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OBJECTIVE

To determine the effects of dapagliflozin in patients with heart failure (HF) and
type 2 diabetes mellitus (T2DM) on left ventricular (LV) remodeling using cardiac
MRI.

RESEARCH DESIGN AND METHODS

We randomized 56 patients with T2DM and HF with LV systolic dysfunction to
dapagliflozin 10mg daily or placebo for 1 year, on top of usual therapy. The primary
end point was difference in LV end-systolic volume (LVESV) using cardiac MRI. Key
secondary end points included other measures of LV remodeling and clinical and
biochemical parameters.

RESULTS

In our cohort, dapagliflozin had no effect on LVESV or any other parameter of LV
remodeling. However, it reduced diastolic blood pressure and loop diuretic re-
quirements while increasing hemoglobin, hematocrit, and ketone bodies. There
was a trend toward lower weight.

CONCLUSIONS

Wewere unable to determinewith certainty whether dapagliflozin in patients with
T2DMandHFhadanyeffectonLVremodeling.Whether thebenefitsofdapagliflozin
in HF are due to remodeling or other mechanisms remains unknown.

Type 2 diabetes mellitus (T2DM) and heart failure (HF) commonly coexist and can be
lethal (1). The sodium-glucose–linked transporter 2 inhibitor (SGLT2i) is a new class of
diabetes therapy that reduces HF hospitalization and cardiovascular (CV) death.
Ameta-analysis ofCVoutcometrialsofpatientswithT2DMwithvaryingCVrisk (n5

34,322) showed an overall 14% reduction in major adverse CV events and 24%
reduction in composite of CVmortality and HF hospitalization (2). In the Dapagliflozin
in Patients With Heart Failure trial (DAPA-HF), dapagliflozin was compared against
standard of care in 4,744 patients with established HF and a striking 30% reduction in
HF hospitalization, 18% reduction in CV death, and significant improvements in HF
symptom burden were found (3).
SGLT2i clearly results in a significant reduction in HF risk; however, the mechanism

of these effects is unclear. The main objective of this work was to determine the
cardiac effects of dapagliflozin in patients with HF and T2DM to help to explain the
substantial improvements in HF outcomes seen in large clinical trials.
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RESEARCH DESIGN AND METHODS

The trial design and methods have been
described previously (4). Briefly, this single-
center, placebo-controlled clinical trial
was designed to look for changes in three
parameters of left ventricular (LV) re-
modeling (i.e., LV volumes, mass, and
ejection fraction [EF]) using cardiac MRI
(CMR). Fifty-six patients were random-
ized 1:1 to either dapagliflozin 10mg/day
or placebo for 1 year. Participants had a
diagnosis of T2DM and history of symp-
tomatic HFwith a previously documented
reduction in EF using echocardiography.
They were on stable therapy for at least
3 months before recruitment, with a max-
imum loop diuretic dose of 80 mg/day
and baseline estimated glomerular filtra-
tion rate (eGFR) of$45mL/min/1.73m2.
Theprimaryoutcomewas change in LV

end-systolic volume (LVESV).Keysecond-
ary outcomes included LV end-diastolic
volume (LVEDV), LV mass index (LVMI),
and LVEF as well as a range of clinical and
biochemicalmarkers ofHF. TheCMRpro-
tocol and reproducibility of analysis have
been published previously (5,6).

Statistical Analysis
Data were analyzed by intention to treat
with single mean imputation of missing
values. All continuous outcomes were
analyzedusingmultiple linear regression,
controlling for baseline values, age, sex,
and renal function. Categorical outcomes
were analyzed using Pearson x2 test. A
two-sided P , 0.05 was taken as signif-
icant. Analysis was performed using R
version 3.4.3 for Windows.

RESULTS

Mean age was 67.1 years, and the ma-
jority weremale (66.1%) with an average
BMI of 32.5 kg/m2. The majority (87.5%)
were in New York Heart Association func-
tional class I or II, indicating mild HF, with
the most common etiology being ische-
mic heart disease. Mean baseline HbA1c
was 60.9mmol/mol (7.7%), and themean
eGFR was 72.0 mL/min/1.73 m2. Other
baseline values are listed in Supplemen-
tary Table 1.
After 1 year, there was no significant

change in LVESV (4.82mL [95%CI213.28
to22.93];P50.594). Therewasnoeffect
on LVEDV (7.83 mL [215.05 to 30.70];
P 5 0.495), LVMI (2.5 g/m2 [23.95 to
8.95]; P5 0.440), or LVEF (0.96% [23.32
to 4.69]; P 5 0.732) (Table 1).

Dapagliflozin significantly reduced di-
astolicbloodpressure (BP) (28.15mmHg
[95% CI213.02 to 3.28]; P5 0.001), but
there was no difference in systolic BP or
heart rate. Dapagliflozin increased he-
moglobin(0.86g/dL[0.27–1.46];P50.005),
hematocrit (2.89% [1.14–4.64]; P5 0.002),
and fasting b-hydroxybutyrate (ketone
body) (0.04 mmol/L [0.01–0.07]; P 5
0.022). There was a trend toward lower
weight (22.26 kg [24.83 to 0.31]; P 5
0.083).

Patients on dapagliflozin required less
loop diuretic therapy (229.06 mg [95%
CI 242.17 to 215.95]; P , 0.001) and
were more likely to stop or reduce their
loopdiuretic dose (53.6% vs. 10.7%; P5
0.001). There was no significant differ-
ence in HbA1c or eGFR at the end of
1 year.

Adverse Events
There were five deaths in total: one cancer
death in the dapagliflozin arm and one
cancer and threeCVdeaths in the placebo
arm. Three acute coronary syndromes
occurred in the placebo arm but none in
the dapagliflozin arm. There was one HF
hospitalization in each arm and no dif-
ference in the incidence of serious ad-
verse events between the two arms.

Significantly more instances of major
decline in renal function (sustained .20%
increase increatinineoreGFR,45mL/min/
1.73m2)werefoundinthedapagliflozinarm
compared with placebo (28.6% vs. 0%; P5
0.008). This decline was transient and re-
solved after reduction of loop diuretic dose
without any change in dapagliflozin dose.

CONCLUSIONS

In this mechanistic study of SGLT2i in
patientswithHF and T2DM,weobserved
that 1 year of dapagliflozin therapy did
not reverseLV remodeling.However, there
was a significant difference in diastolic BP,
loop diuretic requirements, hemoglobin,
hematocrit, and fasting ketone levels be-
tween groups. There was also a trend
toward lower weight.

Reversing LV remodeling is an impor-
tant factor in reducing mortality and
morbidity in patients with HF (7,8).
Therefore, the apparent absence of an
effect on LV remodeling in this study, if
true, is intriguing given the striking im-
provements in HF outcomes demon-
strated in large clinical trials of SGLT2i.

The DAPA-HF trial showed a reduc-
tion in HF hospitalization (seen almost

immediately) and mortality (seen later).
The rapid onset of the hospitalization
benefit is unlikely to be the result of LV
remodeling, and it is postulated to be
due to the diuretic effect of SGLT2i. We
observed significantly reduced loop di-
uretic requirements inparticipants taking
dapagliflozin, supporting this hypothesis.
Reduced congestion as a result of os-
motic diuresis is a plausible explanation
for reduction in HF hospitalizations. This
diuretic effect may also be responsi-
ble for the difference in the diastolic
BP observed between groups. However,
these effects cannot explain the sub-
stantial mortality benefits. Our findings
suggest that other mechanisms should
be considered, beyond the established
paradigm of LV remodeling, to explain
these effects of SGLT2i. Some secondary
outcomes of this study may help to
guide future investigation into potential
mechanisms.

Weobserved significantly higher hemo-
globin, hematocrit, and fasting ketones in
thedapagliflozingroup.Although thishas
been seen in other preclinical and clinical
trials of SGLT2i, we are the first to report
this in the HF population. Preliminary
research suggests that utilization of ke-
tone bodies as an alternative fuel by
cardiomyocytes may improve cardiac ef-
ficiency (9). SGLT2i also increases eryth-
ropoietin production by renal cortical
fibroblasts, contributing to increased he-
moglobin and hematocrit, thereby poten-
tially improving myocardial oxygenation
(10,11). We did not, however, explore
the effects of dapagliflozin onmyocardial
energetics or other direct cardiac effects
that have been proposed by others (12).
Clearly, more work is needed.

Our study is limitedby themild severity
ofHF and small sample size. This limits the
certainty of our findings and makes the
case for a larger, more adequately pow-
ered trial. Additionally, the adjustment of
loop diuretic dosemay have affected ven-
tricular volume/loading. At the time of
conceptualization of this study in 2014,
there was little experience with the use
of this drug class in patients with HF and
concomitant loop diuretic requirements.
This led to a cautious selection of par-
ticipantswithmilder HF onmodest doses
of diuretics. Ongoing work in a similar
trial investigating SGLT2i on LV remodel-
ing with a different agent of this class
(NCT03485092, ClinicalTrials.gov) will help
to validate our findings.
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In summary, we showed that 1 year
of dapagliflozin therapy in patients
with mild HF and T2DM reduced loop
diuretic requirements, but we did not
detect any change in CMR measures of
LV remodeling. This warrants further
investigation to understand potentially
novel mechanisms that may be respon-
sible for dapagliflozin’s effect in im-
proving HF outcomes.

Acknowledgments. The authors thank the Scot-
tish Health Research Register, Scottish Primary
Care Research Network, and Health Informatics
Centre for help in recruiting participants for
this study; the Immunoassay Biomarker Core
Laboratory,University ofDundee, for performing
the blood biomarker analysis; Petra Rauchhaus
(University of Dundee) for advice on statistical
analysis; and Tayside Clinical Trials Unit, Univer-
sity of Dundee, for support on the management
and governance of this study. The authors are
also very grateful for the assistance of Fatima
Baig and Isobel Ovens (University of Dundee)
throughout the trial.
Funding. This study was funded by a grant from
the European Foundation for the Study of Di-
abetes, Clinical Diabetes Research Programme in
Macrovascular Complications of Diabetes. I.R.M.
is supported by a National Health Service Edu-
cation for Scotland/Chief Scientist Office Post-
Doctoral Clinical Lectureship (PCL 17/07). M.M.
is supported by the British Heart Foundation
(grant number PG/14/4/30539).

Duality of Interest. J.S.S.S. declares receiving
speaker fees from Boehringer Ingelheim. P.T.D.
has received grants from Shire Pharmaceuticals
and Gilead Sciences and is a member of the
NewDrugs Committee of the ScottishMedicines
Consortium. E.R.P. declares receiving personal,
nonspecific speaker fees from Eli Lilly. A.D.S.
declares receiving funding from AstraZeneca
for research on the effects of dapagliflozin on
the heart. C.C.L. declares receiving consultancy
fees and/or research grants from Amgen, Astra-
Zeneca, Merck Sharp & Dohme, Novartis, and
Servier. No other potential conflicts of interest
relevant to this article were reported.
Author Contributions. J.S.S.S. codeveloped the
hypothesis; collected, compiled, and analyzed
the data; and authored the manuscript. I.R.M.
analyzed theCMR imagesand critically appraised
themanuscript. K.V., A.F., M.M., and S.G. helped
with data collection. P.T.D., E.R.P., A.D.S., and
C.C.L. codeveloped the hypothesis and critically
appraised themanuscript. A.M.J.C., J.G., F.K., and
J.G.H. appraised the manuscript. C.C.L. is the
guarantor of this work and, as such, had full
access to all the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the 78th Scientific
Sessions of the American Diabetes Association,
Orlando, FL, 22–26 June 2018, and the 22nd British
Society for Heart Failure Annual Autumn Meeting,
London, U.K., 28–29 November 2019.

References
1. Packer M. Heart failure: the most impor-
tant, preventable, and treatable cardiovascular

complication of type 2 diabetes. Diabetes Care
2018;41:11–13
2. Zelniker TA, Wiviott SD, Raz I, et al. SGLT2
inhibitors for primary and secondary prevention
of cardiovascular and renal outcomes in type 2 di-
abetes: a systematic review andmeta-analysis of car-
diovascular outcome trials. Lancet 2019;393:31–39
3. McMurray JJV, Solomon SD, Inzucchi SE, et al.;
DAPA-HF Trial Committees and Investigators. Dapa-
gliflozin in patients with heart failure and reduced
ejection fraction. N Engl J Med 2019;381:1995–2008
4. Singh JS, Fathi A, Vickneson K, et al. Research
into the effect of SGLT2 inhibition on left ven-
tricular remodelling in patients with heart failure
and diabetes mellitus (REFORM) trial rationale
and design. Cardiovasc Diabetol 2016;15:97
5. Mordi I, Jhund PS, Gardner RS, et al. LGE and
NT-proBNP identify low risk of death or arrhyth-
mic events in patients with primary prevention
ICDs. JACC Cardiovasc Imaging 2014;7:561–569
6. Mordi I, Bezerra H, Carrick D, Tzemos N. The
combined incremental prognostic value of LVEF,
late gadolinium enhancement, and global cir-
cumferential strain assessed by CMR. JACC Car-
diovasc Imaging 2015;8:540–549
7. Konstam MA, Kramer DG, Patel AR, Maron
MS, Udelson JE. Left ventricular remodeling in
heart failure: current concepts in clinical signif-
icance and assessment. JACC Cardiovasc Imaging
2011;4:98–108
8. KramerDG,TrikalinosTA,KentDM,Antonopoulos
GV, Konstam MA, Udelson JE. Quantitative eval-
uation of drug or device effects on ventricular
remodeling as predictors of therapeutic effects on
mortality in patients with heart failure and re-
ducedejection fraction: ameta-analytic approach.
J Am Coll Cardiol 2010;56:392–406

Table 1—Primary and key secondary outcomes

Outcome
Dapagliflozin (n 5 28),

mean (SD)
Placebo (n 5 28),

mean (SD)
Adjusted treatment
effect (95% CI) P value

LVESV (mL) 28.9 (32.7) 218.8 (51.0) 4.82 (213.28 to 22.93) 0.594

Indexed LVESV (mL/m2) 24.5 (16.7) 210.5 (26.2) 2.49 (26.30 to 11.28) 0.571
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Serum creatinine (mmol/L) 5.3 (12.8) 4.6 (12.1) 1.46 (25.56 to 8.47) 0.679

eGFR 21.2 (12.0) 25.3 (13.1) 1.96 (24.78 to 8.70) 0.563

Loop diuretic dose‡ (mg) 216.0 (18.1) 12.3 (28.3) 229.06 (242.17 to 215.95) ,0.001

BHB, b-hydroxy butyrate; LA, left atrial. †Analysis excludes large outliers; one patient from each arm because of excessive weight gain and loss
(dapagliflozin n 5 27, placebo n 5 27). ‡Bumetanide dose converted to equivalent frusemide dose (1 mg bumetanide 5 40 mg frusemide).
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