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Abstract

Background: The relationship between diuretic use or change in diuretic use and outcomes in
chronic heart failure (HF) remains poorly defined. We evaluated the association between diuretic
use and changes in health status, exercise capacity, and clinical events in a large randomized trial
of subjects with HF.

Methods: HF-ACTION randomized 2331 outpatients with HF and ejection fraction < 35% to
aerobic exercise training versus usual care. We grouped patients according to loop diuretic use
from baseline through 6 months: continued-use, never-use, initiated, discontinued. The association
between diuretic use and changes in health status, exercise capacity, and clinical outcomes (all-
cause mortality/hospitalization, CV mortality and HF hospitalization) through 12 months were
assessed using Cox proportional hazards models and generalized linear regression models,
respectively.

Results: A total of 2004 (86%) patients had complete data on diuretic use. There was no
association between diuretic status and Kansas City Cardiomyopathy Questionnaire (KCCQ), 6-
minute walk distance or peak VO2 in adjusted analyses (all P>0.05). A dose increase was
associated with decrease in 6-minute walk distance (-4.25m, SE 1.12m, P<0.001) and change in
KCCQ overall score (-0.56m, SE 0.24m, P=0.02). There were no between-group differences for
all cause death or hospitalization comparing continuous use versus never-use (adjusted HR 0.91;
95%CI 0.72-1.15; P= 0.432).
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Conclusions: The initiation or discontinuation of diuretics over a 6-month time frame was not
associated with a difference in mortality, hospitalizations, exercise or health status outcomes but a
dose increase in HF patients was associated with worse exercise and health status outcomes.

INTRODUCTION

In order to manage volume overload and congestion, the use of loop diuretics is a mainstay
of heart failure (HF) therapy. Despite widespread use, diuretic use has not been consistently
shown to improve major clinical outcomes in large analyses (1). To the contrary, multiple
studies have demonstrated potential harm associated with loop diuretic use (2-4) yet the
relationship is likely confounded by the indication. Prior studies have focused principally on
acute hospitalization for HF or the immediate post-hospitalization period. Analyses of
chronic HF outpatients have focused primarily on patients with advanced HF in which high
diuretic doses has been associated with poor clinical outcomes. This is believed to be
secondary to acquired diuretic resistance in the later stages of HF (3). Furthermore, there
have been no analyses evaluating the association of loop diuretic use with health related
quality of life (HRQoL) and exercise capacity in chronic HF patients.

Our analysis utilized the HF-ACTION randomized clinical trial dataset of chronic HF with
reduced ejection fraction (HFrEF) patients randomized to exercise training or standard of
care to assess the relationship of diuretic use, initiation, discontinuation and dose escalation
on clinical outcomes, HRQoL and exercise function.

METHODS

Overview

The design (5) and primary results (6,7) of the HF-ACTION study have been previously
reported. HF-ACTION was a multicenter, randomized, placebo-controlled trial designed to
evaluate the long-term efficacy and safety of a structured aerobic exercise intervention in
medically stable outpatients with chronic HF and a reduced EF (6,7). A total of 2331
patients were enrolled from 82 centers in the North America and Europe between April 2003
and February 2007. Enrollment criteria included an EF < 35%, New York Heart Association
(NYHA) functional class I1-1V symptoms and optimal medical therapy for at least 6 weeks
duration, as well as the ability and willingness to exercise. Eligible participants were
randomized 1:1 to aerobic exercise training versus usual care, with continued optimal
background medical therapy. Supervised training involved aerobic exercise (walking,
treadmill, or cycle ergometer) 3 times weekly for 36 sessions, followed by transition to a
home-based exercise program for an additional 2 years. The exercise goal was 90 min per
week for the first 3 months, followed by 120 min per week thereafter. Follow-up occurred
over a median of 2.6 years.

Diuretic Status and Outcomes

Patients were divided in 4 categories according to loop diuretic use at baseline and over the
first 6 months of the trial: continuous-use, never-use, newly initiated and newly discontinued
(Figure 1). Patient characteristics, medical history, health status, and physiological
parameters at rest and during exercise testing were collected on standardized forms at
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baseline and repeated at 3 months, 6 months, 12 months, and 24 months. Data collection
included current loop diuretic use, type of loop diuretic, and total daily dose. Diuretic use
was assessed at baseline and 6 months. Loop diuretics were converted to furosemide
equivalents by the following algorithm: 20 mg of torsemide to 40 mg of furosemide and 1
mg of bumetanide to 40 mg of furosemide.

Our endpoints were HRQoL, which was measured using the disease-specific Kansas City
Cardiomyopathy Questionnaire (KCCQ) (8) and the general EuroQol-5 Dimensions
(EQ-5D) (9) survey. The KCCQ (8) is a 23-item, self-administered disease-specific
questionnaire that quantifies HRQoL in ambulatory HF patients. The KCCQ provides an
overall summary score but also comprises seven domains (physical limitation, symptom
stability, symptom burden, symptom frequency, self-efficacy, quality of life and social
limitation). The KCCQ is scored from 0 to 100 with higher scores representing better
HRQoL. Further we measured 6-minute walk test distance and peak VO,.

Additional endpoints included a composite of all-cause mortality or all-cause hospitalization
and composite of CV mortality or HF hospitalization. Although blinding was not possible
due to the nature of the exercise intervention, deaths and CV hospitalizations for each patient
were adjudicated by an independent clinical events committee. Once a patient had a HF
hospitalization that was confirmed by the clinical events committee, no future
hospitalizations were adjudicated for that patient.

Statistical Analysis

All continuous data were reported as mean and standard deviation (SD) or median and (25th,
75th) percentiles, and categorical data as frequencies and percentages. Patients with known
loop diuretic status at baseline and 6 months post-randomization were included in the
analysis. Baseline clinical characteristics including demographics, medical history,
laboratory values, medication use, HRQoL, and exercise parameters were compared based
on baseline loop diuretic status (continuous-use vs newly discontinued, never-use vs newly
initiated). Comparisons for continuous variables were based on the Wilcoxon rank-sum test,
while categorical variables were assessed using X2 test or Fisher’s exact test, as appropriate.
Cox proportional hazards regression models were used to evaluate the relationship between
change in diuretic use and clinical endpoints (hospitalization and mortality). Diuretic use
was defined as continuous use of diuretics at 0 and 6 months. Patients were only included in
the analyses if they were alive and event-free at the time of their 6-month visit. The exercise
capacity and HRQoL outcomes were assessed using generalized linear models, assuming a t-
distribution and identity link. The exercise capacity outcomes of 6-minute walk test and
cardiopulmonary exercise testing were analyzed using the change from 3 months to 12
months; the health status outcomes were analyzed using the change from 6 months to 12
months (time points we selected based on the availability of testing closest to the analyses
landmark of 6 months). Models were adjusted for covariates (baseline characteristics)
previously identified as being associated with clinical outcomes (10). For analyses using a
smaller sample size, a limited set of adjustment variables (age, treatment arm, sex, BMI,
BUN, LVEF, NYHA class, and loop diuretic dose) was selected given the established strong
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relationship with clinical outcomes. All modeling assumptions were assessed and none were
significantly violated.

A second analysis was preformed to evaluate the association between diuretic dose changes
with the change in exercise and HRQoL outcomes from baseline to 12 months, as well as the
association between diuretic dose change and clinical outcomes. We correlated the change in
diuretic dose with the change in outcomes described above from baseline to 12 months.
Only patients who were on diuretics at baseline and/or 6 months were included in the
analysis. The model calculated the dose change on a continuous scale (for 1 unit increase or
decrease) and for the purposes of presentation the unit increase was multiplied by 20 to
show an increase/decrease by 20mg of diuretic. A 20mg diuretic dose increase could mean
an initiation of a diuretic or a diuretic dose increase in a patient who was already on diuretics
at baseline. The association between dose change and changes in exercise capacity/HRQoL
outcomes was analyzed using a generalized linear model, assuming a t-distribution and
identity link. Clinical outcomes were assessed using Cox proportional hazards models.
Modeling assumptions were again assessed and dose change was non-linearly related to the
clinical outcomes and the change in peak VVO,. Thus, dose-change was transformed using
piece-wise linear splines with a single interior knot at the inflection point of Omg.

P-values <0.05 from two-sided tests were considered statistically significant. Adjustments
were not made for multiple comparisons due to the hypothesis generating nature of this
secondary manuscript. All analyses were performed using SAS 9.4 (SAS Institute Inc. Cary,
North Carolina, USA).

Funding and Manuscript Preparation

RESULTS

The HF-ACTION trial was funded by the National Heart, Lung, and Blood Institute
(ClinicalTrials.gov Number: NCT00047437). Database management and statistical analysis
was performed by the Duke Clinical Research Institute. The authors take full responsibility
for the manuscript’s integrity and had complete control and authority over its preparation
and the decision to publish.

Study Population

Of the 2331 patients enrolled in the HF-ACTION ftrial, the majority (78%) of patients were
on loop diuretics at baseline. Six months after enroliment, 2004 patients (86% of initial trial
population) had complete data on diuretic use. Baseline characteristics by inclusion and
exclusion can be found in Supplemental Table 1. During the first 6 months after enroliment,
1481 (73%) remained continuously on diuretics and 377 (19%) remained off diuretics. Table
1 compares the baseline characteristics between patients on and off diuretics at 6 month
follow up. Despite similar age and sex distribution, patients on loop diuretics tended to have
a greater BMI, more diabetes and a greater proportion of NYHA class 1/IV versus class Il
symptoms. All patients reported >90% use of beta-blockers and angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers at baseline with a comparable use of both
drugs amongst patients on and off diuretics.
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Diuretic initiation (N= 67, 3.3%) and discontinuation (N= 79, 5.1%) were infrequent,
whereas an adjustment in diuretic dose was observed in about 32% of cases. The median
(IQR) diuretic dose change between baseline and 6 months were —40mg (-80, —20) for
patients who discontinued diuretics, +40mg (20, 40) for patients who initiated diuretics. The
median (IQR) diuretic dose change was Omg (0, 0) for those on continuous diuretic use from
baseline to 6 months. Baseline characteristics of those not on diuretics at baseline, grouped
by 6-month diuretic status (newly initiated vs. never-use), are presented in Supplement Table
2A. Compared to patients never on diuretics, patients who newly initiated diuretics had a
lower peak VO, (16.4mL/kg/min vs 14.6mL/kg/min; P= 0.005) and lower 6-minute walk
distance (400m vs 377m; P=0.033). Baseline characteristics of those on diuretics at
baseline, by 6-month status (continuous-use vs newly discontinued), are presented in
Supplement Table 2B. No significant difference in baseline characteristics were noted.

Diuretic Use, Health Status and Exercise Status

Between 3 and 12 months, patients in the “continuous diuretic use” group on average walked
(unadjusted —10.30m, SE 4.34m, P=0.018) less during the 6-minute walk test than those
who “never used diuretics” (Figure 2). The significant correlation persisted when the models
were adjusted with the limited covariate list (-=10.94m, SE 5.22m, P=0.036), but it did not
hold when the full set of covariates was used (-8.05m, SE 5.15m, P=0.119) (Table 2). There
were no significant differences in the peak VO,, KCCQ overall score, KCCQ symptom
burden score, or KCCQ symptom frequency score between groups (Figure 2/Table 2). There
were no significant differences in 6-minute walk distance, peak VO,, KCCQ overall score or
either of the KCCQ domains between “initiation/never on” or “discontinuation/continuous
use” over the 6-months period in the adjusted analysis (Table 2).

In a secondary analysis, we assessed the association between the change in diuretic dose
with the change in exercise and HRQoL outcomes from baseline to 12 months, as well as the
association between diuretic dose change and clinical outcomes. Loop diuretic dose change
was linear in relation to exercise and HRQoL outcomes (Table 3). Unadjusted, loop diuretic
dose change (for an 20mg dose increase) was significantly associated with a reduction in the
6-minute walk distance (-3.61m; SE 1.03m, P<0.001) and KCCQ overall score (-0.52m; SE
0.22mg, P=0.019). Following risk adjustment, dose increase continued to be significantly
associated with change in 6-minute walk distance (=4.25m, SE 1.12m, P<0.001) and change
in KCCQ overall score (-0.56m, SE 0.24m, P=0.02).

Finally, we observed no modification of the treatment effect (exercise training) on outcomes
(mortality, hospitalization, exercise and HRQoL) by loop diuretic group (continuous use,
never use, initiation and discontinuation), i.e. there is no interaction (P>0.05) between
treatment and loop diuretic group.

Diuretic Use and Clinical Outcomes

Results of the unadjusted analyses for clinical outcomes were similar to those seen for health
and exercise status. A total of 232 patients (20.6%) receiving diuretics at baseline and 73
patients (19.8%) not prescribed diuretics at baseline were hospitalized or died by 12 months.
In unadjusted analyses, patients who were “continuously on” diuretics for 6 months were
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more likely to experience the outcomes of all-cause death or hospitalizations (HR 1.30, 95%
Cl 1.09 - 1.54, P=0.004) and CV death or HF hospitalizations (HR 2.36, 95% CI 1.76 —
3.16, P<0.001) as compared with patients who were “never on” diuretics over a 6-month
period (Table 4). When using a partial model for the adjusted analysis of the CV death or HF
hospitalization outcome, those subjects continuously on diuretics for 6 months maintained a
significant difference versus those who were “never on” diuretics (HR 1.63, 95% CI 1.17 —
2.26, P=0.004). However, no significance was found using the full model (HR 1.25, 95% ClI
0.87 — 1.79, P=0.224). Similarly, all-cause death or hospitalization was no longer significant
after adjustment.

Unadjusted, there were no significant differences in risk of the all-cause death or
hospitalization (HR 1.03; 95% CI 0.65 — 1.62, P=0.898) and CV death or HF hospitalization
(HR 1.56; 95% CI 0.83 — 2.93, P=0.166) between those who initiated diuretics between
baseline and 6 months and those who were never on them (Table 4). The relationship
between diuretic initiation and patients who remained off diuretics with the primary outcome
remained unchanged after adjustment. Furthermore, there were also no significant
differences in risk of unadjusted or adjusted outcomes between those who discontinued
diuretics and those who were continuously on them (Table 4).

We found no association between diuretic dose increase (20mg furosemide equivalents) and
all-cause mortality or hospitalization in an adjusted analysis (HR 1.06, 95% CI 0.98 — 1.14,
P=0.179) and CV mortality and HF hospitalization (HR 1.06, 95% CI1 0.98 — 1.14, P=
0.156).

DISCUSSION

In our analysis of a chronic HFrEF population from the HF-ACTION trial, we found that
patients with chronic HF with continuous use of diuretics compared to patients off diuretics
were at comparable risk for all-cause death, cardiovascular death or HF related
hospitalizations. Further, we found no difference in exercise or HRQoL parameters. Finally,
the initiation or discontinuation of diuretics over 6-months was not associated with a
difference in mortality, hospitalizations, exercise or HRQoL outcomes but a dose increase in
patients on diuretics was associated with worse exercise and HRQoL outcomes.

Diuretics are widely used in HF as the primary treatment and effectively reduce congestion,
which is a key marker of decompensated HF and closely linked to a poor prognosis. DeVore
et. al. have shown that the initiation of diuretic therapy during a hospitalization for acute HF
led to improved 30 day outcomes in ASCEND-HF, and discontinuation of diuretics led to
poor outcomes (1). Current guidelines emphasize that diuretics are a treatment for the
clinical signs and symptoms of congestion, yet there is no evidence of a favorable effect on
disease progression. In fact, in chronic HF, prescription of diuretics remains, to a large
extent, subjective and evidence-free (11,12). On the contrary, the majority of evidence to
date shows a negative relationship between use and dose of loop diuretics and prognosis in
patients with chronic HF. In previous studies the use of loop diuretics and larger doses of
diuretics was associated with higher all-cause mortality rates in carefully adjusted/
propensity matched analyses (2-4,13). Domanski et a/. found that, using data from the
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SOLVD trial, the use of loop diuretics was associated with increased adjusted all-cause
mortality (HR 1.28, 95% CI 1.19-1.49), while the use of potassium-sparing diuretics was
not (14). Our analysis could not confirm these findings, although for CV mortality and HF
we did see a comparable trend towards higher mortality and rehospitalization that was no
longer present after full model adjustment.

The proposed mechanisms for adverse effects of diuretics in patients with chronic HF
include increase in neurohormones and renal impairment. It is well established that loop
diuretics activate the renin-angiotensin system in HF as a response to diuretic treatment
rather than as a result of the disease process itself (15). Neurohormonal activation is likely
the result of renal sodium loss, intravascular hypovolemia and/or renal hypoperfusion with
subsequent drop in blood pressure and baroreceptor activation (16,17). The use of loop
diuretics was also associated with a slightly greater rate of decline in glomerular filtration
rate, independent of diuretic dose (18). Importantly, a number of studies found that patients
with chronic HF are commonly euvolemic or even hypovolemic (19,20), suggesting that
there may be serious detrimental effects of indiscriminate chronic diuretic use. However, it is
important to acknowledge that the use of loop diuretics in cohort studies and non-
randomized use in clinical trials is strongly confounded by the severity of HF as it was also
seen in our study cohort. For example sicker patients are more likely to be given loop
diuretics (and in higher doses) than less sick patients, thus patients treated with diuretics will
be at higher risk of death as a result of more severe HF.

To our knowledge, this is the first analysis to examine the association between diuretic use
(never use, continuous, initiation or discontinuation) and exercise capacity (6-minute walk
test and peak VO,) and health status in a large randomized chronic HF trial. In a small single
center prospective randomized study of 28 patients, Gupta et al. showed that 3 months’
diuretic use did not result in significant changes in peak VVO,, mean N-terminal pro-hormone
brain natriuretic peptide (NT-proBNP) levels, or measures of HRQoL when compared with
placebo (16). Our findings support the cited prospective randomized study suggesting that
HRQoL and exercise status appear to be largely unaffected by diuretic use.

Nevertheless, amongst patients already on diuretics or newly on diuretics, enrolled in the
HF-ACTION trial, a dose increase in loop diuretics was associated with worse exercise and
HRQoL outcomes. This relationship was linear, i.e. a reduction in diuretic dose was
associated with an improvement in exercise and HRQoL outcomes. The discrepancies in
outcomes between the first analysis (patients who initiated diuretics had no significant
change in exercise and HRQoL) vs. second analysis (dose increase was associated with
worse exercise and HRQoL) are two-fold. First, in the cohort of patients who “initiated
diuretics”, patients were not on diuretics at baseline, whereas patients included in the “dose
change” analysis were either continuously (majority) on diuretics for at least 6 months or
initiated in the same period. Second, dose increases between patients who initiated loop
diuretics or increased diuretics differed significantly, potentially indicating higher degrees of
congestion in patients who were already on diuretics. In other words, our data suggests that
de novo start of diuretics at low doses does not convey an increased risk of poor clinical
outcomes, whereas a dose increase in the entire population does.
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Clinical implications

Limitations

The present study may suggest that the routine use of continuous diuretics in chronic stable
HF patients is not associated with any long-term improvement in peak VO, or HRQoL.
However, increases in diuretic dose, which could be a sign of progressive disease or diuretic
resistance, were associated with worse exercise and HRQoL. The neurohormonal,
hemodynamic and renal changes seen with chronic diuretic use could be related to the
detrimental effects of diuretics on exercise and HRQoL.

Although post-hoc secondary analyses such as the present study are hypothesis generating,
our data could suggest that the lowest achievable diuretic dose to provide effective
decongestion may be favored over higher doses in chronic HF if exercise and HRQoL are
taken into account. Further, it raises the question whether escalation of diuretics for mild
congestive symptoms should be discouraged but perhaps the patient should be encouraged to
adhere to a salt restricted diet, exercise and other proven HF directed medical therapy should
be adjusted. Alternatively increases in diuretics should be accompanied by adjustment in
guideline directed medical therapy to block increases in neurohormones seen with diuretic
use.

This was a post-hoc secondary analysis of a randomized controlled trial, with the analyses
carried out on non-randomized treatment. It is possible that there were unmeasured
confounders, most notably the severity of HF (other than LVEF and NYHA stage), which
may account for the associations observed, despite careful statistical analysis adjusting for
these biases. The patients included in HF-ACTION all had HFrEF, and therefore the findings
of this particular analysis cannot be generalized to all patients with HF, which is particularly
important given the rise of diuretic use to achieve adequate decongestion in patients with HF
with preserved EF. Furthermore, we had limited information on the degree of congestion at
baseline or follow up other than functional assessment, HRQoL, NYHA functional class and
NT-proBNP, and the patient’s ability to exercise (inclusion criterion) and were therefore
unable to fully assess the relationship between the severity of congestion and diuretic use/
dose. Finally, our analysis was limited by a small number of patients in the groups who
initiated or discontinued diuretics.

Conclusions

Continuous diuretic use in stable chronic HF patients is not associated with an increased risk
for CV related death and HF rehospitalizations. Unless patients experience a diuretic dose
escalation the harm associated with chronic diuretic use does not seem to extend to exercise
capacity and health related quality of life. Our analysis supports a cautious use of diuretics
and paired with the knowledge of adverse mechanisms of diuretics, diuretic use and dose
escalation should be avoided when possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Comparison groups for statistical analysis.
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Unadjusted changes in exercise (change in 6-min walk and peak VO2 from 3 to 12 months)
and HRQoL (change in overall KCCQ from 6 to 12 months) in all four diuretic groups.
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