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COMMENTARY

Lessons learned from the DAPA‑HF trial
concerning the mechanisms of benefit of SGLT2
inhibitors on heart failure events in the context
of other large‑scale trials nearing completion
Milton Packer1,2*

Abstract
Four large-scale trials in type 2 diabetes have shown that sodium-glucose cotransporter 2 (SGLT2) inhibitors prevent
the occurrence of serious heart failure events. Additionally, the DAPA-HF trial demonstrated a benefit of dapagliflozin
to reduce major adverse outcomes in patients with established heart failure with a reduced ejection fraction. The
trial sheds light on potential mechanisms. In DAPA-HF, the benefits of dapagliflozin on heart failure were seen to a
similar extent in both patients with or without diabetes, thus undermining the hypothesis that these drugs mitigate
glycemia-related cardiotoxicity. The action of SGLT2 inhibitors to promote ketogenesis is also primarily a feature of the
action of these drugs in patients with diabetes, raising doubts that enhanced ketogenesis contributes to the benefit
on heart failure. Also, dapagliflozin does not have a meaningful effect to decrease circulating natriuretic peptides,
and it did not potentiate the actions of diuretics in DAPA-HF; moreover, intensification of diuretics therapy does not
reduce cardiovascular death, questioning a benefit of SGLT2 inhibitors that is mediated by an action on renal sodium
excretion. Finally, although hematocrit increases with SGLT2 inhibitors might favorably affect patients with coronary
artery disease, in DAPA-HF, the benefit of dapagliflozin was similar in patients with or without an ischemic cardiomyopathy; furthermore, increases in hematocrit do not favorably affect the clinical course of patients with heart failure.
Therefore, the results of DAPA-HF do not support many currently-held hypotheses about the mechanism of action of
SGLT2 inhibitors in heart failure. Ongoing trials are likely to provide further insights.
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Four cardiovascular outcome trials in patients with type
2 diabetes have shown that sodium-glucose cotransporter 2 (SGLT2) inhibitors have a remarkable effect to
prevent the occurrence of serious heart failure events,
largely in patients who did not have a prior diagnosis of
heart failure [1]. The magnitude of the benefit has been
consistent across trials, and a similar pattern of response
has not been reported in studies of other antihyperglycemic drugs. In most instances, the finding of a benefit
of SGLT2 inhibitors on heart failure events was not the

primary endpoint of these trials; the phenotype of heart
failure was not characterized; and the adequacy of background therapy was not established. Therefore, for many
years, physicians remained uncertain whether the benefit on heart failure represented a generalizable finding.
However, in a recent trial of dapagliflozin in patients
with confirmed and well-treated heart failure (DAPAHF), SGLT2 inhibition reduced the risk of cardiovascular
death and hospitalization for heart failure [2]. The effect
was clinically and statistically persuasive.
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What was known before the DAPA‑HF trial?
In four large-scale clinical trials involving > 36,000
patients with type 2 diabetes followed for 2–5 years who
largely did not have a diagnosis of heart failure at the
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time of study entry, patients treated with a SGLT2 inhibitor experienced a ≈ 25–35% lower risk of hospitalization for heart failure [1]. These benefits emerged shortly
following the initiation of therapy and persisted for the
entire duration of double-blind treatment. Three different SGLT2 inhibitors (i.e., empagliflozin, canagliflozin
and dapagliflozin) have been shown to prevent the development of heart failure in patients at high cardiovascular
risk. Only ≈ 10–15% of the patients in these trials had a
diagnosis of heart failure at the time of trial enrollment
[1].
Patients with type 2 diabetes are at risk of developing
two distinct phenotypes of heart failure. Many develop
heart failure with a reduced ejection fraction (HFrEF),
a phenotype that is typically characterized by the loss
and stretch of cardiomyocytes resulting in marked left
ventricular (LV) enlargement and striking increases in
circulating natriuretic peptides. These patients show
a favorable response to drugs that interfere with neurohormonal systems (inhibitors of the renin-angiotensin system, beta-blockers, mineralocorticoid receptor
antagonists and neprilysin inhibitors). Yet, many other
patients with type 2 diabetes develop heart failure with a
preserved ejection fraction (HFpEF), a phenotype that is
characterized by systemic and adipose tissue inflammation, resulting in microvascular dysfunction and fibrosis
of the myocardium. These patients do not show striking increases in LV size or levels of natriuretic peptides,
and they respond modestly and inconsistently to neurohormonal antagonists that are effective in patients with
HFrEF.
Do SGLT2 inhibitors exert preferentially favorable
effects on HFrEF or HFpEF? The DECLARE-TIMI 58 trial
collected information on LV ejection fraction measured
before randomization, and it showed that the reduction in
the risk of heart failure hospitalizations with dapagliflozin was particularly striking in patients who had HFrEF
at the time of enrollment; furthermore, cardiovascular
death was reduced only in patients with HFrEF and not
in patients with HFpEF [3]. Conversely, in the CANVAS
trials, investigators characterized the phenotype of heart
failure at the time that heart failure events occurred after
randomization; interestingly, they also observed the most
marked risk reduction in patients who developed HFrEF
during the course of follow-up [4].
Many mechanisms have been postulated to explain
these benefits of SGLT2 inhibitors. Even though none
of the trials could discern any relation between changes
in glycemic control and the effects on heart failure,
some researchers believed that mitigation of glycemiarelated cardiotoxicity could contribute importantly to the
observed reduced risk [5]. Other investigators suggested
that the natriuretic action of SGLT2 inhibitors could
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cause a reduction in plasma volume or interstitial fluid,
which might reduce cardiac volumes and favorably influence ventricular remodeling [6]. Still others suggested
that SGLT2 inhibitors might favorably influence energy
balance in the failing heart by increasing circulating levels of ketone bodies and by promoting a shift in myocardial fuel utilization from glucose to ketones and free
fatty acids [7]. Additionally, SGLT2 inhibitors were postulated to enhance the synthesis of erythropoietin, with
the expectation that an increase in red cell mass might
increase oxygen delivery to the myocardium, which could
be important in those with underlying ischemic heart
disease [8]. Importantly, a benefit of SGLT2 inhibitors
to prevent heart failure events could not be explained
by an action to reduce the risk of coronary artery occlusive events, since these drugs do not prevent myocardial
infarction [9].

What is now known after the DAPA‑HF trial?
The DAPA-HF trial randomly assigned 4744 patients
with chronic heart failure to placebo or dapagliflozin who were treated and followed for an average of
18.2 months. The trial enrolled only patients with HFrEF,
and it ensured that all patients were receiving appropriate background treatments with neurohormonal antagonists. Specifically, > 90% were receiving inhibitors of the
renin-angiotensin system and beta-blockers, and > 70%
were receiving mineralocorticoid receptor antagonists.
Approximately half of the patients had diabetes at baseline, and > 40% did not have underlying ischemic heart
disease.
In the trial, when added to currently accepted treatments for heart failure, dapagliflozin produced a 26%
reduction in the combined risk of cardiovascular death,
hospitalization for heart failure or an urgent visit for
worsening heart failure requiring intravenous therapy
(P = 0.00001) [2]. In addition, dapagliflozin reduced cardiovascular death by 18% (P = 0.029) and all-cause mortality by 17% (P = 0.022). Importantly, the magnitude of
benefit on the primary composite endpoint was similar in
patients with and without diabetes and in patients with
or without ischemic heart disease.
The DAPA-trial is the first large-scale trial to demonstrate a convincing effect of SGLT2 inhibitors to reduce
major adverse cardiovascular outcomes in patients with
established heart failure. The trial extends observations
from earlier trials in type 2 diabetes that showed a striking benefit of these drugs in preventing heart failure
events in patients who have or develop HFrEF. Perhaps
more interestingly, the trial also provides insights into
previously proposed mechanisms by which SGLT2 inhibitors might exert their benefits.
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First, in DAPA-HF, the benefits of dapagliflozin on
the progression of heart failure were seen to a similar
extent in both patients with or without diabetes, thus
undermining the hypothesis that mitigation of glycemia-related cardiotoxicity by SGLT2 inhibitors slows
the progression of heart failure [5].
Second, the benefits of dapagliflozin in DAPA-HF
were seen in patients receiving loop diuretics that
were sufficient to keep their mean circulating levels
of N-terminal proBNP < 1500 pg/ml. Although SGLT2
inhibition may theoretically potentiate the natriuretic
action of prescribed diuretics, their use has not been
accompanied by a meaningful decrease in circulating
natriuretic peptides [10, 11]. In the DAPA-HF trial,
dapagliflozin produced only a 10–15% decline in N-terminal proBNP, an effect size less than that seen with
conventional diuretics [12, 13], and use of the drug did
not alter the dosing or enhance the effects of prescribed
diuretics. Furthermore, intensification of diuretic therapy has typically been associated with an increased risk
of cardiovascular and sudden death in patients with
heart failure [14]. Yet, in the diabetes cardiovascular
outcomes trials and in DAPA-HF, SGLT2 inhibition
reduced cardiovascular death as well as sudden death
[1]. Consequently, the totality of evidence does not
support a benefit of these drugs that is mediated by an
action on renal sodium excretion.
Third, patients with chronic heart failure have
increased circulating levels and utilization of ketone bodies in the absence of treatment with an SGLT2 inhibitor [15, 16]. The infusion of ketone bodies in patients
with heart failure and a reduced ejection fraction leads
to increases in cardiac contractility and heart rate; [17]
yet, such positive inotropic and chronotropic effects
are not seen with the use of SGLT2 inhibitors in clinical trials. Most importantly, the action of SGLT2 inhibitors to promote ketogenesis is primarily a feature of the
action of these drugs in patients with type 2 diabetes;
this ketogenic effect is attenuated in nondiabetic patients
[18]. Yet, in DAPA-HF, the magnitude of the benefit of
dapagliflozin in reducing serious heart failure events
was similar in patients with or without diabetes, raising
doubts that enhanced ketogenesis contributed importantly to the benefit on heart failure.
Fourth, although hematocrit increases with SGLT2
inhibitors might have favorable effects in patients with
coronary artery disease, in DAPA-HF, there was no difference in the magnitude of benefit of dapagliflozin in
patients with or without an ischemic cardiomyopathy.
Furthermore, increases in hematocrit produced by erythropoietin-mimetic agents in patients with heart failure
do not have favorable effects on the course of the disease
[19].
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Summary and conclusions
The DAPA-HF trial substantially extends the benefits
of SGLT2 inhibitors in slowing the evolution and progression of heart failure, particularly in patients with a
reduced ejection fraction. To date, five large-scale trials
(that have enrolled patients with and without diabetes)
have reported results that are clinically important and
remarkably consistent, both qualitatively and quantitatively. Additionally, the findings of the DAPA-HF
trial raise serious doubts about the validity of current
assumptions about the physiological mechanisms that
have been proposed to explain the benefits of SGLT2
inhibitors. Instead, the benefits of SGLT2 inhibitors in
heart failure are most likely related to an action of these
drugs to promote mechanisms of cardiomyocyte viability and ameliorate pathways that lead to cardiomyocyte
death [20].
A second large-scale trial of SGLT2 inhibition in
heart failure is nearing completion. The EMPERORReduced trial has enrolled > 3600 patients with HFrEF,
with and without type 2 diabetes and with or without
ischemic heart disease, who have been randomized
to receive treatment with empagliflozin or placebo in
addition to all appropriate treatments for heart failure. The EMPEROR-Reduced trial is designed to target the recruitment of patients with heart failure that
is more advanced than in those enrolled in DAPA-HF,
as reflected by the requirement for lower levels of LV
ejection fraction and higher circulating levels of natriuretic peptides. Extensive biomarker studies in the trial
are poised to support new hypotheses about the potential mechanisms by which SGLT2 inhibitors exert their
benefits on heart failure.
Finally, two trials (the EMPEROR-Preserved trial
with empagliflozin and the DELIVER trial with dapagliflozin) are evaluating the effects of SGLT2 inhibitors
in > 10,000 patients with an established diagnosis of
HFpEF across the two trials. Demonstration of a benefit of SGLT2 inhibitors on heart failure events in these
studies would dramatically broaden the clinical impact
of these drugs.
Abbreviations
DAPA-HF: Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure;
HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure
with reduced ejection fraction; LV: left ventricular; SGLT2: sodium–glucose
cotransporter 2.
Acknowledgements
Not applicable.
Authors’ contributions
There is only one author, who takes full responsibility for the work. The author
read and approved the final manuscript.

Packer Cardiovasc Diabetol

(2019) 18:129

Authors’ information
The author has written extensively about SGLT2 inhibitors and their mechanism of action, and is currently leading two of the large-scale clinical trials of
SGLT2 inhibitors in heart failure (EMPEROR-Reduced and EMPEROR-Preserved).
Funding
Not applicable.
Availability of data and materials
Not applicable.

Page 4 of 4

8.

9.

10.

Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable. All authors agree to publication, and there are no permissions
needed.

11.

Competing interests
Dr. Packer has recently consulted for Abbvie, Actavis, Akcea, Amgen, AstraZeneca, Boehringer Ingelheim, Cardiorentis, Daiichi Sankyo, Johnson & Johnson,
NovoNordisk, Pfizer, Sanofi, Synthetic Biologics and Theravance.

12.

Author details
1
Baylor Heart and Vascular Institute, Baylor University Medical Center, 621N.
Hall Street, Dallas, TX 75226, USA. 2 Imperial College, London, UK.
Received: 21 September 2019 Accepted: 27 September 2019

13.

14.
References
1. Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, Mosenzon O,
Kato ET, Cahn A, Furtado RHM, Bhatt DL, Leiter LA, McGuire DK, Wilding
JPH, Sabatine MS. SGLT2 inhibitors for primary and secondary prevention
of cardiovascular and renal outcomes in type 2 diabetes: a systematic
review and meta-analysis of cardiovascular outcome trials. Lancet.
2019;393:31–9.
2. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez
FA, Ponikowski P, Sabatine MS, Anand IS, Bělohlávek J, Böhm M, Chiang
CE, Chopra VK, de Boer RA, Desai AS, Diez M, Drozdz J, Dukát A, Ge J,
Howlett JG, Katova T, Kitakaze M, Ljungman CEA, Merkely B, Nicolau
JC, O’Meara E, Petrie MC, Vinh PN, Schou M, Tereshchenko S, Verma S,
Held C, DeMets DL, Docherty KF, Jhund PS, Bengtsson O, Sjöstrand M,
Langkilde AM, DAPA-HF Trial Committees and Investigators. Dapagliflozin
in patients with heart failure and reduced ejection fraction. N Engl J Med.
2019. https://doi.org/10.1056/nejmoa1911303.
3. Kato ET, Silverman MG, Mosenzon O, Zelniker TA, Cahn A, Furtado RHM,
Kuder J, Murphy SA, Bhatt DL, Leiter LA, McGuire DK, Wilding JPH, Bonaca
MP, Ruff CT, Desai AS, Goto S, Johansson PA, Gause-Nilsson I, Johanson
P, Langkilde AM, Raz I, Sabatine MS, Wiviott SD. Effect of dapagliflozin
on heart failure and mortality in type 2 diabetes mellitus. Circulation.
2019;139:2528–36.
4. Figtree GA, Rådholm K, Barrett TD, Perkovic V, Mahaffey KW, de Zeeuw
D, Fulcher G, Matthews DR, Shaw W, Neal B. Effects of canagliflozin on
heart failure outcomes associated with preserved and reduced ejection
fraction in type 2 diabetes: results from the CANVAS program. Circulation.
2019;139:2591–3.
5. Ducheix S, Magré J, Cariou B, Prieur X. Chronic O-GlcNAcylation and
diabetic cardiomyopathy: the bitterness of glucose. Front Endocrinol
(Lausanne). 2018;29(9):642. https://doi.org/10.3389/fendo.2018.00642.
6. Dekkers CCJ, Sjöström CD, Greasley PJ, Cain V, Boulton DW, Heerspink HJL.
Effects of the sodium-glucose co-transporter-2 inhibitor dapagliflozin
on estimated plasma volume in patients with type 2 diabetes. Diabetes
Obes Metab. 2019. https://doi.org/10.1111/dom.13855.
7. Mudaliar S, Alloju S, Henry RR. Can a shift in fuel energetics explain the
beneficial cardiorenal outcomes in the EMPA-REG OUTCOME study? A
unifying hypothesis. Diabetes Care. 2016;39:1115–22.

15.
16.

17.

18.

19.

20.

Sano M, Takei M, Shiraishi Y, Suzuki Y. Increased hematocrit during
sodium-glucose cotransporter 2 inhibitor therapy indicates recovery of tubulointerstitial function in diabetic kidneys. J Clin Med Res.
2016;8:844–7.
Sinha B, Ghosal S. Meta-analyses of the effects of DPP-4 inhibitors, SGLT2
inhibitors and GLP1 receptor analogues on cardiovascular death, myocardial infarction, stroke and hospitalization for heart failure. Diabetes Res
Clin Pract. 2019;150:8–16.
Nassif ME, Windsor S, Tang F, Khariton Y, Husain M, Inzucchi SE, McGuire D,
Pitt B, Scirica BM, Austin B, Drazner M, Fong M, Givertz MM, Gordon R, Jermyn R, Katz S, Lamba S, Lanfear D, LaRue S, Lindenfeld J, Malone M, Margulies KB, Mentz R, Mutharasan RK, Pursley M, Umpierrez G, Kosiborod M,
DEFINE-HF Investigators. Dapagliflozin effects on biomarkers, symptoms,
and functional status in patients with heart failure with reduced ejection
fraction: the DEFINE-HF trial. Circulation. 2019. https://doi.org/10.1161/
circulationaha.119.042929.
Soga F, Tanaka H, Tatsumi K, Mochizuki Y, Sano H, Toki H, Matsumoto K,
Shite J, Takaoka H, Doi T, Hirata KI. Impact of dapagliflozin on left ventricular diastolic function of patients with type 2 diabetic mellitus with
chronic heart failure. Cardiovasc Diabetol. 2018;17(1):132. https://doi.
org/10.1186/s12933-018-0775-z.
Watanabe K, Dohi K, Sugimoto T, Yamada T, Sato Y, Ichikawa K, Sugiura
E, Kumagai N, Nakamori S, Nakajima H, Hoshino K, Machida H, Okamoto
S, Onishi K, Nakamura M, Nobori T, Ito M. Short-term effects of low-dose
tolvaptan on hemodynamic parameters in patients with chronic heart
failure. J Cardiol. 2012;60:462–9.
Valle R, Aspromonte N, Milani L, Peacock FW, Maisel AS, Santini M, Ronco
C. Optimizing fluid management in patients with acute decompensated
heart failure (ADHF): the emerging role of combined measurement of
body hydration status and brain natriuretic peptide (BNP) levels. Heart
Fail Rev. 2011;16:519–29.
Damman K, Kjekshus J, Wikstrand J, Cleland JG, Komajda M, Wedel H,
Waagstein F, McMurray JJ. Loop diuretics, renal function and clinical
outcome in patients with heart failure and reduced ejection fraction. Eur
J Heart Fail. 2016;18:328–36.
Lommi J, Kupari M, Koskinen P, Näveri H, Leinonen H, Pulkki K, Härkönen
M. Blood ketone bodies in congestive heart failure. J Am Coll Cardiol.
1996;28:665–72.
Aubert G, Martin OJ, Horton JL, Lai L, Vega RB, Leone TC, Koves T, Gardell
SJ, Krüger M, Hoppel CL, Lewandowski ED, Crawford PA, Muoio DM,
Kelly DP. The failing heart relies on ketone bodies as a fuel. Circulation.
2016;133:698–705.
Nielsen R, Møller N, Gormsen LC, Tolbod LP, Hansson NH, Sorensen J,
Harms HJ, Frøkiær J, Eiskjaer H, Jespersen NR, Mellemkjaer S, Lassen TR,
Pryds K, Bøtker HE, Wiggers H. Cardiovascular effects of treatment with
the ketone body 3-hydroxybutyrate in chronic heart failure patients.
Circulation. 2019;139:2129–41.
Ferrannini E, Baldi S, Frascerra S, Astiarraga B, Heise T, Bizzotto R, Mari A,
Pieber TR, Muscelli E. Shift to fatty substrate utilization in response to
sodium-glucose cotransporter 2 inhibition in subjects without diabetes
and patients with type 2 diabetes. Diabetes. 2016;65:1190–5.
Swedberg K, Young JB, Anand IS, Cheng S, Desai AS, Diaz R, Maggioni
AP, McMurray JJ, O’Connor C, Pfeffer MA, Solomon SD, Sun Y, Tendera M,
van Veldhuisen DJ, RED-HF Committees, RED-HF Investigators. Treatment
of anemia with darbepoetin alfa in systolic heart failure. N Engl J Med.
2013;368:1210–9.
Packer M. Reconceptualization of the molecular mechanism by which
sodium-glucose cotransporter 2 inhibitors reduce the risk of heart failure
events. Circulation. 2019;140:443–5.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

