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Editorial, see p 1055
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ABSTRACT:
BACKGROUND: In the DAPA-HF trial (Dapagliflozin and Prevention of Adverse-Outcomes in
Heart Failure), the sodium-glucose cotransporter 2 inhibitor dapagliflozin reduced the risk of
worsening heart failure and death in patients with heart failure and reduced ejection fraction. We
examined the efficacy and tolerability of dapagliflozin in relation to background diuretic treatment
and change in diuretic therapy after randomization to dapagliflozin or placebo.

METHODS: We examined the effects of study treatment in the following subgroups: no diuretic
and diuretic dose equivalent to furosemide <40, 40, and >40 mg daily at baseline. We examined
the primary composite end point of cardiovascular death or a worsening heart failure event and its
components, all-cause death and symptoms.

RESULTS: Of 4616 analyzable patients, 736 (15.9%) were on no diuretic, 1311 (28.4%) were on
<40 mg, 1365 (29.6%) were on 40 mg, and 1204 (26.1%) were taking >40 mg. Compared with
placebo, dapagliflozin reduced the risk of the primary end point across each of these subgroups:
hazard ratios were 0.57 (95% CI, 0.36–0.92), 0.83 (95% CI, 0.63–1.10), 0.77 (95% CI, 0.60–0.99),
and 0.78 (95% CI, 0.63–0.97), respectively (P for interaction=0.61). The hazard ratio in patients
taking any diuretic was 0.78 (95% CI, 0.68–0.90). Improvements in symptoms and treatment
toleration were consistent across the diuretic subgroups. Diuretic dose did not change in most
patients during follow-up, and mean diuretic dose did not differ between the dapagliflozin and
placebo groups after randomization.

CONCLUSIONS: The efficacy and safety of dapagliflozin were consistent across the diuretic
subgroups examined in DAPA-HF.
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ecause sodium-glucose cotransporter 2 (SGLT2) reabsorbs sodium, in addition to glucose,
in the proximal renal tubule, SGLT2 inhibition leads to natriuresis, as well as an increase in
urinary glucose and accompanying water excretion.1 Consequently, SGLT2 inhibitors have a

diuretic action in healthy volunteers and in individuals with type 2 diabetes mellitus. Clearly, a
diuretic action might be beneficial in patients with heart failure and reduced ejection fraction
(HFrEF) but could also be a double-edged sword. Patients with HFrEF are usually treated with a
conventional diuretic, most often a loop diuretic. However, little is known about the effects of
adding an SGLT2 inhibitor in people treated with conventional diuretic therapy. It is possible that
SGLT2 inhibitors might augment the effect of conventional diuretics, with attendant risk of volume
depletion. Conversely, because the diuretic effect of SGLT2 inhibitors is modest, they may add
little, if anything, to the potent effect of loop diuretics (and the combination of a loop diuretic and a
mineralocorticoid receptor antagonist [MRA]). Alternatively, an intermediate possibility is that
SGLT2 inhibitors might have a diuretic-sparing effect in patients with HFrEF.

Kidney function is clearly another key consideration in patients with HFrEF, many of whom
have renal impairment. If there is significant augmentation of diuresis resulting from the addition of
an SGLT2 inhibitor to conventional therapy, this might lead to worsening kidney function through
volume depletion and decreased renal perfusion, especially in the setting of renin-angiotensin-
aldosterone system blockade. Conversely, because the glycosuric effect of SGLT2 inhibitors

© 2020 The Authors. Circulation is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health,
Inc. This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution, and reproduction in any medium, provided that the original work is properly cited.
https://www.ahajournals.org/journal/circ

Clinical Perspective

WHAT IS NEW?
● Inhibition of the sodium-glucose cotransporter 2 in the proximal renal tubule results in natriuresis,

increased urinary glucose, and water loss.
● In the DAPA-HF trial (Dapagliflozin and Prevention of Adverse-Outcomes in Heart Failure), 84% of

patients randomized were treated with a conventional diuretic such as a loop or thiazide diuretic.
● Little is known about the safety and efficacy of combining treatment with a sodium-glucose

cotransporter 2 inhibitor and conventional diuretics in patients with heart failure and reduced ejection
fraction.

WHAT ARE THE CLINICAL IMPLICATIONS?
● Our findings show that treatment with dapagliflozin is safe and effective regardless of diuretic use or

diuretic dose.
● The majority of patients in the DAPA-HF trial did not change their diuretic dose throughout follow-up,

and although a decrease in diuretic dose was more frequent with dapagliflozin than with placebo, the
between-group difference was small.

● There was an elevation in hematocrit that persisted regardless of baseline diuretic dose and despite a
reduction in diuretic dose during follow-up, suggesting that mechanisms other than
hemoconcentration might, in part, account for this observation.

B

https://creativecommons.org/licenses/by/4.0/
https://www.ahajournals.org/journal/circ
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diminishes as renal function declines, so might the diuretic action of these agents, rendering them
less effective in patients with HFrEF with chronic kidney disease.1

Therefore, understanding the interaction between the effects of SGLT2 inhibitors and diuretic
therapy is of fundamental importance to the use of SGLT2 inhibitors in HFrEF. The DAPA-HF trial
(Dapagliflozin and Prevention of Adverse-Outcomes in Heart Failure) demonstrated that SGLT2
inhibition reduced the risk of worsening HF or death resulting from cardiovascular causes
compared with placebo in patients with HFrEF.2 In DAPA-HF, 84% of patients were prescribed a
diuretic at baseline in addition to other standard therapy, including a renin-angiotensin inhibitor in
94% and an MRA in 71%.2 We examined the effect of dapagliflozin compared with placebo on
efficacy and safety outcomes according to baseline diuretic therapy and on change in diuretic
requirement and possible markers of volume status over time.

METHODS

Study Design and Criteria
The design and primary results of DAPA-HF have been published.2,3 The Ethics Committee for
each participating institution approved the protocol, and all patients gave written informed consent.
Eligibility for the trial included New York Heart Association class II to IV symptoms, an ejection
fraction of ≤40%, and an elevated NT-proBNP (N-terminal B-type natriuretic peptide) level. For
patients who had been hospitalized within the preceding 12 months, the NT-proBNP threshold was
≥400 pg/mL; for any patient with atrial fibrillation or flutter, the threshold was ≥900 pg/mL; and for
patients who met neither of these criteria, the threshold was ≥600 pg/mL. Investigators were
asked to ensure that patients were optimally treated with pharmacological and device therapy for
HFrEF, in keeping with local guidelines. The protocol advised that an angiotensin-converting
enzyme inhibitor, angiotensin receptor blocker, or sacubitril/valsartan and a β-blocker, as well as
an MRA, should be used at guideline-recommended doses unless contraindicated or not tolerated.
The protocol also stated that in patients taking diuretics, the goal of treatment was achieving
optimal fluid volume status in each individual. The main exclusion criteria included recent
treatment with an SGLT2 inhibitor, symptomatic hypotension or a systolic blood pressure of <95
mm Hg, an estimated glomerular filtration rate of <30 mL·min−1·1.73 m−2, rapidly declining renal
function, or type 1 diabetes mellitus.

Data underlying the findings described in this article may be obtained in accordance with
AstraZeneca’s data-sharing policy.

Trial Procedures
After a 14-day screening period, patients were randomized in a 1:1 fashion to receive dapagliflozin
at a dose of 10 mg once daily or placebo. Randomization was stratified according to diabetes
mellitus status (either a history of diabetes mellitus or a glycated hemoglobin level of ≥6.5% at
screening). Patients were evaluated after randomization at 14 days, 2 and 4 months, and every 4
months thereafter.

Trial Outcomes
The primary outcome was the composite of an episode of worsening HF or cardiovascular death,
whichever occurred first. An episode of worsening HF was either an unplanned hospitalization or
an urgent visit resulting in intravenous therapy for HF. Secondary outcomes included change in
Kansas City Cardiomyopathy Questionnaire total symptom score from baseline to 8 months (a
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lower score equates to worse symptoms) and a composite of worsening renal function and death
resulting from any cause. Safety outcomes included all serious adverse events and specific
adverse events, including those associated with discontinuation of the study drug and other events
of interest such as volume depletion and renal events. Changes in laboratory and clinical findings
from baseline to 8 months were also examined.

Statistical Analysis
We included patients treated and not treated with a diuretic at baseline. Patients treated with a
diuretic were included if they had information on dose. MRAs were not classed as a diuretic for the
purposes of this analysis. Bumetanide 1 mg, torsemide 20 mg, azosemide 60 mg, and etacrynic
acid 100 mg were considered equivalent to furosemide 40 mg intravenously and furosemide 80
mg orally. If at any time the loop diuretic dose was indeterminate, the patient was excluded from
the analyses at that time point only and included again as soon as the dose could be determined.
If a patient was not taking a loop diuretic, the patient was classified as being on 0 mg until he or
she either was started on a loop diuretic or died (at which point the dose was recorded as
missing). The following furosemide-equivalent oral daily dose categories were generated: <40 mg,
40 mg exactly, and >40 mg, in addition to a “no diuretic” category. Patients on a nonloop diuretic
only (eg, a thiazide diuretic alone) were included in the group of <40 mg of furosemide-equivalent
loop diuretic. Only a small number of patients were taking a combination (mostly a loop and
thiazide or thiazide-like diuretic; see Results).

Baseline characteristics were compared across diuretic therapy categories with the use of
ANOVA, Kruskal-Wallis tests, and χ2 tests. Proportional changes in diuretic dose from baseline to
14 days and to 2, 6, 12, and 18 months were modeled with logistic regression. As a sensitivity
analysis, a partial proportional odds model was also used to examine change in diuretic dose at
different time points.

Changes in hematocrit, creatinine, NT-proBNP, systolic blood pressure, and weight were
analyzed with a mixed model for repeated measures (adjusted for baseline values, randomized
treatment, and interaction of treatment and visit, with a random intercept and slope per patient),
and the between-treatment-group differences at 8 months after randomization were presented by
diuretic subgroup as least-square-means difference and 95% CI. Because improvement in clinical
status with any treatment for HFrEF may reduce diuretic requirement, for comparison, we also
examined change in diuretic dose over time in the CHARM trials (Candesartan in Heart Failure
Assessment of Reduction in Mortality and Morbidity) of low left ventricular ejection fraction.4

Time-to-first-event outcomes (the primary composite outcome and its components,
hospitalization for heart failure/urgent heart failure visit or cardiovascular death, worsening renal
function, and death resulting from any cause) were analyzed with Cox regression. Cumulative first
events were displayed with Kaplan-Meier curves. The interaction between diuretic therapy and the
effect of treatment was assessed with the respective statistical model for that measure or outcome
and with a logistic regression model for the safety outcomes. All models were stratified by or
adjusted for diabetes mellitus status and, except in the cases of death resulting from any cause
and the composite worsening renal function end point (the latter included baseline estimated
glomerular filtration rate), previous hospitalization for heart failure. Additional variables included in
adjusted models were age, sex, race, New York Heart Association class, left ventricular ejection
fraction, cause of heart failure, NT-proBNP (log), heart rate, systolic blood pressure, estimated
glomerular filtration rate, atrial fibrillation/flutter, and previous hospitalization for heart failure if not
already included in the model (except for death resulting from any cause). All analyses were
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conducted with STATA version 16 (StataCorp LLC, College Station, TX). A value of P<0.05 was
considered statistically significant.

RESULTS
Of the 4744 patients randomized, 736 (15.5%) were not taking a diuretic, and of the remaining
4008 participants, 3880 had a determinable diuretic dose (expressed as the furosemide-equivalent
dose). Of those receiving a diuretic (n=3880), the largest number (1365 patients; 29.6% of all
analyzed patients and 35.2% of patients receiving a diuretic) were taking a furosemide-equivalent
dose of 40 mg (Table 1). The number taking >40 mg was 1204 (26.1% and 31.0%, respectively),
and the number taking <40 mg or a nonloop diuretic only was 1311 (28.4% and 33.8%,
respectively). The most commonly used loop diuretic among those prescribed a loop diuretic was
furosemide. Bumetanide was used more frequently in patients on a dose of >40 mg furosemide
equivalent than in patients on lower doses of loop diuretic. Overall, 320 (6.9% and 8.2%,
respectively) were taking a combination of diuretics; in most cases (272, 85.0%), this was the
combination of a loop and thiazide or thiazide-like diuretic alone. A similar proportion of patients in
each diuretic group were randomized to dapagliflozin or placebo.

Table 1. Baseline Characteristics According to Diuretic Therapy at Baseline (Table view)

 Furosemide-Equivalent Dose

No Diuretic 
(n=736)

<40 mg* 
(n=1311)

40 mg 
(n=1365)

>40 mg 
(n=1204)

Any Dose 
(n=3880)

P
Value†

Dose (furosemide equivalent), mg
 Mean in all patients … 16.4±8.7 40 120.6±150.0 57.0±94.4 <0.001
 Mean in patients on loop
diuretic

… 19.1±6.1 … … 59.9±95.9  

 Median in all patients … 20 (10–20) 40 80 (80–120) 40 (20–80) <0.001
 Median in patients on loop
diuretic

… 20 (20–20) … … 40 (20–80)  

Loop diuretic‡, n (%) <0.001
 Azosemide … 47 (4.2) 0 (0.0) 24 (2.0) 71 (1.9)  
 Bumetanide … 0 (0.0) 1 (0.1) 74 (6.1) 75 (2.0)  
 Furosemide … 780 (69.1) 1078 (79.0) 782 (65.0) 2640

(71.4)
 

 Torsemide … 296 (26.2) 282 (20.7) 250 (20.8) 828 (22.4)  
 Combination … 5 (0.4) 4 (0.3) 74 (6.1) 83 (2.2)  
Nonloop diuretic, n (%) … 268 (20.4) 114 (8.4) 121 (10.0) 503 (13.0) <0.001
Randomized to dapagliflozin, n
(%)

372 (50.5) 668 (51.0) 688 (50.4) 582 (48.3) 1938
(49.9)

0.58

Age, y 67.3±10.6 66.8±10.7 66.7±10.6 64.8±11.4 66.1±10.9 <0.001
Female, n (%) 166 (22.6) 326 (24.9) 345 (25.3) 246 (20.4) 917 (23.6) 0.015
Race, n (%) <0.001
 Asian 225 (30.6) 461 (35.2) 187 (13.7) 213 (17.7) 861 (22.2)  
 Black or African American 11 (1.5) 29 (2.2) 86 (6.3) 95 (7.9) 210 (5.4)  
 Other 10 (1.4) 14 (1.1) 22 (1.6) 23 (1.9) 59 (1.5)  
 White 490 (66.6) 807 (61.6) 1070 (78.4) 873 (72.5) 2750

(70.9)
 

https://www.ahajournals.org/reader/content/175d417a05d/10.1161/CIRCULATIONAHA.120.047077/format/epub/EPUB/xhtml/t1.xhtml
https://www.ahajournals.org/reader/content/175d417a05d/10.1161/CIRCULATIONAHA.120.047077/format/epub/EPUB/xhtml/t1.xhtml
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 Furosemide-Equivalent Dose

No Diuretic 
(n=736)

<40 mg* 
(n=1311)

40 mg 
(n=1365)

>40 mg 
(n=1204)

Any Dose 
(n=3880)

P
Value†

Region, n (%) <0.001
 Asia/Pacific 218 (29.6) 456 (34.8) 183 (13.4) 212 (17.6) 851 (21.9)  
 Europe 218 (29.6) 588 (44.9) 707 (51.8) 580 (48.2) 1875

(48.3)
 

 North America 150 (20.4) 146 (11.1) 152 (11.1) 191 (15.9) 489 (12.6)  
 South America 150 (20.4) 121 (9.2) 323 (23.7) 221 (18.4) 665 (17.1)  
NYHA functional classification, n (%) <0.001
 II 588 (79.9) 916 (69.9) 876 (64.2) 731 (60.7) 2523

(65.0)
 

 III 142 (19.3) 384 (29.3) 473 (34.7) 464 (38.5) 1321
(34.0)

 

 IV 6 (0.8) 11 (0.8) 16 (1.2) 9 (0.7) 36 (0.9)  
NT-proBNP, pg/mL 1168 (731–

1823)
1296 (802–

2320)
1573 (898–

2971)
1827 (1023–

3205)
1529 (890–

2820)
<0.001

KCCQ total symptom score 85.4 (68.8–
95.8)

80.2 (62.5–
93.8)

76.0 (57.3–
90.6)

70.8 (51.0–
87.5)

76.0 (57.3–
91.7)

<0.001

Left ventricular ejection
fraction, %

32.1±6.3 32.1±6.4 31.0±6.7 29.4±7.1 30.9±6.8 <0.001

Estimated GFR,
mL·min−1·1.73 m−2

70.4±18.6 67.4±19.4 65.0±18.9 62.5±19.7 65.0±19.4 <0.001

Estimated GFR <60
mL·min−1·1.73 m−2, n (%)

216 (29.4) 497 (37.9) 572 (41.9) 575 (47.8) 1644
(42.4)

<0.001

Creatinine, µmol/L 95.8±26.3 100.9±29.1 104.6±28.7 112.8±33.6 105.9±30.8 <0.001
Hematocrit, % 41.5±4.8 41.4±4.8 41.7±5.0 41.2±5.2 41.5±5.0 0.053
Heart rate, bpm 69.9±11.8 71.3±11.6 71.7±11.0 72.8±12.4 71.9±11.7 <0.001
Systolic blood pressure, mm
Hg

123.5±17.2 123.1±16.1 122.1±16.0 119.4±16.2 121.6±16.1 <0.001

Weight, kg 76.2±17.4 75.7±18.1 82.7±19.5 86.4±23.1 81.5±20.7 <0.001
Body mass index, kg/m2 26.7±5.0 26.9±5.3 28.8±5.9 29.8±6.7 28.4±6.1 <0.001
Principal cause of heart failure, n (%) 0.007
 Ischemic 424 (57.6) 781 (59.6) 780 (57.1) 625 (51.9) 2186

(56.3)
 

 Nonischemic 247 (33.6) 436 (33.3) 477 (34.9) 479 (39.8) 1392
(35.9)

 

 Unknown 65 (8.8) 94 (7.2) 108 (7.9) 100 (8.3) 302 (7.8)  
Medical history, n (%)
 Hospitalization for heart
failure

271 (36.8) 606 (46.2) 654 (47.9) 666 (55.3) 1926
(49.6)

<0.001

 Atrial fibrillation 217 (29.5) 477 (36.4) 536 (39.3) 526 (43.7) 1539
(39.7)

<0.001

 Diabetes mellitus 243 (33.0) 494 (37.7) 585 (42.9) 606 (50.3) 1685
(43.4)

<0.001

Device therapy, n (%)
 Implantable cardioverter-
defibrillator§

167 (22.7) 274 (20.9) 326 (23.9) 422 (35.0) 1022
(26.3)

<0.001

 Cardiac resynchronization 46 (6.2) 78 (5.9) 89 (6.5) 116 (9.6) 283 (7.3) 0.001
Other medical therapy, n (%)
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Patient Characteristics
There were several differences between patients in the different diuretic groups (Table 1).
Compared with those not receiving a diuretic, patients in the highest diuretic dose category (>40
mg) were younger; had worse symptoms, functional class, and renal function; had higher NT-
proBNP levels and body mass index and lower left ventricular ejection fraction and systolic blood
pressure; and were more likely to have a history of heart failure hospitalization, atrial fibrillation,
and diabetes mellitus. Hematocrit was similar between groups at baseline. Patients in the highest
diuretic dose category at baseline were more often treated with an MRA and digoxin. The small
group (n=320) of patients taking the combination of a loop and another diuretic had a more severe
profile overall (Table I in the Data Supplement).

Change in Diuretic Dose After Randomization
The mean (SD) furosemide-equivalent dose in patients taking any diuretic was 57.0 (94.4) mg; in
patients taking a loop diuretic, it was 59.9 (95.9) mg, with no statistically significant difference
between treatment groups (Table 2). There was no change in the loop diuretic dose in most
patients at 2 weeks and at 2, 6, 12, and 18 months (97.1%, 91.4%, 83.3%, 77.2%, and 73.6%,
respectively); this was the case in patients randomized to placebo or dapagliflozin. Throughout
follow-up, the mean dose of loop diuretic rose at a similar rate in both treatment arms (Figure 1),
and this was the case regardless of baseline dose (Figure I in the Data Supplement). The findings
were very similar in CHARM (Figure II in the Data Supplement).

 Furosemide-Equivalent Dose

No Diuretic 
(n=736)

<40 mg* 
(n=1311)

40 mg 
(n=1365)

>40 mg 
(n=1204)

Any Dose 
(n=3880)

P
Value†

 ACE inhibitor or ARB 603 (81.9) 1140 (87.0) 1172 (85.9) 947 (78.7) 3259
(84.0)

<0.001

 Sacubitril-valsartan 91 (12.4) 97 (7.4) 134 (9.8) 148 (12.3) 379 (9.8) <0.001
 β-Blocker 695 (94.4) 1259

(96.0)
1316 (96.4) 1166 (96.8) 3741

(96.4)
0.054

 MRA 425 (57.7) 939 (71.6) 1004 (73.6) 923 (76.7) 2866
(73.9)

<0.001

 Digoxin 80 (10.9) 230 (17.5) 249 (18.2) 304 (25.2) 783 (20.2) <0.001
Glucose-lowering medication, n (%)ǁ
 Biguanide 131 (53.9) 232 (47.0) 317 (54.2) 305 (50.3) 854 (50.7) 0.089
 Sulfonylurea 42 (17.3) 104 (21.1) 135 (23.1) 149 (24.6) 388 (23.0) 0.11
 DPP-4 inhibitor 46 (18.9) 98 (19.8) 76 (13.0) 84 (13.9) 258 (15.3) 0.005
 GLP-1 receptor agonist 1 (0.4) 6 (1.2) 5 (0.9) 8 (1.3) 19 (1.1) 0.63
 Insulin 40 (16.5) 117 (23.7) 157 (26.8) 206 (34.0) 480 (28.5) <0.001

Data are presented as mean±SD or median (interquartile range) for continuous measures and number (percent) for categorical
variables. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; DPP-4, dipeptidyl peptidase-4;
GFR, glomerular filtration rate; GLP-1, glucagon-like peptide-1; NYHA, New York Heart Association; KCCQ, Kansas City
Cardiomyopathy Questionnaire; MRA, mineralocorticoid receptor antagonist; and NT-proBNP, N-terminal pro-B-type natriuretic
peptide.
* Patients on a nonloop diuretic only are included in this group (n=183).
† P value for the comparison of no diuretic, <40 mg, 40 mg, and >40 mg.
‡ In patients on a loop diuretic (ie, excluding those on a nonloop diuretic only).
§ Implantable cardioverter-defibrillator or cardiac resynchronization therapy with a defibrillator.
ǁ In patients with a history of diabetes mellitus at baseline; no diuretic, n=243; <40 mg, n=494; 40 mg, n=585; and >40 mg,

n=606.

Table 2. Loop Diuretic Doses and Changes in Loop Diuretic Dose From Baseline (Table view)
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 Placebo Dapagliflozin P Value Odds Ratio (95% CI) Placebo Dapagliflozin P Value Odds Ratio (95% CI)
Baseline
 Daily dose (n=3697)*
  Median, mg 40 (20–80) 40 (20–80) 0.35  
  Mean, mg 60.8±96.8 59.0±94.9 0.57  
14 d (n=4595)†
 Daily dose (n=3688)*
  Median, mg 40 (20–80) 40 (20–80) 0.41  
  Mean, mg 60.9±97.5 59.3±97.0 0.62  
 Decrease 32 (1.4) 35 (1.5) 0.72 1.10 (0.67–1.78)
 Increase 40 (1.7) 27 (1.2) 0.11 0.67 (0.41–1.10)
 No change 2222 (96.9) 2239 (97.3) 0.37 1.17 (0.83–1.65)
2 mo (n=4547)†
 Daily dose (n=3630)*
  Median, mg 40 (20–80) 40 (20–80) 0.24  
  Mean, mg 62.2±102.3 59.1±99.1 0.36  
 Decrease 81 (3.6) 117 (5.1) 0.009 1.47 (1.10–1.97)
 Increase 116 (5.1) 76 (3.3) 0.003 0.64 (0.48–0.86)
 No change 2074 (91.3) 2083 (91.5) 0.81 1.02 (0.83–1.26)
6 mo (n=4404)†
 Daily dose (n=3472)*
  Median, mg 40 (20–80) 40 (20–80) 0.019  
  Mean, mg 62.8±104.6 58.9±101.4 0.26  
 Decrease 161 (7.3) 230 (10.4) <0.001 1.49 (1.20–1.84)
 Increase 217 (9.9) 128 (5.8) <0.001 0.56 (0.45–0.70)
 No change 1817 (82.8) 1851 (83.8) 0.37 1.07 (0.91–1.26)
12 mo (n=4044)†
 Daily dose (n=3203)*
  Median, mg 40 (20–80) 40 (20–80) 0.027  
  Mean, mg 65.6±109.4 59.8±104.2 0.13  
 Decrease 176 (8.7) 252 (12.4) <0.001 1.50 (1.22–1.84)
 Increase 285 (14.2) 208 (10.2) <0.001 0.69 (0.57–0.83)
 No change 1551 (77.1) 1572 (77.4) 0.84 1.01 (0.87–1.17)
18 mo (n=2371)†
 Daily dose (n=1880)*
  Median, mg 40 (22.9–80) 40 (20–80) 0.086  
  Mean, mg 71.0±140.1 60.6±119.0 0.084  
 Decrease 122 (10.4) 154 (12.9) 0.055 1.29 (1.00–1.67)
 Increase 184 (15.6) 166 (13.9) 0.24 0.87 (0.69–1.09)
 No change 871 (74.0) 874 (73.2) 0.66 0.95 (0.79–1.15)

Data are presented as mean±SD or median (interquartile range) for continuous measures and number (percent) for categorical
variables.
* Number of patients on a loop diuretic at given time point.
† Number of patients with determinate loop diuretic dose at both time points (including patients on no loop diuretic as 0 mg).
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A small proportion of patients had their dose of diuretic reduced, and this happened more
frequently with dapagliflozin than with placebo (at 6 months, 10.4% versus 7.3%, respectively,
P<0.001; at 12 months, 12.4% versus 8.7%, P<0.001). Conversely, fewer patients in the
dapagliflozin arm compared with the placebo arm had an increase in diuretic dose during follow-
up, although again the proportion of patients in either treatment arm with an increase in diuretic
dose was small (at 6 months, 5.8% versus 9.9%, P<0.001; at 12 months, 10.2% versus 14.2%,
P<0.001). The likelihood of a change in diuretic dose was similar whether a logistic regression or a
proportional odds model was used. In comparison, the findings were very similar in CHARM (Table
II in the Data Supplement).

After an initial change in dose of diuretic, further changes tended to reverse the original
change; for example, when the initial change was an increase in dose, the subsequent change
was more likely to be a decrease (Figure III in the Data Supplement).

Clinical Outcomes According to Baseline Diuretic Treatment
The cumulative incidences of the primary composite outcome, hospitalization or urgent visit for
heart failure, death resulting from cardiovascular causes, and death resulting from any cause were
all lowest in patients not taking any diuretic and highest in those receiving a furosemide-equivalent
dose of >40 mg (Figure IV in the Data Supplement).

The risks of the primary composite outcome and its components (hospitalization or urgent visit
for heart failure and death resulting from cardiovascular causes) were reduced by dapagliflozin
compared with placebo in all patients, whether treated or not treated with a diuretic, and
regardless of dose in patients receiving a diuretic (Table 3 and Figure 2). The single possible
exception to this was in the group of patients taking a combination of a loop and another diuretic at
baseline, although the number of events in this group was small, the 95% CI around the hazard
ratio was wide, and the interaction P value was nonsignificant (Table I in the Data Supplement).
Findings for the components of the primary end point and the other mortality/morbidity outcomes
were consistent.

Figure 1. Change in loop diuretic dose over time in all patients.
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Table 3. Treatment Effect on Outcomes, Safety, and Events of Interest According to Diuretic Therapy at Baseline
(Table view)

 
No Diuretic 

(n=736)

Furosemide-Equivalent Dose

<40 mg* 
(n=1311)

40 mg 
(n=1365)

Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placeb

Efficacy
 Primary composite outcome
  No. 45 28 108 96 134 109 196
  Rate 9.0 (6.7–

12.0)
5.2 (3.6–7.5) 12.1

(10.0–
14.6)

10.1 (8.2–
12.3)

14.0 (11.8–
16.6)

10.9 (9.0–
13.1)

24.8
(21.5–
28.5)

  
Unadjusted HR

0.57 (0.36–0.92) 0.83 (0.63–1.10) 0.77 (0.60–0.99) 0.7

  Adjusted
HR

0.53 (0.32–0.86) 0.83 (0.63–1.10) 0.76 (0.59–0.98) 0.7

 Hospitalization or urgent HF visit
  No. 28 15 65 54 87 63 131
  Rate 5.6 (3.9–

8.1)
2.8 (1.7–4.6) 7.3 (5.7–

9.3)
5.7 (4.3–7.4) 9.1 (7.4–

11.2)
6.3 (4.9–8.1) 16.6

(14.0–
19.6)

  
Unadjusted HR

0.49 (0.26–0.91) 0.78 (0.55–1.12) 0.68 (0.49–0.94) 0.8

  Adjusted
HR

0.43 (0.22–0.84) 0.77 (0.53–1.11) 0.67 (0.49–0.93) 0.7

 Urgent HF visit
  No. 3 1 7 2 6 2 6
  Rate 0.6 (0.2–

1.8)
0.2 (0.0–1.3) 0.8 (0.4–

1.6)
0.2 (0.1–0.8) 0.6 (0.3–

1.3)
0.2 (0.0–0.8) 0.7 (0.3

1.5)
  
Unadjusted HR

0.28 (0.03–2.70) 0.27 (0.06–1.32) 0.33 (0.07–1.63) 0.84

  Adjusted
HR

… 0.22 (0.04–1.27) 0.29 (0.05–1.56) 0.6

 Cardiovascular death
  No. 25 16 62 54 76 68 102
  Rate 4.8 (3.2–

7.1)
2.9 (1.8–4.7) 6.6 (5.1–

8.4)
5.5 (4.2–7.1) 7.5 (6.0–

9.4)
6.5 (5.2–8.3) 11.5 (9.

14.0)
  
Unadjusted HR

0.61 (0.32–1.14) 0.82 (0.57–1.18) 0.87 (0.63–1.21) 0.9

  Adjusted
HR

0.60 (0.31–1.14) 0.85 (0.58–1.23) 0.87 (0.63–1.21) 0.9

 Hospitalization for HF or cardiovascular death
  No. 44 27 106 95 132 109 195
  Rate 8.7 (6.5–

11.7)
5.0 (3.4–7.3) 11.8 (9.8–

14.3)
9.9 (8.1–

12.2)
13.8 (11.6–

16.3)
10.9 (9.0–

13.1)
24.6

(21.3–
28.2)

  
Unadjusted HR

0.57 (0.35–0.92) 0.84 (0.64–1.11) 0.78 (0.61–1.01) 0.7

  Adjusted
HR

0.52 (0.32–0.87) 0.84 (0.64–1.12) 0.77 (0.60–1.00) 0.7
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No Diuretic 

(n=736)

Furosemide-Equivalent Dose

<40 mg* 
(n=1311)

40 mg 
(n=1365)

Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placeb

 Worsening renal function
  Number 4 2 3 5 8 5 22
  Rate 0.8 (0.3–

2.2)
0.4 (0.1–1.5) 0.3 (0.1–

1.0)
0.5 (0.2–1.3) 0.8 (0.4–

1.7)
0.5 (0.2–1.2) 2.6 (1.7

4.0)
  
Unadjusted HR

0.49 (0.09–2.69) 1.63 (0.39–6.81) 0.59 (0.19–1.82) 0.6

  Adjusted
HR

0.11 (0.00–2.49) 2.10 (0.45–9.72) 0.57 (0.18–1.80) 0.7

 Death resulting from any cause
  No. 31 23 71 64 95 78 123
  Rate 5.9 (4.2–

8.4)
4.1 (2.8–6.2) 7.5 (6.0–

9.5)
6.5 (5.1–8.3) 9.4 (7.7–

11.5)
7.5 (6.0–9.3) 13.9

(11.6–
16.6)

  
Unadjusted HR

0.71 (0.41–1.21) 0.86 (0.61–1.20) 0.80 (0.59–1.08) 0.9

  Adjusted
HR

0.72 (0.42–1.26) 0.86 (0.61–1.21) 0.79 (0.59–1.07) 0.9

 Change in
KCCQ TSS at
8 mo

3.1±1.1 5.8±1.1 2.8±0.8 4.6±0.8 2.7±0.8 7.6±0.8 5.3±0.

  Difference 2.6 (0.0 to 5.2) 1.9 (−0.1 to 3.9) 4.9 (2.6 to 7.1) 2.4
Safety
 
Discontinuation
because of
adverse event,
n (%)

19 (5.2) 12 (3.3) 25 (3.9) 26 (3.9) 20 (3.0) 29 (4.2) 47 (7.6

 Volume
depletion, n
(%)

31 (8.5) 16 (4.3) 34 (5.3) 37 (5.5) 33 (4.9) 55 (8.0) 55 (8.9

 Renal
adverse event,
n (%)

21 (5.8) 8 (2.2) 31 (4.8) 27 (4.0) 46 (6.8) 44 (6.4) 68 (11.

Other changes at 8 mo
 Hematocrit,
%

−0.3±0.2 2.6±0.2 −0.3±0.1 2.4±0.1 −0.1±0.1 2.1±0.1 −0.2±0

  Difference 2.9 (2.5 to 3.4) 2.7 (2.3 to 3.1) 2.2 (1.8 to 2.5) 2.3
 SBP, mm Hg −2.2±0.8 −3.3±0.8 −1.0±0.6 −2.6±0.6 0.4±0.6 −1.6±0.6 0.1±0.
  Difference −1.1 (−3.3 to 1.0) −1.6 (−3.2 to −0.1) −2.0 (−3.5 to −0.4) −0.7
 Weight, kg −0.01±0.19 −0.98±0.19 0.22±0.14 −1.06±0.14 −0.08±0.14 −0.89±0.14 0.07±0.
  Difference −0.97 (−1.40 to −0.54) −1.28 (−1.62 to −0.94) −0.81 (−1.22 to −0.39) −0.58 
 Creatinine,
mg/dL

0.05±0.01 0.07±0.01 0.04±0.01 0.05±0.01 0.03±0.01 0.07±0.01 0.06±0.

  Difference 0.02 (−0.01 to 0.05) 0.01 (−0.02 to 0.03) 0.04 (0.01 to 0.06) 0.02 
 NT-proBNP,
pg/mL

−65±149 −194±146 265±112 −173±110 −10±110 −365±108 −22±11

  Difference −126 (−395 to 143) −437 (−740 to −134) −360 (−713 to −6) −132
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When the effect of randomized treatment was examined as a function of change in diuretic
dose from baseline to 6 months (decrease, increase, or no change), the incidence of the primary
composite outcome was lower with dapagliflozin compared with placebo in each diuretic dose
change group (P for interaction=0.27; Figure V in the Data Supplement).

The placebo-corrected improvement in Kansas City Cardiomyopathy Questionnaire total
symptom score was consistent in patients treated with dapagliflozin, regardless of diuretic
treatment or no diuretic treatment or diuretic dose (Table 3).

Because the number of patients experiencing the prespecified renal composite outcome was
small overall, meaningful interpretation of the subgroups was difficult. However, the rate of this
outcome was highest in the patients on the highest diuretic dose and did not differ between
dapagliflozin and placebo in that diuretic dose group.

Safety
The frequency of volume depletion, renal adverse events, and study drug discontinuation as a
result of an adverse event varied according to background diuretic therapy in the placebo arm.

Rates are per 100-patient years. Changes from baseline to 8 months are shown as estimate±standard error. All unadjusted
models include prior heart failure hospitalization (except for death resulting from any cause and worsening renal function) and
trial stratification. Unadjusted model for worsening renal function includes estimated glomerular filtration rate. All adjusted
models include age, sex, race, New York Heart Association functional class, left ventricular ejection fraction, heart failure cause,
NT-proBNP (log), heart rate, systolic blood pressure, estimated glomerular filtration rate, atrial fibrillation, and (except for death
resulting from any cause) prior heart failure hospitalization. HR indicates hazard ratio; KCCQ TSS, Kansas City Cardiomyopathy
Questionnaire total symptom score; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and SBP, systolic blood pressure.
* Patients on a nonloop diuretic only are included in this group (n=183).

Figure 2. Forest plot of efficacy outcomes according to diuretic therapy at baseline.
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The rates of all adverse outcomes of interest were lower in patients not treated with a diuretic at
baseline compared with patients treated with a diuretic. Among patients treated with a diuretic at
baseline, the placebo rate of each adverse outcome was highest in patients on a dose of >40 mg
furosemide equivalent (Table 3).

When the randomized treatment arms were compared, volume depletion and renal adverse
events were significantly less common in patients allocated to dapagliflozin compared with those
randomized to placebo in patients not taking diuretics at baseline. In patients taking diuretics,
volume depletion was slightly more common with dapagliflozin than with placebo in patients in the
higher-dose diuretic groups. Other adverse effects were not different, and there was no difference
between treatment groups in study drug discontinuation for adverse events.

Other Measures of Interest
From baseline to 8 months, the placebo-corrected increases in hematocrit and creatinine and
decreases in systolic blood pressure and weight with dapagliflozin were similar in patients
receiving and those not receiving diuretics at baseline (Table 3 and Figure 3). Although the
decrease in NT-proBNP was numerically greater in patients receiving diuretics, the variance in this
measure was large, and the difference was not statistically significant.

In a comparison across the diuretic dose groups, none of the placebo-corrected changes with
dapagliflozin differed significantly, although the changes tended to be smallest in the highest
diuretic dose group.

Figure 3. Changes in laboratory and clinical measures according to diuretic therapy at baseline.
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The elevation in hematocrit with dapagliflozin was sustained, regardless of dose of loop diuretic
(Table 3 and Figure 3). This persisted regardless of whether the dose of conventional diuretic was
decreased, was increased, or remained the same at 6 and 12 months (Figure VI in the Data
Supplement).

DISCUSSION
The key finding of the present analyses is that the benefits of dapagliflozin in DAPA-HF were
obtained regardless of the use of background diuretic therapy or dose of diuretic therapy.
Likewise, the tolerability and safety profile of dapagliflozin compared with placebo was similar
regardless of concomitant treatment with a conventional diuretic or dose of conventional diuretic.
Last, most patients did not have a change in dose of diuretic during follow-up, and the mean daily
dose of diuretic did not differ between the dapagliflozin and placebo groups.

The use of diuretic therapy at baseline in DAPA-HF was in keeping with other reports in large
cohorts of patients with HFrEF, predominantly in New York Heart Association class II and III. In
DAPA-HF, 16% of patients were not treated with a diuretic at baseline (not counting an MRA as a
diuretic), a proportion consistent with that reported in other recent trials and registries.5–10

Among all patients randomized in DAPA-HF, 81% were treated with a loop diuretic, also in
keeping with other studies.11–15 In DAPA-HF, the mean and median furosemide-equivalent doses
were 60 and 40 mg, respectively, with the largest proportion receiving a daily dose of 40 mg
(35.2% of patients taking any diuretic). In PARADIGM-HF (Prospective Comparison of ARNI
[Angiotensin Receptor Neprilysin Inhibitor] With ACEI to Determine Impact on Global Mortality and
Morbidity in Heart Failure), the mean daily dose was 49 mg, and 60.6% of patients were treated
with between 20 and 40 mg at baseline, although the dose conversion calculation was different in
this study.11 Additional information on loop diuretic dosing is hard to obtain; however, in the
CHARM HFrEF trials, in the recent HFrEF registry from the Netherlands, and in the HF-ACTION
trial (Heart Failure: A Controlled Trial Investigating Outcomes of Exercise Training), the median
dose was also 40 mg.4,12,15

Despite notable differences in patient characteristics according to use of diuretic at baseline
(and according to dose of diuretic among those taking diuretics), the benefit of dapagliflozin was
consistent in all the diuretic groups studied. As expected, patients not receiving diuretics had a
more favorable clinical profile and were at lowest risk of the clinical outcomes evaluated. The
converse was true of patients in the highest diuretic dose category. Although the magnitude of the
benefit from dapagliflozin appeared to be larger in patients not treated with a diuretic, there were
relatively few patients in this group, and the CIs around the point estimate for the effect of
treatment were wide. A statistical test for interaction between background diuretic therapy and the
effect of randomized treatment was not significant. In addition, there was no suggestion of any
dose response in relation to baseline diuretic therapy, and diuretic dose group did not modify the
effect of randomized treatment in an interaction test. Consistent with this, the effect of dapagliflozin
on other measures such as systolic blood pressure, weight, creatinine, and hematocrit did not vary
substantially between patients treated and those not treated with a diuretic and across the diuretic
dose groups.

The tolerability and safety of dapagliflozin were also consistent in patients treated and those
not treated with diuretics and across the diuretic dose groups studied. In this analysis, our focus
was on the prespecified adverse events related to volume depletion and renal dysfunction.
Adverse events related to volume depletion were relatively infrequent overall but, as expected,
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were more common in patients receiving higher doses of diuretic (ranging from 5.3% to 8.9% in
the placebo arm, from the lowest to highest diuretic dose group). These events were numerically
slightly more common in patients randomly assigned to dapagliflozin compared with those
assigned to placebo, although the excess was small (0.2% in the lowest diuretic dose group, 3.1%
in the middle dose group, and 1.6% in the highest dose group). More surprisingly, the rate of
adverse events related to volume depletion was as high in the patients not receiving diuretic at
baseline as in patients in the highest diuretic dose group (8.5% and 8.9% in the placebo arms,
respectively). In patients not receiving diuretic at baseline, the rate of adverse events related to
volume depletion after randomization was lower in patients assigned to dapagliflozin than in those
assigned to placebo. Similar patterns were seen for renal adverse events in the placebo group in
relation to baseline diuretic therapy (more common with increasing diuretic dose, more common in
patients not taking diuretics than in those in the lowest diuretic dose group in the placebo arm).
However, renal adverse events were generally less common in patients assigned to dapagliflozin
compared with those assigned to placebo, a pattern opposite that observed for volume depletion.
Few patients stopped study drug for an adverse event, generally <5% in any subgroup except
patients taking >40 mg/d furosemide or equivalent, and in that subgroup, the proportion was 7.6%
in the placebo group and 6.7% in the dapagliflozin group.

Although our findings go some way to assuaging the hypothetical safety concerns about
combining SGLT2 inhibitors with conventional diuretics (and MRAs) in HFrEF, they do not directly
address the reported diuretic action of SGLT2 inhibitors. However, our analyses provide evidence
that the combination of dapagliflozin with conventional diuretics in DAPA-HF did not have a major
impact on the use of loop diuretics in the majority of patients. The mean dose of furosemide did
not differ between the dapagliflozin and placebo group during follow-up, and most patients did not
change their diuretic dose. A small proportion did have an increase or decrease in dose, and an
increase was less likely and a decrease was more likely in the dapagliflozin arm compared with
the placebo arm (between-treatment difference in proportion was <5% at all time points
examined). Moreover, this small difference was similar to that seen with other treatments that
improve symptoms and reduce worsening of heart failure status over time but do not have diuretic
properties, as illustrated in the comparison with CHARM and in a report from the PARADIGM-HF
trial.11 These findings do not preclude a diuretic effect of dapagliflozin (and clinical benefit related
to such an action), and previous studies have shown a short-lived initial natriuresis with SGLT2
inhibitors with restoration of a new sodium volume steady state within days to weeks of treatment
starting.16–19 In addition, the increased electrolyte-free water excretion induced by SGLT2
inhibitors and possible enhanced peripheral sodium storage are other factors that may contribute
to the impact of these agents on whole-body sodium volume status.20,21 However, the similar
effects of dapagliflozin in patients with chronic kidney disease and in those without diabetes
mellitus, 2 groups who should have had less diuretic effect from SGLT2 inhibition, argue for
additional mechanisms of benefit.2 Although the increase in hematocrit seen with SGLT2 inhibitors
is also often said to reflect a diuretic-induced reduction in blood volume, this assumption may be
overly simplistic. The increase in hematocrit in DAPA-HF was similar, regardless of use of diuretic
at baseline or baseline loop diuretic dose, and was seen despite rates of volume depletion similar
to those observed in the placebo group. The elevation in hematocrit also persisted in individuals
with a reduction in loop diuretic dose at both 6 and 12 months. Collectively, these findings support
the notion that factors other than hemoconcentration such as augmentation of erythropoiesis may
account for the sustained increase in hematocrit seen with dapagliflozin. A reduction in circulating
levels of hepcidin, an increase in levels of the hepcidin inhibitor erythroferrone, and an increase in
erythropoietin have been shown to occur with the use of SGLT2 inhibitors.22–24
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The study has some limitations. This was not a prespecified analysis. Furosemide-equivalent
loop diuretic doses were not available for all patients. Dose changes were examined at specified
time points, and fluctuations in doses in between these time points were not accounted for in this
analysis. We did not have data on other markers of natriuresis and diuresis such as urine volumes
and urinary sodium excretion. Our results apply only to ambulatory patients with HFrEF
predominantly in New York Heart Association classes II and III who fulfilled the trial inclusion and
exclusion criteria and received modest doses of conventional diuretic therapy. We do not know
what the efficacy and safety of dapagliflozin might be in different patients receiving a different
treatment in a different setting.

Conclusions
We found that the benefits of dapagliflozin were obtained regardless of background diuretic
therapy and across the range of background doses of diuretic used in DAPA-HF. The tolerability
and safety of dapagliflozin were similar regardless of whether patients were treated or not treated
with a standard diuretic and dose of conventional diuretic. Treatment with dapagliflozin did not
lead to a change in mean dose of background diuretic therapy in most trial participants.

ARTICLE INFORMATION
Received March 24, 2020; accepted June 16, 2020.

Sources of Funding, see page 1053
The Data Supplement is available with this article at

https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.120.047077.

Correspondence
John J.V. McMurray, MD, British Heart Foundation Cardiovascular Research Centre, University of Glasgow,
126 University Place, Glasgow, G12 8TA, UK. Email john.mcmurray@glasgow.ac.uk

Affiliations
BHF Cardiovascular Research Centre, University of Glasgow, UK (A.M.J., P.D., K.F.D., P.S.J., J.J.V.M.);
Department of Cardiology, University of Minnesota, Minneapolis (I.S.A.). 2nd Department of Internal
Medicine, Cardiovascular Medicine, General Teaching Hospital and 1st Faculty of Medicine, Charles
University, Prague, Czech Republic (J.B.). Late Stage Development, Cardiovascular, Renal and Metabolism,
BioPharmaceuticals R&D (O.B., A.M.L., D.L., M.S.), AstraZeneca, Gothenburg, Sweden. Cardiovascular,
Renal and Metabolism Translational Medicines Unit, Early Clinical Development, IMED Biotech Unit (P.J.G.),
AstraZeneca, Gothenburg, Sweden. Department of Cardiology, University Medical Center and University of
Groningen, The Netherlands (R.A.d.B.). Department of Medicine, Saarland University Hospital, Homburg–
Saar, Germany (M.B.). Quantitative Clinical Pharmacology, IMED Biotech Unit, Astra-Zeneca, Gaithersburg,
MD (D.W.B.). Department of Cardiology, Medanta, Gurgaon, India (V.K.C.). Department of Biostatistics and
Medical Informatics, University of Wisconsin, Madison (D.L.D.). 5th Department of Internal Medicine,
Comenius University in Bratislava, Slovakia (A.D.). Cumming School of Medicine and Libin Cardiovascular
Institute, University of Calgary, AB, Canada (J.G.W.). Section of Endocrinology, Yale University School of
Medicine, New Haven, CT (S.E.I.). Clinic of Cardiology, National Cardiology Hospital, Sofia, Bulgaria (T.K.).
Rigshospitalet Copenhagen University Hospital, Denmark (L.K.). Saint Luke’s Mid America Heart Institute,
University of Missouri, Kansas City (M.N.K.). Department of Molecular and Clinical Medicine and Cardiology,
Sahlgrenska Academy, Gothenburg, Sweden (C.E.A.L.). National University of Cordoba, Argentina (F.A.M.).
Department of Cardiology, Montreal Heart Institute, QC, Canada (E.O.). Division of Cardiovascular Medicine,
Brigham and Women’s Hospital and Harvard Medical School, Boston, MA (M.S.S., S.D.S.). Department of

https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.120.047077
mailto:john.mcmurray@glasgow.ac.uk


11/28/2020 Dapagliflozin and Diuretic Use in Patients With Heart Failure and Reduced Ejection Fraction in DAPA-HF

https://www.ahajournals.org/doi/epub/10.1161/CIRCULATIONAHA.120.047077 17/20

Myocardial Disease and Heart Failure, National Medical Research Center of Cardiology, Moscow, Russia
(S.T.). Division of Cardiac Surgery, St. Michael’s Hospital, University of Toronto, ON, Canada (S.V.).

Sources of Funding
Dr Jackson is supported by a British Heart Foundation Clinical Research Training Fellowship
(FS/18/14/33330), and Dr McMurray is supported by a British Heart Foundation Centre of Research
Excellence Grant (RE/18/6/34217).

Disclosures
Dr Anand reports receiving fees for serving as US national leader of a trial from AstraZeneca; fees for serving
on a steering committee from ARCA Biopharma, Amgen, LivaNova, and Novartis; fees for serving on an end-
point committee from Boehringer Ingelheim; fees for serving as chair of a data and safety monitoring board
from Boston Scientific; and advisory board fees from Zensun. Dr Bělohlávek reports receiving advisory board
fees from Novartis and Pfizer and lecture fees from Getginge. Drs Bengtsson, Greasley, Lindholm, and
Sjöstrand report being employed by AstraZeneca. Dr de Boer has received grant support (paid to University
Medical Center Groningen [UMCG]), consulting fees, and lecture fees from AstraZeneca, grant support (paid
to UMCG) from Bristol-Myers Squibb, grant support (paid to UMCG) and consulting fees from Abbott, grant
support (paid to UMCG) and lecture fees from Roche, and consulting fees from MandalMed and is a minority
shareholder in scPharmaceuticals. Dr Böhm reports receiving lecture fees from Amgen, Bayer, Servier,
Medtronic, Boehringer Ingelheim, Vifor Pharma, and Bristol-Myers Squibb; grant support and lecture fees
from AstraZeneca; and grant support from Deutsche Forschungsgemeinschaft. Dr Boulton has received
personal fees from AstraZeneca. Dr DeMets has received consulting fees from Frontier Science, Actelion,
Bristol-Myers Squibb, Medtronic, Boston Scientific, GlaxoSmithKline, and Merck and has received consulting
fees from and is owner of DL DeMets Consulting. Dr. Docherty has received grant support from Novartis. Dr
Howlett reports receiving grant support, consulting fees, and lecture fees from AstraZeneca, Boehringer
Ingelheim, Novartis, and Servier; consulting fees and lecture fees from Novo Nordisk; consulting fees from
Janssen; and grant support, consulting fees, lecture fees, and provision of drugs from Pfizer. Dr Inzucchi
reports receiving advisory fees from AstraZeneca and Zafgen; lecture fees, consulting fees, fees for serving
as a clinical trial publications committee member, reimbursement for medical writing, and travel support from
Boehringer Ingelheim; fees for serving on a steering committee and travel support from Sanofi-Lexicon;
lecture fees, consulting fees, and travel support from Merck; and advisory fees and travel support from vTv
Therapeutics and Abbott-Alere. Dr Katova reports receiving fees for serving as national coordinator of a trial
from Novartis and AstraZeneca. Dr. Køber has received lecture fees from Novartis and Bristol-Myers Squibb.
Dr Kosiborod has received grant support, honoraria, and research support from AstraZeneca; grant support
and honoraria from Boehringer Ingelheim; and honoraria from Sanofi, Amgen, Novo Nordisk, Merck
(Diabetes), Eisai, Janssen, Bayer, GlaxoSmithKline, Glytec, Intarcia Therapeutics, Novartis, Applied
Therapeutics, Amarin, and Eli Lilly. Dr Langkilde reports being employed by and holding shares in
AstraZeneca. Dr. Ljungman reports receiving lecture fees and advisory board fees from AstraZeneca, lecture
fees from Novartis, and advisory board fees from Pfizer. Dr Martinez has received personal fees from
AstraZeneca as honoraria. Dr O’Meara has received fees for serving on a clinical trial (paid to her institution),
consulting fees, and lecture fees from AstraZeneca, Bayer, Amgen, and Novartis; consulting fees from Merck;
fees for serving on a clinical trial (paid to her institution) from American Regent; and consulting fees and
lecture fees from Pfizer and Boehringer Ingelheim. Dr Sabatine reports receiving grant support (paid to
Brigham and Women’s Hospital) and consulting fees from Amgen, AstraZeneca, Intarcia Therapeutics,
Janssen Research and Development, The Medicines Company, MedImmune, Merck, and Novartis; receiving
consulting fees from Anthos Therapeutics, Bristol-Myers Squibb, CVS Caremark, DalCor Pharmaceuticals,
Dyrnamix, Esperion, IFM Therapeutics, and Ionis Pharmaceuticals; receiving grant support (paid to Brigham
and Woman’s Hospital) from Bayer, Daiichi Sankyo, Eisai, GlaxoSmithKline, Pfizer, Poxel, Quark
Pharmaceuticals, and Takeda Pharmaceutical; and serving as a member of the TIMI (Thrombolysis in
Myocardial Infarction) Study Group, which receives grant support (paid to Brigham and Women’s Hospital)
from Abbott, Aralez Pharmaceuticals, Roche, and Zora Biosciences. Dr Solomon reports receiving grant
support and consulting fees (all fees listed paid to Brigham and Women’s Hospital) from Alnylam



11/28/2020 Dapagliflozin and Diuretic Use in Patients With Heart Failure and Reduced Ejection Fraction in DAPA-HF

https://www.ahajournals.org/doi/epub/10.1161/CIRCULATIONAHA.120.047077 18/20

Pharmaceuticals, Amgen, AstraZeneca, Bristol-Myers Squibb, Gilead Sciences, GlaxoSmithKline,
MyoKardia, Novartis, Theracos, Bayer, and Cytokinetics; grant support from Bellerophon Therapeutics,
Celladon, Ionis Pharmaceuticals, Lonestar Heart, Mesoblast, Sanofi Pasteur, and Eidos Therapeutics;
consulting fees from Akros Pharma, Corvia Medical, Ironwood Pharma, Merck, Roche, Takeda
Pharmaceutical, Quantum Genomics, AOBiome, Cardiac Dimensions, Tenaya Therapeutics, and Daiichi
Sankyo; and fees for serving on a data and safety monitoring board from Janssen. Dr Tereshchenko reports
receiving lecture fees from Servier, Pfizer, Novartis, and Boehringer Ingelheim; Dr Verma reports receiving
grant support, lecture fees, and advisory board fees from AstraZeneca, Boehringer Ingelheim, Bayer,
Janssen, and Merck; lecture fees from Sun Pharmaceutical Industries and EOCI Pharmacomm; grant
support and advisory board fees from Amgen; and lecture fees and advisory board fees from Sanofi and Eli
Lilly. Dr. Jhund reports receiving consulting fees, advisory board fees, and lecture fees from Novartis;
advisory board fees from Cytokinetics; and grant support from Boehringer Ingelheim. Dr. McMurray reports
receiving fees (all fees listed paid to Glasgow University) for serving on a steering committee from Bayer;
fees for serving on a steering committee, fees for serving on an end-point committee, and travel support from
Cardiorentis; fees for serving on a steering committee and travel support from Amgen and Oxford University–
Bayer; fees for serving as principal investigator of a trial and travel support from Theracos; fees for serving on
a steering committee and travel support from AbbVie; fees for serving on a steering committee from DalCor
Pharmaceuticals; fees for serving on a data and safety monitoring committee from Pfizer and Merck; fees for
serving on an executive committee, fees for serving as co–principal investigator of a trial, fees for serving on
a steering committee, fees for serving on an executive committee, travel support, and advisory board fees
from Novartis; fees for serving as co–principal investigator for a trial, fees for serving on a steering
committee, and travel support from GlaxoSmithKline; fees for serving on a steering committee from Bristol-
Myers Squibb; and fees for serving on a steering committee, fees for serving on an end-point adjudication
committee, and travel support from Vifor Pharma–Fresenius. The other authors report no conflicts.

SUPPLEMENTAL MATERIALS
Data Supplement Tables I and II

Data Supplement Figures I–VI

REFERENCES
1. Sattar, N, McLaren, J, Kristensen, SL, Preiss, D, McMurray, JJ. SGLT2 Inhibition and cardiovascular

events: why did EMPA-REG Outcomes surprise and what were the likely mechanisms? Diabetologia.
2016;59:1333–1339. doi: 10.1007/s00125-016-3956-x Crossref. PubMed.

2. McMurray, JJV, Solomon, SD, Inzucchi, SE, Køber, L, Kosiborod, MN, Martinez, FA, Ponikowski, P,
Sabatine, MS, Anand, IS, Bělohlávek, J, et al; DAPA-HF Trial Committees and Investigators.
Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. 2019;381:1995–
2008. doi: 10.1056/NEJMoa1911303 Crossref. PubMed.

3. McMurray, JJV, DeMets, DL, Inzucchi, SE, Køber, L, Kosiborod, MN, Langkilde, AM, Martinez, FA,
Bengtsson, O, Ponikowski, P, Sabatine, MS, et al; DAPA-HF Committees and Investigators. A trial to
evaluate the effect of the sodium-glucose co-transporter 2 inhibitor dapagliflozin on morbidity and
mortality in patients with heart failure and reduced left ventricular ejection fraction (DAPA-HF). Eur J
Heart Fail. 2019;21:665–675. doi: 10.1002/ejhf.1432 Crossref. PubMed.

4. Young, JB, Dunlap, ME, Pfeffer, MA, Probstfield, JL, Cohen-Solal, A, Dietz, R, Granger, CB, Hradec, J,
Kuch, J, McKelvie, RS, et al; Candesartan in Heart failure Assessment of Reduction in Mortality and
morbidity (CHARM) Investigators and Committees. Mortality and morbidity reduction with candesartan in
patients with chronic heart failure and left ventricular systolic dysfunction: results of the CHARM low-left
ventricular ejection fraction trials. Circulation. 2004;110:2618–2626. doi:
10.1161/01.CIR.0000146819.43235.A9 Crossref. PubMed.

https://doi.org/10.1007/s00125-016-3956-x
https://www.ncbi.nlm.nih.gov/pubmed/27112340
https://doi.org/10.1056/NEJMoa1911303
https://www.ncbi.nlm.nih.gov/pubmed/31535829
https://doi.org/10.1002/ejhf.1432
https://www.ncbi.nlm.nih.gov/pubmed/30895697
https://doi.org/10.1161/01.cir.0000146819.43235.a9
https://www.ncbi.nlm.nih.gov/pubmed/15492298


11/28/2020 Dapagliflozin and Diuretic Use in Patients With Heart Failure and Reduced Ejection Fraction in DAPA-HF

https://www.ahajournals.org/doi/epub/10.1161/CIRCULATIONAHA.120.047077 19/20

5. McMurray, JJ, Packer, M, Desai, AS, Gong, J, Lefkowitz, MP, Rizkala, AR, Rouleau, JL, Shi, VC,
Solomon, SD, Swedberg, K, et al; PARADIGM-HF Investigators and Committees. Angiotensin-neprilysin
inhibition versus enalapril in heart failure. N Engl J Med. 2014;371:993–1004. doi:
10.1056/NEJMoa1409077 Crossref. PubMed.

6. Zannad, F, McMurray, JJ, Krum, H, van Veldhuisen, DJ, Swedberg, K, Shi, H, Vincent, J, Pocock, SJ,
Pitt, B; EMPHASIS-HF Study Group. Eplerenone in patients with systolic heart failure and mild
symptoms. N Engl J Med. 2011;364:11–21. doi: 10.1056/NEJMoa1009492 Crossref. PubMed.

7. Swedberg, K, Komajda, M, Böhm, M, Borer, JS, Ford, I, Dubost-Brama, A, Lerebours, G, Tavazzi, L;
SHIFT Investigators. Ivabradine and outcomes in chronic heart failure (SHIFT): a randomised placebo-
controlled study. Lancet. 2010;376:875–885. doi: 10.1016/S0140-6736(10)61198-1 Crossref. PubMed.

8. Maggioni, AP, Anker, SD, Dahlström, U, Filippatos, G, Ponikowski, P, Zannad, F, Amir, O, Chioncel, O,
Leiro, MC, Drozdz, J, et al; Heart Failure Association of the ESC. Are hospitalized or ambulatory patients
with heart failure treated in accordance with European Society of Cardiology guidelines? Evidence from
12,440 patients of the ESC Heart Failure Long-Term Registry. Eur J Heart Fail. 2013;15:1173–1184. doi:
10.1093/eurjhf/hft134 Crossref. PubMed.

9. Teng, TK, Tromp, J, Tay, WT, Anand, I, Ouwerkerk, W, Chopra, V, Wander, GS, Yap, JJ, MacDonald, MR,
Xu, CF, et al; ASIAN-HF investigators. Prescribing patterns of evidence-based heart failure
pharmacotherapy and outcomes in the ASIAN-HF registry: a cohort study. Lancet Glob Health.
2018;6:e1008–e1018. doi: 10.1016/S2214-109X(18)30306-1 Crossref. PubMed.

10. Parén, P, Dahlström, U, Edner, M, Lappas, G, Rosengren, A, Schaufelberger, M. Association of diuretic
treatment at hospital discharge in patients with heart failure with all-cause short- and long-term mortality:
a propensity score-matched analysis from SwedeHF. Int J Cardiol. 2018;257:118–124. doi:
10.1016/j.ijcard.2017.09.193 Crossref. PubMed.

11. Vardeny, O, Claggett, B, Kachadourian, J, Desai, AS, Packer, M, Rouleau, J, Zile, MR, Swedberg, K,
Lefkowitz, M, Shi, V, et al. Reduced loop diuretic use in patients taking sacubitril/valsartan compared with
enalapril: the PARADIGM-HF trial. Eur J Heart Fail. 2019;21:337–341. doi: 10.1002/ejhf.1402 Crossref.
PubMed.

12. Brunner-La Rocca, H-P, Linssen, GC, Smeele, FJ, van Drimmelen, AA, Schaafsma, H-J, Westendorp,
PH, Rademaker, PC, van de Kamp, HJ, Hoes, AW, Brugts, JJ. Contemporary drug treatment of chronic
heart failure with reduced ejection fraction: the CHECK-HF Registry. JACC Hear Fail. 2019;7:13–21. doi:
10.1016/j.jchf.2018.10.010 Crossref. PubMed.

13. DeVore, AD, Mi, X, Thomas, L, Sharma, PP, Albert, NM, Butler, J, Hernandez, AF, Patterson, JH,
Spertus, JA, Williams, FB, et al. Characteristics and treatments of patients enrolled in the CHAMP-HF
Registry compared with patients enrolled in the PARADIGM-HF Trial. J Am Heart Assoc.
2018;7:e009237. doi: 10.1161/JAHA.118.009237 Crossref. PubMed.

14. Jankowska, EA, Kalicinska, E, Drozd, M, Kurian, B, Banasiak, W, Ponikowski, P. Comparison of clinical
profile and management of outpatients with heart failure with reduced left ventricular ejection fraction
treated by general practitioners and cardiologists in contemporary Poland: the results from the DATA-
HELP registry. Int J Cardiol. 2014;176:852–858. doi: 10.1016/j.ijcard.2014.08.005 Crossref. PubMed.

15. Fudim, M, O’Connor, CM, Mulder, H, Coles, A, Bhatt, AS, Ambrosy, AP, Kraus, WE, Piña, IL, Whellan,
DJ, Mentz, RJ. Loop diuretic adjustments in patients with chronic heart failure: insights from HF-ACTION.
Am Heart J. 2018;205:133–141. doi: 10.1016/j.ahj.2018.06.017 Crossref. PubMed.

16. Sha, S, Polidori, D, Heise, T, Natarajan, J, Farrell, K, Wang, SS, Sica, D, Rothenberg, P, Plum-Mörschel,
L. Effect of the sodium glucose co-transporter 2 inhibitor canagliflozin on plasma volume in patients with
type 2 diabetes mellitus. Diabetes Obes Metab. 2014;16:1087–1095. doi: 10.1111/dom.12322 Crossref.
PubMed.

17. List, JF, Woo, V, Morales, E, Tang, W, Fiedorek, FT. Sodium-glucose cotransport inhibition with
dapagliflozin in type 2 diabetes. Diabetes Care. 2009;32:650–657. doi: 10.2337/dc08-1863 Crossref.
PubMed.

https://doi.org/10.1056/NEJMoa1409077
https://www.ncbi.nlm.nih.gov/pubmed/25176015
https://doi.org/10.1056/NEJMoa1009492
https://www.ncbi.nlm.nih.gov/pubmed/21073363
https://doi.org/10.1016/S0140-6736(10)61198-1
https://www.ncbi.nlm.nih.gov/pubmed/20801500
https://doi.org/10.1093/eurjhf/hft134
https://www.ncbi.nlm.nih.gov/pubmed/23978433
https://doi.org/10.1016/S2214-109X(18)30306-1
https://www.ncbi.nlm.nih.gov/pubmed/30103979
https://doi.org/10.1016/j.ijcard.2017.09.193
https://www.ncbi.nlm.nih.gov/pubmed/29506681
https://doi.org/10.1002/ejhf.1402
https://www.ncbi.nlm.nih.gov/pubmed/30741494
https://doi.org/10.1016/j.jchf.2018.10.010
https://www.ncbi.nlm.nih.gov/pubmed/30606482
https://doi.org/10.1161/JAHA.118.009237
https://www.ncbi.nlm.nih.gov/pubmed/29895587
https://doi.org/10.1016/j.ijcard.2014.08.005
https://www.ncbi.nlm.nih.gov/pubmed/25156847
https://doi.org/10.1016/j.ahj.2018.06.017
https://www.ncbi.nlm.nih.gov/pubmed/30158057
https://doi.org/10.1111/dom.12322
https://www.ncbi.nlm.nih.gov/pubmed/24939043
https://doi.org/10.2337/dc08-1863
https://www.ncbi.nlm.nih.gov/pubmed/19114612


11/28/2020 Dapagliflozin and Diuretic Use in Patients With Heart Failure and Reduced Ejection Fraction in DAPA-HF

https://www.ahajournals.org/doi/epub/10.1161/CIRCULATIONAHA.120.047077 20/20

18. Wilcox, CS, Shen, W, Boulton, DW, Leslie, BR, Griffen, SC. Interaction between the sodium-glucose-
linked transporter 2 inhibitor dapagliflozin and the loop diuretic bumetanide in normal human subjects. J
Am Heart Assoc. 2018;7:e007046. doi: 10.1161/JAHA.117.007046 Crossref. PubMed.

19. Damman, K, Ter Maaten, JM, Coster, JE, Krikken, JA, Deursen, VM, Krijnen, HK, Hofman, M, Nieuwland,
W, Veldhuisen, DJ, Voors, AA, et al. Clinical importance of urinary sodium excretion in acute heart failure
[published online February 22, 2020]. Eur J Heart Fail. doi:10.1002/ejhf.1753. Crossref.

20. Hallow, KM, Helmlinger, G, Greasley, PJ, McMurray, JJV, Boulton, DW. Why do SGLT2 inhibitors reduce
heart failure hospitalization? A differential volume regulation hypothesis. Diabetes Obes Metab.
2018;20:479–487. doi: 10.1111/dom.13126 Crossref. PubMed.

21. Karg, MV, Bosch, A, Kannenkeril, D, Striepe, K, Ott, C, Schneider, MP, Boemke-Zelch, F, Linz, P, Nagel,
AM, Titze, J, et al. SGLT-2-inhibition with dapagliflozin reduces tissue sodium content: a randomised
controlled trial. Cardiovasc Diabetol. 2018;17:5. doi: 10.1186/s12933-017-0654-z Crossref. PubMed.

22. Lambers Heerspink, HJ, de Zeeuw, D, Wie, L, Leslie, B, List, J. Dapagliflozin a glucose-regulating drug
with diuretic properties in subjects with type 2 diabetes. Diabetes Obes Metab. 2013;15:853–862. doi:
10.1111/dom.12127 Crossref. PubMed.

23. Mazer, CD, Hare, GMT, Connelly, PW, Gilbert, RE, Shehata, N, Quan, A, Teoh, H, Leiter, LA, Zinman, B,
Jüni, P, et al. Effect of empagliflozin on erythropoietin levels, iron stores, and red blood cell morphology
in patients with type 2 diabetes mellitus and coronary artery disease. Circulation. 2020;141:704–707. doi:
10.1161/CIRCULATIONAHA.119.044235 Crossref. PubMed.

24. Ghanim, H, Abuaysheh, S, Hejna, J, Green, K, Batra, M, Makdissi, A, Chaudhuri, A, Dandona, P.
Dapagliflozin suppresses hepcidin and increases erythropoiesis. J Clin Endocrinol Metab.
2020;105:dgaa057. doi: 10.1210/clinem/dgaa057 Crossref. PubMed.

https://doi.org/10.1161/JAHA.117.007046
https://www.ncbi.nlm.nih.gov/pubmed/29440005
https://doi.org/10.1002/ejhf.1753
https://doi.org/10.1111/dom.13126
https://www.ncbi.nlm.nih.gov/pubmed/29024278
https://doi.org/10.1186/s12933-017-0654-z
https://www.ncbi.nlm.nih.gov/pubmed/29301520
https://doi.org/10.1111/dom.12127
https://www.ncbi.nlm.nih.gov/pubmed/23668478
https://doi.org/10.1161/CIRCULATIONAHA.119.044235
https://www.ncbi.nlm.nih.gov/pubmed/31707794
https://doi.org/10.1210/clinem/dgaa057
https://www.ncbi.nlm.nih.gov/pubmed/32044999

