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Introduction

Patients with diabetes have an elevated risk of developing 
heart failure (HF), coupled with an increased likelihood 
of HF-related mortality and hospitalization [1]. Sodium 
glucose co-transporter 2 (SGLT2) inhibitor, recognized as 
antihyperglycemic agents, exhibit substantial cardiopro-
tective properties beyond merely reducing glycemic levels 
[2]. Notably, in various large-scale trials, empagliflozin, a 
specific SGLT2 inhibitor, has consistently demonstrated a 
capacity to alleviate left ventricular (LV) remodeling in HF 
[3, 4] and has shown to improve cardiomyocyte stiffness 
as well [5]. Patients with acute coronary syndrome (ACS) 
are more predisposed to neurohormonal activation and LV 
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Abstract
Background Sodium glucose co-transporter2 (SGLT2) inhibitors have exhibited cardioprotective properties in diabetes 
patients. The aim of this study was to investigate the effect of Empagliflozin on changes in echocardiographic parameters.
Methods This was a post hoc analysis of the EMPA-CARD trial which was a multicenter, triple-blind randomized controlled 
trial. Type 2 diabetes mellitus patients with concomitant history of coronary artery disease were randomized on a 1:1 ratio 
into two groups receiving either 10 mg/day Empagliflozin or placebo. Patients with a history of heart failure (NYHA class 
3–4) and ejection fraction (EF) < 40% were excluded. Trans-thoracic echocardiography was performed at baseline and at 26 
weeks of intervention.
Results A total of 69 (Empagliflozin = 39 and placebo = 30) patients underwent echocardiography. Significant changes were 
observed for left ventricular ejection fraction [standard error (SE) = 0.76; beta (95% correlation interval (CrI)] = -5.558 
(-7.25; -4.18) and left ventricular end-systolic volume (SE = 1.38; beta (95% CrI) = 3.915 (1.2; 0.66). Other echocardio-
graphic parameters relating to right ventricular or atrial function did not change significantly.
Conclusion Empagliflozin can have cardioprotective benefits in subjects without HF. Further studies are required to deter-
mine the effect of Empagliflozin in non-HF patients.
Trial registration The original EMPA-CARD study has been registered in Iranian Registry of Clinical Trials. www.IRCT.ir, 
Identifier: IRCT20190412043247N2. Registration Date: 6/13/2020. Registration timing: prospective.
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remodeling, therefore there is a greater burden of HF after 
myocardial infarction (MI) [6].

While the EMPA-CARD trial has unraveled the cardio-
vascular benefits of empagliflozin, highlighting reductions 
in oxidative stress and pro-inflammatory responses, the pre-
cise mechanisms underlying these advantages have been 
explored. To investigate whether these molecular alterations 
translate into changes in echocardiographic parameters, we 
have conducted this post hoc study to assess the effect of 
empagliflozin on cardiac performance.

Methods

Study design and population

This study constitutes a post hoc analysis derived from the 
EMPA-CARD trial [7], with a fully disclosed study protocol 
[8]. Conducted between 2020 and 2021 in Zanjan, Iran, this 
multicenter, double-blind, randomized placebo-controlled 
trial (RCT) explored the impacts of empagliflozin (10 mg/
day) versus placebo in individuals with both Type 2 Diabe-
tes (T2DM) and confirmed Coronary Artery Disease (CAD) 
across four clinical centers. Ethical approval from the Zan-
jan University of Medical Sciences Ethics Committee was 
obtained, and the trial was prospectively registered at the 
Iranian Registry of Clinical Trials (www.IRCT.ir; Identi-
fier: IRCT20190412043247N2). Informed consent was 
secured from eligible patients meeting inclusion criteria, 
including T2DM, documented CAD through angiography, 
age between 40 and 75 years, serum HbA1c levels of 6.5 to 
9.5%, and a history of standard oral anti-diabetic/anti-isch-
emic medication use for the past three months. CAD diag-
nosis required evidence of at least one vessel with ≥ 50% 
stenosis in coronary angiographies. Exclusion criteria com-
prised various factors such as pregnancy, SGLT2-inhibitor 
allergies, BMI exceeding 40 kg/m2, heart failure (NYHA 
class 3–4), EF < 40%, and recent cardiovascular events or 
interventions. Eligible patients underwent interviews and 
a randomization process, with stratification based on gen-
der, age, and HbA1c. The allocation into study arms uti-
lized block stratified randomization generated by Winpepi 
software (version 11.6) and concealed through sealed enve-
lopes. Throughout the study duration, healthcare providers, 
recruited patients, and researchers remained blinded to the 
assigned treatment.

Intervention procedures

Baseline characteristics were gathered through interviews, 
and patients were randomly assigned to receive either a pla-
cebo or 10 mg/day empagliflozin (Dr. Abidi Co, Iran) for 26 

weeks, in addition to their prescribed antidiabetic drugs. A 
single cardiologist conducted trans-thoracic echocardiogra-
phy (Vivid S6, GE, Germany) before and after the 26-week 
Empagliflozin treatment.

The primary outcomes were defined as changes in echo-
cardiography parameters in the intervention group com-
pared to the placebo after 26 weeks of Empagliflozin.

Statistical considerations

Given the post-hoc nature of the analysis, the sample size 
was not pre-determined. However, echocardiographic 
parameter changes were outlined as a sub-study explor-
atory outcome in the published study protocol [8]. Results, 
expressed as mean ± standard deviation (SD) for quantita-
tive variables, were analyzed using the per-protocol method. 
Bayesian regression models, particularly mixed-effects 
models, were applied to account for baseline differences. 
The R3.4.1 environment, along with the Rstan and ggplot 
packages, was used for statistical analysis. An association 
was considered significant if the 95% credible interval (CrI) 
did not include zero.

Results

In this current analysis from the 95 recruited patients in the 
trial, the transthoracic echocardiography data of a total of 69 
patients were available. The overall average age was 63.44 
and 44.15% were men. The empagliflozin group consisted 
of 39 patients with an average age of 64.22 ± 6.69 years and 
the placebo arm had 30 participants whose mean age was 
62 ± 9.06 years. The baseline echocardiography parameters 
of both groups are in Table 1.

By adjusting the parameters to their baseline value in 
each arm via Bayesian regression model, the change in 
EF was significant for patients receiving Empagliflozin 
[SE = 0.76; beta (95% CrI) = -5.558 (-7.25; -4.18)]. Addi-
tionally, according to this model, when using the mixed-
effect model, LVESV in Empagliflozin group decreased 
significantly [(SE = 1.38; beta (95% CrI) = 3.915 (1.2; 
0.66)]. Other echocardiographic variables did not change 
significantly. Changes in echocardiographic variables in 
Empagliflozin arm compared to placebo with the regression 
model are shown in Table 2.

Discussion

In this post hoc study, patients treated with empagliflozin 
exhibited a notable increase in EF and decrease in LVESV 
after a 26-week duration. Considering that increased 
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LVESV is regarded as predictor of new-onset heart failure 
in HF patients with preserved EF, the results of our study 
suggest that Empagliflozin can improve cardiac function in 
subjects with T2DM and CAD. This aligns with the results 
of EMMY-trial, which demonstrated echocardiographic and 
structural benefits of empagliflozin in patients with acute MI 
and T2DM [9]. Similarly, the SUGAR-DM-HF trial illus-
trated positive effects on LV volume parameters in diabetic 
or prediabetic individuals with heart failure with reduced 
EF (HFrEF) [10]. The sub-study of the EMPIRE HF trial 
also reported modest reductions in LV volumes. Although, 
unlike our study, the two latter trials investigated the effect 
of Empagliflozin on HF patients [11]..

However, we have observed no significant changes in 
other echocardiographic parameters. Similar to our find-
ings, the sub-study of the EMPA-HEART trial on patients 
with diabetes have observed no significant changes in LV 
diastolic parameters despite reduced LV mass index [12]. 
Moreover, the study of Rau et al. in Germany has found 
the same results among patients with T2DM [13]. However, 

no between-group difference was seen in the changes for 
LV global longitudinal strain and LVEF in an observational 
study [14]. Additionally, we did not document significant 
improvements in echocardiographic parameters related to 
RV function. Likewise, in the study of Sarak et al.. 6 months 
treatment with empagliflozin had no impact on RV volumes 
[15].

A meta-analysis suggests that echocardiographic 
improvements related to LV function primarily observed in 
the HF population [16]. This attenuative effect on LV func-
tional capacity was even observed in non-diabetic patients 
with HF with reduced EF (HFrEF) independent of their gly-
cemic status [3]. This pronounces the dominant beneficial 
effect of empagliflozin on patients with HFrEF. These data 
suggest that the ameliorated risk of cardiovascular events of 
SGLT2 inhibitors in CANVAS [17] and EMPA-REG OUT-
COME [18] trials may not be subsequent to the changes in 
echocardiographic parameters. Moreover, the findings of 
Verma et al. were indicative that reverse LV remodeling with 
regressed LV mass can be the logic behind the reduction 

Variables Empagliflozin (n = 39) Placebo (n = 30)
Baseline Week 26 Baseline Week 26

Age (y) 64.22 ± 6.69 62 ± 9.06
Male (%) 58.82 41.18
EF1 (%) 49.3 ± 3.96 53.73 ± 3.38 50.74 ± 3.52 50.73 ± 2.45
RAV (ml) 29.23 ± 4.81 29.10 ± 4.58 28.68 ± 3.01 29.23 ± 3.07
RAVI (mL/m2) 16.43 ± 2.55 16.57 ± 2.16 16.62 ± 2.42 16.80 ± 2.24
RAA (Cm2) 13.89 ± 1.79 14.16 ± 1.95 14.47 ± 2.00 14.47 ± 2.07
LAV (ml) 32.21 ± 5.97 31.74 ± 5.36 32.61 ± 6.07 33.00 ± 4.23
LAVI (mL/m2) 18.25 ± 3.04 17.93 ± 2.68 19.06 ± 2.60 18.86 ± 2.36
LAD (Cm) 3.10 ± 0.27 3.11 ± 0.28 3.09 ± 0.34 3.08 ± 0.26
LAA (Cm2) 15.10 ± 1.67 15.04 ± 1.70 15.38 ± 1.49 15.56 ± 1.75
LVEDV (ml) 118.72 ± 22.69 119.69 ± 21.98 116.79 ± 23.42 118.27 ± 23.36
LVEDVI (mL/m2) 67.33 ± 12.64 67.90 ± 12.31 66.85 ± 10.39 67.44 ± 9.68
LVESV (ml) 61.67 ± 14.33 57.77 ± 13.49 57.18 ± 11.47 57.43 ± 11.23
LVESVI (mL/m2) 34.13 ± 7.15 32.33 ± 6.76 32.57 ± 4.88 32.51 ± 4.42
RVEDA (Cm2) 19.05 ± 4.08 19.09 ± 4.07 18.20 ± 3.53 18.63 ± 3.30
RVESA (Cm2) 11.17 ± 2.00 11.07 ± 2.01 10.62 ± 1.86 10.88 ± 2.36
RVFAC (%) 41.47 ± 3.87 42.41 ± 3.90 41.72 ± 2.84 42.13 ± 2.54
IVC size (Cm) 1.56 ± 0.20 1.54 ± 0.17 1.54 ± 0.16 1.52 ± 0.13
TAPSE (mm) 20.72 ± 1.99 21.33 ± 1.83 19.94 ± 2.53 20.50 ± 2.06
PAP (mmHg) 20.72 ± 6.59 19.77 ± 9.86 18.35 ± 6.59 17.77 ± 6.47
RVOT-VTI (Cm) 21.42 ± 2.37 21.92 ± 2.42 21.27 ± 2.91 21.00 ± 2.63
RVSm (m/s) 0.13 ± 0.01 0.13 ± 0.01 0.15 ± 0.13 0.13 ± 0.01
Septal e’ (m/s) 0.13 ± 0.17 0.10 ± 0.01 0.11 ± 0.14 0.09 ± 0.01
Lateral e’ (m/s) 0.10 ± 0.01 0.11 ± 0.008 0.10 ± 0.01 0.11 ± 0.01
Average E/e’ ratio 6.53 ± 0.02 6.56 ± 0.98 6.75 ± 1.10 6.68 ± 0.99
A (m/s) 0.81 ± 0.12 0.80 ± 0.16 0.64 ± 0.12 0.82 ± 0.15
E (m/s) 0.64 ± 0.12 0.67 ± 0.12 0.65 ± 0.10 0.67 ± 0.10
E/A ratio 0.78 ± 0.11 0.79 ± 0.10 0.80 ± 0.16 0.80 ± 0.11
Right Tei Index 0.45 ± 0.04 0.45 ± 0.03 0.46 ± 0.04 0.46 ± 0.04
Left Tei Index 0.47 ± 0.04 0.46 ± 0.04 0.46 ± 0.04 0.45 ± 0.04

Table 1 Baseline echocardiogra-
phy parameters in Empagliflozin 
and placebo groups

1 EF has been measured using 
Simpson’s method
Abbreviations: RAV: Right atrial 
volume, RAVI: Right atrial 
volume index, RAA: Right atrial 
area, LAV: Left atrial volume, 
LAVI: left atrial volume index, 
LAD: Left atrial diameter, LAA: 
Left atrial area, LVESV: Left 
ventricular end-systolic volume, 
LVESVI: Left ventricular end-
systolic volume index, LVEDV: 
Left ventricular end-diastolic 
volume, LVEDVI: Left ventricu-
lar end-diastolic volume index, 
RVESA: Right ventricular end-
systolic area, RVEDA: Right 
ventricular end-diastolic area, 
RVFAC: Right ventricular frac-
tional area change, IVC: Inferior 
vena cava, TAPSE: Tricuspid 
annular plane systolic excursion, 
PAP: Pulmonary artery pressure, 
RVOT-VTI: Right ventricular 
outflow tract velocity time inte-
gral, RVsm: Right ventricular 
systolic motion
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Despite these strengths, certain limitations are acknowl-
edged. The study lacked a specific sample-size estimation, 
as it was conducted as a post hoc exploratory analysis. 
Moreover, EMPA-CARD was not primarily designed to 
investigate cardiac functional parameters, potentially ren-
dering the study underpowered to detect changes on echo-
cardiography. The use of the per protocol method might 
have impacted the results.

Conclusion

In conclusion, this post hoc analysis reveals significant 
changes in LVEF and LVESV after 26 weeks of treatment 
with 10 mg empagliflozin. The outcomes suggest the poten-
tial protective effect of empagliflozin on cardiac function in 
individuals without heart failure. Further randomized con-
trolled trials are warranted to elucidate the impact of empa-
gliflozin on cardiac hemodynamics in diabetic individuals 
without heart failure.
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in HF hospitalization in these studies [19]. The favorable 
role of SGLT2 inhibitors in HF is believed to be subsequent 
to both the osmotic diuresis and load independent effect of 
these drugs [20]. This bolsters the hypothesis that the effect 
of SGLT2 inhibitors on cardiac function corresponds to the 
degree and presence of HF. As this study included diabetic 
patients with normal EF and no history of HF, our results 
can propose the ameliorating effect of LV remodeling with 
Empagliflozin even in cases with normal or near normal EF. 
Inhibition of ventricular remodeling can reduce readmission 
rate and mortality in diabetes [21].

This study has several strengths. The randomized design 
of the EMPA-CARD trial, based on HbA1C and age, 
enhances the accuracy of our sub-study results. Addition-
ally, this study comprehensively assessed nearly all systolic 
and diastolic echocardiographic parameters. The analysis 
was performed by a single echocardiography cardiolo-
gist who remained blinded to the assigned patient groups 
throughout.

Table 2 Regression analysis of the comparison of the effect of Empa-
gliflozin vs. placebo on changes in echocardiographic parameter
Echocardiographic 
parameters*

Standard 
Error

Regression Coef-
ficient (95% CrI)

EF (%) 0.76 -5.558 (-7.25; -4.18)
RAV 0.67 0.173 (-1.27; 0.55)
RAVI 0.38 0.266 (-0.46; 1.00)
RAA 0.38 -0.099 (-0.8; 0.78)
LAV 0.75 0.466 (-1.08; 1.94)
LAVI 0.37 0.067 (-0.7; 0.78)
LAD 0.05 0.026 (-0.07; 0.13)
LAA 0.58 -0.197 (-1.53; 0.85)
LVESV 1.38 3.915 (1.2; 6.66)
LVESVI 0.81 1.118 (-0.62; 2.60)
LVEDV 1.38 3.910 (1.19; 6.66)
LVEDVI 2.74 -2.240 (-7.32; 3.64)
RVESA 0.35 0.004 (-0.71; 0.69)
RVEDA 0.46 0.097 (-0.85; 0.95)
RVFAC 0.76 -0.610 (-2.24; 0.83)
IVC size 0.06 -0.035 (-0.14; 0.09)
TAPSE 0.45 0.030 (-0.83; 0.90)
PAP 1.09 0.590 (-0.58; 3.99)
RVOT-VTI 0.64 -0.700 (-1.88; 0.61)
RVSm 0.003 -0.002 (-0.01; 0.01)
Septal e’ 0.01 0.000 (-0.02; 0.02)
Lateral e’ 0.01 0.002 (-0.01; 0.03)
Average E/e’ ratio 0.01 0.002 (-0.01; 0.03)
A 0.04 -0.016 (-0.08; 0.06)
E 0.03 0.002 (-0.06; 0.06)
E/A ratio 0.03 -0.010 (-0.06; 0.05)
Right Tei Index 0.01 0.002 (-0.02; 0.02)
Left Tei Index 0.01 0.000 (-0.02; 0.02)
* The regression analysis of all parameters was based on the com-
parison of Empagliflozin to placebo. Abbreviations are as Table 1
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