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Abstract
Heart failure with preserved ejection fraction (HFpEF) is recognized as a major cause of
cardiovascular morbidity and mortality. An ability to identify patients with HFpEF who are at
increased risk for adverse outcome can facilitate their more careful management. We studied the
patients having heart failure (HF) using data from the Heart Failure Adherence and Retention Trial
(HART). HART enrolled 902 NYHA Class II or III patients who had been recently hospitalized
for HF to study the impact of self-management counseling on the primary outcome of death or HF
hospitalization. In HART 208 patients had HFpEF and 692 had HFrEF (heart failure with reduced
ejection fraction), and were followed for median of 1080 days. Two final multivariate models
were developed. In patients having HFpEF, predictors of primary outcome were: male sex (OR
3.45, p=0.004), NYHA class III (OR 3.05, p=0.008), distance covered on 6-minute walk test (6-
MWT) of< 620 feet (OR 2.81, p=0.013), and <80% adherence to prescribed medications (OR
2.61, p=0.018). In patients having HFrEF, the predictors were: being on diuretics (OR 3.06,
p=0.001), having ≥ 3 comorbidities (OR 2.11, p=0.0001), distance covered on 6-MWT of < 620
feet (OR 1.94, p=0.001), NYHA class III (OR 1.90, p=0.001) and age > 65 years (OR 1.63,
p=0.01). In conclusion, indicators of functional status(6-MWT and NYHA class) were common to
both HFpEF and HFrEF patients while gender and adherence to prescribed therapy were unique to
patients having HFpEF in predicting death or HF hospitalization.
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Introduction
Given the increasing recognition of heart failure with preserved ejection fraction (HFpEF) as
a growing and difficult-to-treat clinical problem, the identification of predictors of adverse
outcome can help to identify those patients who are at the highest risk and who would
benefit from more personalized and aggressive management. To be useful, such predictors
should be easy to identify in routine clinical practice, thereby making them potentially
valuable in personalizing the approach to patient care, monitoring disease progression, and
evaluating therapeutic effectiveness. Comparing these predictors amongst patients having
HFpEF and heart failure with reduced ejection fraction (HFrEF) can further our
understanding of the differences in the two subtypes of heart failure (HF).

Methods
We analyzed data from Heart failure Adherence and Retention Trial (HART). HART was a
single-center, multiple-hospital, partially blinded, randomized controlled behavioral trial that
was based in the Chicago metropolitan area. HART was designed to assess the impact of
self-management counseling versus education alone on the composite primary outcome of
death or HF hospitalizations in patients with HFrEF or HFpEF1,2. HART enrolled a total of
902 patients. Of the patients who could be classified, 692 had HFrEF and 208 had HFpEF.
Details on patient enrollment, data collection and follow up within HART have been
reported elsewhere1. Briefly, patients having HF were recruited through inpatient and
outpatient screening and through referrals from cardiologists and internists. The recruitment
continued from October 2001 through October 2004. The follow-up was completed in May
2007. All patients were receiving some form of active HF treatment, including diuretics, for
the previous 3 months. HFrEF was defined as ejection fraction of ≤ 40% by
echocardiography, radiographic ventriculography, or radionuclide ventriculography. HFpEF
was defined as ejection fraction > 40% by 1 of the 3 above listed methods and 1 or more
previous hospitalizations for HF.

Baseline data were collected on demographics, medications, co-morbidities and adherence
to medications. The median follow up period was 1080 days. Primary endpoints were
ascertained through blind adjudication by a designated team of cardiologists 2. All patients,
or in the case of death, their family members, were contacted every 3 months by telephone
to ascertain occurrence of a death or hospitalization. Reports of death were confirmed by
medical record, death certificate, emergency medical services record, or queries from the
Social Security Death Index. HF admissions were adjudicated by the presence of shortness
of breath, peripheral edema, or chest radiographic evidence of pulmonary edema without
evidence of another disease process accounting for symptoms or signs. HF admissions were
confirmed if the patient responded to HF therapy or had a documented decrease in left
ventricular function.

Medication adherence was tested using electronic pill cap monitoring. The patient was asked
to place a month’s supply of an angiotensin-converting enzyme (ACE) inhibitor
[Angiotensin Receptor Blocker (ARB), beta-blocker or diuretics, if the patient was not
taking an ACE inhibitor] into a Medication Event Monitoring System electronic pill cap
container (MEMS V Trackcap; AARDEX, Zug, Switzerland). They were taught to use it for
the ensuing month. Adherence to drug therapy was defined via the percentage of pills taken
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relative to pills prescribed, with a cut-point of <80% indicating non-adherence. NYHA
(New York Heart Association) class was assessed by the treating physicians at the time of
enrolment and during follow up. Six-Minute walk test (6-MWT) was performed by
measuring the distance that patients could walk over a period of 6 minutes. For analysis,
distance covered on 6-MWT was dichotomized at the lowest tertile 2. Glomerular Filtration
Rate (GFR) was calculated using the Cockroft - Gault equation. Diabetes was self-reported
at the time of enrolment and during follow up. Other comorbid conditions which were
assessed included previous myocardial infarction, hypertension, cancer, stroke, arthritis,
lung disease, liver disease, asthma, sleep apnea and Parkinson’s disease. Depression was
assessed using Geriatric Depression Scale with a score of > 10 having high sensitivity and
specificity for diagnosing depression. Other psychosocial factors, which were assessed using
standardized questionnaires, included quality of life, purpose in life and social support1.

Statistical analyses began with a description of the baseline characteristics in overall
population of 900 patients, and then a comparison of patients with HFpEF and HFrEF. To
identify predictors of the primary outcome (Death or HF hospitalization), univariate
unadjusted odds ratios reflecting risk for the primary endpoint were computed for each of
the baseline factors separately in those with HFpEF and HFrEF. Next, and again separately,
for subgroups having HFpEF and HFrEF, a backward stepwise multivariate elimination
strategy was employed with all factors with an unadjusted odds ratio marginally different
from 1 (i.e., p<0.40) included in a saturated model and then iteratively assessed for
elimination. The criterion for remaining in the model was p ≤ 0.15. Both Likelihood-ratio
and Hosmer-Lemeshow tests were used to assess model fit. Unadjusted Kaplan-Meier
curves were used to evaluate the time to event over the follow up period for patients having
HFpEF.

Results
Table 1 presents baseline patient characteristics of the total cohort and the differences in
baseline characteristics between patients with HFpEF and HFrEF. The average age of all the
patients in the trial was 63.6 years, 47% were women and 60% were Caucasian. A total of
74 (36%) of the 208 patients having HFpEF had a primary event. Of these, 48 (29%) were
hospitalized for HF and 39 (20%) died. Of the 48 patients who were hospitalized for HF, 27
(56%) were hospitalized once and 21 (44%) were hospitalized more than once during the
follow up. A total of 259 (37%) of the 692 patients having HFrEF had a primary event. Of
these, 162 (23%) were hospitalized for HF and 148 (21%) died. Of the 162 who were
hospitalized, 86 (53%) were hospitalized once and 76 (47%) were hospitalized more than
once during follow up. These numbers do not add up to the total with primary event because
those who were hospitalized and later died were counted only once. Table 2 presents the
univariate odds of primary event by baseline characteristic in patients having HFpEF and
HFrEF.

Table 3 presents the results of the multivariate model aimed at identifying independent
predictors of death or HF hospitalization in patients with HFpEF and HFrEF. The
Likelihood-ratio test was significant (p < 0.0001) in models for both groups, while the
Hosmer-Lemeshow test was insignificant (p=0.4211 for HFpEF and p=0.0533 for HFrEF
patients) indicating a good model fit. Predictors common to both subgroups included
indicators of functional status i.e. NYHA class and distance covered on 6-MWT. Unique
predictors for patients having HFpEF were male sex and medication non-adherence; and for
patients having HFrEF were being on diuretics, having ≥ 3 comorbidities and age > 65
years. Figure 1 presents unadjusted time-to-event Kaplan-Meier curves portraying these
associations in the subgroup having HFpEF.
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Of the 208 patients with HFpEF in this subgroup analysis, only 146 were available for the
planned multivariate model analyses due to missing data; the majority of missingness was
due to two variables: 40 (19%) patients were missing data on adherence to medication doses
and 16 (8%) on distance covered during 6-MWT. Of the 692 patients having HFrEF, 577
were available in the final iteration of model selection; most missingness was the result of
missing data on distance covered during 6-MWT (8%). To assess the sensitivity of the final
models to missing data, two additional models were run. One assumed a “best case”
scenario in which all missing covariate values were set to the “protective” value indicated by
the final multivariate model. Thus, missing values on 6-MWT were set to > 620 feet and
missing medication adherence values were set to ≥80%. Next, a “worst case” scenario was
assumed in which missing covariate values were set to the “non-protective” value (missing
values on 6-MWT set to < 620 feet, missing medication adherence set to <80%). For the
HFrEF model only the best case/worst case sensitivity analysis was done for the 6-MWT
variable as medication adherence was not a significant predictor. Results under these two
scenarios yielded models almost identical to those described above, indicating that the
missing data did not significantly affect the results.

Discussion
Our interest was to determine the predictors of death or HF hospitalization in the subgroup
of patients with HFpEF. Comparing the patients having HFpEF and HFrEF helped us in
understanding how the two populations are different. We considered multiple demographic
and clinical factors and identified male gender, higher NYHA class, shorter distance covered
on 6-MWT and non-adherence to prescribed medications as independent predictors for
patients having HFpEF. This is in contrast to patients having HFrEF in whom higher NYHA
class, shorter distance covered on 6-MWT, having ≥ 3 comorbidities, being on diuretics and
age > 65 years were the predictors. By using these predictors as a guide, physicians could
possibly stratify patients having HFpEF more appropriately and dedicate more time and
resources through more frequent follow-up visits with closer monitoring to insure
compliance with diet, salt intake, exercise, and medications.

NYHA class and distance covered on 6-MWT were predictive of adverse outcome in both
HF subtypes. These 2 predictors can be used to stratify patients with HFpEF by disease
severity, monitor disease progression and being modifiable, can be used to assess response
to treatment. NYHA classification is a well-established system of classifying and assessing
the severity of HFrEF3–6. Current guidelines for HFrEF recommend treatment based on
patient’s NYHA class7,8 since a higher NYHA class indicates a poor functional status and
port ends a poorer prognosis. Few studies have examined the utility of NYHA class in
patients having HFpEF 9 and as with patients having HFrEF; higher NYHA class is
associated with worse prognosis in patients having HFpEF. Since our study enrolled only
NYHA Class II and III patients, we were only able to compare prognosis across these 2
categories. We noted that patients having NYHA class III symptoms had a worse prognosis
than those with NYHA class II, indicating that NYHA classification may have a role in
disease staging and management even in patients having HFpEF. Thus, our study is
consistent with what some of the larger studies have shown.

The 6-MWT is an underutilized tool for assessing chronic cardiopulmonary conditions10. It
is a simple test requiring a patient to walk for 6 minutes and measuring the distance walked
in that time period2. We noted that patients who were unable to walk > 620 feet on 6-MWT
had an increased risk of death or HF related hospitalization. This supports the value of the 6-
MWT as an easy and objective method of assessing the functional capacity in patients with
HF in an ambulatory setting. The 6-MWT has been studied more extensively in pulmonary
diseases and HFrEF10–13, but to the best of our knowledge, studies specifically utilizing 6-
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MWT to assess functional status in patients having HFpEF are lacking. Our analysis
supports the use of the 6-MWT in prognostication and management of HFpEF.

Effective management of patients having HFpEF is limited by a lack of evidence-based
therapies. Typical treatment involves treating comorbid conditions. In our study, non-
adherence to prescribed medications in patients having HFpEF predicted death or HF related
hospitalization on both univariate and multivariate analyses. This could be due to several
reasons. It could relate to poor control of comorbid conditions in non-adherent patients or it
could be a more general index of non-adherence to a healthy lifestyle. In both cases,
providers should identify non-adherent patients and focus management strategies on
increasing adherence. Alternatively, since the specific monitored medications were
antihypertensive agents i.e. ACE-I/ARBs, diuretics and beta blockers, and these medications
have been shown to have survival benefits in patents having HFrEF, it is possible that these
benefits may extend to patients having HFpEF as well. Studies in HFpEF patients using
drugs that inhibit the renin angiotensin system14–17 and beta blockers 18 have yielded mixed
results and further studies may be warranted. At the same time, these medications are also
antihypertensive agents. Poorly controlled blood pressure is a precipitating factor for HF
exacerbation. Thus, adherent patients were more likely to have better control of their blood
pressure leading to lower incidence of HF related hospitalization or death.

Although women had a higher prevalence of HFpEF, an observation observed by
others 19,20, men had a poorer prognosis. When comparing men and women for adverse
outcomes, women were noted to have lower income, lesser education, were more likely to
be unmarried, walked shorter distance on 6 MWT and were less likely to be able to walk >
620 feet in on 6 MWT. Men, on the other hand, were more likely to have a history of
smoking, coronary artery disease, renal disease and sleep apnea. Thus, men seem to have a
higher comorbidity burden compared to women, which may partially explain increased
incidence of adverse outcomes in this population. The exact reasoning still remains unclear
and merits further investigation but implies that clinicians should be extra vigilant when
managing males with HFpEF.

Except for diabetes on univariate analysis, none of the comorbid conditions were noted to be
predictive of death or HF hospitalization on univariate or multivariate analysis for patients
having HFpEF. This could be due to appropriate control or lower incidence of these
conditions in our study population. Nonetheless, comorbidities should be aggressively
managed in patients having HFpEF. In patients having HFrEF, having more co-morbidities
was predictive of death or HF hospitalization, substantiating the need to aggressively
manage the co-morbidities and prevent their development when feasible. Similarly, patients
aged > 65 years had an increased incidence of death or HF hospitalization if they had
HFrEF, while this was not true for patients having HFpEF. This could be due to the fact that
the cohort of patients having HFpEF was older (mean age 67.3 years) compared to those
having HFrEF, thus negating the impact of age to some extent.

A limitation of this analysis study includes the fact that it is an analysis of a subgroup of a
larger randomized controlled trial and thus was not powered to detect associations in this
smaller sample size. However, the direction of bias for underpowered studies is toward the
null hypothesis. Therefore, those associations for which we found significance are likely to
be robust. Second, medication adherence was measured only at baseline, over the ensuing 30
days post-randomization. Since it was not monitored continuously throughout the study,
there is a possibility that initially non-adherent patients may have become adherent during
the study or vice versa. Third, we do not have echocardiographic findings to fully assess
grade of diastolic dysfunction among the patients studied. Higher grade of diastolic
dysfunction indicate a more severe compromise in cardiac function. It is possible that the
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patients who had adverse outcome may have had higher grade of diastolic dysfunction on
echocardiogram. Fourth, missing data limited the sample size in the multivariate modeling.
Despite the fact that we employed a reasonable sensitivity analysis to confirm the stability of
our results, larger prospective studies may provide better estimates of risk.
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Figure 1.
Kaplan-Maier curves for the five independent predictors of death or heart failure
hospitalization in patients with HFpEF. Unadjusted log-rank p-values for subgroup
differences in time to primary event over the study duration are: NYHA Class, p < 0.0001;
Six-Minute Walk distance, p = 0.002; Medication Adherence, p = 0.05; Gender, p = 0.006
and treatment group, p = 0.13.
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Table 1

Baseline characteristics of HART patients

Characteristic All patients (N=900) HFpEF (N=208) HFrEF (N=692)

Age (years)***, mean (SD) 63.6 (13.5) 67.3 (13.0) 62.4 (13.4)

Women*** 426 (47%) 136 (65%) 290 (42%)

Minority race/ethnicity 361 (40%) 79 (38%) 282 (41%)

≤ High school education 393 (44%) 82 (39%) 311 (45%)

Annual family income < $30,000 426 (52%) 106 (56%) 320 (50%)

Married or living with someone else as if unmarried*** 502 (56%) 93 (45%) 409 (60%)

In treatment arm 450 (50%) 107 (51%) 343 (50%)

NYHA class III 284 (32%) 64 (31%) 220 (32%)

Six-minute walk distance***, mean (SD), (feet) 821 (465) 718 (449) 852 (465)

Hypertension* 675 (75%) 168 (81%) 507 (74%)

Diabetes Mellitus 361 (40%) 89 (43%) 272 (39%)

Comorbid conditions**, mean (SD) 3.2 (1.7) 3.5 (1.6) 3.1 (1.7)

Total number of medications, mean (SD) 6.8 (3.0) 6.7 (2.9) 6.8 (3.0)

ACE inhibitor or ARB use*** 772 (86%) 163 (78%) 609 (88%)

Beta blocker use*** 635 (71%) 111 (53%) 524 (76%)

Major depressive symptoms 264 (29%) 66 (32%) 198 (29%)

Social support-emotional, mean (SD) 75.2 (22.2) 75.6 (22.5) 75.0 (22.1)

Purpose in life, mean (SD) 4.5 (0.8) 4.4 (0.8) 4.5 (0.8)

Quality of life, mean (SD)

 SF-36

  Physical function*** 48.2 (24.9) 43.2 (22.7) 49.7 (25.4)

  Energy and vitality, 46.5 (23.7) 44.4 (23.8) 47.1 (23.6)

 Quality of Life Index – Cardiac

  Satisfaction with health and function 4.3 (1.0) 4.2 (1.1) 4.3 (1.0)

  Satisfaction with psychological/spiritual function 4.7 (1.1) 4.7 (1.1) 4.8 (1.0)

Non-adherence to drug therapy 273 (37%) 60 (36%) 213 (37%)

Sodium intake, median (IQR), (mg/day) 3696 (1577) 3753 (1621) 3513 (1417)

Current smoker 85 (9.5) 20 (9.6) 65 (9.4)

Body mass index (kg/m2)***, mean (SD) 31.0 (7.7) 32.9 (8.4) 30.5 (7.4)

Self-efficacy at self-management, mean (SD) 7.6 (1.7) 7.4 (1.8) 7.7 (1.7)

*
p < 0.05,

**
p < 0.01,

***
p < 0.001

Sample sizes in any particular comparison may be slightly different due to missing data.

ACE- Angiotensin Converting Enzyme; ARB- Angiotensin Receptor Blocker, HART- Heart Failure Adherence and Retention Trial, HFpEF- Heart
Failure with Preserved Ejection Fraction; HFrEF- Heart Failure with Reduced Ejection Fraction; NYHA- New York Heart Association; SD-
Standard Deviation; NYHA- New York Heart Association; SF36- Short form 36.
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TABLE 2

Univariate odds of death or heart failure hospitalization by baseline characteristics in patients having HFpEF
and HFrEF

Risk Factor HFpEF
Odds Ratio (95% CI)

HFrEF
Odds Ratio (95% CI)

NYHA Class III symptoms 3.47*** (1.82, 6.63) 2.43*** (1.72, 3.42)

Male 2.63** (1.40, 4.76) 0.85 (0.62, 1.17)

Distance covered on 6-MWT of < 620 (feet) 2.22* (1.20, 4.11) 2.88*** (2.00, 4.15)

Diabetes Mellitus 2.03* (1.12, 3.68) 1.94*** (1.40, 2.69)

Medication adherence < 80% 2.15* (1.08, 4.28) 1.81*** (1.25, 2.60)

≥ 3 Co-morbidities 1.90 (0.94, 3.84) 2.63* (1.87, 3.71)

Self-Management Treatment Arm 1.67 (0.93, 3.02) 0.82 (0.59, 1.12)

Hypertension 1.74 (0.78, 3.87) 1.28 (0.89, 1.85)

On Diuretics 2.64 (0.55, 12.80) 3.30***(1.83, 5.94)

Coronary Artery Disease 1.45 (0.80, 2.63) 1.37 (0.98, 1.91)

On ACE-I or ARB 0.68 (0.33, 1.39) 0.48** (0.29, 0.78)

Glomerular Filtration Rate ≤ 30 (ml/min/m2) 1.55 (0.60, 4.0) 0.53* (0.30, 0.95)

Geriatric Depression Scale score ≥ 10 1.32 (0.71, 2.46) 1.79*** (1.26, 2.54)

Age > 65 (years) 1.28 (0.68, 2.39) 2.00*** (1.45, 2.76)

On Beta-Blocker 0.80 (0.45, 1.43) 0.61** (0.42, 0.88)

Education ≤ High School 1.24 (0.68, 2.25) 1.39* (1.01, 1.91)

Atrial Fibrillation 1.24 (0.68, 2.27) 1.38 (0.98, 1.94)

Sleep Apnea 1.28 (0.63, 2.57) 1.30 (0.84, 2.03)

Ever Smoker 0.84 (0.46, 1.51) 0.89 (0.64, 1.25)

Income < $ 30,000.00/year 1.17 (0.63, 2.15) 1.19 (0.85, 1.66)

Diabetes and blood pressure at goal 0.87 (0.46, 1.64) 0.74 (0.50, 1.09)

Asthma 0.90 (0.44, 1.84) 1.29 (0.80, 2.09)

Minority race/ethnicity 0.95 (0.52, 1.74) 1.21 (0.88, 1.68)

Kidney Disease and blood pressure at goal 0.97 (0.53, 1.79) 0.66* (0.46,0.94)

*
p=<0.05,

**
p=<0.01,

***
p=<0.001

ACE-I- Angiotensin Converting Enzyme- Inhibitor; ARB- Angiotensin Receptor Blocker, CI- Confidence Interval, HFpEF- Heart Failure with
preserved Ejection Fraction, HFrEF- Heart Failure with reduced Ejection Fraction, NYHA- New York Heart Association, 6-MWT- Six Minute
Walk Test.
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TABLE 3

Results of multivariate model identifying independent predictors of death or heart failure hospitalization in
patients having HFpEF and HFrEF.

Characteristic HFpEF
OR (95% CI)

HFrEF
OR (95% CI)

Male vs. Female 3.45** (1.47, 8.07)

NYHA Class III vs. Class II 3.05** (1.33, 6.98) 1.90** (1.28, 2.82)

Baseline medication adherence < 80% vs. ≥ 80% 2.61* (1.18, 5.76)

Distance covered on 6-MWT < 620 vs. ≥ 620 (ft.) 2.81* (1.24, 6.40) 1.94** (1.30, 2.90)

Self-Management vs. Enhanced Education arm 2.16 (0.98, 4.76)

≥ 3 Co-morbidities 2.11*** (1.44, 3.10)

On Diuretics 3.06*** (1.57, 5.97)

Age > 65 years 1.63** (1.11, 2.40)

Minority race/ethnicity 1.34 (0.91, 1.97)

CKD with BP ≤ 130/80; no CKD with BP ≤ 140/90 0.69 (0.46, 1.05)

*
p<0.05,

**
p<0.01,

***
p<0.001.

All factors retained on multivariate model at final iteration are displayed. P-values are listed where significant. Factors retained on final model were
different for the 2 subtypes of HF, hence the blanks.

BP- Blood Pressure, CKD- Chronic Kidney Disease, CI- Confidence Interval, ft.- Feet, HFpEF- Heart Failure with Preserved Ejection Fraction,
HFrEF- Heart Failure with Reduced Ejection Fraction, NYHA- New York Heart Association, OR- Odds Ratio, 6-MWT- Six Minute Walk Test,
vs.- Versus.
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