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Aims Dapagliflozin improves the prognosis of patients with heart failure (HF), regardless of left ventricular ejection fraction
(LVEF). However, its effect on cardiac remodelling parameters, specifically left atrial (LA) remodelling, is not well
established.

Methods The DAPA-MODA trial (NCT04707352) is a multicentre, single-arm, open-label, prospective and interventional study

and results that aimed to evaluate the effect of dapagliflozin on cardiac remodelling parameters over 6 months. Patients with stable

chronic HF receiving optimized guideline-directed therapy, except for any sodium—glucose cotransporter 2 inhibitor,
were included. Echocardiography was performed at baseline, 30 and 180 days, and analysed by a central core-lab in a
blinded manner to both patient and time. The primary endpoint was the change in maximal LA volume index (LAVI).
A total of 162 patients (64.2% men, 70.5 + 10.6 years, 52% LVEF >40%) were included in the study. At baseline, LA
dilatation was observed (LAVI 48.1 + 22.6 ml/m?) and LA parameters were similar between LVEF-based phenotypes
(<40% vs. >40%). LAVI showed a significant reduction at 180 days (—6.6% [95% confidence interval —11.1, —1.8],
p =0.008), primarily due to a decrease in reservoir volume (—13.8% [95% confidence interval —22.5, —4], p =0.007).
Left ventricular geometry improved with significant reductions in left ventricular mass index (—13.9% [95% confidence
interval —18.7, —8.7], p < 0.001), end-diastolic volume (—8.0% [95% confidence interval —11.6, —4.2], p < 0.001) and
end-systolic volume (—11.9% [95% confidence interval —16.7, —6.8], p <0.001) at 180 days. N-terminal pro-B-type
natriuretic peptide (NT-proBNP) showed a significant reduction at 180 days (—18.2% [95% confidence interval —27.1,
—8.2], p < 0.001), without changes in filling Doppler measures.
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Conclusion

Dapagliflozin administration in stable out-setting patients with chronic HF and optimized therapy results in global

reverse remodelling of cardiac structure, including reductions in LA volumes and improvement in left ventricular

geometry and NT-proBNP concentrations.

Graphical Abstract
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Schematic representation of main findings of DAPA MODA: administration of dapagliflozin over 6 months in stable patients, with chronic heart
failure and optimized therapy, was associated with cardiac reverse remodelling, including reductions in left atrial volume, left ventricular mass and
dimensions, and NT-proBNP levels. LAVI, left atrial volume index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction;
LVI, left ventricular indexed; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SGLT?2i, sodium—glucose cotransporter 2 inhibitor.

Keywords

Introduction

Dapagliflozin reduces the risk of de novo heart failure (HF) in dia-
betics, and it has shown to improve the prognosis of patients with
HF across all ranges of left ventricular ejection fraction (LVEF), by
preventing HF decompensations and cardiovascular death.! The
beneficial effects of dapagliflozin on HF are independent of dia-
betes status and glycaemic control. This raises the question of what
other mechanisms underlie these effects beyond sodium—glucose
cotransporter 2 (SGLT?2) inhibition. The effect of SGLT2 inhibitors
on cardiac remodelling evaluated by imaging and related biomark-
ers remains uncertain, with scarcity of studies in HF patients and
contradictory results mainly focused on patients with diabetes and
reduced LVEF2~8 Indeed, no data exist supporting a direct effect
of dapagliflozin on cardiac geometry, function and biomarkers in
presence of HF, irrespective of LVEF.

Adverse myocardial remodelling affecting the left ventricle is a
key factor in the progression of HF and current well-established
HF phenotypes are based on LVEF. However, other relevant play-
ers have received less attention, such as the left atrium. Indeed,
the left atrium plays a critical role in cardiac function, particularly
in left ventricular (LV) filling during diastole. Additionally, atrial dys-
function can directly lead to pulmonary congestion. Left atrial (LA)

Heart failure o Left atrium o Remodelling

Biomarkers o Dapagliflozin

remodelling occurs in HF irrespective of the degree of LV systolic
dysfunction, and can be observed in the presence of preserved or
reduced LVEF’~"2 The geometry of the left atrium is a predictor for
the development of HF in high-risk patients,’ and has been consis-
tently linked to higher rates of hospitalization and death in patients
with HE3-1° As a result, atrial disease has become an important
concept that has been highlighted in the most recent guidelines for
HF from the European Society of Cardiology (ESC).2° However,
there are lacking data about the impact of therapies on revers-
ing LA remodelling and, specifically, no data are available about
SGLT2 inhibitors. In addition, improvement in imaging techniques
represents an additional opportunity to better understand the role
of LA reverse remodelling as a therapeutic target irrespective of
LVER'""17 The aim of this study was to investigate the impact
of dapagliflozin on cardiac remodelling parameters, specifically LA
remodelling, in patients with HF regardless of their LVEF.

Methods

The DAPA-MODA trial (NCT04707352) is a multicentre, single-arm,
open-label, prospective and interventional study, specifically designed
to assess the effect of dapagliflozin on cardiac remodelling parame-
ters over a period of 6 months, in stable patients with chronic HF
irrespective of LVEF and diabetes status. The study design is presented
in Figure 1.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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* 2400 pg/ml if hospitalized for HF within the previous 12 months; 2900 pg/ml if concomitant atrial fibrillation at screening irrespective of time to last HF hospitalization.
** According with ESC HF guidelines and with stable doses of all of them, including oral loop diuretics for at least 1 month.

t Follow-up visits of the study: blood samples, clinical and vital signs, quality of life and adverse events were obtained in all of them.

A Interpretation of echo studies was clinically and temporally blinded and performed by an independent echo core-lab.

Figure 1 DAPA-MODA study design. ECHO, echocardiography; HF, heart failure; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; SGLT2i, sodium—glucose cotransporter 2 inhibitor.

Study population

The study population included stable out-setting patients with
established diagnosis of chronic HF and receiving an optimized
guideline-directed therapy, for at least 1month, except that they
were not on dapagliflozin or any other SGLT?2 inhibitor at the time of
screening. Subjects eligible for inclusion in this study have to fulfill all of
the following criteria: age >18 years; prior diagnosis of HF, with at least
one hospitalization for HF at any time; New York Heart Association
(NYHA) class |1-1V; LVEF available (echocardiogram or cardiac mag-
netic resonance imaging) within the last 12 months prior to enrolment;
treatment according to contemporary guideline recommendations and
with stable doses of oral loop diuretics for at least 4 weeks; N-terminal
pro-B-type natriuretic peptide (NT-proBNP) >600 pg/ml at screening
(>400 pg/ml if hospitalized for HF within the previous 12 months;
>900 pg/ml if concomitant atrial fibrillation at screening irrespective
of time to last HF hospitalization). Among exclusion criteria, there
were: prescription of dapagliflozin or other SGLT2 inhibitor at any time
within the previous 6 months; diagnosis of type 1 diabetes mellitus; any
worsening HF episode, with or without hospitalization, within 4 weeks
prior to enrolment; presence at screening of an estimated glomerular
filtration rate <30 ml/min/1.73m? or symptomatic hypotension, or
systolic blood pressure <95 mmHg (expanded exclusion criteria are
provided in online supplementary Appendix S7). The study protocol
was approved by the Institutional Ethics Committee (ESR/20/20594),
and all participants were required to sign an informed consent prior
to enrolment.

Investigational therapy and endpoints

All eligible subjects received dapagliflozin 10 mg daily (Figure 7). The
study treatment was provided for the duration of the trial from
baseline (Day 1) through last visit (Day 180). The scheduled visits were
programmed at baseline, 30, 90and 180 days. The primary endpoint
was the change in maximal LA volume indexed to body surface
area (LAVI) from baseline to 180days. The secondary endpoints
included the change in other parameters of LA and LV geometry and
function, and the change in established related circulating biomarkers
(NT-proBNP, and high-sensitivity troponin T [hs-TnT]). As safety

endpoints, these included: death (all-cause, HF and cardiovascular
related); hospitalization (all-cause, HF and cardiovascular related);
worsening HF defined as the need for outpatient intravenous diuretics,
due to impairment of HF condition. Change in quality of life was
assessed using the EuroQol instrument, where patients rate their
overall health on the day of each visit on a 0—100 hash-marked vertical
visual analogue scale (EQ-VAS).2!

Echocardiography and biomarker
measurements

The study procedures were performed at baseline (immediately,
0—24h, before the initiation of dapagliflozin), at 30 days and 180 days.
Echocardiographic studies were acquired locally by the same accred-
ited specialists at each centre, and using the same equipment,
according to standardized quality criteria per protocol. Echo files
(DICOM format) were blinded to patient and time of acquisition
and then transmitted in a secure fashion to a study cloud linked
to the electronic case report form platform. Only the independent
contract research organization had access to the cloud and handled
the echo studies in order to confirm that blinding was complete,
and metadata and format were correct. Following completion of all
study procedures, the studies were transmitted to the accredited
central echo core-lab (JLZ), that performed the analysis with no
access to data about patient or time, by using a virtual echo station
and the Intellispace Platform (Philips, Andover, MA, USA), according
to the established protocol and the echocardiographic guidelines of
the European Association of Cardiovascular Imaging (EACVI).22 In
the case of lack of enough quality images, or lack of a full cardiac
cycle, missing view, non-DICOM images, or significant foreshortening
of the cavity, the measurements were considered unreliable, and the
patient was excluded from the analysis (n=6). Finally, raw data were
automatically downloaded and directly exported for the independent
data statistical analysis. Blood samples were obtained locally during the
established visits and transferred to the central Biobank of the Region
of Murcia, BIOBANC-MUR, registered in the National Registry of
Biobanks (B0000859), following standard working procedures and
with the approval of the Ethics Committee. NT-proBNP and hs-TnT

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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were centrally measured (Cobas® 8000 system, Roche Diagnostics)
using commercially available electrochemiluminescence immunoassays
(Elecsys proBNP Il and Troponin T hs, Roche Diagnostics).

Statistical analysis

The sample size was estimated in 162 patients considering a baseline
LAVI value of 38 + 15ml/m? and a reduction of at least 10% in LAVI
as a clinically meaningful reverse remodelling response,’’17:2324 with
a power of 80% and a significance level of 0.05 (2-sided alpha level).
The analysis of the primary and secondary endpoints was based on the
full analysis set. The safety set consisted of all subjects who received,
at least, one dose of the study drug and was used for the analyses
of safety variables. For categorical data, frequencies and percentages
were presented. For continuous data, the mean (standard deviation) or
median (interquartile range [IQR]) was presented according to the type
of distribution. Continuous variables with an exponential scale were
log-transformed to achieve normality. Changes from baseline were
estimated using linear mixed model in logarithmic scale (equivalent to
geometric mean ratios), and patients with missing data were excluded.
The Dunnett correction was used to correct for multiple comparisons
when considering all visits (baseline, 30days and 180days). In all
analyses, two-sided 95% confidence intervals (Cl) and p-values were
calculated, using a significance level of 0.05. The software used for the
analysis was R v4.1, and the emmeans library was used to estimate
marginal means from the models.

Results
Study population

A total of 162 patients (64.2% men) were enrolled with a mean
age of 70.5 +10.6 years (40% >75 years). The study flow chart is
presented in online supplementary Figure S1. Table 1 shows clinical
characteristics for the entire study population and considering
LVEF-based phenotypes at screening: <40% (n =78, 48%) or >40%
(n=284, 52%). Among clinical characteristics, 43% had permanent
atrial fibrillation, 36% had coronary artery disease, 22% were
diabetics and most patients were in NYHA class |l (80%) at
baseline. As a pre-specified inclusion criteria, all patients had a
previous HF hospitalization, with a median time from last admis-
sion of 1.2years. The patient characteristics differed between
the HF with reduced ejection fraction (HFrEF) and LVEF >40%
groups, as expected. Patients in the HFrEF group had higher rates
of male sex and ischaemic disease, while patients in the LVEF
>40% group were older and had higher rates of hypertension,
atrial fibrillation and valvular disease. The patients included in the
study were receiving optimized therapy, with a high adherence
to guideline-directed treatments for HFrEF. Specifically, 94% of
patients were on beta-blockers and renin—angiotensin system
inhibitors (or angiotensin receptor—neprilysin inhibitor), and 87%
were on mineralocorticoid receptor antagonists. No differences
were found in terms of analytical parameters.

Table 2 presents the baseline results of the study procedures.
Maximal LAVI was significantly increased, with a mean value of
48.1 +22.6 ml/m? and a median of 44.8ml/m? (IQR 33.8-56.5),
with 42% of patients showing severe LA enlargement (>48 ml/m?2),
and all the rest of LA measurements were in pathological ranges.

The mean LVEF was 48.5 + 12.4%. While the LVEF-based groups
differed significantly in all parameters related to LV function
and remodelling, there were no significant differences in any
parameter reflecting LA remodelling or function, suggesting a
similar contribution to HF syndrome regardless of LVEF. Median
NT-proBNP and hs-TnT was 1411 pg/ml (IQR 950-1955) and
19.40 (IQR 14.30—-31.85), respectively, with no significant differ-
ences between groups.

Dapagliflozin and changes in left atrial
remodelling

Table 3 presents the changes observed in echocardiographic param-
eters throughout the study. After 30days, all echo parameters
showed a tendency towards improvement, although without statis-
tical significance. The primary endpoint of the study, maximal LAVI,
exhibited a slight reduction of —1.7% (95% Cl —5.7, 2.5, p = 0.429)
at 30days, which became statistically significant at 180 days with
a reduction of —6.6% (95% Cl —11.1, —1.8, p=0.008). No inter-
action was observed with relevant subgroups, including LVEF,
permanent atrial fibrillation, age and sex (p=NS). At 180 days,
41.2% of patients showed an improvement in LAVI greater than
10% compared to baseline. The reduction in maximal LAVI was
attributed to a decrease in LAVI reservoir (—13.8% [95% Cl —22.5,
—4.0]; p =0.007). However, the minimal LAVI remained unchanged,
leading to a reduction in both LA expansion index and LA emptying
fraction. Other parameters related to maximal LA dimensions,
including diameters, were also improved. In patients with sinus
rhythm, a significant reduction in pre-A volume (atrial contraction)
was observed (—12.5% [95% Cl| —18.7, —5.8], p <0.001). There
were no significant changes in reservoir, conduction, and contrac-
tion components of LA strain parameters. Figure 2 shows changes
in LAVI restricted to patients who fulfilled all programmed visits.

Dapagliflozin and changes in left
ventricular remodelling and biomarkers

An improvement in all parameters related to LV geometry was
observed (Table 3), with an earlier response seen in terms of vol-
umes at 30days. At 180 days, a significant reduction in LV mass
index was observed (—13.9% [95% CI —18.7, —8.7], » < 0.001). The
reduction in LV end-diastolic volume (—8.0% [95% CI —11.6, —4.2],
p <0.001) and LV end-systolic volume (—11.9% [95% CI —16.7,
—6.8], p<0.001) at 180days was associated with an improve-
ment in LVEF (5.0% [95% Cl 0.2—-9.9], p =0.040) and global lon-
gitudinal strain (8.9% [95% Cl 0.6—17.9], p =0.036). Although no
change was observed in Doppler filling pressures, NT-proBNP
concentrations showed a trend toward early reduction at 30 days
(—8.3% [95% Cl —16.6, 0.7], p = 0.070), which reached significance
at 180days (—18.2% [95% Cl —27.1, —8.2], p <0.001). Hs-TnT
concentrations were steady across the study visits (baseline vs.
180days: 1.2% [95% Cl —4.2, 6.9], p=0.667). Figure 3 shows
changes in LV mass index and NT-proBNP levels restricted to
patients who fulfilled all programmed visits.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline clinical characteristics

Overall LVEF group p-value
<40% >40%
Patients, n 162 78 84
Age, years 70.5+10.6 67.9+11.0 729+9.73 0.003
Male sex 104 (64.2) 56 (71.8) 48 (57.1) 0.071
BMI, kg/m? 28.3+5.30 28.4+4.98 28.2+5.69 0.895
Clinical variables
SBP, mmHg 124+16.0 122+16.8 126 +15.0 0.118
DBP, mmHg 72.3+10.8 73.5+122 71.3+9.28 0.196
Heart rate, bpm 71.7+149 69.7+12.9 73.5+16.5 0.105
NYHA class I/II/1I/1V, % 11/80/10/0 10/81/9/0 11/79/11/0 0.959
Medical history
Hypertension 91 (56.2) 36 (46.2) 55 (65.5) 0.017
Diabetes 35(21.6) 17 (21.8) 18 (21.4) 1.000
Dyslipidaemia 87 (53.7) 40 (51.3) 47 (56.0) 0.637
Smoking 21 (13.0) 11 (14.1) 10 (11.9) 0.816
Cancer history 34 (21.0) 9(11.5) 25 (29.8) 0.006
COPD 27 (16.7) 7 (9.0) 20 (23.8) 0.012
CVD or PVD 31 (19.1) 13 (16.7) 18 (21.4) 0.549
Coronary artery disease 58 (35.8) 30 (38.5) 28 (33.3) 0.516
Prior AMI 36 (22.2) 23 (29.5) 13 (15.5) 0.038
Coronary revascularization 38 (23.5) 21 (26.9) 17 (20.2) 0.356
Permanent AF rhythm 69 (42.6) 24 (30.8) 45 (53.6) 0.004
Pacemaker 18 (11.1) 7 (9.0) 11 (13.1) 0.460
ICD 27 (16.7) 24 (30.8) 3(3.6) <0.001
Valvular disease 20 (12.3) 5(6.4) 15 (17.9) 0.032
Last HF admission, years 1.2 [0.4-3.6] 1.2 [0.4-4.3] 1.0 [0.5-2.7] 0.347
Laboratory
Creatinine, mg/dl 1.17+0.37 1.22+0.37 1.13+0.35 0.125
eGFR, ml/min/1.73 m? 64.9 +20.1 63.5+184 66.2+21.6 0.405
Sodium, mmol/L 140 +3.36 140 +3.15 140 +3.56 0.890
Potassium, mmol/L 4.37 +£0.50 4.41+£0.43 4.33+0.56 0.330
Haemoglobin, g/d| 13.6+2.21 13.7£2.60 13.5+£1.77 0.604
Medication
Beta-blockers 142 (87.7) 73 (93.6) 69 (82.1) 0.032
ACEI/ARB 58 (35.8) 25 (32.1) 33 (39.3) 0.413
Sacubitril/valsartan 65 (40.1) 48 (61.5) 17 (20.2) <0.001
Aldosterone antagonists 108 (66.7) 68 (87.2) 40 (47.6) <0.001
Oral furosemide 133 (82.2) 61(78.2) 72 (85.7) 0.226
Oral furosemide dose, mg/day 40 [40-80] 40 [40-80] 70 [40-120] 0.002
Thiazides 14 (8.6) 2 (2.6) 12 (14.3) 0.010
Digoxin 30 (18.5) 15 (19.2) 15 (17.9) 0.842
Antiplatelets 42 (25.9) 25 (32.1) 17 (20.2) 0.107
Anticoagulant 108 (66.7) 46 (59.0) 62 (73.8) 0.066
Statins 102 (63.0) 54 (69.2) 48 (57.1) 0.143
Metformin 21 (13.0) 11 (14.1) 10 (11.9) 0.816

Values are given as mean =+ standard deviation, n (%), or median [interquartile range].

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AMI, acute myocardial infarction; ARB, angiotensin Il receptor blocker; BMI, body mass index; COPD,
chronic obstructive pulmonary disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable
cardioverter-defibrillator; NYHA, New York Heart Association; PVD, peripheral vascular disease; SBP, systolic blood pressure.

Clinical evolution and adverse events . life (EQ-VAS). During the foIIow-up period, 4 patients died (2.5%),

For the entire population, a reduction in body mass index and 7 (4.3%) were hospitalized due to HF, 11 (6.8%) required outpatient

systolic blood pressure was observed at 180 days, with no changes - intravenous diuretics and 18 (11.1%) were hospitalized due to

in heart rate, and a parallel improvement in self-reported quality of : non-HF related reasons. Overall, 22 (13.6%) experienced any

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Baseline study variables in the entire population and according to left ventricular ejection fraction
categorization at screening

All (n=156) LVEF <40% (n=174) LVEF >40% (n =82) p-value
Left atrium
LAVI maximal, ml/m? 48.10 +22.64 47.31+£22.27 48.81 +23.08 0.685
LAVI reservoir, ml/m?2 13.45+7.25 13.69 +£6.02 13.23+8.24 0.697
LAVI minimal, ml/m? 34.65+19.16 33.61+19.88 35.57+18.57 0.531
LA expansion index, % 47.25+33.70 50.55+34.30 44.28 +33.09 0.254
LA emptying fraction, % 29.33 +12.57 30.87 +12.37 27.93 +12.66 0.151
LA strain reservoir, % 13.96 +8.00 14.48+7.76 13.47 +8.23 0.450
LA strain conduct, % —8.70 +£5.07 —8.28+5.01 —-9.10+5.12 0.328
LA strain contraction?, % —8.38 +6.32 —-7.90+6.67 -9.10+5.80 0.417
Left ventricle
LVEDVI, ml/m? 59.96 +26.52 74.21+29.15 4718 +15.19 <0.001
LVESVI, ml/m? 33.13+22.01 45.55 +24.64 21.97 +10.67 <0.001
LVI mass, g/mz 119.16 +46.28 134.66 +49.41 105.35 + 38.64 <0.001
LVEF, % 48.54 +12.41 41.67 +12.01 54.71+9.13 <0.001
GLS, % —-11.59+4.15 -10.27 +3.67 —-13.00+4.19 <0.001
E/e’ ratio 15.57 +7.87 16.82 +£9.76 14.49 +£5.63 0.074
NT-proBNP, pg/ml 1411 [950—1955] 1269 [897-1778] 1462 [950-2108] 0.480
EQ-VAS, % 70 [60-80] 70 [60-80] 70 [60—80] 0.775

Values are given as mean =+ standard deviation or median [interquartile range].
EQ-VAS, EuroQol visual analogue scale; GLS, global longitudinal strain; LA, left atrial; LAVI, left atrial volume index; LVEDVI, left ventricular end-diastolic volume index; LVEF,
left ventricular ejection fraction; LVESVI, left ventricular end-systolic volume index; LV, left ventricular indexed; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

?Patients with evaluable ‘p’ at electrocardiogram (n=75).

Table 3 Changes in echocardiographic parameters and clinical endpoints from baseline to 30 days and 180 days

Baseline vs. 30 days

LS mean
change (95% CI)

% change
(95% CI)

Baseline vs. 180 days

LS mean
change (95% CI)

% change
(95% CI)

Left atrium
LAVI maximal
LAVI reservoir
LAVI minimal
LA expansion index
LA emptying fraction
LA strain reservoir
LA strain conduct
LA strain contraction
Left ventricle
LVEDV
LVESV
LVI mass
LVEF
GLS
Ele’
Biomarkers
NT-proBNP
Clinical variables
Weight
SBP
Heart rate
EQ-VAS

a

~0.71 (-2.95, 1.52)
~0.77 (=2.06, 0.52)
0.07 (~1.75, 1.89)
~3.66 (-9.05, 1.73)
~1.14 (-3.2,093)
~0.82 (—1.96, 0.32)
~0.38 (129, 0.54)
0.06 (—1.13, 1.24)

~2.12 (—4.49, 0.24)
~1.75 (~3.58, 0.08)
~2.17 (-821, 3.87)
0.84 (~0.68, 2.36)
0.42 (~0.39, 1.23)
~0.51 (=1.71, 0.69)

-51.42 (-191.41, 88.57)

—0.36 (~1.02, 0.29)
—2.1 (=5.13, 0.93)
—0.86 (~3.58, 1.86)
1.97 (~0.99, 4.92)

-1.7 (-5.7,2.5)
—52(=14.1, 45)
0.4 (-42,52)
—5.4 (~15.4,5.7)
—3.6(=113,47)
—6.6 (—16.8, 4.8)
—93(-237,79)
32(-21.6, 36)

—47 (-85, -0.8)
—5.6(=10.1,-0.9)
—22(-72,3)
2(-1.6,57)

1.8 (=6.1,10.3)
—2.7 (86, 3.6)

-83(-16.6,07)

—0.5(~13,0.3)
—1.7 (=4.1,0.7)
—0.6 (—4.2,3.1)
4.1 (-1.6,102)

0.019
0.021
0.398
0.285
0.664
0.392

0.070

0.230
0.202
0.891
0.203

~1.96 (—4.39, 0.47)
~1.91 (-3.15, —0.66)
—0.48 (-2.2,1.24)
-8.81 (—14.24, —-3.38)
~2.79 (-4.79, —0.79)
—0.6 (-2.01, 0.8)

0.12 (-0.81, 1.06)
—0.73 (-2.22, 0.75)

~4.92 (-7.34, -2.51)
—44 (~6.27, —2.54)
~16.46 (—22.82, —10.11)
2.29 (0.4, 4.15)

1.13 (0.25, 2.01)

-0.01 (-1.15,1.17)

—123 (-299, 54.1)

—0.68 (—1.34, —0.01)
~3.9(-6.97, —0.82)
—0.95 (-3.71, 1.81)
4.87 (1.86,7.88)

—6.6(-11.1,-1.8)
—13.8(-225, —4)
—22(-7.1,29)
—11.8 (=212, -14)
—7.4 (=149, 08)
~7.4(=199,7)
—1.6 (—15.2, 14)
—17.3 (=39.6, 13.4)

-8 (=116, —4.2)
—11.9 (=167, —6.8)
~13.9(-18.7, -8.7)
49(02,9.9)

89 (0.6, 17.9)

—1.5 (=75, 4.9)

-182 (=271, -82)

—0.9 (-1.7, -0.1)
—32 (5.6, -0.8)
—0.9 (—4.5,2.9)
6.8 (0.8, 13.2)

0.008
0.007
0.393
0.028
0.076
0.293
0.825
0.235

<0.001
<0.001
<0.001
0.040
0.036
0.644

<0.001

0.033
0.007
0.810
0.023

Cl, confidence interval; EQ-VAS, EuroQol visual analogue scale; GLS, global longitudinal strain; LA, left atrial; LAVI, left atrial volume index; LS, least squares; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVI, left ventricular indexed; NT-proBNP, N-terminal
pro-B-type natriuretic peptide; SBP, systolic blood pressure.
2Patients with evaluable ‘p’ at electrocardiogram (n=75).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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0%

p=0.430
-2.6(-7.7,2.7)

p=0.004
-7.3(-12.2, -2.1)
-10%

% change of LAVi maximal

-15%

Baseline 30 days 180 days

Figure 2 Changes in maximal left atrial volume index (LAVi) in
the population with all programmed visits completed (n = 138).

serious adverse event, and five patients (3.1%) had to discontinue
dapagliflozin permanently (online supplementary Table S7). The
rates of the rest of medications were steady across visits except
for furosemide (online supplementary Table S2), with a significant
lower rate at 180 days versus baseline (82% vs. 66%, p = 0.005).

Discussion

The DAPA-MODA study revealed that dapagliflozin treatment in
chronic HF patients with stable clinical condition led to both atrial
and ventricular reverse remodelling, as well as improvements in
associated biomarkers (Graphical Abstract). These findings provide
important insights into the mechanisms underlying the benefits of
SGLT?2 inhibitors across all stages of HF. Prior to this study, there
were limited data available on the ability of SGLT2 inhibitors to
reverse remodelling of both the atrial and ventricular regions, and
the data on the left ventricle were sparse and inconsistent.

The study’s key finding was that dapagliflozin had similar positive
effects on LA geometry and function in patients with chronic HF,
regardless of LVEF-based phenotypes. Even after accounting for
higher rates of permanent atrial fibrillation in patients with LVEF
>40%, this finding remained consistent. However, it is worth noting

p=0544
~5%1 -2.6 (-8.6, 3.8)

-10%

p <0.001

5% -13.1 (-18.5, -7.4)

-20%

% change of LVi mass

-25%

Baseline 30 days 180 days

o]

% change of NT-proBNP

that the studied population had long-standing chronic HF and
well-optimized treatment, yet a significant proportion of patients
(42%) had severely dilated left atria and all evaluated LA parameters
were affected, indicating an established LA disease. The relationship
between left atrium and HF progression is unclear. LA disease could
contribute to HF irrespective of LVEF, or it may simply reflect
a passive role in HF, representing the chronicity of elevated LV
pressures across the LVEF spectrum.

In addition, this study supports an association between treat-
ment with dapagliflozin and reduction in LAVI, which is the most
reliable and established marker of LA remodelling and dysfunction.
This change in LA geometry lays in the concept of LA reverse
remodelling, which refers to the temporal process leading to a
reduction in LA volume and/or a restoration of specific func-
tional parameters.'"?> While the link between elevated LAVI and

d,’9-5 there is a

unfavourable clinical outcomes is well establishe
scarcity of data regarding the effectiveness of therapies in reversing
LA disease and their correlation with clinical outcomes. In patients
with HFrEF, resynchronization therapy has a favourable impact on
LAVI and the degree of improvement correlates with the risk of
adverse events.?®?” The PROVE-HF trial, similar in design to the
DAPA-MODA study, evaluated the effect of sacubitril/valsartan
on LAVI in HFrEF patients and found a significant reduction
(=44 ml/m2, p <0.001) after 6 months.?> The EVALUATE-HF trial
also reported similar findings compared to enalapril. In HFpEF
patients,?® sacubitril/valsartan has shown a positive effect on
LAVI, with a reduction observed in the PARAMOUNT study
(2.6 +7.3ml/m?, p=0.007)** and in the TOPCAT echocardio-
graphic sub-study, each 1 ml reduction in LAVI at 18 months was
associated with a 3% lower risk of the primary endpoint after
adjusting for baseline LAVI.?

There is a limited amount of data available on the effects of
SGLT2 inhibitors on LA remodelling, and the majority of these
studies have focused on patients with diabetes and HFrEF23:242829
In a small randomized study (n=56), dapagliflozin had no effect
in either LAVI or LV remodelling at 12 months.” In other small
randomized trial with empagliflozin (n=105), while LAVI did not
change, a reduction in LV volumes was observed by using cardiac
magnetic resonance at 36 weeks.? In another small observational

a
R

o
B

|
&
X

.| p=0199
-8.5(-19.2, 3.6)

I
=)
X

|
a
B

p=0.001

—20% —18.1 (-27.7,-7.3)

-25%

Baseline 30 days 180 days

Figure 3 Changes in left ventricular indexed (LVi) mass (A) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentrations (B)

in the population with all programmed visits completed (n = 138).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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study with 58 patients (69% HFpEF), dapagliflozin administration
was associated with a reduction of LAVI, as well as Doppler filling
measures and LV mass index.> The DAPA-MODA study showed
that treatment with dapagliflozin was associated with a reduc-
tion in maximal LAVI, which was attributed to a reduction in the
reservoir volume during ventricular systole (LA diastole), which
mainly correlates with LA diastolic filling and preload. It should be
explained by decongestion and haemodynamic effects; indeed, need
for diuretics also decreased during the follow-up. In terms of LA
emptying, no effect was observed in emptying volumes and, given
that minimal LA did not change, LA global emptying fraction was
slightly lower. LA strain parameters have received special attention
in the last years in an attempt to improve the ability to under-
stand atrial disease, although they are not yet clinically validated and
reproducibility is variable.®° In the studied population, strain mea-
sures did not change. This neutral effect might be explained by the
high rate of atrial fibrillation in this population and/or the presence
of a more advanced LA disease. The DAPA-MODA study partici-
pants had a significantly larger LAVI (mean of 48 ml/m?) than other

studies, 2628

indicating advanced LA disease reflecting chronicity
and stability in the inclusion criteria. This could limit dapagliflozin’s
impact on strain and function parameters, reinforcing the role of a
hemodynamic effect. However, despite no effect on emptying and
strain parameters, improvement in LAVI and LA expansion index
suggests a meaningful enhancement in LA remodelling and reduc-
tion of LA filling stress. LAVI reduction was greater than 10% in
41.2% of patients, representing a clinically meaningful reverse LA
remodelling response.’!17:2324

Regarding the changes in LV remodelling, a favourable effect of
SGLT2 inhibitors on LV remodelling has been found in patients with
type 2 diabetes and/or HFrEF2¢ with a more pronounced effect
on LV mass than LV volumes.* Indeed, in type 2 diabetic patients
and LV hypertrophy, but not HF, dapagliflozin was associated
with a reduction in LV mass.3’ However, in a recent randomized
controlled trial that involved patients at risk of HF, without dia-
betes or HF, empagliflozin did not demonstrate any significant
impact on LV remodelling.3? It has been suggested that cardiac
anti-remodelling effects of SGLT2 inhibitors are particularly signif-
icant in patients with HF> The DAPA-MODA study showed that
dapagliflozin improved cardiac geometry by reducing LV dimen-
sions and mass (—14%), leading to mild improvements in systolic
function. These results provide further evidence of the positive
effects of dapagliflozin on cardiac health, especially in patients
with chronic HF, regardless of diabetes status or LVEF phenotype.
NT-proBNP concentrations showed early improvement at 30 days
and reached significance with a mean drop of —18% at 6 months in
the DAPA-MODA study. In comparison, the EMPEROR-Reduced
trial showed that empagliflozin reduced NT-proBNP by 5-13%
compared to placebo across multiple timepoints, which correlated
with clinical endpoints.3> However, in the DEFINE-HF trial with
HFrEF patients, dapagliflozin did not show an apparent reduction
of NT-proBNP levels at 3 months, but a higher proportion of
patients had a reduction >20% with dapagliflozin than placebo.®
DAPA-MODA’s broader population, including HFpEF patients,
provides further evidence of SGLT2 inhibitor’s effect on natriuretic
peptides, albeit the magnitude of the reduction was relatively small

compared to other therapies. Notably, natriuretic peptides play a
beneficial role in cardiovascular pathophysiology, and the observed
disconnection between reduction in cardiac stress and lower pro-
duction of natriuretic peptides could potentially explain the results.

This study has several limitations inherent to the open-label
observational design. The lack of a control group precludes to
establish definitive conclusions about causality and the effect of
dapagliflozin in studied parameters. However, this limitation is par-
tially overcome by the inclusion criteria that ensured clinical stabil-
ity of patients, which supports that the observed effects were due
to the introduction of dapagliflozin and not to the natural evolution
of patients. Furthermore, the interpretation of the echo param-
eters was conducted in a blinded manner for both patient and
time, which strengthens the reliability of the findings. Finally, the
observed changes in clinical parameters are in agreement with the
known effects of SGLT?2 inhibitors, apart from the fact that there
is no room for a placebo-controlled design with current evidence.

In conclusion, the DAPA-MODA study demonstrated that initia-
tion of dapagliflozin in patients with stable chronic HF is associated
with a reduction of LAVI, LV mass and concentration of natriuretic
peptides after 6 months. These findings support the concept of left
atrium as part of global adverse remodelling in HF, regardless of
LVEF, and suggest that dapagliflozin may have the ability to reverse
cardiac remodelling as part of its benefit in HF patients.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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