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Abstract
Background—Prior studies of outcomes in systolic and diastolic heart failure (SHF and DHF) are
often limited to mortality in hospitalized acute HF patients, and may be confounded by residual bias.
In this analysis, we examined long-term mortality and hospitalization in a propensity score matched
cohort of ambulatory chronic SHF and DHF patients.

Methods—Of the 7788 patients in the Digitalis Investigation Group trial, 6800 had SHF (ejection
fraction ≤45%) and 988 had DHF (ejection fraction >45%). We restricted our analysis to 7617
patients without valvular heart disease: 916 with DHF and 6701 with SHF. Propensity scores for
DHF, calculated for each patient by a non-parsimonious multivariable logistic regression model,
were used to match 697 DHF with 2091 SHF patients. Matched Cox regression models were used
to estimate hazard ratios (HR) and 95% confidence intervals (CI) for outcomes for DHF (versus
SHF).

Results—During a median 38-month follow-up, Compared with 32% mortality in SHF, 23% of
DHF patients died (HR=0.70; 95%CI=0.59-0.84; when DHF is compared with SHF). Respective HR
(95%CI) for cardiovascular and HF mortality were 0.60 (0.48-0.74) and 0.56 (0.40-0.79). All-cause
hospitalizations occurred in 64% of SHF and 67% of DHF patients (HR=0.99; 95%CI=0.87-1.11).
Respective HR (95%CI) for cardiovascular and HF hospitalizations were 0.84 (0.73-0.96) and 0.63
(0.51-0.77).
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Conclusions—Despite lower mortality and cardiovascular morbidity, ambulatory DHF patients
had similar overall hospitalizations as SHF patients. Ejection fraction should be assessed in all HF
patients to guide therapy, with special attention to non-cardiovascular morbidity in DHF patients.

Diastolic heart failure (DHF), defined as clinical heart failure (HF) with normal or near normal
left ventricular ejection fraction (LVEF), is common.1-5 With the aging of the US population,
the incidence and prevalence of DHF is likely to increase in the coming decades. However,
the effects of DHF on mortality and hospitalization have not been adequately defined. In a
recent review of outcomes in DHF patients Hogg et al. reported wide variations in mortality
and hospitalization in these patients compared to those with systolic heart failure (SHF),
defined as clinical HF with low LVEF.6

Results from studies comparing outcomes in SHF and DHF patients are often based on
multivariable risk-adjusted mortality in hospitalized HF patients.1, 2, 4, 6, 7 Many of these
studies included HF patients with valvular heart disease and arrhythmias (especially atrial
fibrillation).4,8-10 On the other hand, community-based studies of outcomes in DHF suffer
from small sample sizes.1, 2, 7

Propensity score (PS) methodology is commonly used to reduce the impact of selection bias
when comparing exposures and allows for post-risk adjustment evaluation of residual bias
using standardized differences between covariates.11-21 The objective of our study was to
compare the effect of DHF versus SHF on mortality and hospitalization in a PS-matched cohort
of ambulatory chronic HF patients.

METHODS
Study Design

The randomized DIG clinical trial was conducted in the early 1990’s to determine the effects
of digoxin on outcomes in HF. DIG enrolled both SHF (LVEF ≤45%) and DHF (LVEF >45%)
patients. The detailed design and results of the trial have been published elsewhere.22-24 We
conducted a secondary analysis of the DIG dataset obtained from the National Heart, Lung,
and Blood Institute, who sponsored the trial.

Patients
In the DIG trial, of the total of 7788 HF patients in normal sinus rhythm, 6,800 had SHF and
988 had DHF. HF was diagnosed by clinical symptoms, signs, and radiographic evidence of
pulmonary congestion. Patients were recruited irrespective of their HF etiology or New York
Heart Association (NYHA) functional class. For the present analysis, we excluded 171 patients
with valvular heart disease as the primary etiology of their HF. Of the remaining 7617 patients,
916 had DHF. We focused our current analysis on a subset of 2788 patients based on a PS
matching.

Assessment of Left Ventricular Ejection Fraction
Data on most recent left ventricular ejection fraction (LVEF) were obtained for all DIG
participants before enrollment. LVEF was measured at the time of randomization if the prior
LVEF was not measured in the six months prior to randomization.25 LVEF was calculated
using contrast left ventriculography, radionuclide ventriculography, and two-dimensional
echocardiography, in that order of preference.23

Outcomes
The primary outcomes for this analysis were all-cause mortality and all-cause hospitalization
during follow up (median: 37.9 months overall; 37.8 months for SHF and 38.1 months for
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DHF). Secondary outcomes included mortality due to cardiovascular causes and worsening
HF, and hospitalizations due to cardiovascular causes, including those due to worsening HF,
ventricular arrhythmias / cardiac arrest, supra-ventricular arrhythmias, acute myocardial
infarction, unstable angina, and coronary revascularization.

Statistical Analysis
Estimation of PS—Because patients do not randomly develop DHF or SHF, there are
significant imbalances in baseline covariate distribution between DHF and SHF patients as is
evident from Table 1 (pre-match panel; descriptive analysis based on Chi-square and Wilcoxon
rank sum tests, as appropriate). To account for this imbalance, we calculated PS for DHF for
each patient using a non-parsimonious multivariable logistic regression model, with
consideration of clinically plausible interactions. Covariates in that model included all
measured baseline patient characteristics shown in Table 1 (except for LVEF and digoxin use
by randomization). The PS for DHF estimates the conditional probability that a patient would
have developed DHF given the patient’s measured baseline characteristics.11-20 Chronic
kidney disease was defined as a glomerular filtration rate <60 ml/1.73 square meter.26 The
model was well calibrated and discriminated effectively between DHF and SHF (c
statistic=0.78).

Matching by PS—Matching patients on PS tends to effectively balance the distribution of
all measured covariates, thus substantially reducing bias, as is apparent from Table 1 (post-
match panel).21, 27 Although PS are frequently used to balance baseline covariates between
two treatment groups,18-20 they have also been used to balance baseline covariates between
two groups of patients with and without certain comorbidity or risk factors.28-30 Using an
SPSS matching macro,31 we matched 697 (76%) of the 916 DHF patients to three unique SHF
patients each, for a total of 2,091 matched SHF patients.

Evaluation of post-match covariate balance—We compared the balance of baseline
covariates between SHF and DHF patients before and after matching using standardized
differences, which directly describe the observed bias in the means (or proportions) of
covariates across two groups, expressed as a percentage of the pooled standard deviation
(Figure 1).15, 17, 19, 20 We also used Chi-square and Wilcoxon rank-sum tests as appropriate
to compare baseline characteristics (Table 1).

Estimating the effect of DHF on outcomes—We used Kaplan-Meier survival analyses
to compare various outcomes between patients with SHF and DHF in the matched cohort. We
then used Cox proportional hazards models to estimate the association of DHF with various
outcomes. We accounted for matching by stratifying the model based on a variable that
identified the matched groups.19, 20 We confirmed the assumption of proportional hazards by
a visual examination of the log (minus log) curves. We then used multivariable matched Cox
regression models to estimate the effect of DHF on various outcomes. Covariates included
were the same as those used in the logistic regression model for PS and were entered forward
stepwise into the models.

Sensitivity analysis—To address concerns about incomplete matching, we analyzed data
from all 7617 patients (pre-match) cohort, using direct regression adjustment for the PS. Then,
we estimated the association between DHF and outcomes in bivariate and multivariable Cox
regression models adjusting for all covariates used in the PS estimation (forward stepwise
entry). Finally, we repeated these analyses using LVEF as a continuous variable.

Subgroup analysis—To examine whether the association of DHF with all-cause mortality
was homogeneous across various subgroups of patients, we conducted subgroup analyses in
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the pre-match cohort.32 We first calculated absolute risks, and then formally tested for first-
order interactions in Cox proportional hazards models, entering interaction terms between DHF
and the subgroups. All statistical tests were evaluated using a two-tailed 95% confidence level.
All data analyses were performed using SPSS for Windows version 14.33

RESULTS
Baseline Patient Characteristics

Before matching, compared with DHF patients, SHF patients were more likely to be young,
male, and have longer duration of HF, ischemic heart disease, receive angiotensin-converting
enzyme (ACE) inhibitors, and have higher NYHA class symptoms. Patients in the matched
cohort had a mean (±SD) age of 65.8 (±10.1) years, 31.8% were women and 12.9% were non-
whites.

PS Matching and Covariate Balance
The distributions of baseline covariates between DHF and SHF patients before and after
matching are displayed in Table 1 and Figure 1. After matching, standardized differences for
all observed covariates were below 10% in absolute value, suggesting substantial improvement
in covariate balance between DHF and SHF patients (Figure 1). Mean PS for unmatched and
matched SHF (0.0698 vs. 0.1720; p <0.0001) and DHF (0.1718 vs. 0.5250; p <0.0001) patients
and a graphical assessment (not shown) indicate that patients excluded in the matching process
were at the extremes of the PS distribution, as is usual.

Outcomes
During 38 months of median follow up, 836 (30%) of the 2788 PS matched patients died from
all causes, 637 (23%) died from cardiovascular causes, and 262 (9%) died due to worsening
HF. During the same follow up period, 1805 patients (64.7%) were hospitalized from all causes,
with an average 1.8 hospitalizations for each patient. There were 1375 (49.3%) hospitalizations
due to cardiovascular causes, and 684 (24.5%) due to worsening HF.

Matched Pairs Mortality
Compared with 32% mortality in SHF patients during a median follow up of 37.8 months, 23%
of DHF patients died during a median follow up of 38.1 months (hazard ratio {HR} =0.70;
95% confidence interval {CI} =0.59-0.84); p <0.0001; Table 2). Death due to cardiovascular
causes occurred in 25% of SHF and 17% of DHF patients (HR =0.60; 95% CI =0.48-0.74); p
<0.0001; Table 2). HF mortality occurred in 11% of SHF and 6% of DHF patients (matched
pairs HR =0.56; 95% CI =0.39-0.79); p =0.001; Table 2). Kaplan-Meier plots for all-cause,
cardiovascular and HF mortality for SHF and DHF patients are displayed in Figures 2a, 2b,
and 2c. The associations between DHF and various causes of mortality remained essentially
unchanged after multivariable adjustment for covariates (Table 2).

Multivariable Risk-Adjusted Mortality
In the pre-match cohort of 7617 patients, compared with 35% of SHF patients, 23% of DHF
patients died (unadjusted HR =0.62; 95% CI =0.54-0.71; p <0.0001). Adjustment for PS alone
(adjusted HR =0.76; 95% CI =0.66-0.88; p <0.0001) or multivariable adjustment for other
covariates (adjusted HR = 0.82; 95% CI = 0.71 - 0.95; p =0.008) weakened the association,
but it remained significant. The association remained significant when LVEF was used as a
continuous variable (adjusted HR =0.983; 95% CI =0.980 - 0.987; p <0.0001).
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Matched Pairs All-Cause Hospitalizations
Compared with 64% all-cause hospitalizations in SHF patients during a median 44.8 months
of follow up, 66% of DHF patients were hospitalized from all causes during a median follow
up of 48 months (HR =0.99; 95% CI =0.87-1.11). Kaplan-Meier plots for time to first
hospitalization due to all causes are displayed in Figure 3a. The association between DHF and
all-cause hospitalization remained essentially unchanged after multivariable covariate
adjustment (Table 3). There was no difference in the number of hospitalizations between the
two groups (mean, 1.8 for each group, p =0.906).

Multivariable Risk-Adjusted All-cause Hospitalization
In the pre-match cohort of 7617 patients, compared with 66% of SHF patients, 67% of DHF
patients were hospitalized from all causes (unadjusted HR =0.97; 95% CI =0.89-1.05; p
=0.405). The association remained essentially unchanged after adjustment for PS alone
(adjusted HR =1.02; 95% CI =0.93-1.12; p =0.673), multivariable covariate adjustment
(adjusted HR = 1.08; 95% CI = 0.99 - 1.18; p =0.096), or when LVEF was used as a continuous
variable (adjusted HR =0.999; 95% CI =0.997-1.002; p =0.582).

Cardiovascular Hospitalizations
Compared with 51% of SHF patients who were hospitalized due to cardiovascular causes
during a median follow up of 63 months, 46% of DHF patients were hospitalized from
cardiovascular causes during a median follow up of 75 months (HR =0.84; 95% CI =0.73-0.96).
Kaplan-Meier plots for time to first hospitalization due to cardiovascular causes are displayed
in Figure 3b. The association between DHF and all-cause hospitalization remained essentially
unchanged after multivariable covariate adjustment (Table 3). In the pre-match cohort of 7617
patients, unadjusted, PS adjusted and multivariable adjusted HR (95% CI) for cardiovascular
hospitalization, when DHF was compared with SHF, were respectively 0.82 (0.74-0.91; p
<0.0001), 0.89 (0.80-0.99; p =0.026) and 0.93 (0.84-1.04; p =0.201).

Heart Failure Hospitalizations
Compared with 27% of SHF patients who were hospitalized due to worsening HF during a
median follow up of 86 months, 18% of DHF patients were hospitalized due to worsening HF
during a median follow up of 90 months (matched pairs HR = 0.63; 95% CI = 0.52 - 0.77).
Kaplan-Meier plots for time to first HF hospitalization are displayed in Figure 3c. The
association between DHF and all-cause hospitalization remained essentially unchanged after
multivariable covariate adjustment (Table 3). In the pre-match cohort of 7617 patients,
unadjusted, PS adjusted and multivariable adjusted HR (95% CI) for HF hospitalization, when
DHF was compared with SHF, were respectively 0.55 (0.47-0.64; p <0.0001), 0.65 (0.56-0.77;
p =0.026) and 0.69 (0.59-0.81; p <0.0001).

Subgroup Analysis
Associations between DHF and reduced all-cause mortality were observed in various
subgroups of patients (Figure 4). DHF patients had better prognosis, regardless of age, sex,
race, HF etiology, NYHA functional class, diabetes, or therapy with ACE inhibitors, diuretics
or digoxin. There were no significant interactions between DHF and any of these subgroups,
except for female sex (p =0.045).

DISCUSSION
The key findings of our study are that in a PS-matched cohort of ambulatory chronic HF
patients, compared with SHF patients, DHF patients had reduced risk of mortality, and
cardiovascular and HF hospitalizations, but similar all-cause hospitalizations. These findings
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are important, as with the aging of the US population, the prevalence of HF in general, and
that of DHF in particular, is expected to increase in the coming decades, with significant
implications for health care utilization and costs.

Potential Mechanistic Explanation
DHF patients also share similar clinical and pathophysiologic characteristics with SHF
patients, including reduction in exercise capacity, neurohormonal activation, and impairment
of quality of life.3, 24, 34 35, 36 Despite these similarities, DHF was associated with reduced
mortality and cardiovascular morbidity. Even though, diastolic function was not specifically
measured, most HF patients with normal or near normal have abnormal DHF.37 Recent
evidence that a significant proportion of DHF patients eventually develop SHF suggests that
DHF may represent an earlier stage in the natural history of HF and thus better prognosis.38,
39 However, do not know why overall hospitalization was similar for both SHF and DHF
patients. It is possible that due to the advanced nature of the SHF patients, they had more
competing cardiovascular causes for hospitalization than those with DHF.

Comparison with Prior Studies
The most commonly studied outcome in community-based comparisons of DHF patients
(versus SHF) is all-cause mortality, which has yielded varying results.1, 2, 7 In the Framingham
Heart Study, 51% of the 73 patients had DHF (LVEF >50%).1 During a median follow-up of
6.2 years, DHF patients had an unadjusted annual mortality of 8.7% (versus 18.9% in SHF).
This mortality difference lost significance after adjustment for age and sex.1 In the
Cardiovascular Health Study, 4.9% of the 5532 persons ≥65 years had HF 2. Of these, 78%
had DHF (LVEF ≥45%) and 22% had SHF (LVEF <45%), who had annual mortality of about
10% and 15%, respectively. Compared with healthy controls, LVEF >55%, 45-55% and <45%
were associated with respectively 48%, 140% and 88% higher risk of death.2

In the Olmstead County study, LVEF was known in137 of the 216 incident HF patients and
43% had DHF (LVEF ≥50%).5 In that study, the 4 year unadjusted mortality rate was about
50% for both DHF and SHF patients. After adjustment for age, sex, NYHA class, and coronary
artery disease, DHF patients had a non-significant 20% lower risk of death (adjusted relative
risk =0.80; p =0.369). Curtis et al. have also reported an overall inverse association between
LVEF and mortality among participants in the DIG trial.40 However, propensity analysis and
inclusion of hospitalizations as outcomes distinguish our study from theirs.

Clinical Implications
We noted that the overall hospitalization rates of patients with DHF and SHF patients were
similar, suggesting that DHF patients may suffer excess morbidity from non-cardiovascular
causes relative to the SHF patients. This is likely to negatively impact health care resource
utilization, especially as the prevalence of HF increases with the aging of the US population.
Many of these non-cardiac conditions are chronic and studies need to determine if a chronic
disease management model would be effective in reducing hospitalization due to those non-
cardiac causes. In addition, we also noted a non-significant increased incidence of
supraventricular arrhythmias, unstable angina, and coronary revascularization in HF patients
with PSF. This might be due to a higher prevalence of subclinical ischemic heart disease and
presence of viable myocardium in DHF than commonly believed.41 Future studies should
investigate these associations in DHF.

Strengths and Limitations
The strengths of our study are (1) use of PS matching; (2) a relatively large number of DHF
patients (n=697) compared with Framingham Heart Study (n=37),1 Cardiovascular Health
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Study (n=170),2 and Rochester Epidemiology Project (n=83)5; (3) validation of HF diagnosis
by cardiologist DIG investigators; (4) exclusion of patients with atrial fibrillation and valvular
heart disease; and (5) examination of multiple outcomes including hospitalizations not reported
before.

Our study has several limitations. First, women and elderly HF patients were underrepresented,
which is reflected in the lower overall mortality rates in our analysis. Second, HF patients with
atrial fibrillation and valvular heart disease were excluded. Although this was useful to avoid
misclassification of DHF patients, it limits generalizability. Third, we combined LVEF >55%
and 45-55% as DHF. However, overall mortality for these patients are similar (23% each).
40 Fourth, confounding due to unmeasured covariates is possible. However, an unmeasured
confounder must be unrelated to all the measured covariates and also be correlated with DHF
and outcomes. Finally, exclusion of patients during matching compromises generalizability.
However, only patients at the extremes of PS were excluded, leaving patients with similar PS
to be matched. This increased the internal validity of our study. This is important as only strong
and internally valid associations should precede studies of external validity.42

Conclusions
In conclusion, compared with SHF, ambulatory chronic DHF patients have lower mortality,
and cardiovascular and HF hospitalization, but similar overall hospitalizations, suggesting
disproportionately higher non-cardiovascular comorbidity and hospitalizations in these
patients. LVEF should be measured in all HF patients, for risk stratification and to guide
therapy, with special attention to the assessment and management of non-cardiovascular
comorbidities in those with DHF. SHF patients should be treated with an ACE inhibitor (or an
angiotensin receptor blocker if intolerant to an ACE inhibitor), approved beta-blockers, and
digoxin.19, 43, 44 Diuretics should be used with caution for symptomatic patients with fluid
overload.20 Evidence-based therapy for DHF is limited. However, recent data suggest that
digoxin and candesartan may be beneficial in reducing HF hospitalizations in such patients.
45, 46 Future studies needs to focus on reduction in non-cardiovascular and non-HF
hospitalizations in DHF patients.
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Appendix

Addendum
Two recent reports by Bhatia et al and Owan et al, bothbased on hospitalized HF patients,
published after this manuscript was accepted, reported variable outcomes in DHF, compared
with SHF patients.47,48 Using data from the Mayo Clinical hospitals in Olmstead County,
MO, Owan et al reported that DHF was associated with somewhat better survival (adjusted
HR 0.96; 95%CI 0.92-1.00).48 Using data from 103 hospitals in Ontario, Canada, Bhatia et al
reported similar 1-year survival for DHF compared to SHF patients (adjusted HR 1.13; 95%
CI 0.96-1.36, when SHF compared with DHF).47 Neither of these hospital-based studies,
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however, used PS matching to reduce imbalances in baseline covariates between DHF and
SHF groups.48
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Figure 1.
Absolute standardized differences in covariates between heart failure patients with left
ventricular ejection fraction ≤45% and >45%, before and after propensity score matching
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Figure 2.
Kaplan-Meier plots demonstrating cumulative risk of mortality due to (a) all causes, (b)
cardiovascular causes, and (c) heart failure, in ambulatory patients with systolic heart failure
(SHF) and diastolic heart failure (DHF)
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Figure 3.
Kaplan-Meier plots demonstrating cumulative risk of first hospitalizations due to (a) all causes,
(b) cardiovascular causes, and (c) worsening heart failure, in ambulatory patients with systolic
heart failure (SHF) and diastolic heart failure (DHF)
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Figure 4.
Hazard ratios (HR) and 95% confidence interval (CI) for all-cause mortality in subgroups of
patients with diastolic heart failure (DHF) compared with systolic heart failure (SHF)
(ACE=angiotensin-converting enzyme; NYHA=New York Heart Association)
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