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Background Sodium-glucose co-transporter-2 inhibitors improve cardiac structure but most studies suggest no change 
in left ventricular (LV) systolic function at rest. Whether sodium-glucose co-transporter-2 inhibitors improve LV contractile 
reserve is unknown. We investigated the effect of empagliflozin on LV contractile reserve in patients with heart failure (HF) 
and reduced ejection fraction. 

Methods Prespecified sub-study of the Empire HF trial, a double-blind, placebo-controlled, and randomized trial. Pa- 
tients with LV ejection fraction (LVEF) ≤ 40% on guideline-directed HF therapy were randomized (1:1) to empagliflozin 
10 mg or placebo for 12 weeks. The treatment effect on contractile reserve was assessed by low dose dobutamine stress 
echocardiography. 

Results In total, 120 patients were included. The mean age was 68 (SD 10) years, 83% were male, and the mean LVEF 
was 38 (SD 10) %. Respectively 60 (100%) and 59 (98%) patients in the empagliflozin and placebo groups completed 

stress echocardiography. No statistically significant effect of empagliflozin was observed for the contractile reserve assessed 

by LV-GLS (adjusted mean absolute change, empagliflozin vs placebo, 0.7% [95% confidence interval {CI} –0.5 to 2.0, 
P = .25]) or LVEF (adjusted mean absolute change, empagliflozin vs placebo, 2.2% [95% CI –1.4 to 5.8, P = .22]) from 

baseline to 12 weeks. LV-GLS contractile reserve was associated with accelerometer-measured daily activity level (coefficient 
–24 accelerometer counts [95% CI –46 to –1.8, P = .03]). 

Conclusions Empagliflozin for 12 weeks added to guideline-directed HF therapy did not improve LV contractile reserve 
in patients with HF and reduced ejection fraction. (Am Heart J 2022;250:57–65.) 
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Treatment with sodium-glucose co-transporter-2
(SGLT2) inhibitors has demonstrated reductions in
mortality and heart failure (HF) hospitalizations in pa-
tients with HF and reduced ejection fraction (HFrEF). 1 , 2 

A number of hypotheses have been put forward on
the possible underlying mechanisms, including effects
on cardiac structure and function. 3 While only left
ventricular (LV) mass is reduced in type 2 diabetes
without HF, 4 , 5 LV dilatation is consistently improved in
HFrEF patients, 6-8 and with a further left atrial volume
reduction reported by some. 8 These changes suggest
improvements in cardiac loading conditions and reverse
cardiac remodeling. Despite the lack of SGLT2 inhibitor
receptors in the heart, other proposed effects to support
https://doi.org/10.1016/j.ahj.2022.04.008 
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improvements in cardiac remodeling and contractility
include sodium-hydrogen exchanger inhibition with
improved calcium handling in the myocardium, 9 , 10 and
increased availability of ketone bodies as an energy-
efficient fuel. 11 However, in HFrEF patients, conflicting
results have been reported on the effect of SGLT2 in-
hibitors on LV systolic function at rest and supplemental
investigations during stress are lacking, as assessment
of contractile reserve may be more sensitive to detect
potential improvements in the systolic function. 6-8 The
observed cardiac effects with SGLT2 inhibitors at rest,
together with the proposed beneficial alterations in
cardiac calcium handling and energy metabolism, 10 , 15

suggest that improvements in LV contractile reserve may
be anticipated with this class of drugs. In fact, contractile
reserve has been demonstrated to be improved with
empagliflozin in a porcine model of HFrEF using cardiac
magnetic resonance during dobutamine infusion at low
dose. 16 Also, SGLT2 inhibitors reduce aortic stiffness and
afterload, 17 so an improvement in systolic function could
be expected. LV contractile reserve is an independent
predictor of cardiovascular mortality and predicts the
response to cardiac resynchronization therapy. 12-14 Thus,
improved LV contractile reserve could potentially link
the proposed cellular mechanisms in the heart with the
reductions in adverse clinical outcomes observed with
SGLT2 inhibitors. Therefore, we investigated the effect
of the SGLT2 inhibitor empagliflozin on LV contractile
reserve in patients with HFrEF. 

Methods 

Study overview 

The present study was conducted as part of the Em-
pire HF trial which has been previously reported. 18 , 19

In brief, this was an investigator-initiated, double-blind,
and placebo-controlled trial, investigating the short-term
effects of empagliflozin in patients with stable, chronic
HFrEF. No significant change in N-terminal pro-brain na-
triuretic peptide, the primary endpoint of the study, was
observed. 19 The research protocol complies with the
Declaration of Helsinki and the study was approved by an
institutional review board (Danish National Committee
on Health Research Ethics, number H-17010756). Writ-
ten informed consent was obtained from all patients.
The study was prospectively registered with ClinicalTri-
als.gov (NCT03198585). This research was supported by
The Danish Heart Foundation, The Research Council and
The Research and Innovation Foundation of the Depart-
ment of Cardiology at Herlev and Gentofte University
Hospital, The A.P. Møller Foundation for the Advance-
ment of Medical Science, and The Capital Region of Den-
mark. The manufacturer of empagliflozin had no role in
any aspect of the study. The authors are solely respon-
sible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its fi-
nal contents. 

Patients 
Included patients constituted a subgroup of the total

Empire HF study population and were recruited from 4
specialized HF outpatient clinics in Denmark. 18 Patients
on stable doses of guideline-directed HF therapy, in New
York Heart Association functional class I to III, and with
a LV ejection fraction (LVEF) ≤ 40% were eligible. Pa-
tients with type 2 diabetes were required to be on stable
doses of anti-diabetic drugs prior to study inclusion. Pa-
tients treated with an SGLT2 inhibitor at the screening
visit were not eligible. The full list of inclusion and ex-
clusion cr iter ia has previously been reported. 18 

Randomization 

At the baseline visit, eligible patients were randomly
assigned (1:1) to receive oral empagliflozin 10 mg or
matching placebo once daily for 12 weeks. An inde-
pendent institution, The Glostrup Hospital Pharmacy
(Glostrup, Denmark), computer-generated the allocation
sequence with random numbers in permuted blocks of
10. No stratification was performed. Study investigators
and patients were blinded to treatment allocations for the
duration of the study. 

Echocardiography 

Transthoracic echocardiography was performed at the
baseline visit and repeated after 12 weeks (90 ± 15
days) at The Herlev and Gentofte University Hospital
(Herlev, Denmark). Patients performed an overnight fast
and paused beta-blocker therapy and nitrates for 24
hours prior to the examination. A Vivid E9 ultrasound
system with a M5S probe was used for all examina-
tions (General Electric Healthcare, Chicago, IL) and were
performed by a single investigator. The full standard-
ized resting echocardiography has previously been de-
scribed in detail. 8 Following the resting echocardiogra-
phy, 2-dimensional images were obtained during infusion
of dobutamine at a dose of respectively 5, 10, and 20
µg/kg/min with dose increments every 3 minutes as part
of the standardized dobutamine stress echocardiography,
in order to obtain LV global longitudinal strain (LV-GLS)
and LVEF contractile reserve during stress. Blood pres-
sure was not measured during the dobutamine stress pro-
cedure as this is not part of the standard procedure at
our institution. Analyses of the echocardiograms were
performed collectively after completion of the study in
random order by investigators blinded to treatment al-
location, using the EchoPAC software (version 203, GE,
Chicago, IL). LV-GLS was obtained by automatic myocar-
dial speckle tracking of the LV in the 3 standard api-
cal views (4-chamber, 2-chamber, and long-axis). A frame
rate greater than 50 frames per second was used. The re-
ported LV-GLS was the mean systolic midwall strain cal-
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culated from a 17-segment LV model with at least 15 seg-
ments available for analysis. For patients in atrial fibrilla-
tion, at least 5 beats were recorded and the LV-GLS analy-
sis was performed on a representative beat. For LVEF, the
endocardial boarder of the LV was manually traced dur-
ing end-systole and end-diastole in the apical 4-chamber
and 2-chamber views to obtain the LV volumes. From
these, LVEF was calculated using the biplane method of
disks (Modified Simpson’s Rule). In order to minimize
the measurement variability, the manual tracings were
repeated 3 times each on representative beats and the
mean was used for the LVEF calculation. Patients with fre-
quent premature ventricular contractions or poor-quality
images were not analyzed. The variability for the LVEF
measurements at rest has previously been reported, with
an intraclass correlation coefficient of 0.62 and mean
percentage error of 9.4% for the intraobserver variabil-
ity, and an intraclass correlation coefficient (of 0.68 and
mean percentage error of 11.8% for the interobserver
variability. 8 No reproducibility analyses were performed
for LV-GLS at rest or for the echocardiographic measures
at stress. The reproducibility for resting LV-GLS is gener-
ally better than for LVEF and remains highly reproducible
during stress. 20 , 21 

Other investigations 
An accelerometer (Actigraph wGT3x-BT, Actigraph,

Pensacola, FL) was worn by each patient for 7 days
in conjunction with the baseline and 12-week vis-
its. Using a standardized procedure, the average daily
amount of moderate to vigorous physical activity was
obtained. 19 Physical activity was expressed as arbitrary
accelerometer counts, with higher values representing
more time spend in moderate to vigorous physical ac-
tivity. Accelerometer-measured physical activity provides
information about the daily physical activity in free-living
conditions and decreased physical activity assessed by
accelerometry carries relevant prognostic information in
patients with HF. 22 

Study endpoints 
Prespecified endpoints were the between-group differ-

ence in the change of LV contractile reserve from base-
line to 12 weeks. 18 LV contractile reserve was defined
as the absolute change in LV-GLS or LVEF from rest to
20 µg/kg/min dobutamine stress. The presence of a clin-
ically significant LV contractile reserve was defined as an
absolute decrease in LV-GLS of ≥ 2% or an absolute in-
crease in LVEF of ≥ 5%. 23 The response with inotropy
was defined as the LV-GLS or LVEF at 20 µg/kg/min dobu-
tamine stress. LV-GLS and LVEF values are shown as ab-
solute values in accordance with current recommenda-
tions. 24 
Statistical analyses 
A total of 72 patients were required to detect a rela-

tive improvement of 20% (SD 30%) with empagliflozin
vs placebo in LV-GLS contractile reserve from baseline to
12 weeks, with a power of 0.80 and a significance level
of 0.05. To allow for dropouts, all 120 patients enrolled
at The Herlev and Gentofte University Hospital (Herlev,
Denmark) as part of the main Empire HF trial, were en-
rolled in the present sub-study. 18 

All patients with complete data were included in
the statistical analyses. Skewed variables compromising
model assumptions were log-transformed prior to analy-
sis. Within-group changes in LV-GLS, LVEF, and heart rate
as response to 20 µg/kg/min dobutamine stress were ana-
lyzed using paired t tests. The primary analysis, the treat-
ment effect on LV-GLS contractile reserve, was analyzed
in an analysis of covariance (ANCOVA) model with the
absolute change from baseline to 12 weeks in LV-GLS
contractile reserve as the endpoint, and with adjustment
for the baseline LV-GLS contractile reserve, the baseline
heart rate response to dobutamine stress, age as a con-
tinuous variable, sex, and the treatment group. Subgroup
analyses were performed post hoc by including the sub-
group and its interaction with the covariates and the allo-
cated groups in the ANCOVA model. The treatment effect
on LVEF was analyzed in a similar manner. 

Sensitivity analyses included investigation of the treat-
ment effect on LV-GLS or LVEF at 20 µg/kg/min dobu-
tamine stress analyzed in similar ANCOVA models as de-
scribed above. 

Moreover, comparisons of the number of patients with
a clinically relevant LV contractile reserve were per-
formed using Fisher’s exact test. 

In supplemental analyses, simple linear regressions
were performed to assess the association between
the LV-GLS or LVEF contractile reserve and the
accelerometer-measured daily activity level at baseline. 

The statistical analyses were performed using the sta-
tistical software R for Windows (version 3.6.1, R Foun-
dation for Statistical Computing, Vienna, Austria). Nor-
mally distributed data are presented as mean (SD) and
skewed data as median (interquartile range [IQR]). Re-
sults are reported with 95% confidence intervals (CI) and
a 2-sided P -value < .05 is applied to conclude statistical
significance. Authors J.J. and M.S. had full access to all the
data in the study and take responsibility for its integrity
and the data analysis. 

Results 

Patients were screened for eligibility from June 29,
2017 to July 15, 2019. In total, 391 patients were
screened and 120 (31%) were randomized ( Figure 1 ).
Baseline characteristics were well-balanced between the
allocated groups ( Table 1 ). Included patients represented
mildly symptomatic patients with HFrEF. The median N-
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Figure 1 

Trial profile. LV-GLS, left ventricular global longitudinal strain; LVEF, left ventricular ejection fraction. PVCs, premature ventricular contractions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

terminal pro-brain natriuretic peptide was moderately
elevated at 600 (IQR 355-1090) pg/mL and the mean
LVEF was moderately reduced at 38 (SD 10) % as was
the mean LV-GLS at -12 (SD 3.6) %. Most patients (59%)
had ischemia as the primary cause of HF. Two patients
(3.3%) in the placebo group were potentially paced from
the right ventricle during the dobutamine stress proto-
col. Generally, high proportions of guideline-directed HF
therapy were recorded in the study population, includ-
ing beta-blocker in 97% of enrolled patients. The adher-
ence to and safety of empagliflozin in this subgroup of
the Empire HF trial have previously been reported. 25 The
median adherence to the allocated treatment was 100%
(IQR 99-100), and the safety profile was in accordance
with the known profile of SGLT2 inhibitors as reported
in larger studies. 1 , 2 

For the analyses of LV-GLS, 54 patients (90%) of 60 pa-
tients in the empagliflozin group and 55 patients (92%)
of 60 patients in the placebo group were included. For
LVEF, 60 patients (100%) in the empagliflozin group
and 57 patients (95%) in the placebo group were ana-
lyzed. One patient (0.8%) of the 120 randomized patients
dropped out at own request and was lost to follow-up.
Other reasons for excluding patients from the analyses
are reported in Figure 1 . 
In both the empagliflozin group and the placebo
group, dobutamine was associated with significant in-
crease in LVEF, decrease in LV-GLS, and increase in heart
rate both at baseline and after 12 weeks ( Table 2 ). 

For the contractile reserve assessed by either LV-GLS
or LVEF, no statistically significant effects were observed
with empagliflozin (adjusted mean absolute changes
from baseline to 12 weeks, empagliflozin vs placebo,
0.7% [95% CI –0.5 to 2.0; P = .25] for LV-GLS contrac-
tile reserve and 2.2% [95% CI –1.4 to 5.8; P = .22] for
LVEF contractile reserve; Figure 2 ). These findings were
generally consistent across subgroups specified by age,
sex, body mass index, HF-related symptoms, daily activ-
ity level, glomerular filtration rate, baseline LV-GLS, base-
line LVEF, baseline N-terminal pro-brain natriuretic pep-
tide, the presence of ischemic heart disease, or treat-
ment with sacubitr il-valsar tan, mineralocor ticoid recep-
tor antagonist, or loop diuretic (Supplemental Figures 1
and 2). In sensitivity analyses, the observed responses
with inotropy were not statistically significant with em-
pagliflozin compared to placebo (adjusted mean abso-
lute changes from baseline to 12 weeks, empagliflozin
vs placebo, 0.9% [95% CI –0.4 to 2.2; P = .16] for the
LV-GLS response and 1.4% [95% CI –1.4 to 4.3; P = .33]
for the LVEF response with inotropy). Ten (19%) of 54
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Table 1. Baseline characteristics 

Empagliflozin (n = 60) Placebo (n = 60) 

Age (y), mean (SD) 68 (10) 67 (10) 
Male sex 47 (78) 52 (87) 
BMI (kg/m 

2 ), mean (SD) 29 (4.4) 30 (5.0) 
White race 57 (95) 59 (98) 
NYHA functional class 

I 5 (8.3) 7 (12) 
II 47 (78) 50 (83) 
III 8 (13) 3 (5.0) 

Systolic blood pressure (mmHg), mean (SD) 121 (17) 123 (16) 
Heart rate (beats per min), mean (SD) 69 (12) 72 (13) 
NT-proBNP (pg/mL), median (IQR) 586 (349-1068) 623 (375-1098) 
Ischemia as primary cause of heart failure 35 (58) 36 (60) 
Heart failure duration (mo), median (IQR) 31 (13-58) 26 (15-59) 
One or more previous heart failure hospitalizations 36 (60) 36 (60) 
History of type 2 diabetes 6 (10) 6 (10) 
History of ischemic heart disease 36 (60) 39 (65) 
History of atrial fibrillation or flutter 24 (40) 25 (42) 
History of chronic kidney disease, stage 3 10 (17) 9 (15) 
ACE inhibitor, ARB or sacubitril-valsartan 55 (92) 59 (98) 
Sacubitril-valsartan 22 (37) 23 (38) 
Beta-blocker 58 (97) 58 (97) 
Mineralocorticoid receptor antagonist 40 (67) 43 (72) 
CRT ∗ 8 (13) 8 (13) 
ICD 

† 23 (38) 22 (37) 
Loop diuretic 39 (65) 35 (58) 
Long-acting nitrates 4 (6.7) 5 (8.3) 
Resting echocardiographic parameters, mean (SD) 
LVEDV (mL) 147 (64) 148 (61) 
LVEDVI (mL/m 

2 ) 72 (31) 71 (29) 
LVESV (mL) 95 (49) 95 (48) 
LVESVI (mL/m 

2 ) 47 (24) 45 (23) 
LAVI (mL/m 

2 ) 36 (13) 37 (13) 
LVMI (g/m 

2 ) 110 (35) 105 (30) 
RWT (%) 0.3 (0.1) 0.3 (0.1) 
LV-GLS (%) –12 (3.8) –12 (3.3) 
LVEF (%) 37 (9.3) 38 (10) 

Numbers are counts (%) unless stated otherwise. 
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter- 
defibrillator; IQR, interquartile range; LAVI, left atrial volume index; LVEDV, left ventricular end-diastolic volume; LVEDVI, left ventricular end-diastolic volume index; LVEF, left 
ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVESVI, left ventricular end-systolic volume index; LV-GLS, left ventricular global longitudinal strain; 
LVMI, left ventricular mass index; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-b-type natriuretic peptide; NYHA, New York Heart Association; ; 
RWT, relative wall thickness; SD, standard deviation. 

∗ CRT with or without ICD. 
† ICD or CRT with ICD. 

Table 2. LV-GLS, LVEF, and heart rate response to dobutamine 

Variable Group Baseline visit 12-wk visit 

Absolute response (stress – rest), Mean (95% CI) Absolute response (stress – rest), Mean (95% CI) 
LV-GLS, % Placebo –2.7 (–1.7 to –3.8); P < .0001 –3.3 (–2.3 to –4.3); P < .0001 

Empagliflozin –3.0 (–2.2 to –3.8); P < .0001 –2.9 (–2.1 to –3.6); P < .0001 
LVEF, % Placebo 12 (9.7 to 15); P < .0001 8.8 (5.8 to 12); P < .0001 

Empagliflozin 13 (10 to 16); P < .0001 11 (8.8 to 13); P < .0001 
Heart rate, bpm Placebo 14 (9.3 to 18); P < .0001 14 (9.5 to 19); P < .0001 

Empagliflozin 13 (7.8 to 18); P < .0001 16 (9.5 to 23); P < .0001 

Absolute LV-GLS, LVEF, and heart rate response during dobutamine stress echocardiography at baseline and 12 wk in the empagliflozin group and the placebo group. A 
more negative LV-GLS or positive LVEF response represent an increase in contractility. Stress denotes 20 µg/kg/min of dobutamine. 
Abbreviations: bpm, beats per minute; CI, confidence interval; LV-GLS, left ventricular global longitudinal strain; LVEF, left ventricular global longitudinal strain. 
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Figure 2 

Treatment effect on LV-GLS and LVEF contractile reserve. Raw data on the absolute change in left ventricular contractile reserve assessed by 
LV-GLS (left panel) and LVEF (right panel) from baseline to 12 weeks in the empagliflozin (red) and placebo group (green). A more negative 
LV-GLS or positive LVEF change represent an improvement in contractile reserve. The dashed line represents no change. The box represents 
the median and interquartile range. Whiskers represent 1.5 times the interquartile range. P -values are from the adjusted ANCOVA models. 
LV-GLS, left ventricular global longitudinal strain. LVEF, left ventricular ejection fraction. (Color version of figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

patients in the empagliflozin group and 15 (27%) of 55
patients in the placebo group had a clinically relevant de-
crease in LV-GLS contractile reserve from baseline to 12
weeks (odds ratio, empagliflozin vs placebo, 0.61 [95%
CI 0.24-1.50; P = .36]). Further, 17 (28%) of 60 patients
in the empagliflozin group compared to 13 (23%) of 57
patients in the placebo group had a clinically relevant in-
crease in LVEF (odds ratio, empagliflozin vs placebo, 1.34
[95% CI 0.58-3.09; P = .53]). 

In supplemental analyses, an increase in baseline daily
activity level was significantly associated with a decrease
in LV-GLS contractile reserve, but not with contractile
reserve assessed by LVEF (Supplemental Figure3). 

Discussion 

The main findings of the present study were that 12
weeks treatment with empagliflozin in patients with
HFrEF did not increase the cardiac contractile reserve as
assessed by low dose dobutamine stress echocardiogra-
phy. 

To our knowledge, this is the first study to investigate
the effect of an SGLT2 inhibitor on cardiac contractile re-
serve. We have previously observed reductions in fluid
volumes, cardiac preload, and cardiac chamber sizes, but
without an effect on LV systolic function at rest. 8 , 25 , 26

These changes indicate that improvement in cardiac con-
tractile reserve may be plausible with SGLT2 inhibitor
therapy. The reasons for the lack of effect on cardiac con-
tractile reserve may in theory be explained by the char-
acteristics of the included patients. A large proportion
had an ischemic etiology of their HF, with less likelihood
of viable myocardium and improvement in contractile re-
serve. However, this remains speculative as our data ac-
tually indicate the presence of myocardial viability in the
subgroup with an ischemic etiology of HF and this was
also observed in the STICH trial. 27 Yet, while no differ-
ences in the treatment effects were observed between
patients with ischemic vs nonischemic HF in the present
study, such differences cannot be excluded based on the
small sample size in these subgroup analyses. 

Moreover, patients had an adequately high baseline
contractile reserve to potentially respond to the therapy,
as compared to the baseline contractile reserve in re-
sponders to cardiac resynchronization therapy. 13 , 14 Poor
adherence or inadequate dosing (10 mg instead of 25
mg) of empagliflozin may be other plausible explana-
tions for the lack of effect, yet we observed a high ad-
herence, underpinned by a ∼4% increase in hematocrit
with empagliflozin, 25 and other relevant cardiac changes
to therapy as stated above. Empagliflozin improved base-
line LVEF in porcine and rat HFrEF models, 16 , 28 and the
EMPA-TROPISM tr ial repor ted an improvement on rest-
ing LVEF after 6 months in HFrEF patients. 6 This may
indicate that a longer treatment period is required to in-
duce an effect on LV systolic function at rest. Whether
this also applies to effects on LV contractile reserve re-
main unknown. Also, uncertainty remains regarding the
effect of SGLT2 inhibitors on resting LV systolic function,
even during longer treatment periods, as the SUGAR-
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DM-HF and REFORM tr ials repor ted no effects after 9
and 12 months, respectively. 7 , 29 After 12 weeks, we ob-
served modest reductions in LV and left atrial volumes
with empagliflozin without effects on resting LVEF or LV-
GLS. 8 Clinically significant reverse cardiac remodeling is
generally expected beyond 12 weeks of treatment with
other treatments for heart failure, thus supporting that
the treatment period of the present study may have been
too short to find changes in contractile reserve with em-
pagliflozin. 30 

While changes in fluid reduction and cardiac load-
ing conditions seem evident with SGLT2 inhibitor ther-
apy, 25 , 26 further research is needed to consolidate the
possible effect on cardiac remodeling and will shed light
on the lack of effect in the present study. Despite the pro-
posed thrifty substrate theory, 11 with an increased sup-
ply of energy efficient ketone bodies to the myocardium
as a response to SGLT2 inhibitor therapy, and the find-
ing that ketone infusion increase LV systolic function, 31 it
still remains to be investigated whether SGLT2 inhibitor
therapy induces relevant increases in ketone bodies to
increase contractile reserve and this needs further inves-
tigation in future studies. We have previously demon-
strated that the loss in fat mass is insignificant during
short-term treatment with empagliflozin in patients with
HFrEF, and does not increase cardiac output with ex-
ercise, which indirectly argues against the thrifty sub-
strate theory. 26 , 32 Moreover, the absolute increase in ke-
tone bodies seems small with empagliflozin treatment
compared to the levels obtained by ketone infusion. 31 , 33 

Also, the sodium-hydrogen exchanger inhibitor theory
documented in animal models as a potential pathway
for reverse cardiac remodeling and improved contractil-
ity with SGLT2 inhibitors awaits further confirmation in
patients with HFrEF. 9 , 10 

In addition to the traditional measure of LV systolic
function we investigated the effect on contractile reserve
as assessed by LV-GLS, which to our knowledge has only
been investigated at rest in 2 other trials in patients with
HFrEF. 7 , 34 Further research is needed to establish it as an
endpoint widely used in clinical trials. However, LV-GLS
has shown to be more sensitive to detect LV dysfunction
than LVEF, 35 and substantiates the lack of effect regarding
LV contractile reserve in the present study. 

A weak association between daily activity level and
contractile reserve assessed by LV-GLS, not LVEF, was
present. Our analyses generate important data to under-
stand accelerometer-measured daily activity level as a
new endpoint in HF trials. Future studies should explore
which physiological and clinical variables that limit the
patients in their daily physiological performance. 

Methodological considerations 
The present study has some limitations. First, a stress

stimulus of 20 µg/kg/min dobutamine (instead of 10
µg/kg/min) was chosen as a high proportion of patients
on beta-blocker therapy—with known counteracting ef-
fects to dobutamine—were included. Second, the end-
points of interest, cardiac contractile reserve, include 2
measurements (rest and 20 µg/kg/min) at each of the 2
visits (baseline and 12 weeks). As some degree of vari-
ation is inevitably introduced at each measurement, this
dual measurement approach may reduce the ability to de-
tect a true treatment effect. The observed variability for
both the LV-GLS and LVEF contractile reserve may indi-
cate that a larger sample is necessary in future trials when
using these endpoints to assess treatment effects. Third,
an effect of empagliflozin on resting LV systolic function
could potentially mask a true treatment effect on the LV
contractile reserve. However, no effect of empagliflozin
was observed on resting LV-GLS or LVEF. 8 Additionally,
similar results were observed in sensitivity analyses look-
ing only at the LV function at stress, without inclusion of
the baseline measurements. Fourth, when aortic stenosis
severity is evaluated, a change in stroke volume of 20%
or more is used as a measure of contractile reserve dur-
ing low-dose dobutamine stress. 36 Whether this estimate
should be used in future HF studies warrants further
investigations. Fifth, the included patients were treated
with high proportions of guideline-directed therapies for
HFrEF and had only moderately decreased LV systolic
function at baseline, which might limit the room for fur-
ther improvements. Sixth, more methodological studies
on LV-GLS as a measure during dobutamine stress in HF
is needed, for example regarding whether infarcted and
nonviable myocardial areas bias the estimate. However, it
should be noted that we did not observe any difference
in the effect of empagliflozin on neither LVEF nor LV-
GLS contractile reserve when comparing patients with
and without ischemic heart disease. Seventh, as some pa-
tients were excluded from the analyses, the possibility of
attrition bias is introduced. However, the risk of attrition
bias is limited as the number of excluded patients was
low and similarly distributed in the allocated groups. 

Clinical perspectives 
SGLT2 inhibitors have proven to reduce mortality and

HF hospitalizations in patients with HFrEF. Moreover,
beneficial effects on cardiac structure at rest have been
demonstrated. Yet, current data imply that improvement
in cardiac systolic function at rest should not be an-
ticipated in patients treated with this class of drugs.
Similarly, the present study indicates that no substantial
improvement in cardiac systolic function during stress
should be anticipated. 

Conclusion 

Empagliflozin 10 mg once daily for 12 weeks in ad-
dition to guideline-directed HF therapy did not sub-
stantially improve left ventricular contractile reserve in
patients with stable, chronic HFrEF as compared to
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placebo. Future studies should focus on small changes in
the metabolism and contractility of the myocardium with
other imaging modalities during treatment with SGLT2
inhibitors. 
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