 73 � 11 70 � 11 0.004
Male gender 74 (37%) 139 (65%) 0.001
White race 158 (79%) 159 (75%) 0.30

Cardiac history
EF 60 � 8 28 � 10 0.0001
HF 128 (64%) 169 (79%) 0.001
Any previous hospitalizations for HF 60 (30%) 94 (45%) 0.002
Years of HF 2.4 � 5.4 3.3 � 5.5 0.002
Hypertension 160 (80%) 139 (65%) 0.001
Arrhythmia 77 (39%) 112 (53%) 0.004
Pacemaker placement 20 (10%) 40 (19%) 0.01
Chronic, stable angina 66 (33%) 91 (43%) 0.04
Myocardial infarction 78 (39%) 118 (55%) 0.001
Cardiac catheterization 75 (38%) 123 (58%) 0.001
CABG 39 (20%) 67 (31%) 0.006
PCI 19 (10%) 32 (15%) 0.09
Coronary artery disease 56 (24%) 176 (76%) 0.0001
Aortic stenosis 9 (9%) 14 (9%) 0.86

Non-cardiac history
Renal insufficiency 72 (36%) 74 (35%) 0.79
Respiratory disease 61 (31%) 56 (26%) 0.34
CVA/stroke 30 (15%) 33 (15%) 0.89
Diabetes 95 (48%) 102 (48%) 0.94

Discharge characteristics
Systolic blood pressure (mm Hg) 132 � 20 120 � 21 0.0001
Diastolic blood pressure (mm Hg) 70 � 11 67 � 10 0.02
Pulse (beats/min) 77 � 15 80 � 13 0.07

Laboratory values
Creatinine �1.5 mg/dl 99 (50%) 110 (52%) 0.66

Discharge medications
Diuretics 151 (79%) 183 (89%) 0.004
ACE inhibitors 66 (34%) 144 (70%) 0.001
Nitrates 67 (35%) 89 (43%) 0.07
Calcium channel blockers 97 (50%) 35 (17%) 0.001
Vasodilators 28 (14%) 42 (20%) 0.11
Beta-blockers 77 (40%) 70 (34%) 0.22
Digoxin 59 (30%) 153 (75%) 0.001
Beta-agonists 37 (19%) 27 (13%) 0.11
Aspirin 85 (44%) 91 (44%) 0.91
Warfarin 59 (30%) 88 (43%) 0.01

Functional status and quality of life
No. of limitations in ADL 0.7 � 1.4 0.4 � 1.0 0.08
Dyspnea (severe) 40 (20%) 69 (32%) 0.004
Health status (excellent) 86 (44%) 76 (36%) 0.10

Data are presented as the mean value � SD or number (%) of subjects.
ACE � angiotensin-converting enzyme; ADL � activities of daily living; CABG � coronary artery bypass graft surgery;

CVA � cerebrovascular accident; EF � ejection fraction; HF � heart failure; PCI � percutaneous coronary intervention.

1512 Smith et al. JACC Vol. 41, No. 9, 2003
Heart Failure Patients With Preserved EF May 7, 2003:1510–8



graft, or percutaneous coronary intervention. Models for
readmission were censored for deaths. Proportionality as-
sumptions were tested using time-interaction terms in
models, which were excluded if not significant.
Predictors of functional decline. Multivariable logistic
regression analysis was used to determine the independent
association between EF and the combined outcome of
decline in ADL or death, adjusting for baseline ADL,
demographic characteristics, and clinical history. As previ-
ous studies have not established clear correlates of functional
decline in HF patients, variables identified in bivariate
analyses (p � 0.25) and those considered clinically impor-
tant were included in the multivariable model and retained
at p � 0.25. Logistic regression analysis was conducted for
the outcome of functional decline alone, limited to survivors
(n � 316).

For all models, continuous covariates were tested for
linearity, and those without a linear relationship with
outcomes were recoded categorically. Diagnostic plots
tested model fit.
Subsidiary analyses. Subsidiary analyses were performed
that included only the 305 patients with a definitive diag-
nosis of HF on the chest radiograph during the index

admission to reduce misclassification of HF. Additionally,
analyses were performed that included only the 295 patients
with EF assessed during the index admission, the 274
patients with quantitative EF assessed during the index
admission, and the 390 patients without aortic stenosis to
reduce misclassification of preserved EF. Finally, models
were performed with preserved EF defined as �50%, which
is a more restrictive categorization. This alternative defini-
tion was tested, as published studies have used a variety of
definitions for preserved EF.

All tests for significance were two-tailed with an alpha
level of 0.05. Statistical analyses were conducted using SAS
version 6.12 (Cary, North Carolina).

RESULTS

Study sample. Of 413 patients, 200 (48%) had preserved
EF (�40%). Patients were elderly; about half of the sample
were men; and the majority of patients were white. The
majority (72%) of patients had a history of HF, and many
patients had renal insufficiency (35%), diabetes (48%), and
previous hospitalization for HF (38%).
Baseline differences. Patients with preserved EF tended to
be older and female and were more likely to have a history
of hypertension, whereas patients with depressed EF were
more likely to have a longer history of HF, arrhythmia, and
clinically manifest coronary artery disease. Differences ex-
isted in quality-of-life measures, with patients with pre-
served EF having significantly greater functional limitations
at baseline, but having a trend toward a lower frequency of
severe dyspnea and better general health status (Table 2).
Outcomes. MORTALITY. A total of 70 patients (17%) died.
Patients with depressed EF had a higher death rate during
follow-up, as compared with patients with preserved EF
(21% vs. 13%; p � 0.02) (Table 3). The proportion of
patients who died decreased with greater EF: EF �20%
(30%; n � 26), EF 21% to 40% (16%; n � 25), EF 41% to
54% (11%; n � 6), and EF �55% (11%; n � 13) (p � 0.001

Table 3. Unadjusted Outcomes at Six-Month Follow-Up

Clinical Outcomes
Preserved EF

(n � 200)
Depressed EF

(n � 213) p Value

Mortality
Death during follow-up 25 (13%) 45 (21%) 0.02
Death during index admission 4 (2%) 3 (1%) 0.61
Days to death 167 � 46 158 � 52 0.01

Readmissions
Readmissions (any) 92 (46%) 98 (46%) 0.99
Readmissions (HF) 31 (16%) 46 (22%) 0.11
Median no. of readmissions per patient (IQR) 1 (1–2) 1 (1–2) 0.88
Days to all-cause readmission 119 � 72 113 � 74 0.62
Days to HF readmission 71 � 57 57 � 48 0.24

Functional decline and dyspnea (% of survivors)
Decline in ADL 50 (30%) 34 (23%) 0.14
No. of limitations in ADL 1.0 � 1.7 0.7 � 1.4 0.02
Dyspnea (severe) at follow-up 41 (25%) 32 (20%) 0.34

Data are presented as the number (%) of subjects or mean value � SD.
IQR � interquartile range; other abbreviations as in Table 2.

Table 4. Multivariate Model: Patients With Preserved Versus
Depressed Ejection Fraction

Clinical Outcomes HR or OR 95% CI p Value

Mortality* 0.51 0.27,0.96 0.04
All-cause readmission† 1.01 0.72,1.43 0.96
HF readmission† 0.77 0.38,1.56 0.46
Functional decline or death‡ 0.98 0.57,1.69 0.63
Functional decline only

(survivors: n � 316)‡
1.59 0.83,3.04 0.33

*Adjusted for age, gender, systolic blood pressure, creatinine, years of heart failure
(HF), diabetes, angiotensin-converting enzyme (ACE) inhibitors, diuretics, and
baseline functional status. †Adjusted for age, gender, history of HF, years of HF,
creatinine, ACE inhibitors, diuretics, digoxin, and baseline functional status. ‡Ad-
justed for gender, race, systolic blood pressure, angina, ACE inhibitors, diuretics,
digoxin, dyspnea, and baseline functional status.

CI � confidence interval; HR � hazard ratio; OR � odds ratio.
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for trend). After adjusting for age, gender, systolic blood
pressure, serum creatinine, diabetes, baseline ADL, and
discharge medications (angiotensin-converting enzyme
[ACE] inhibitors and diuretics), preserved EF was signifi-
cantly associated with better survival (hazard ratio [HR]
0.51, 95% confidence interval [CI] 0.27 to 0.96; p � 0.04)
(Table 4). Adjusting for coronary artery disease did not
change the results (Table 5). Survival curves are presented in
Figure 1.

READMISSION. A total of 190 patients (46%) were readmit-
ted for any cause, with 77 (19%) readmitted for HF; the
total number of readmissions during follow-up was 346.
After adjusting for age, gender, history of HF, years of HF,
baseline creatinine, baseline ADL, and discharge medica-
tions (ACE inhibitors, diuretics, and digoxin), preserved EF
was not associated with an increased risk of all-cause readmis-
sion (HR 1.01, 95% CI 0.72 to 1.43; p � 0.96) or HF
readmission (HR 0.77, 95% CI 0.38 to 1.56; p � 0.46) (Table
4). For all models, proportionality assumptions were met, and
residual plots indicated adequate fit and no outliers.

FUNCTIONAL STATUS AND DYSPNEA. Baseline functional
status and dyspnea reflected the patients’ limitations and
symptoms in the month before hospitalization. Although
there was a trend toward more functional limitations at
baseline for patients with preserved EF, this difference was

not significant (Table 2). Among those with limitations, the
distribution of the number of disabilities was similar in both
groups, and distributions indicated that floor effects were
minimal. The most commonly indicated limitations for all
patients were an inability to bathe (n � 69; 17%) or dress (n
� 57; 14%) without help.

At baseline, significantly fewer patients with preserved
EF reported severe, function-limiting dyspnea, compared
with patients with depressed EF (odds ratio [OR] 0.62, 95%
CI 0.44 to 0.86; p � 0.004). When EF was categorized
ordinally, the proportion of patients experiencing dyspnea at
baseline decreased with increasing EF, at 39% (n � 34),
27% (n � 42), 26% (n � 14), and 16% (n � 19) (p � 0.001
for trend).

DECLINE IN FUNCTIONAL STATUS. Of the 316 surviving
patients, 84 (27%) experienced a decline in ADL at six
months. For patients with preserved EF, 30% experienced a
decline in ADL, compared with 23% of patients with
depressed EF (unadjusted OR 1.46, 95% CI 0.90 to 2.48; p
� 0.14) (Table 3, Fig. 2). The proportion of survivors
experiencing a functional decline increased with increasing
EF: �20% (20%; n � 11), 21% to 40% (24%; n � 28), 41%
to 54% (28%; n � 12), and �55% (33%; n � 33) (p � 0.04
for trend). Patients with preserved EF had a significantly
higher number of functional limitations at follow-up (p �
0.02) (Table 3).

Table 5. Subsidary Multivariate Analyses

Outcome HR or OR 95% CI p Value

Adjusting for patients with CAD (n � 413)
Mortality 0.51 0.27–0.96 0.04
Readmission (all-cause) 1.03 0.73–1.45 0.86
Readmission (HF only) 0.73 0.35–1.52 0.40
Functional decline 1.60 0.84–3.07 0.15

Including only patients with current EF
(measured during index admission; n � 295)

Mortality 0.40 0.18–0.88 0.02
Readmission (all-cause) 0.93 0.60–1.44 0.75
Readmission (HF only) 1.07 0.39–2.97 0.90
Functional decline 1.49 0.67–3.31 0.42

Including only patients with current and
quantitative EF assessments (n � 274)

Mortality 0.51 0.27–0.96 0.04
Readmission (all-cause) 0.96 0.67–1.39 0.84
Readmission (HF only) 0.74 0.35–1.55 0.43
Functional decline 1.60 0.81–3.17 0.40

Including only patients without aortic stenosis
(n � 390)

Mortality 0.40 0.20–0.79 0.009
Readmission (all-cause) 0.97 0.68–1.40 0.87
Readmission (HF only) 0.77 0.38–1.56 0.46
Functional decline 1.47 0.76–2.86 0.40

Preserved EF defined as �50% (n � 413)
Mortality 0.42 0.20–0.89 0.02
Readmission (all-cause) 0.98 0.68–1.41 0.90
Readmission (HF only) 1.26 0.57–2.78 0.57
Functional decline 1.13 0.69–2.17 0.72

CAD � coronary artery disease; other abbreviations as in Tables 2 and 4.
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For the combined outcome of functional decline or death,
after adjusting for age, gender, race, systolic blood pressure,
history of chronic stable angina, baseline ADL, baseline
dyspnea, and discharge medications (ACE inhibitors, di-
uretics, and digoxin), patients with preserved EF showed no
difference in the odds of a decline in ADL or death (OR
0.98, 95% CI 0.57 to 1.69; p � 0.63), and survivors showed
no difference in the odds of a decline in ADL (Table 4). In
this model, the likelihood ratio test for the overall effect of
cardiac history variables was marginally significant (p �
0.07). The Hosmer-Lemeshow goodness-of-fit test indi-
cated a satisfactory model fit, and the c statistic for this
model was 0.65.
Subsidiary analyses. Multivariable analyses that included
the 305 patients with HF definitively diagnosed by chest
radiograph were similar to those for the entire sample.
Analyses restricted to the 295 patients with EF assessment
during the index admission, the 274 patients with quanti-
tative EF assessment during the index admission, and the
390 patients without aortic stenosis also showed no sub-
stantial differences.

A total of 8% (n � 31) of patients had EF between 40%
and 50%. When preserved EF was defined as �50%, the
results for all models remained similar. Preserved EF was
significantly associated with better survival (HR 0.42, 95%
CI 0.20 to 0.89; p � 0.02) and was not associated with an
increased risk of all-cause readmission, HF readmission, or
odds of functional decline (Table 5).

DISCUSSION

Heart failure with preserved EF confers a considerable
burden on patients and portends a prognosis similar to that
of patients with depressed EF. Patients with EF �40% have
a substantial risk of adverse clinical outcomes, disability, and
symptoms after hospital discharge, at least as great as
morbidity the risk experienced by patients with depressed
EF. Our results showed that although survival was better in
patients with preserved EF, the absolute rate of death was
still high: 13% of patients died by six months. Patients with
preserved EF did not have a lower risk of hospital readmis-
sion or functional decline, compared with patients with
depressed EF, and experienced comparable levels of dyspnea
after discharge.

In a review of HF, Gaasch (5) notes the poor outcomes of
patients with depressed EF, but also states that the prog-
nosis of patients with preserved EF is “not as ominous,” a
conclusion that numerous other investigators have sup-
ported (3,7,31). In contrast to this conventional wisdom,
Senni and Redfield (16) recently challenged this conclusion
in another review comparing mortality rates in HF. We
have demonstrated that both groups of patients experience
poor trajectories after hospitalization for an episode of HF.
Natural history of HF with preserved EF. Several studies
indicate better survival in patients with preserved EF.
Annual mortality in the Veterans Administration Heart
Failure (clinical) Trial (V-HeFT) was 8% for preserved EF,
versus 19% for patients with depressed EF (3). In the

Figure 1. Proportional hazards model of adjusted overall survival. EF � ejection fraction.

1515JACC Vol. 41, No. 9, 2003 Smith et al.
May 7, 2003:1510–8 Heart Failure Patients With Preserved EF



Digitalis Intervention Group study, mortality was 23% for
preserved EF, versus 35% for depressed EF, over a mean
follow-up of about three years (32). A recent study based on
consecutive hospital admissions for HF found a 17% six-
month mortality rate in patients with preserved EF, versus
23% for depressed EF (33). Our study similarly exhibited
six-month mortality rates of 13% and 21%, respectively.
Other studies report no differences in survival (2,9–15);
however, in contrast to those cohorts, our sample was
selected from consecutive hospital admissions and adjusted
for numerous clinical cofactors. Although data from the
Rochester Epidemiology Project show no significant sur-
vival difference, there appears to be a trend over time toward
better survival in patients with preserved EF (10). Vasan et
al. (9) showed no statistically significant difference in the
risk of death after adjustment for gender, but the they
acknowledged this result could be due to the small sample
size. Additionally, our results show that although mortality
for patients with preserved EF may be lower, the absolute
burden of mortality is still substantial, particularly compared
with the annual mortality rate of 3% for a gender- and
age-matched population, based on national survey data (34).

Several studies reporting lower rates of HF readmissions
for patients with preserved EF (2,11) did not control for a
history of HF and comorbidities. Our analysis provides a
more detailed picture of the comparable risk of all-cause and
HF readmissions after considering other clinical features.
Moreover, independent of EF, the absolute burden of

readmission is considerable, with nearly half of both groups
experiencing at least one hospital readmission within six
months. The readmission rates in our cohort are higher than
those in some clinical trials and cohort studies (10,32), as
those studies recruited stable outpatients or patients with
new-onset HF. The rates in our study, however, are similar
to the rates of readmission in other studies of hospitalized
HF patients (29,35).

A functional decline in HF patients surviving with
preserved EF has not been examined in previous studies. In
our study, a functional decline occurred in over a quarter of
survivors. Patients with preserved EF presented with more
functional limitations on hospital admission and follow-up,
and their risk of death or functional decline after discharge
was not better than that of patients with depressed EF.
These results underscore the need to define optimal man-
agement strategies for patients with preserved EF to reduce
symptoms and morbidity, especially as preventing a decline
in quality of life becomes an increasingly important goal of
therapy.

Although a functional decline alone is an important
outcome that has not yet been addressed in previous studies,
it is difficult to assess during follow-up because of the
competing risk of death. Using a combined end point may
obscure the distinct risks for these different adverse out-
comes. Both suggest a poor prognosis, although better
survival with poorer functional status suggests a chronic,
costly, and burdensome outcome. Although a major goal of

Figure 2. Death and functional status changes at follow-up.
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therapy is to prolong life, improvement in the quality of life
and a decrease in the risk of disability must also be
considered.

Although six-month follow-up is shorter than that for
population-based cohorts, a significant difference was de-
tected for survival. Other studies have shown that substan-
tial numbers of events, including readmission and functional
decline, occur within this period for HF patients (29,35,36).
Study limitations. There are several issues to consider in
our study. A retrospective chart review and variation in
method and time of EF determination could cause misclas-
sification of EF. Noise in measurements would likely be
non-differential with respect to outcomes and could have
biased the result toward null, particularly considering the
results for readmission and functional decline. Analyses
limited to patients with current EF assessments and with
current quantitative EF assessments addressing this poten-
tial misclassification showed no impact on the findings.
There is no consensus in the published data supporting one
most appropriate definition of preserved EF. However, even
analyses with the most restrictive definition showed similar
findings. Additionally, a clinical event precipitating an
admission could also have changed the EF. The evidence
suggests, however, that transient systolic dysfunction among
hospitalized HF patients with normal EF is rare (37).

Also, because our study was not population-based and
patients were recruited over the period of 1996 to 1998, the
absolute rates of mortality, hospital admission, and func-
tional decline may not be generalizable to all HF patients.
However, medical therapy for patients with preserved EF
has not changed significantly over this period, and thus the
time lag would likely not affect the effect size of our findings.
Strikingly, the mortality rates in the majority of studies are
similar to our results, with about half the risk of death for
patients with preserved EF, despite differences in study
sample sources and absolute rates of events. Furthermore,
although we screened consecutive hospital admissions, we
did not likely capture the full spectrum of HF patients,
particularly those with less severe symptoms, which may
impact the generalizability of our findings. Readmissions
may have occurred at other institutions, although subsample
analysis suggests that 95% of readmissions occurred at our
institution.
Conclusions. The clinical trajectory for HF with preserved
EF may not be as relatively benign as previously described.
Our study shows that patients with relatively normal EF still
experience substantial mortality, readmission, disability, and
symptoms after hospitalization. Previous studies tend to
ignore that the referent for comparisons (HF with depressed
EF) is a particularly morbid and lethal condition and
obscures the absolute impact of HF with preserved EF. Our
data provide a wider spectrum of the burden of this disease,
especially illuminating patterns of high rates of hospital
readmission and functional decline after discharge. Trials of
HF treatments have generally excluded HF patients with
preserved EF, and to many clinicians, HF is almost synon-

ymous with systolic dysfunction. These data indicate the
need to better define disease management strategies for
patients with preserved EF. Our results challenge the
present characterization of this disease, highlighting
the significant burdens attributed to death, readmission,
and functional decline.
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