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ABSTRACT.  Recent randomized clinical trials demonstrated that treatment with sodium–glucose 
cotransporter-2 inhibitors (SGLT2is) reduces the risk of cardiac mortality due to sudden cardiac 
death and progressive pump failure in patients with heart failure (HF). Mechanisms underlying 
the potential anti-arrhythmic effects of SGLT2is are not well understood. We aimed to examine 
the effect of SGLT2i treatment on the frontal-plane QRS-T (f[QRS-T]) angle, a novel marker of 
myocardial repolarization and an independent predictor of adverse cardiac outcomes. The study 
included 106 patients with HF with reduced ejection fraction (HFrEF) who received an SGLT2i, 
empagliflozin, or dapagliflozin. All study participants underwent screening 12-lead electrocardi-
ography (ECG) before and ∼90 days after treatment. We compared ECG repolarization parameters 
before and after treatment. During study enrollment, there were statistically significant decreases 
in the Tp-e/QT ratio (P ≤ .0001), Tp-e/corrected QT ratio (P = .0002), Tp-e interval (P < .0001), 
and f(QRS-T) angle (P = .04) in response to SGLT2i therapy. In addition, study participants expe-
rienced an improvement in functional capacity (2.06 ± 0.6 vs. 1.82 ± 0.6, P = .0001) and reduced 
N-terminal pro-b-type natriuretic peptide values. In this retrospective cohort study, SGLT2i ther-
apy was associated with improved cardiac repolarization parameters in patients with HFrEF. More 
comprehensive studies are needed to evaluate the impact of SGLT2i on cardiac repolarization and its 
potential relation to cardiac arrhythmia and sudden cardiac death risk.
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Introduction

Patients with heart failure (HF) with reduced ejection frac-
tion (HFrEF) have a substantially increased risk of sudden 
cardiac death (SCD) due to ventricular arrhythmias.1,2 
Sodium–glucose cotransporter-2 inhibitors (SGLT2is) 
act by inhibiting sodium and glucose reabsorption in the 
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proximal tubules of the kidneys.3 Numerous randomized 
clinical trials (RCTs) have confirmed that these antidia-
betic agents have strong cardiorenal benefits independ-
ent of their glucose-lowering effects. The EMPagliflozin 
outcomE tRial in Patients with chrOnic heaRt Failure 
with Reduced Ejection Fraction (EMPEROR-Reduced)4 
and Dapagliflozin and Prevention of Adverse outcomes 
in Heart Failure (DAPA-HF)5 studies showed that, com-
pared to placebo, SGLT2i (empagliflozin and dapagli-
flozin, respectively) therapy was associated with a signif-
icant reduction in HF hospitalizations and cardiovascular 
disease (CVD) mortality, independent of diabetes status. 
These trial findings led to the establishment of SGLT2is 
as part of guideline-directed medical therapy (GDMT) for 
HF.6,7

Emerging data have suggested that SGLT2i therapy may 
reduce the risk of cardiac arrhythmias. For example, a 
post hoc analysis of the Dapagliflozin Effect on Cardio-
vascular Events—Thrombolysis in Myocardial Infarction 
58 (DECLARE-TIMI 58) trial revealed that dapagliflozin 
therapy could reduce the risk of atrial fibrillation in high-
risk patients with diabetes.8 Similarly, data from popula-
tion-based cohort studies and meta-analyses of RCTs have 
demonstrated that SGLT2i therapy is associated with a 
reduced risk of cardiac arrhythmias (ie, atrial fibrillation 
and ventricular tachycardia) and SCD.9–13 However, the 
potential mechanisms underlying this effect are not yet 
understood.

Delayed ventricular repolarization is associated with an 
increased risk of ventricular arrhythmias.14 Ventricular 
repolarization can be determined on standard 12-lead 
electrocardiography (ECG) using QT dispersion, QT 
interval, and T-wave measurements.15 Recent studies 
have suggested that the Tp-e interval, which is the inter-
val between the peak and end of the T-wave, can be a 
marker of total dispersion of repolarization.16,17 Further-
more, a prolonged Tp-e interval may predict the risk of 
ventricular arrhythmias and mortality.18 Hence, the Tp-e/
QT ratio was suggested to be an independent marker of 
ventricular repolarization.

The spatial QRS-T angle, defined as the angle difference 
between the direction of ventricular depolarization 
(QRS wave) and the direction of ventricular repolari-
zation (T-wave), is a new marker of myocardial repo-
larization.19 Moreover, measuring the spatial QRS-T 
angle is extremely difficult and necessitates the use of 
sophisticated computer programs.20 On the contrary, 
the QRS-T angle in the frontal plane is easily measured 
from the automatic report portion of ECG devices and 
correlates well with the spatial QRS-T angle in risk 
estimation.21 Therefore, the frontal QRS-T angle has 
received more attention than the spatial QRS-T angle. 
The frontal-plane QRS-T (f[QRS-T]) angle is defined as 
the angle difference between the directions of ventricu-
lar depolarization (QRS) and repolarization (T) axes on 
a 12-lead ECG.22 The f(QRS-T) angle is an indicator of 
ventricular repolarization heterogeneity, and widened 
f(QRS-T) has been shown to predict an increased risk 

of ventricular arrhythmias and CVD mortality.19 The 
prognostic value of this readily available parameter has 
been shown in different populations.19,23 In a cohort of 
467 patients with acute myocardial infarction and left 
ventricular systolic dysfunction, a widened f(QRS-T) 
angle (>90°) was a significant discriminator of long-
term mortality risk.24

In light of recent publications demonstrating the poten-
tial anti-arrhythmic benefits of SGLT2is,13 we hypothe-
sized that SGLT2i therapy might affect cardiac repolar-
ization parameters. Therefore, we aimed to investigate 
the potential relationship between SGLT2i treatment 
and cardiac repolarization parameters in patients with 
HFrEF.

Materials and methods

Population and sample

We retrospectively analyzed a cohort of 144 consecutive 
patients with HFrEF (EF ≤ 35%) who were cared for in 
the outpatient setting at an academic tertiary health care 
center between September 2021 and October 2022. We 
included patients with a New York Heart Association 
functional class of 1–3 and a previous diagnosis of HFrEF 
who were on optimal GDMT and started on an SGLT2i (10 
mg orally daily of either empagliflozin or dapagliflozin) 
as part of HF management. Patients with basal creatine 
levels of ≥1.5 mg/dL were not included in the study. In 
addition, we later excluded 37 patients who had been 
initially enrolled, including 12 who developed acute kid-
ney injury (defined by an increase in serum creatinine of 
≥0.3 mg/dL within 48 h or ≥50% within 7 days or a urine 
output of <0.5 mL/kg/h for >6 h),25 7 with SCD, and 18 
who were not on SGLT2i maintenance therapy during 
follow-up due to medication non-compliance or financial 
reasons. Additional exclusion criteria included ECG evi-
dence of bundle branch block, atrioventricular conduc-
tion abnormalities, U-waves, and difficulty analyzing QT 
and Tp-e intervals. As a result, we finally enrolled a total 
106 patients in our analysis.

All patients’ demographic, ECG, and echocardiographic 
data were collected from clinical follow-up visits, patient 
files, and the electronic database. All patients underwent 
12-lead ECG recordings and average N-terminal pro-b-
type natriuretic peptide (NT-proBNP) testing at the initial 
and ∼90-day clinical follow-up visits. Hypertension was 
defined as a blood pressure of ≥140/90 mmHg during at 
least three different measurements or a history of antihy-
pertensive medication use. Diabetes mellitus was defined 
by a fasting blood glucose level of ≥126 mg/dL, glycated 
hemoglobulin (HbA1c) value of >6.4, or a history of anti-
diabetic drug use. Hyperlipidemia was defined by a total 
cholesterol level of ≥200 mg/dL or a history of statin ther-
apy. The echocardiographic assessment was performed 
using an iE33 xMATRIX Cardiovascular Ultrasound Sys-
tem (Koninklijke Philips N.V., Amsterdam, the Nether-
lands) with a 3.5-MHz transducer. The modified Simpson 
method was used to calculate EF.
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Electrocardiography

A 12-lead ECG was recorded in the supine position at a 
paper speed of 50 mm/s (Nihon Kohden, Tokyo, Japan). 
All ECG records were scanned into electronic format 
using Adobe Photoshop (Adobe Inc., San Jose, CA, USA) 
and magnified by 400% to reduce errors. QT and Tp-e 
intervals on ECGs were measured by two cardiologists 
blinded to the patients’ data. QT interval was measured 
from the beginning of the QRS complex to the end of the 
T-wave and then corrected for heart rate using Bazett’s 
formula: cQT = QT√(R–R interval). The Tp-e interval in 
the precordial leads (V1–V6) was measured as described 
previously.15,26 The f(QRS-T) angle was calculated as the 
absolute difference between frontal QRS and T-wave 
axes automatically derived from the ECG machine. If the 
f(QRS-T) angle was >180°, the value was subtracted from 
36019,22,23,27 (Figure 1). We preferred machine-derived 
QRS and T-wave axes to calculate the f(QRS-T) angle to 
rule out measurement subjectivity.

Statistical analysis

We calculated the mean ± standard deviation values and 
percentages for continuous and categorical variables, 

respectively (ie, demographic variables, co-morbidi-
ties, and other clinical parameters). We recorded the 
NT-proBNP value; the New York Heart Association func-
tional class; and computed electrocardiographic indices 
including QT interval, QTc interval, Tp-e interval, Tp-e/
QT ratio, Tp-e/QTc ratio, and f(QRS/T) (°) both pre- 
and post-SGLT2i treatment. A paired-samples t test was 
used to compare the mean NT-proBNP value, functional 
class, and ECG indices pre- and post-SGLT2i treatment. 
P < .05 was considered to indicate statistical significance. 
Analyses were conducted using PROC FREQ and PROC 
TTEST in SAS version 9.4 (SAS Institute, Inc., Cary, NC, 
USA). The study was carried out per the ethical principles 
specified in the Declaration of Helsinki, Good Clinical 
Practice, and International Conference on Harmonization 
guidelines. Before the study, written informed consent 
was obtained from all participants, and the local ethics 
committee approved the study protocols.

Results

The demographic and clinical characteristics of the study 
group are shown in Table 1. The mean age was 56.5 ± 
9.4 years, and 35.9% of patients were female. The mean 
body mass index was 27.6 ± 2.3 kg/m2. The mean EF 

Figure 1: Example of QRS-T angle calculation.
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Table 1: Demographic and Echocardiographic Features of 
the Study Group

Parameters (N = 106)
Age, years 56.45 ± 9.40

Female, n (%) 38 (35.9%)

BMI, kg/m2 27.6 ± 2.3

Ischemic etiology, n (%) 80 (75.5%)

Hypertension, n (%) 40 (37.7%)

Diabetes mellitus, n (%) 38 (35.9%)

Dyslipidemia, n (%) 32 (30.2%)

Smoking, n (%) 38 (35.9%)

Ejection fraction, % 28.98 ± 3.98

NYHA functional class 2.06 ± 0.60

Beta-blocker therapy, n (%) 96 (90.6%)

ACEi or ARB therapy 98 (92.5%)

Mineralocorticoid receptor antagonists, n (%) 84 (79.3%)

Ivabradine, n (%) 28 (26.4%)

Thiazide diuretics, n (%) 34 (32.1%)

Total furosemide dosage, mg 31.7 ± 25.7

Abbreviations: ACEi, angiotensin-converting enzyme 
inhibitor; ARB, angiotensin receptor blocker; BMI, body 
mass index; NYHA, New York Heart Association; SD, 
standard deviation. Data are given as mean ± standard 
deviation, n, or median (interquartile range).

Table 2: Comparison of Functional Class, NT-proBNP, and ECG 
Parameters Before and After SGLT2i Therapy

Parameters Before therapy ∼90-day follow-up P value
NYHA functional class 2.06 ± 0.6 1.82 ± 0.6 .0001*

NT-proBNP, pg/mL 2736.7 ± 2101.0 2439.1 ± 1673.4 .0029*

QT interval, ms 353.2 ± 28.0 357.3 ± 28.4 .194

QTc interval, ms 384.7 ± 35.4 381.2 ± 34.5 .459

Tp-e interval, ms 85.9 ± 11.9 79.9 ± 12.1 <.0001*

Tp-e/QT ratio 0.25 ± 0.04 0.22 ± 0.04 <.0001*

Tp-e/QTc ratio 0.23 ± 0.04 0.21 ± 0.04 .0002*

f(QRS/T) (°) 72.2 ± 27.6 63.5 ± 30.9 .04*

Abbreviations: f(QRS/T), frontal-plane QRS-T angle; NYHA, New 
York Heart Association; NT-proBNP, N-terminal pro-b-type natriu-
retic peptide; QTc, corrected QT interval. Data are given as mean ± 
standard deviation. *Statistically significant.

was 28.98%  ± 3.98%. During study enrollment, patients’ 
functional capacity improved (2.06 ± 0.6 vs. 1.82 ± 0.6, 
P = .0001) and their NT-proBNP values decreased (2736.7 
± 2101.0 vs. 2439.1 ± 1673.4 pg/mL, P =  .0029) (Table 2). 
There was no statistically significant difference between 
pre- and post-therapy QT (P = .194) and corrected QT inter-
vals (P = .459). However, after ∼90 days of SGLT2i therapy, 
there was a statistically significant decrease in the Tp-e/QT 
ratio (P <. 0001), Tp-e/corrected QT ratio (P = .0002), Tp-e 
interval (P < .0001), and QRS-T angle (P = .04), respectively.

Discussion

The main findings of the present study are as fol-
lows: HFrEF patients who were treated with an 
SGLT2i experienced (1) improvement of repolarization 

dispersion–assessed Tp-e interval, Tp-e/QT ratio, Tp-e/
QTc ratio, and f(QRS/T) (°) and (2) no change in QT or 
corrected QT intervals during the ∼90-day follow-up 
period. As expected, our study cohort also experienced 
an improvement in functional class and a reduction in 
NT-proBNP values during the study period. As far as we 
can tell, based on our extensive literature search, ours is 
the first cohort study specifically evaluating the relation-
ship between SGLT2i therapy and electrocardiographic 
repolarization parameters in patients with HFrEF.

HF is a major cause of morbidity and mortality. Although 
some data suggest that the incidence of HF is mostly sta-
ble or declining, the burden of mortality and number of 
hospitalizations have not been reduced, despite advances 
in managing HF.28 Furthermore, despite effective dis-
ease-modifying GDMT options, patients with HFrEF are 
at increased risk of cardiac arrhythmias and SCD.4,5,29,30 
Moreover, we still need well-established tools beyond 
conventional parameters (EF or QT interval) to predict 
arrhythmia risk.31

The f(QRS-T) angle is a new marker used to measure the 
heterogeneity of ventricular repolarization.22 As the axes 
of myocardial depolarization and repolarization are sim-
ilar, the f(QRS-T) angle tends to be narrow (<45°). There-
fore, a wide f(QRS-T) angle indicates the abnormality 
between ventricular depolarization and repolarization 
phases.32 The clinical significance of the f(QRS-T) angle 
was demonstrated in several cohort studies. The QRS-T 
angle has been reported to have more additive value in 
identifying problems than other conventional parameters 
for myocardial repolarization on ECG.33,34

Previous studies suggested that f(QRS-T) has a value sim-
ilar to spatial QRS-T angle in predicting cardiovascular 
mortality.21 A wide f(QRS-T) angle (>90°) was found to be 
an independent predictor of long-term mortality in a cohort 
of patients with acute myocardial infarction and reduced 
EF.24 Slow coronary flow was associated with wider 
f(QRS-T) and prolonged Tp-e interval, Tp-e/QT, and Tpe/
QTc ratios compared to those in the general population in 
a retrospective cohort study.35 Okutucu et al. observed that 
switching from ramipril to sacubitril/valsartan therapy 
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improved some repolarization by decreasing QTc, Tp-e, 
and Tp-e/QTc in patients with HFrEF.36

Over the past decade, the cardioprotective effects of SGL-
T2is have been increasingly recognized thanks to consistent 
results from numerous cardiovascular outcome trials. It has 
been hypothesized that SGLT2i therapy may partly reduce 
the risk of cardiovascular mortality by exerting a favora-
ble effect on cardiac arrhythmia risk.9 In a recent second-
ary analysis of the DECLARE-TIMI 58 study, dapagliflozin 
reduced the risk of atrial flutter/fibrillation by 19% com-
pared to placebo.8 On the contrary, in the Empagliflozin 
Cardiovascular Outcome Event Trial in patients with Type 
2 Diabetes Mellitus (EMPA-REG OUTCOME), the inci-
dence of atrial fibrillation was higher in the empagliflozin 
arm (2.3%) than in the placebo arm (1.6%), but no signif-
icant differences were observed between groups.37 The 
most common side effects due to SGLT2is are reported to 
be volume depletion and urinary and genital system infec-
tions. Less frequently, hypoglycemia, diabetic ketoacidosis, 
amputations of the lower extremities, bone fractures, and 
Fournier gangrene may occur. However, SGLT2is were well 
tolerated both EMPA-REG and DECLARE TIMI-58.38

The impact of SGLT2i therapy on other cardiac arrhyth-
mias, such as ventricular tachycardia (VT), has not been 
studied extensively. A meta-analysis including 22 RCTs 
conducted by Li et al.9 found that SGLT2i therapy may 
be associated with a lower risk of atrial flutter/fibrilla-
tion and ventricular tachycardia compared to placebo. 
In this meta-analysis, the majority of trials included 
patients with diabetes and chronic kidney disease, and 
two trials enrolled patients with HF. A population-based 
propensity score–matched cohort study from Taiwan, 
including 79,150 diabetic patients treated with SGLT2is 
compared with matched diabetic patients not taking SGL-
T2is, reported a 45% reduction in the adjusted risk of all-
cause death and a 17% reduction in the risk of new-onset 
arrhythmias with the use of SGLT2i therapy.11

Mechanisms underlying the anti-arrhythmic effects 
of SGLT2is remain poorly understood. However, sev-
eral mechanisms have been proposed to play a role in 
the reduction of arrhythmia risk in response to SGLT2i 
therapy, such as hemodynamic effects that reduce 
preload and afterload by decreasing plasma volume and 
blood pressure,39–41 the inhibition of sodium–hydrogen 
exchange in myocardial cells associated with reduced 
myocardial hypertrophy, fibrosis, adverse remodeling, 
improved systolic dysfunction, and sympathetic nerv-
ous system inhibition.39,42 In addition to these proposed 
mechanisms, our results may indicate a potential role 
of SGLT2i therapy in improving cardiac repolarization. 
However, more investigation is needed to understand 
whether these results would translate into clinical out-
comes, such as a reduced risk of arrhythmia or mortality.

Limitations of the study

Our study has several limitations. First, our study had a 
retrospective design with a relatively small sample size 

and short duration of follow-up, and it did not have a con-
trol arm. Therefore, we cannot confirm that the observed 
associations are solely due to SGLT2i therapy rather than 
chance. In addition, our patients were recruited from a 
single center, and our findings would need further vali-
dation in different populations. Another limitation of our 
study was the underrepresentation of female patients, 
which may also limit the generalizability of our findings. 
Finally, as mentioned above, our study used an ECG sur-
rogate for arrhythmia risk, and the clinical significance of 
our findings needs to be tested in future studies evaluat-
ing clinical outcomes.

Conclusion

In this retrospective cohort study, we observed a statis-
tically significant improvement in repolarization param-
eters with the initiation and maintenance of SGLT2i 
therapy in patients with HFrEF. Our results may indi-
cate potential anti-arrhythmic effects of SGLT2i therapy 
through improved cardiac repolarization in patients with 
HF. Because of the limitations of our study, our findings 
could be considered hypothesis-generating, and our 
results will need further validation in larger and more 
comprehensive studies.
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