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Abstract
Author Details
Received on 19 March, 2026 Objective: To compare mean left ventricular ejection
Accepted on 07 April, 2026 fraction after treatment with sodium-glucose cotransporter
Published on 08 April, 2026 2 inhibitors versus placebo in treatment of heart failure with

low ejection fraction. Study Design: Randomized controlled

C ding E-mails & Authors*: . . . .
ST E R A trial. Duration and Setting: This study was conducted from

15 May to 15 November 2025 at the Department of Medicine Khyber Teaching Hospital
Peshawar. Methodology: Total 106 individuals between 40 and 70 years of age all
confirmed to have heart failure with a left ventricular ejection fraction below 40% were
included in the study. Participant were allocated into two arms through block
randomization. One arm was treated with empagliflozin at a dose of 10 mg once daily in
addition to conventional therapy where the comparison arm received a placebo
alongside the same standard care. The difference in the average change in left
ventricular ejection fraction between the two group was analyzed using an independent
samples t-test. Results: Mean age was 61.81 + 6.62 years in empagliflozin group and
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5949 + 7.50 years in placebo group. ale patients constituted 66.0% and 79.2%
respectively. Pre- treatment ejection fraction was 30.52 + 3.69% in empagliflozin group
and 31.98 + 3.89% in placebo group. Post treatment values increased to 39.60 + 4.09%
and 3498 + 3.77% respectively. Mean improvement was significantly higher in
empagliflozin group at 9.08 + 1.92% compared to 2.99 + 1.27% in placebo group (p <
0.001). Conclusion: Adding empagliflozin to routine treatment significantly increased left
ventricular ejection fraction in patients suffering from heart failure with low ejection
fraction.

Keywords: Cardiac output, Empagliflozin, Heart failure, Left ventricular function, Sodium-
glucose cotransporter-2 inhibitors

INTRODUCTION

Heart failure with reduced ejection fraction abbreviated as HFrEF refers to a clinical
entity wherein there is reduced ejection fraction and decreased forward output.! This
occurs when the left ventricle of the heart fails to pump blood forward. This leads to a
reduced ejection fraction and decreased forward output. The most common causes of
HFrEF are ischemic heart disease, previous myocardial infarction, hypertension, dilated
cardiomyopathy, and valvular heart disease.? With time the heart muscles become
weakened and enlarged. The most common symptoms of HFrEF are dyspnea, orthopnea,
paroxysmal nocturnal dyspnea, fatigue, peripheral edema, particularly swelling of the
ankles, weight gain, and decreased exercise capacity.? The most common signs of HFrEF
are elevated jugular venous pressure, bibasilar rales, displaced apical impulse, third heart
sound, and hepatomegaly.*

The goal of heart failure with reduced ejection fraction treatment is to relieve
symptoms, prevent decompensation, improve survival rates, and enhance the quality of
life.> These goals are usually achieved through a combination of lifestyle and
pharmacological interventions.® Patients with HFrEF should adopt measures that include
sodium reduction, fluid reduction and monitoring, weight monitoring, exercise,
vaccination and smoking cessation as well as optimizing blood glucose, blood pressure
and lipid levels.” Diuretics, especially loop diuretics, are used to relieve congestion and
edema; however, they do not provide any survival advantage and disease-modifying
agents must be used.® Standard treatment for heart failure with reduced ejection
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fraction (LVEF) mainly relies on evidence-based pharmacological therapy recommended
in clinical guidelines. This regimen generally includes either an angiotensin-converting
enzyme inhibitor, an angiotensin receptor blocker, or an angiotensin receptor-neprilysin
inhibitor. These medications are commonly administered together with beta-blockers
and mineralocorticoid receptor antagonists as part of the routine therapeutic approach.’
Sodium-glucose cotransporter 2 inhibitor drugs a relatively new class of
pharmacological agents, were originally designed to treat type 2 diabetes mellitus but
subsequent studies showed that they were beneficial to heart failure patients regardless
of their diabetic status.' SGLT2 inhibitor drugs are therefore now recognized as an
important therapeutic option in the treatment of heart failure with reduced LVEF. SGLT2
inhibitor drugs reduce hospitalizations related to heart failure and improve symptoms of
heart failure.”” The mechanisms by which SGLT2 inhibitor drugs work include glucose
metabolism, mild diuretic and natriuretic activity, reduction of preload and afterload,
improvement of renal function, reduction of inflammation and oxidative stress and
possibly improvement of myocardial energy metabolism.'? With regard to left
ventricular systolic function there are several studies that suggest that SGLT2 inhibitor
drugs may improve LVEF over time."

In the EMPA-HEART study empagliflozin a sodium-glucose-cotransporter-2
inhibitor given at a dose of 10 mg daily was evaluated as an additional therapy against
placebo in patients with heart failure and reduced ejection fraction. At the start of the
study the average LVEF in the empagliflozin group was 58.0 + 7.5% and this value
showed an increase to 59.1 + 8.6% following treatment. In contrast participants
receiving placebo had an initial mean ejection fraction of 55.5 + 8.7% which declined
over the study period to 54.3 + 8.9%.™

There is a need for this study in Peshawar due to the lack of data regarding the
effect of SGLT2 inhibitors on LVEF in patients with heart failure. There are differences in
the pattern of disease, co-morbid conditions, and access to healthcare services, making
it imperative for the effectiveness and safety of SGLT2 inhibitors in this patient group to
be assessed.
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METHODOLOGY

The study was conducted in the Department of Medicine Khyber Teaching Hospital
Peshawar from 15 May 2025 to 15 November 2025. A randomized controlled trial design
was applied in this study. Ethical permission was obtained from the hospital ethical
review board before initiation of the study (786/DME/KMC, dated 05-12-2023) and all
procedures were carried out according to institutional ethical guidelines. Sample size
was calculated using WHO sample size calculator by keeping confidence level at 95%,
absolute precision at 10% and power of study at 80%. The expected mean post-
treatment LVEF was taken as 59.1+8.6 in sodium-glucose cotransporter 2 inhibitor
group and 54.3+8.9 in placebo group.™ The total number of participants in the study
was 106, with 53 participants in each group according to the determined sample size
calculation. The inclusion criteria for the participants in the study consisted of adults
between 40 and 70 years of age, of both sexes, with a definite diagnosis of heart failure
with reduced ejection fraction (HFrEF) less than 40%, and with symptoms of NYHA class
IV. The severity of heart failure was assessed according to the New York Heart
Association (NYHA) functional classification. This system categorizes patients into four
classes based on the extent of symptoms and limitation of physical activity. Class |
includes individuals who do not experience symptoms during routine daily activities.
Class Il comprises patients who develop mild symptoms with ordinary physical exertion.
Class Il refers to patients who experience symptoms with activities that are less than
usual daily efforts. Class IV includes patients who have symptoms even while at rest.
Patients not fitting into these categories are also included. LVEF was calculated through
echocardiography by dividing stroke volume by end-diastolic volume and multiplying
by 100 to obtain percentage. Patients with uncontrolled hypertension, pregnancy, renal
impairment with estimated glomerular filtration rate less than 30 mL/min/1.73 m2 or
liver disease with serum AST, ALT or alkaline phosphatase levels more than three times
the upper limit of normal were excluded from the study. Before the commencement of
the trial, all the participants who were eligible gave their written consent after being fully
briefed about the purpose of the trial. The demographic data, such as age, gender, and
the duration of the heart failure, were collected using a data collection form that was
specifically designed for the purpose.
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A detailed clinical history was obtained from each participant, followed by a complete
physical examination. Initial laboratory investigations consisted of a complete blood
count, liver function assessment, renal function evaluation, and measurement of serum
electrolyte concentrations. Baseline echocardiography was conducted on all participants
by a consultant cardiologist with at least five years of experience after completing
fellowship training. Participants were divided into two groups using blocked
randomization with computer software. Participants in Group A received 10 mg of
empagliflozin orally once a day in addition to routine standard therapy, while those in
Group B received a placebo in addition to routine treatment. Participants were followed
up after four weeks, and echocardiography was conducted to determine LVEF. An
improvement in LVEF was considered to be an increase in the post-treatment LVEF in
comparison to the baseline LVEF after four weeks of treatment.

The collected information was coded and subsequently analyzed using the SPSS
software, version 22. Quantitative variables including age, duration of heart failure, pre-
treatment LVEF and post-treatment LVEF were expressed as mean and standard
deviation. Categorical variables such as gender were presented as frequency and
percentage. Comparison of change in LVEF between the two groups was done using
independent t-test. Stratification was performed for age, gender and duration of heart
failure to control effect modifiers and post stratification independent t-test was applied.
A probability value of 0.05 or less was taken as statistical significance.

RESULTS

In empagliflozin group, the mean age was found to be 61.81 + 6.62 years while placebo
group showing 59.49 + 7.50 years. The weight measurement was recorded as 86.42 +
8.41 kg in empagliflozin patients compared with 83.76 + 8.69 kg in placebo recipients.
Height values were relatively similar, measuring 1.64 + 0.05 m and 1.63 + 0.05 m for
empagliflozin and placebo groups respectively. Body mass index calculations revealed
32.15 + 2.31 in empagliflozin arm versus 31.35 + 2.54 in placebo arm. The duration of
heart failure was documented as 16.23 + 5.90 months for empagliflozin group and 16.87
+ 4.61 months for placebo group. Regarding gender distribution, male patients
constituted 35 (66.0%) of empagliflozin group and 42 (79.2%) of placebo group,
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whereas female patients were 18 (34.0%) and 11 (20.8%) in empagliflozin and placebo
groups respectively as shown in Table-I.

Table-I: Patient Demographics in Both Groups

Empagliflozin Placebo
Variables n=53 n=53

Mean £ SD Mean £ SD
Age (years) 61.81 £ 6.62 59.49 + 7.50
Weight (kg) 86.42 + 8.41 83.76 + 8.69
Height (m) 1.64 + 0.05 1.63 + 0.05
BMI 32.15 + 2.31 31.35 + 254
HF Duration (months) 16.23 £ 5.90 16.87 + 4.61
Gender n (%) n (%)
Male 35 (66.0%) 42 (79.2%)
Female 18 (34.0%) 11 (20.8%)

The LVEF parameters demonstrated notable variations between treatment arms. Pre-
treatment LVEF measurements showed 30.52 + 3.69% in empagliflozin group compared
to 31.98 £ 3.89% in placebo group, with statistical significance observed att = -1.989, p
= 0.049. Following the treatment intervention, post-treatment LVEF values increased to
39.60 t+ 4.09% in empagliflozin recipients while placebo group reached 34.98 + 3.77%,
yielding highly significant difference with t = 6.051, p < 0.001. The change in LVEF
demonstrated substantial improvement, measuring 9.08 + 1.92% in empagliflozin group
in contrast to 2.99 + 1.27% in placebo group, with remarkable statistical significance at t
= 19.21, p < 0.001, as shown in Table-II.

Table-II: Comparison of LVEF Parameters Between Both Groups
LVEF Parameters Empagliflozin Placebo
t P value
n=53 n=>53
Pre-treatment LVEF (%) 30.52 + 3.69 31.98 £ 3.89 -1.989 0.049*
Post-treatment LVEF (%) 39.60 + 4.09 3498 + 3.77 6.051 <0.001*
Change in LVEF (%) 9.08 + 1.92 299 + 1.27 19.21 <0.001*
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*Independent Sample t Test

Stratification analysis according to demographic factors revealed varied patterns in LVEF
changes across subgroups. For age stratification of patients <55 years, empagliflozin
group with 11 patients showed mean change of 8.23 + 2.24% while placebo group with
15 patients demonstrated 3.14 + 1.43%, though not reaching statistical significance at p
= 0.162. In patients aged >55 years, empagliflozin arm comprising 42 patients exhibited
change of 9.3 + 1.79% compared to placebo arm of 38 patients showing 2.94 + 1.23%,
with p value of 0.632. Gender-based stratification indicated that male patients receiving
empagliflozin totaling 35 subjects achieved 9.32 + 1.8% improvement versus 42 male
placebo recipients with 3.12 + 1.27% change, p = 0.239. Female participants numbered
18 in empagliflozin group demonstrated 8.62 + 2.12% change while 11 female patients
in placebo group showed 2.52 + 1.23%, p = 0.171. Duration of heart failure stratification
for patients with <12 months duration showed empagliflozin group of 15 patients
having 9.15 + 1.92% change and placebo group of 9 patients with 2.56 + 1.49%, p =
0.865. For heart failure duration >12 months, empagliflozin cohort of 38 patients
presented 9.05 + 1.95% improvement whereas placebo cohort of 44 patients exhibited
3.08 + 1.23% change, p = 0.341, as shown in Table-lll.

Table I Stratification of Change in LVEF with Respect to Demographic Factors in
Both Groups
) Change in LVEF (%)
Demographic Factors Group p Value
Mean SD
<te Empagliflozin (n=11) 8.23 2.24 0.162
Placebo (n=15) 3.14 1.43
Age (years) e
Empagliflozin (n=42) 9.3 1.79
>55 0.632
Placebo (n=38) 2.94 1.23
E liflozin (n=35) 9.32 1.8
Male mpaglifiozin (n=35) 0.239
Placebo (n=42) 3.12 1.27
Gender e
Empagliflozin (n=18) 8.62 2.12
Female 0.171
Placebo (n=11) 2.52 1.23
Empagliflozin (n=15) 9.15 1.92
HF Duration (months) <12 Pag (n=15) 0.865
Placebo (n=9) 2.56 1.49
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Empagliflozin (n=38) 9.05 1.95
>12 0.341
Placebo (n=44) 3.08 1.23

*Independent Sample t Test

DISCUSSION

The demographic characteristics in both groups showed male predominance with 35
(66.0%) males in empagliflozin group and 42 (79.2%) in placebo group. This gender
distribution is consistent with epidemiological pattern of heart failure which is more
prevalent in male population due to higher incidence of coronary artery disease and
other cardiovascular risk factors in males. The mean age was 61.81 + 6.62 years in
empagliflozin group and 59.49 + 7.50 years in placebo group, indicating that heart
failure commonly affects elderly population because of age-related cardiac structural
changes and accumulation of cardiovascular risk factors over time.

The pre-treatment LVEF showed 30.52 + 3.69% in empagliflozin group versus
31.98 + 3.89% in placebo group with p = 0.049, suggesting baseline comparability
between groups. After treatment intervention, post-treatment LVEF increased to 39.60 +
4.09% in empagliflozin group compared to 34.98 + 3.77% in placebo group with highly
significant p < 0.001. This substantial improvement can be explained by multiple
mechanisms of SGLT2 inhibitors including reduction in preload and afterload,
improvement in myocardial energetics, and decrease in oxidative stress which
collectively enhances cardiac contractility and ventricular function. The change in LVEF
(LVEF) was significantly higher in the empagliflozin group, where there was an
improvement of 9.08 + 1.92%, compared to 2.99 + 1.27% in the placebo group (p <
0.001). This is because SGLT2 inhibitors have cardioprotective effects through the
inhibition of the sodium-hydrogen exchanger in the myocardium, leading to reduced
intracellular sodium and calcium overload. This improves cardiac function and prevents
remodeling.

The present study findings revealed significant improvement in LVEF with
empagliflozin treatment showing post-treatment LVEF of 39.60 + 4.09% compared to
34.98 + 3.77% in placebo group (p < 0.001), with change in LVEF being 9.08 + 1.92%
versus 2.99 + 1.27% (p < 0.001). These results are consistent with findings of Yu et a/.
who demonstrated in their meta-analysis of 21 randomized controlled trials that SGLT2
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inhibitors improved LVEF significantly in heart failure patients with reduced EF subgroup
with mean difference of 3.16% (95% CI 0.11 to 6.22; p=0.04). The similarity in results can
be attributed to cardioprotective mechanisms of SGLT2 inhibitors through reduction in
preload and afterload, improvement in myocardial energetics, and inhibition of sodium-
hydrogen exchanger in myocardium which collectively enhances cardiac contractility
and reduces ventricular remodeling. The findings also align with study by Satheesh et a/.
'® who reported that LVEF increased from 42.6 + 5.2% to 46.3 = 7.9% in dapagliflozin
group (p=0.002) in diabetic patients with acute myocardial infarction and left ventricular
dysfunction. Both studies demonstrated significant improvement in LVEF with SGLT2
inhibitor therapy, though baseline LVEF was lower in current study (30.52 + 3.69%)
compared to Satheesh et al (42.6 + 5.2%), possibly because current study included
more severe heart failure patients with lower EF. The improvement in LVEF in both
studies can be explained by beneficial effects of SGLT2 inhibitors on left ventricular
remodeling through reduction in intracellular sodium and calcium overload, leading to
decreased myocardial oxidative stress and improved cardiac function. Tomasoni et a/. '’
in their review reported that DAPA-HF trial showed 26% reduction in composite
endpoint of cardiovascular death or worsening heart failure with dapagliflozin, while
EMPEROR-Reduced trial demonstrated 25% reduction in cardiovascular death or
hospitalization for heart failure with empagliflozin. Although current study focused on
LVEF improvement rather than clinical endpoints, the significant change in LVEF
observed (9.08 + 1.92% in empagliflozin group) provides mechanistic explanation for
reduced cardiovascular events reported in these large trials, as improvement in EF is
associated with better cardiac output and reduced risk of heart failure progression.
Cheema et al. "® conducted systematic review showing SGLT2 inhibitors reduced
primary composite endpoint with risk ratio of 0.81 (95% CI: 0.76, 0.87) in HFpEF and
HFmrEF patients, and improved quality of life with standardized mean difference of 0.13
(95% Cl: 0.06, 0.20). Although current study population had HFrEF rather than HFpEF or
HFmrEF, the magnitude of benefit observed in LVEF improvement suggests that SGLT?2
inhibitors may have more pronounced effects in reduced EF phenotype compared to
preserved EF, which is supported by Yu et a/. > findings that SGLT2 inhibitors improved
LVEF in HFrEF subgroup (MD 3.16%) but not in HFpEF subgroup (MD 0.19%). Yu et al. °
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reported that SGLT2 inhibitors showed no significant effects on left ventricular mass
index (MD -0.96 g/m? p=0.27) or left ventricular end-diastolic volume index (MD 1.32
ml/m? p=0.46) in overall analysis. However, Satheesh et a/ '® demonstrated significant
decrease in left ventricular mass from 222.0 + 48.4 g to 190.8 + 48.2 g (p=0.0003) with
SGLT2 inhibitors. The stratification analysis in current study revealed consistent
improvement in LVEF across different age groups, gender, and heart failure duration,
though statistical significance was not achieved in subgroup analyses. This finding is
consistent with Cheema et a/. '® who reported no significant change in effects based on
diabetes status (P interaction = 0.91) or EF diagnostic thresholds (P interaction = 0.57),
suggesting that beneficial effects of SGLT2 inhibitors are relatively uniform across
different patient subgroups. Abdelhady et a/ ' systematic review including 157,998
patients demonstrated that SGLT2 inhibitors reduced risk of hospitalization for heart
failure or cardiovascular death in DECLARE-TIMI 58 trial (95% Cl 0.73-0.95; p=0.005),
while SOLOIST-WHF trial showed rate of primary endpoint was 51.0 in sotagliflozin
group compared to 76.3 in placebo group (p<0.001). The improvement in LVEF
observed in current study provides mechanistic basis for these clinical benefits, as
enhanced EF leads to improved hemodynamics and reduced ventricular wall stress,
thereby decreasing risk of heart failure decompensation and hospitalization. Maged et al.
20 reviewed EMPEROR-PRESERVED trial which found empagliflozin reduced primary
composite outcome with hazard ratio of 0.79 (95% ClI 0.69-0.90; p<0.001) in HFpEF
patients, and PRESERVED-HF trial showed patients on dapagliflozin were 66% more
likely to achieve improvement in 6-minute walk test distance. Although current study
did not assess functional capacity or quality of life measures, the significant
improvement in LVEF (9.08 + 1.92%) suggests potential for functional improvement, as
EF correlates with exercise capacity and quality of life in heart failure patients.

The present study is associated with certain limitations, which are discussed
below. The present study was conducted in a single center, and it is possible that the
results might not be generalizable to a wider population with heart failure. The sample
size used in the present study is relatively small, with only 53 patients in each group,
which could be a limiting factor in the stratified analysis, as indicated by the non-
significant p-values. The long-term effects of empaglifiozin on LVEF and clinical
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outcomes cannot be assessed since the long-term follow-up is not mentioned in the

present study. The present study does not mention the clinical outcomes such as

hospitalizations related to heart failure, cardiovascular mortality, and quality of life,

which are important patient-reported outcomes. Moreover, the present study does not

mention the effects of empagliflozin on other parameters such as left ventricular mass,

diastolic function, and biomarkers such as NT-proBNP, which would have provided a

better understanding of the effects of the drug on the heart.

CONCLUSION

This current study shows that the addition of a sodium glucose cotransporter-2 inhibitor

to the therapeutic management of heart failure with reduced EF results in a significant

improvement in left ventricular systolic function. The increase in left ventricular EF in the

empagliflozin group was much larger than in the placebo group, and the difference

between the groups is highly statistically significant.
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