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See the editorial comment for this article ‘SGLT2 inhibitors and diuretics in heart failure: clicking reset on the renal volume setpoint?’, by 
B.A. Borlaug and J.M. Testani, https://doi.org/10.1093/eurheartj/ehad345.

Abstract

Aims Dapagliflozin reduced the combined risk of worsening heart failure or cardiovascular death among patients with heart failure 
with mildly reduced or preserved ejection fraction. In this study, the safety and efficacy of dapagliflozin according to back-
ground diuretic therapy and the influence of dapagliflozin on longitudinal diuretic use were evaluated.

Methods 
and results

In this pre-specified analysis of the Dapagliflozin Evaluation to Improve the LIVEs of Patients With Preserved Ejection 
Fraction Heart Failure (DELIVER) trial, the effects of dapagliflozin vs. placebo were assessed in the following subgroups: 
no diuretic, non-loop diuretic, and loop diuretic furosemide equivalent doses of <40, 40, and >40 mg, respectively. Of 
the 6263 randomized patients, 683 (10.9%) were on no diuretic, 769 (12.3%) were on a non-loop diuretic, and 4811 
(76.8%) were on a loop diuretic at baseline. Treatment benefits of dapagliflozin on the primary composite outcome 
were consistent by diuretic use categories (Pinteraction = 0.64) or loop diuretic dose (Pinteraction = 0.57). Serious adverse 
events were similar between dapagliflozin and placebo arms, irrespective of diuretic use or dosing. Dapagliflozin reduced 
new initiation of loop diuretics by 32% [hazard ratio (HR) 0.68; 95% confidence interval (CI): 0.55–0.84, P < 0.001] but 
did not influence discontinuations/disruptions (HR 0.98; 95% CI: 0.86–1.13, P = 0.83) in follow-up. First sustained loop di-
uretic dose increases were less frequent, and sustained dose decreases were more frequent in patients treated with dapagli-
flozin: net difference of −6.5% (95% CI: −9.4 to −3.6; P < 0.001). The mean dose of loop diuretic increased over time in the 
placebo arm, a longitudinal increase that was significantly attenuated with treatment with dapagliflozin (placebo-corrected 
treatment effect of −2.5 mg/year; 95% CI: −1.5, −3.7, P < 0.001).

Conclusion In patients with heart failure with mildly reduced or preserved ejection fraction, the clinical benefits of dapagliflozin relative 
to placebo were consistent across a wide range of diuretic categories and doses with a similar safety profile. Treatment with 
dapagliflozin significantly reduced new loop diuretic requirement over time.
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Structured Graphical Abstract

What is the safety and efficacy of the sodium–glucose cotransporter-2 inhibitor dapagliflozin according to background diuretic therapy 
and how does dapagliflozin influence longitudinal diuretic use in patients with heart failure?

In the DELIVER trial, treatment with dapagliflozin exhibited consistent safety and efficacy irrespective of background diuretic use or dose, 
and significantly reduced new loop diuretic requirement over time. 

Dapagliflozin exhibits a consistent treatment effect and safety profile irrespective of background diuretic therapy. Reduction in diuretic 
requirement over time represents an additional therapeutic benefit of dapagliflozin in patients with heart failure with mildly reduced or 
preserved ejection fraction. 
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The clinical benefits of dapagliflozin vs. placebo exhibit consistent safety and efficacy across a wide range of background diuretic use. Treatment with 
dapagliflozin reduces loop diuretic requirement over time. CI, confidence interval; HR, hazard ratio.

Keywords heart failure with mildly reduced ejection fraction • heart failure with preserved ejection fraction • diuretics • SGLT2i

Introduction
Sodium–glucose co-transporter 2 (SGLT2) inhibitors now represent an 
important therapeutic pillar in the management of patients with chronic 
heart failure across the spectrum of left ventricular ejection fraction 
(LVEF),1–3 demonstrating a significant and sustained reduction in car-
diovascular death or worsening heart failure events.4,5 Among other ef-
fects, SGLT2 inhibitors promote early natriuresis and diuresis, which 
may contribute to their clinical benefits in heart failure.6 Diuretic ther-
apy is a cornerstone of the management of patients with heart failure,7

and their concomitant use with SGLT2 inhibitors will be a frequent oc-
currence. Understanding the interplay between SGLT2 inhibitors and 
conventional diuretics is therefore of great importance.

While loop diuretics are an essential facet of management of congestion 
in patients with heart failure, prolonged use, especially at higher doses, may 
result in neurohormonal activation, electrolyte abnormalities, and kidney 
dysfunction.8 The use of loop diuretics has been associated with worse clin-
ical outcomes in heart failure9 in a dose-dependent manner.10,11 However, 
whether loop diuretic use is a mediator of risk or is merely a marker of 
more advanced disease remains uncertain. SGLT2 inhibitors may enhance 
diuretic efficiency, with a considerably more favourable neurohormonal, 
electrolyte, and safety profile than conventional diuretics.12 Whether 
SGLT2 inhibitors may translate to long-term diuretic sparing is thus import-
ant to characterize in the context of heart failure with mildly reduced 
or preserved ejection fraction. In this pre-specified analysis of the 
Dapagliflozin Evaluation to Improve the LIVEs of Patients With 
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Preserved Ejection Fraction Heart Failure (DELIVER) trial, we assessed the 
efficacy and safety of dapagliflozin by background diuretic use and dosing 
and examined the effect of dapagliflozin on post-randomization changes 
in diuretic use.

Methods
Study design
The DELIVER trial study design and primary results have been previously re-
ported.3 Briefly, DELIVER was a double-blind, randomized controlled trial 
which evaluated the effect of dapagliflozin 10 mg once daily vs. placebo among 
ambulatory or hospitalized patients age ≥40 years with symptomatic heart 
failure (New York Heart Association class II–IV) and at least intermittent di-
uretic requirement, LVEF >40%, evidence of structural heart disease, and ele-
vated natriuretic peptides. Background diuretic use and dosing according to 
local standards of care were maintained throughout the study period. 
Patients were excluded if they received an SGLT2 inhibitor in the 4 weeks 
prior to randomization, experienced prior intolerance to SGLT2 inhibitor, 
had a history of Type 1 diabetes, screening estimated glomerular filtration 

rate (eGFR) <25 mL/min/1.73 m2, or systolic blood pressure <95 mmHg. 
The study protocol was approved by the ethics committees at each study 
site and participants provided written informed consent.

Clinical endpoints
The primary endpoint was a composite of cardiovascular death or worsen-
ing heart failure event including hospitalization or urgent visits (requiring 
intravenous heart failure therapies). Secondary endpoints included total 
(first and recurrent) heart failure events and cardiovascular death, change 
in Kansas City Cardiomyopathy Questionnaire (KCCQ) total symptom 
score at 8 months, cardiovascular death, and all-cause death. The following 
safety outcomes were also evaluated: any serious adverse event, any ad-
verse event leading to drug discontinuation or interruption, and select other 
adverse events of interest (including lower limb amputation, volume deple-
tion, and renal adverse events).

Ascertainment of diuretic dose information 
and diuretic categorization
All patients with information on diuretic treatment were included in this ana-
lysis. Only records relating oral administration recorded in ‘g’, ‘μg’, ‘mg’ with 

Figure 1 Forest plot of efficacy outcomes according to categories of background diuretic therapy at randomization.
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standard dose frequency were included. Intermittent, as-needed diuretic ther-
apy was not considered. Of the 13 357 diuretic records identified in DELIVER, 
3586 records (27%) were excluded leaving 9771 records (73%) for analysis. 
For all patients on loop diuretic, a total daily furosemide dose equivalent 
was calculated. Bumetanide 1 mg, torsemide 20 mg, azosemide 60 mg, and 
ethacrynic acid 100 mg were considered equivalent to 80 mg of oral furosem-
ide.13,14 Information on diuretic start and stop dates for any diuretic type or 
dose was collected throughout the study in an effort to capture between visit 
changes. In analyses of post-baseline changes in diuretic use, patients were ex-
cluded at time points with missing or insufficient diuretic dose data and in-
cluded again at the next available time point. In the analysis of mean loop 
diuretic dose over time, only patients on a non-zero dose of loop diuretic 
were included. Where patients were on combination diuretic therapy, they 
were considered part of the group of the most potent diuretic in the combin-
ation for the purpose of analysis (i.e. analysed in the ‘loop diuretic’ subgroup 

when treated with a combination of loop and thiazide diuretic). Patients trea-
ted with a mineralocorticoid receptor antagonist (MRA) alone were included 
in the ‘no diuretic’ category. The non-loop diuretic category most frequently 
included patients on thiazide and thiazide-like diuretics.

Statistical analysis
Baseline characteristics were compared according to the following categories 
defining baseline diuretic use: no diuretic, non-loop diuretic, and furosemide 
dose equivalents of >40, 40, and <40 mg, respectively. Data are reported 
as mean ± standard deviation, median (interquartile range) for non-normal 
distributions, and frequency (percentage) for categorical variables. Student’s 
t-test, Pearson χ2 test, and ANOVA were used where appropriate.

The treatment effect of dapagliflozin on the primary composite outcome, 
its components, and all-cause death were evaluated across diuretic categories 

Figure 2 Treatment effect by baseline furosemide equivalent diuretic dose. The P-values displayed represent the Pinteraction of treatment effects of 
dapagliflozin across a range of furosemide dose equivalents, evaluated as a continuous function. CV, cardiovascular; HF, heart failure.
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in time-to-first event analyses using Cox regression and Kaplan–Meier curves. 
Treatment effects on the KCCQ total symptom score were assessed using 
repeated measures mixed-effect models, adjusted for baseline value, at 1 
and 8 months. Total worsening heart failure events and cardiovascular death 
were analysed using semi-parametric proportional rates methods of Lin et al. 
Effects on safety outcomes were assessed with Cox regression in an on- 
treatment analysis. Interaction testing was carried out to evaluate the inter-
action between treatment and diuretic type as well as loop diuretic dose.

A repeated measures mixed-effect model was employed to assess 
temporal changes in mean furosemide equivalent dose over trial time 
among patients on loop diuretics. Treatment, time, and the interaction be-
tween assigned treatment and time were included as fixed effects. 
Cox-proportional hazards models were used to assess the time to new 
loop diuretic initiation (among baseline loop diuretic non-users) and discon-
tinuation or disruption (among baseline loop diuretic users). A disruption in 
loop diuretic use was considered as any interruption in diuretic treatment 
≥30 days. Results were displayed with Kaplan–Meier curves. The percent-
age of all patients experiencing a first sustained change (≥30 days) in loop 
diuretic dose was compared between treatment groups with regression 
analysis. All analyses were carried out using STATA version 17.0 (Stata 
Corp., College Station, TX, USA). A P-value of <0.05 was considered to 
be statistically significant.

Results
Baseline diuretic use in DELIVER
In DELIVER, of 6263 patients, 10.9% (n = 683) were on no diuretic, 
12.3% (n = 769) were on a non-loop diuretic, and 76.8% (n = 4811) 
were on a loop diuretic at the time of randomization (Table 1). 
Among those on loop diuretics at baseline, 37.7% (n = 1811) were re-
ceiving a furosemide equivalent dose of <40 mg, 39.5% (n = 1902) 
were on a dose equivalent 40 mg, and 22.8% (n = 1098) were on a 
dose equivalent >40 mg (Table 1).

Patient profiles
Patients on the highest furosemide equivalent doses (>40 mg) at base-
line were more often men, with a higher burden of comorbidities, 
higher body mass index, more severe heart failure symptoms, and 
more frequently had a prior history of heart failure hospitalization. 

These patients also had lower baseline eGFR and were more likely to 
be treated with an MRA but less likely to be treated with sacubitril/val-
sartan (Table 1).

Efficacy and safety of dapagliflozin 
according to baseline diuretic use
The cumulative incidence of the primary composite outcome and 
its components as well as all-cause death were observed to be lowest 
in patients on non-loop diuretic or no diuretic and highest in patients on 
furosemide equivalent doses >40 mg (all P < 0.001; Supplementary 
data online, Figure S1). These findings were consistent when total daily 
furosemide equivalent dose was analysed as a continuous variable with 
increasing risk observed at higher furosemide equivalent doses for all 
evaluated outcomes (Supplementary data online, Figure S2).

The treatment benefit of dapagliflozin compared to placebo on the 
primary composite outcome did not significantly vary by baseline diur-
etic use/type (Pinteraction = 0.64) or loop diuretic dose (Pinteraction = 0.57, 
Figure 1, Table 2). Similarly, treatment effects on the components of the 
primary composite endpoint, all-cause death, and change in KCCQ to-
tal symptom score at 1 and 8 months was consistent across diuretic use 
categories (Table 2). Moreover, when baseline loop diuretic dose was 
analysed as a continuous variable, the treatment effect of dapagliflozin 
remained consistent across a broad range of doses for all evaluated out-
comes (Figure 2). The safety profile of dapagliflozin was consistent 
across diuretic categories with similar risk of drug discontinuation or 
interruption due to adverse events between treatment groups. The oc-
currence of any serious adverse events or study drug discontinuation 
due to an adverse event suggestive of volume depletion or renal events 
were also similar between treatment groups, irrespective of diuretic 
use/type or dose (Table 3).

Effects of dapagliflozin on diuretic  
use over time
Among the 1450 patients not treated with a loop diuretic at baseline, 
new initiations occurred in 346 patients. Dapagliflozin reduced new in-
itiations of loop diuretics by 32% [hazard ratio (HR) 0.68; 95% confi-
dence interval (CI): 0.55–0.84, P < 0.001] (Figure 3). Among the 4811 

Figure 3 Treatment effect on loop diuretic use in study follow-up. Kaplan–Meier curves displaying the (A) time to loop diuretic initiation among pa-
tients not on loop diuretic at baseline and (B) time to discontinuation or disruption among patients being treated with loop diuretic at baseline are 
presented. Disruption was defined as any interruption in diuretic use of ≥30 days. CI, confidence interval; HR, hazard ratio.
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participants on baseline loop diuretic, there was no significant differ-
ence in new loop diuretic discontinuations or disruptions (HR 0.98; 
95% CI: 0.86–1.13, P = 0.83) in follow-up.

The mean baseline furosemide equivalent dose, calculated among all 
patients on loop diuretics, was similar between treatment groups: 51 ±  
59 mg in the dapagliflozin arm and 50 ± 61 mg in the placebo arm. 
Patients randomized to dapagliflozin compared to placebo less fre-
quently experienced a loop diuretic initiation or dose increase (14.8% 
vs. 19.6%, P < 0.001) and more frequently experienced a loop diuretic 
discontinuation or dose decrease (14.7% vs. 16.5%, P < 0.001), with a 
significant net reduction with dapagliflozin of −6.5% (95% CI: −9.4, 

−3.6, P < 0.001) (Figure 4). These results were consistent when consid-
ering dosing changes only among baseline loop diuretic users 
(Supplementary data online, Table S1). In follow-up, mean loop diuretic 
dose increased at a rate of 4.5 mg/year (95% CI: 3.4–5.3, P < 0.001) in 
the placebo group and a rate of 2.0 mg/year (95% CI: 1.2–2.3, P <  
0.001) in the dapagliflozin group. Treatment with dapagliflozin signifi-
cantly attenuated the rate of rise in loop diuretic dose relative to pla-
cebo resulting in a mean dose reduction over time of 2.5 mg/year 
(95% CI: −1.5, −3.7, P < 0.001). The difference in loop diuretic dose re-
quirement between treatment groups emerged after day 60 and in-
creased over time (Pinteraction < 0.001) (Figure 4).

Figure 4 Effect of dapagliflozin on (A) first sustained loop diuretic dose change and (B) mean loop diuretic dose over time. The interaction between 
mean diuretic dosing, treatment allocation, and time was assessed.
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Effect of dapagliflozin on diuretic use 
according to baseline kidney function
There was a significant net reduction in loop diuretic dose with dapagli-
flozin irrespective of baseline kidney function [eGFR >60 mL/min/ 
1.73 m2: −4.2% (95% CI: −8.0, −0.5, P = 0.027); eGFR 45–60 mL/ 
min/1.73 m2: −7.7% (95% CI: −13.2, −2.3, P = 0.006); eGFR <45– 
25 mL/min/1.73 m2: −9.6% [−16.7, −2.6, P = 0.007], Pinteraction =  
0.13] (Figure 5A). When eGFR was analysed as a continuous 
variable, relative to placebo, dapagliflozin consistently reduced new 

loop diuretic initiations across the spectrum of baseline kidney function 
(Figure 5B).

Discussion
In a pre-specified analysis of the DELIVER trial of patients with heart 
failure with mildly reduced or preserved ejection fraction, treatment 
with dapagliflozin compared to placebo resulted in consistent clinical 
benefits and tolerability across a broad range of diuretic use categories 

A    First Sustained Loop Diure!c Dose Change 

B    Treatment Effect on New Loop Diure!c Ini!a!on 

Figure 5 Effect of dapagliflozin on (A) first sustained loop diuretic dose change and (B) new loop diuretic initiation according to baseline kidney 
function.

2940                                                                                                                                                                                              Chatur et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/44/31/2930/7167379 by guest on 25 August 2023



and doses. Dapagliflozin significantly reduced new loop diuretic initia-
tions, dose increases, and mean loop diuretic dose over time, compared 
to placebo (Structured Graphical Abstract).

Participants in DELIVER with the greatest diuretic requirement ex-
pectedly experienced the highest clinical risk across all evaluated out-
comes, a finding that is well established in both patients with heart 
failure with preserved ejection fraction (HFpEF)10,11 and heart failure 
with reduced ejection fraction (HFrEF).15,16 Nevertheless, the treat-
ment effect of dapagliflozin vs. placebo remained consistent irrespective 
of background diuretic therapy. These observations are consistent with 
data on the use of SGLT2 inhibitors in patients with HFrEF in the 
DAPA-HF trial, where dapagliflozin resulted in similar improvement 
in clinical outcomes across diuretic subgroups.13 Similarly, in the 
EMPEROR-Reduced trial, the benefits of empagliflozin did not differ 
among patients with and without recent volume overload.17 Taken to-
gether, these data from DELIVER add to the growing body of literature 
suggesting the ease of use and practical implementation of SGLT2 inhi-
bitors among patients with a broad spectrum of diuretic requirements, 
including among those not receiving a diuretic.

In DELIVER, dapagliflozin significantly reduced mean loop diuretic re-
quirement over time in a population of well characterized patients with 
heart failure with mildly reduced or preserved ejection fraction. 
Similarly, other SGLT2i including empagliflozin have also been shown 
to reduce the need for diuretic intensification.4 In contrast, among pa-
tients with HFrEF in DAPA-HF, this longitudinal effect on diuretic re-
quirement was less apparent. Notably, a higher proportion of 
patients were on background diuretic therapy in DELIVER com-
pared to DAPA-HF (89% vs. 81%). Unlike DAPA-HF, DELIVER al-
lowed enrolment of stabilized (no longer requiring intravenous 
diuretics) patients actively or recently hospitalized for heart failure, 
which may suggest greater degree of baseline congestion in the 
DELIVER population. The potential diuretic effect of SGLT2 inhibi-
tors has been postulated to be more marked in the presence of 
greater volume overload.18,19

Patients with worse kidney function incur greater levels of diuretic 
resistance and therefore require higher rates and doses of diuretics. 
Importantly, in this analysis, the diuretic sparing effects of dapagliflozin 
were consistent across the spectrum of baseline kidney function. These 
data suggest that such agents may reduce diuretic requirements over 
time, even in patients with significant kidney disease.

The reduction in mean loop diuretic dose with dapagliflozin ap-
pears to be driven by a reduction in new loop diuretic initiations 
and less need for sustained diuretic dose increase. Interestingly, rates 
of loop diuretic discontinuation or temporary interruption did not dif-
fer significantly between treatment groups. The effects of dapagliflozin 
to prevent diuretic intensification to a greater degree than effects on 
diuretic dose reduction or discontinuation is similar to previous ob-
servations from adjacent trials.4,5 The need for diuretic intensification 
in the ambulatory or inpatient setting represents an element of wor-
sening heart failure and carries prognostic significance.20 Given that 
the reduced need for diuretic up-titration occurred in the context 
of an overall reduction in loop diuretic requirement that emerged 
late (day 60) and increased over time, this may reflect dapagliflozin’s 
combined effect to prevent the progression of heart failure beyond 
initial decongestion.

Other contributing explanations for these observations should be 
noted. It is possible that the lack of impact on diuretic discontinuation 
may reflect clinical inertia to make alterations to diuretic regimens; 
thereby, resulting in fewer discontinuations even where volume status 
may have improved.21 The more favourable neurohormonal, renal, and 

electrolyte profile of these drugs may also result in fewer clinical trig-
gers for diuretic modification with improved volume status.12

In DELIVER, we observed a similar safety profile of dapagliflozin com-
pared to placebo across a range of diuretic doses. Notably, no 
between-arm differences in the occurrence of renal adverse events 
or those related to volume depletion were detected even at the highest 
doses of diuretic. In a similar analysis of dapagliflozin in patients with 
HFrEF,13 volume depletion was slightly more frequently observed in da-
pagliflozin treated patients on higher doses of diuretic. Traditionally, the 
concern for volume depletion has been of greater consequence in pa-
tients with HFpEF given the tendency to greater preload dependence in 
the setting of diastolic dysfunction.22 In this light, the results of the pre-
sent study are reassuring. Moreover, rates of study drug discontinu-
ation were relatively low and did not differ between arms, highlighting 
the tolerability of the concomitant use of SGLT2 inhibitors and conven-
tional diuretics.

Certain important limitations of this analysis should be noted. First, 
missing or inadequate dose information precluded analysis of all pa-
tients at certain time points. Second, specific clinical rationale motivat-
ing modifications to diuretic regimens was not available and may reflect 
issues other than volume status alone. Third, while information on di-
uretic regimens and start and stop dates were collected at study visits, 
these data were not cross-referenced against pharmacy claims data or 
other objective sources. Finally, DELIVER did not collect measures of 
diuresis and natriuresis such as urinary volumes or urinary electrolyte 
profiles.

In conclusion, in this pre-specified analysis of DELIVER in patients 
with heart failure and mildly reduced or preserved ejection fraction, da-
pagliflozin safely improved clinical outcomes across a wide range of di-
uretic use and doses. Treatment with dapagliflozin significantly reduced 
loop diuretic requirement over time, which appears to be driven by 
lower needs for diuretic intensification and underscores dapagliflozin’s 
effect to prevent worsening heart failure. However, there were limited 
differences in the necessity for loop diuretic discontinuation or dose re-
duction between treatment arms. As such, these data may argue against 
anticipatory loop diuretic dose reduction at the time of SGLT2 inhibitor 
initiation.

Supplementary data
Supplementary data is available at European Heart Journal online.

Pre-registered clinical trial number
The pre-registered clinical trial number is NCT03619213.

Ethical approval
The study protocol was approved by the ethics committees at each 
study site and participants provided written informed consent.

Data availability
The trial sponsor is committed to Responsible Data Sharing Principles, in-
cluding sharing of anonymized individual patient-level data and clinical docu-
ments related to DELIVER with qualified researchers. The trial data 
availability is according to the criteria and processes described at https:// 
astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure.
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