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ORIGINAL INVESTIGATION

Dapagliflozin Improves Cardiac Autonomic 
Function Measures in Type 2 Diabetic Patients 
with Cardiac Autonomic Neuropathy

ABSTRACT

Background: Cardiac autonomic neuropathy is a frequent complication of type 2 diabe-
tes mellitus. Cardiac autonomic neuropathy, in which sympathetic tone predominates 
over parasympathetic activity, increases both cardiovascular morbidity and mortality 
and unfortunately has no definitive treatment. Sodium-glucose cotransporter-2 inhibi-
tors have been suggested to reduce sympathetic nervous system activity, based on the 
results from previous studies. In this study, we aimed to investigate the effect of 24-week 
treatment with dapagliflozin, a sodium-glucose cotransporter-2 inhibitor, on cardiac 
autonomic function measures in patients with type 2 diabetes mellitus and cardiac auto-
nomic neuropathy.

Methods: Dapagliflozin 10 mg/day (n = 42) or non-sodium-glucose cotransporter-2  
inhibitor oral antidiabetic(s) (n = 38) was added to the treatment of patients whose 
glycemic control could not be achieved with existing treatments. The patients with defi-
nite or confirmed cardiac autonomic neuropathy diagnosed by cardiovascular autonomic 
reflex tests underwent 24-hour Holte r-ele ctroc ardio gram recordings to obtain heart 
rate variability and heart rate turbulence parameters before starting additional medica-
tion and after a 24-week treatment period.

Results: In-group analyses showed that dapagliflozin 10 mg/day for 24 weeks improved 
heart rate variability and heart rate turbulence parameters and decreased the fre-
quency of ventricular premature beats relative to their baseline values. No such findings 
were observed in the control group despite similar glycemic control. Comparisons 
between dapagliflozin group and the control group showed that these effects of dapa-
gliflozin were significantly better than non-sodium-glucose cotransporter-2 inhibitor 
oral antidiabetics.

Conclusion: Dapagliflozin improves measures of cardiac autonomic function compared 
to the control group in type 2 diabetic patients with cardiac autonomic neuropathy. This 
intergroup benefit, demonstrated for the first time, may be promising for the regression 
of cardiac autonomic neuropathy with sodium-glucose cotransporter-2  inhibitors .

Keywords: Cardiac autonomic neuropathy, dapagliflozin, heart rate variability, 
SGLT2 inhibitors, turbulence

INTRODUCTION

Relatively new oral antidiabetic (OAD) drugs named sodium-glucose cotrans-
porter-2 (SGLT2) inhibitors have cardiovascular benefits that go beyond their blood 
glucose control effects, such as reducing heart failure hospitalizations, and both 
cardiovascular and all-cause mortality.1,2 Cardiac autonomic neuropathy (CAN) 
is a frequent complication of type 2 diabetes mellitus (T2DM), and its incidence is 
expected to increase further as diabetes becomes an epidemic and occurs at earlier 
ages.3 Cardiac autonomic neuropathy, in which sympathetic activity is dominant 
due to the deterioration of the balance between the parasympathetic and sympa-
thetic innervation of the heart, has effects that increase cardiovascular morbidity 
and mortality by causing QT interval prolongation, impaired heart rate variability 
(HRV), arrhythmias, blood pressure dysregulations such as orthostatic hypoten-
sion and reverse-dipping pattern, and silent myocardial ischemia and infarction.3,4 
So far, there are several preventive and therapeutic strategies available to prevent 
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its development or to address its clinical manifestations, but 
there is no definitive treatment that regresses CAN.3

The absence of compensatory heart rate increase in response 
to the decrease in blood pressure observed in studies exam-
ining the cardiovascular effects of SGLT2 inhibitors suggests 
that they may reduce sympathetic nervous system activ-
ity.1,2,5 Indeed, preclinical studies in mice have shown that 
dapagliflozin, an SGLT2 inhibitor, reduces the markers of sym-
pathetic nervous system activity such as tyrosine hydroxylase 
and noradrenaline in heart and kidney cells.6,7 Based on these 
findings, SGLT2 inhibitors were hypothesized to be a promis-
ing treatment option for CAN, and the effects of this group 
of drugs on cardiac autonomic function parameters, includ-
ing HRV and heart rate turbulence (HRT), were investigated in 
T2DM patients with different characteristics. Among them, 
EMPA-HEART CardioLink-6 Holter analysis study8 and Ang 
et al's9 study did not show a significant effect of empagliflozin 
and dapagliflozin on HRV parameters, respectively, whereas 
the EMBODY study revealed that empagliflozin improved 
HRV and HRT parameters in patients with T2DM who had a 
recent myocardial infarction.10  Inconsistencies between these 
results can be attributed to differences in study duration and 
whether the study subjects had stable or unstable coronary 
artery disease. In addition, in 2 of these studies, cardiovascu-
lar autonomic reflex tests (CARTs), which are the gold stan-
dard in the diagnosis of CAN, were not used.11 The clinical use 
of HRV obtained from 24-hour Holte r-ele ctroc ardio gram 
(ECG) recordings in addition to CARTs has been suggested for 
CAN screening and diagnosis by the American Association 
of Clinical Endocrinology and the American College of 
Endocrinology.12 Similarly, HRT parameters may provide addi-
tional benefits in the diagnosis of CAN.13

In this study, we aimed to investigate the effect of 24-week 
dapagliflozin treatment on HRV and HRT parameters in 
T2DM patients who had a definite or confirmed diagnosis of 
CAN by CARTs.

METHODS

Study Population
This study was carried out in the endocrinology and cardi-
ology outpatient clinics of our hospital. Eligible patients for 
the study were determined as T2DM patients naïve to SGLT2 

inhibitors and who were planned to add dapagliflozin 10 mg/
day or other OAD drug(s) (except glucagon-like peptide-1 
analogs or other SGLT2 inhibitors) to their treatment due to 
suboptimal glycemic control with their existing OAD medica-
tions. At baseline, almost all patients were using metformin, 
and approximately half were using additional OAD drugs, 
such as dipeptidyl peptidase-4 inhibitors, sulfonylureas, and/
or thiazolidinediones groups. The choice of additional oral 
agent(s) was left to the discretion of the endocrinology phy-
sician according to patients’ clinical characteristics.

Exclusion criteria were as follows: any acute coronary syn-
drome in the last 1 year, known heart failure or having signs 
and symptoms of heart failure, cardiomyopathies, moderate 
or severe valvular heart disease, hyper /hypo thyro idism , non-
sinus rhythm, and use of any anti-arrhythmic drugs that may 
affect HRV and HRT indices, including beta-blockers, vera-
pamil, and diltiazem. Since glucagon-like peptide-1 ago-
nists may influence HRV parameters, patients who were to 
be added to a drug from this group were not included in the 
study.14 Patients using or planning to start insulin were also 
excluded from the trial.

A total of 246 patients between the ages of 18 and 80 who 
met the above conditions underwent CARTs for the pres-
ence of CAN as recommended by the Toronto Consensus 
panel.11 How these tests are performed is described else-
where.4 According to the results of these tests, 114 patients 
with at least 2 heart rate test abnormalities were diagnosed 
as definite or confirmed CAN and were included in the study 
population.15 These patients underwent anthropomet-
ric measurements, laboratory tests, 24-hour Holter-ECG 
recordings, and transthoracic echocardiographic exami-
nations before starting additional medication and after a 
24-week of treatment period. Patients who developed acute 
coronary syndrome during the study period or who could 
not continue the added antidiabetic drug(s) due to the side 
effects or intolerance were excluded from the study. In addi-
tion, patients who did not complete baseline and 24th-week 
Holter-ECG monitoring and/or whose recordings were not of 
sufficient quality for the evaluation were also excluded. The 
absence of premature ventricular beats (PVBs), which are 
required for HRT evaluation, in Holter-ECG recordings was 
another reason for exclusion. After all exclusions, 42 patients 
who were prescribed an additional dapagliflozin 10 mg/day 
regimen constituted the dapagliflozin group and 38 patients 
who were prescribed other OAD drug(s) as described above 
formed the control group (Figure 1).

The study was designed and conducted in accordance with 
the principles set out in the Declaration of Helsinki and was 
approved by the Local Medical Research Ethics Committee 
(approval date: January 21, 2022; approval number: 13). All 
subjects gave informed consent before enrollment.

Laboratory Tests, Anthropometric, and Blood Pressure 
Measurements
Venous blood samples were collected after at least 8 hours 
of fasting. Thyroid and kidney function tests, aspartate ami-
notransferase, alanine aminotransferase, fasting plasma 
glucose, HbA1c, total cholesterol, low-density lipoprotein 

HIGHLIGHTS
• 24-week dapagliflozin treatment improves heart rate 

variability and turbulence in patients with cardiac 
autonomic neuropathy.

• Also, it decreases heart rate turbulence category (lower 
is better) and frequency of premature ventricular beats.

• These beneficial effects were detected both within the 
dapagliflozin group and in comparison with the control 
group.

• In comparison with a control group, the ameliorative 
effects of the sodium-glucose cotransporter-2 inhibi-
tion on heart rate variability and turbulence were dem-
onstrated for the first time.
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cholesterol, high-density lipoprotein cholesterol, and tri-
glyceride levels were measured in all subjects at baseline and 
after 24 weeks of additional treatment. Anthropometric 
data were obtained by well-trained medical staff using the 
same methods and instruments for all patients at baseline 
and after 24 weeks. The office blood pressure of subjects 
was measured using the traditional auscultation method 
with a sphygmomanometer in the Holter-ECG room before 
starting Holter recordings according to the relevant guide-
lines of the European Society of Cardiology.16

Holte r-Ele ctroc ardio gram Examinations
The 24-hour Holter-ECG recordings were obtained with 
3-channel digital recorders (CardioDay® for Windows 
Version 2.5, GE Healthcare, GETEMED Medizin- und 
Informationstechnik AG/Germany) and were reviewed by a 
reader who was unaware of the treatments received by the 
patients and the period of the study. While the frequency of 
PVBs was calculated by dividing the total number of PVBs 
by the total recording time in hours, their percentage was 
calculated by dividing the total number of PVBs by the total 
number of beats during the recording period. Time-domain 
HRV and HRT parameters were measured using the auto-
matic features of the software. Defined as the physiological 
cyclical fluctuations in the time interval between sequential 
heartbeats, HRV includes the following parameters: stan-
dard deviation (SD) of normal to normal intervals (SDNN), SD 
of the average NN intervals for each 5-minute segment of the 
24-hour recording (SDANN), mean of the 5-minute SD of the 
NN interval calculated over 24 hours (SDNN index), root mean 
square of successive RR interval differences (RMSSD), and the 
percentage of successive NN intervals that differ by >50 mil-
liseconds (pNN50).17 In addition, mean RR interval was noted. 

The HRT is a baroreflex-mediated biphasic reaction of heart 
rate in response to PVBs.18 Instantaneous changes in heart 
rate after isolated PVBs can be detected by Holter-ECG as 
first shortening and then lengthening in sinus cycle length. 
These acceleration and deceleration phases are quantified by 
2 numeric descriptors, turbulence onset (TO) and turbulence 
slope (TS). A TO value below 0% indicates early sinus acceler-
ation and is considered normal, while a TS value above the 2.5 
ms/RR range shows the normal expected late deceleration. 
Another HRT parameter, HRT category (HRTc), is calculated 
according to whether the TO and TS values are normal or not. 
If both TO and TS values are normal, it means HRTc is 0. If both 
values are abnormal, it means HRTc is 2. A HRTc 1 means either 
TO or TS is abnormal.18 All evaluations and measurements 
were made in accordance with the standards set by the Task 
Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology.17,18

Sample Size Estimation
Sample size was calculated for SDNN, one of the most used 
HRV parameters. The mean difference in SDNN from base-
line to 24 weeks between the dapagliflozin group and control 
group was estimated to be 15 ms and SD of 20 ms based on a 
previous study result using a similar approach.8 Accordingly, 
a sample size of 79 was calculated for 80% power with a 
2-sided type I error level for group comparisons. We planned 
to enroll approximately 120 patients with CAN assuming 30% 
loss due to compelling exclusion criteria such as the absence 
of PVBs in Holter-ECG recordings. Hence, 246 patients who 
met the inclusion criteria were screened until the planned 
number of patients was reached. Of these, 114 patients with 
definite or confirmed CAN according to CARTs were included 
in the study.

Statistical Analysis
The Statistical Program for Social Sciences (IBM® SPSS 
Statistics for Windows, Version 22, IBM Corp., Armonk, NY, 
USA) and G*Power software (Version 3.1.9.6; Heinr ich-H 
eine- Unive rsitä t Düsseldorf, Düsseldorf, Germany) were 
used for all statistical calculations. Nominal variables were 
presented as numbers and percentages, and continuous 
variables were presented as mean ± SD. Data were analyzed 
for normal distribution with the Kolmogorov–Smirnov test. 
For examining the differences between groups, the chi-
square test was used for categorical variables and Student's 
t-test or Mann–Whitney U test (whichever was appropriate) 
for continuous variables. The objective of this trial was to 
compare the change in the HRV and HRT values from base-
line to 24 weeks between dapagliflozin and control groups. 
To this end, the differences in HRV and HRT parameters 
between the 2 groups were compared by analysis of cova-
riance. Statistical significance measures were presented as 
adjusted differences with corresponding 95% confidence 
interval (CI). In addition, to compare in-group differences 
between baseline and 24-week values, McNemar test was 
used for categorical variables, and paired samples t-test 
or Wilcoxon signed-rank test was used for continuous vari-
ables. A 2-sided P-value <.05 was considered statistically 
significant for all analyses.

Figure 1. A total of 246 patients with type 2 diabetes mellitus 
(T2DM) met the inclusion criteria and underwent 
cardiovascular reflex tests (CARTs). Of these, 114 had definite 
or confirmed cardiac autonomic neuropathy (CAN) and were 
included in the study. Sixteen patients in the dapagliflozin 
group and 18 patients in the control group were excluded due 
to exclusion criteria. The remaining 80 patients (42 in the 
dapagliflozin group and 38 in the control group) completed 
24-week study period. PVBs, premature ventricular beats.
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RESULTS

Baseline clinical, laboratory, physical examination, and echo-
cardiographic findings of both groups are given in Table  1. 
Table 1 also presents information about patients' CART 
results and current medications. No significant difference 
was present between the 2 groups in terms of these charac-
teristics. The average duration of T2DM was approximately 
8.5 years, and mean HbA1c levels before additional therapy 
were above 7.5% in both groups. 

In Table 2, 24-hour Holter-ECG findings are given. There 
was no difference in terms of the duration of Holter-ECG 
recordings, mean heart rate, mean RR interval, and fre-
quency and percentage of PVBs. In addition, baseline HRV 
and HRT parameters were similar before additional OAD 
drugs were started.

Heart rate variability parameters of both groups at baseline 
and after 24 weeks of additional OAD treatment(s) are pre-
sented in Table 3. In-group analyses showed that 24 weeks 
of dapagliflozin add-on therapy improved HRV parameters 
relative to their baseline values. However, such an improve-
ment was not observed in the control group despite similar 
glycemic control. The adjusted difference of HbA1c between 
the groups was −0.037% (95% CI: −0.197% to 0.122%, P = .645). 
However, intergroup comparisons revealed that adjunc-
tive therapy with dapagliflozin resulted in an increase 
(improvement) of 8.79 ms in SDNN (P = .005), 6.11 ms in 
SDANN (P = .036), 4.16 ms in SDNN index (P = .010), 6.95 ms 
in RMSSD (P = .019), and 1.58% in pNN50 (P = .03) relative to 
the non-SGLT2 inhibitor antidiabetics (Table 3). Similarly, 
in-group comparisons pointed out that HRT parameters 
were found to be significantly improved only in dapagliflozin 

Table 1. Baseline Clinical Characteristics of the Study Population

Dapagliflozin Group (n = 42) Control Group (n = 38) P

Age, years 60.5 ± 11.0 61.4 ± 9.8 .680

Gender, male/female, n (%) 19/23 (45.2/54.8) 15/23 (39.5/60.5) .602

Current smoking, n (%) 10 (23.8) 8 (21.1) .768

Hypertension, n (%) 20 (47.6) 17 (44.7) .796

Body weight, kg 83.3 ± 13.8 81.7 ± 12.1 .379

Body mass index, kg/m2 29.6 ± 4.7 29.4 ± 5.0 .587

Duration of diabetes, years 8.4 ± 3.1 8.6 ± 3.5 .757

Fasting plasma glucose, mg/dL 154.5 ± 46.9 156.1 ± 42.0 .877

HbA1c, % 7.81 ± 1.37 7.94 ± 1.31 .672

Total cholesterol, mg/dL 192.1 ± 38.1 190.5 ± 39.5 .852

High-density lipoprotein cholesterol, mg/dL 44.5 ± 12.0 45.5 ± 12.2 .727

Low-density lipoprotein cholesterol, mg/dL 121.2 ± 29.9 116.1 ± 32.8 .476

Triglycerides, mg/dL 131.9 ± 63.9 134.1 ± 68.6 .880

Systolic BP, mm Hg 128.5 ± 19.9 129.3 ± 22.0 .850

Diastolic BP, mm Hg 77.9 ± 11.8 79.3 ± 14.6 .617

Resting HR, beats/min 75.2 ± 11.4 73.7 ± 10.6 .541

Left ventricular ejection fraction, % 63.3 ± 5.7 62.4 ± 5.2 .522

Interventricular septum thickness, mm 11.2 ± 1.9 10.9 ± 1.8 .470

Left ventricular posterior wall thickness, mm 10.4 ± 1.6 10.2 ± 1.6 .698

Abnormal cardiovascular autonomic reflex tests

HR response to breathing, n (%) 28 (66.7) 22 (57.9) .418

HR response to standing, n (%) 15 (35.7) 18 (47.4) .290

HR response to Valsalva maneuver, n (%) 19 (45.2) 16 (42.1) .778

BP response to standing, n (%) 9 (21.4) 12 (31.6) .303

BP response to isometric exercise, n (%) 5 (11.9) 2 (5.3) .436

Current medical therapy

ACEI or ARB, n (%) 17 (40.5) 16 (42.1) .882

Dihydropyridine CCB 18 (42.9) 18 (47.4) .685

Diuretics, n (%) 15 (35.7) 12 (31.6) .696

Metformin, n (%) 37 (88.1) 34 (89.5) .846

DPP-4 inhib itors /sulf onylu reas/ thiaz olidi nedio nes, n (%) 19 (45.2) 20 (52.6) .509

Statins, n (%) 23 (54.8) 27 (71.1) .133
ACEI, angio tensi n-con verti ng enzyme inhibitors; ARB, angiotensin II receptor blockers; BP, blood pressure; CCB, calcium channel blockers; 
DPP-4, dipeptidyl peptidase-4; HR, heart rate; n, numbers.
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group. Intergroup analysis showed that add-on therapy 
with dapagliflozin for 24 weeks increased the TS values and 
decreased the HRTc and TO values compared to therapy 
without an SGLT2 inhibitor in type 2 diabetic patients with 
CAN (Table 3).

In terms of frequency and percentage of PVBs, both groups 
were similar at baseline. In the 24th-week Holter-ECG 
recordings, the frequency of PVBs in the dapagliflozin 
group significantly decreased compared to baseline val-
ues; although there was a numerical decrease in the control 
group, it was not significant. Intergroup comparisons showed 
that patients receiving dapagliflozin had 3.89 fewer PVBs 
per hour than patients who did not (Table 3).

After treatment for 24 weeks, body weight and body mass 
index decreased significantly in the dapagliflozin group com-
pared to the control group. Adjusted difference between the 
2 groups was −2.92 kg (95% CI, −4.18 to −1.65, P < .001) for 

body weight and −1.03 kg/m2 (95% CI, −1.50 to −0.56 kg/m2, 
P < .001) for body mass index (Table 3). Similarly, 24 weeks 
of dapagliflozin add-on therapy resulted in a reduction of 
5.7 mm Hg and 2.9 mm Hg in systolic and diastolic blood 
pressure, respectively, compared to treatments without an 
SGLT2 inhibitor. However, despite this decrease, neither the 
mean heart rate on 24-hour Holter-ECG recordings nor the 
resting heart rate on physical examination was significantly 
increased in the dapagliflozin group. Mean heart rate at 
baseline and at the end of 24 weeks was not different within 
and between groups.

DISCUSSION

In this study, we investigated the effects of dapagliflozin, 
an SGLT2 inhibitor, on HRV and HRT parameters, which 
reflect sympathetic and parasympathetic nerve activities, in 
patients with CAN. For this purpose, dapagliflozin 10 mg/day 
or non-SGLT2 inhibitor oral antidiabetics (to provide similar 
glycemia) were added to the treatment of patients whose 
glycemic control could not be achieved with their existing 
OAD treatments. Before the start of additional therapy and 
after 24 weeks of treatment, HRV and HRT values obtained 
from 24-hour Holter-ECG recordings were compared within 
and between dapagliflozin and control groups. Our main find-
ings are as follows: (1) dapagliflozin treatment for 24  weeks 
resulted in improvement in both HRV and HRT parameters and 
decrease in the frequency and percentage of PVBs in patients 
with definite or confirmed CAN diagnosed with CARTs; (2) 
such an improvement was not found in the control group, 
which achieved similar glycemic control with OAD drugs 
other than SGLT2 inhibitors; (3) intergroup analyses showed 
that dapagliflozin significantly increased SDNN, SDANN, 
SDNN index, RMSSD, pNN50, and TS values and significantly 
decreased TO, and HRT categories, and also frequency and 
percentage of PVBs compared to non-SGLT2 inhibitor oral 
antidiabetics; (4) within-group and between-group analyses 
confirmed the absence of reflex heart rate increase to SGLT2 
inhibitor-induced blood pressure reduction found in previous 
studies. To the best of our knowledge, this study is the first to 
demonstrate that an SGLT2 inhibitor has ameliorative effects 
on HRV, and HRT parameters compared to a control group, in 
patients with definite or confirmed CAN.

Cardiac autonomic neuropathy may occur after the first year 
of T2DM and increases morbidity and cardiovascular mortal-
ity.3,4 However, no definitive treatment that regresses CAN 
has been reported to date.3 Since neuropathies affect the 
longest nerves first, the balance between parasympathetic 
and sympathetic tone is disturbed, due to the vagus nerve 
damage.4 As a result, a condition characterized by overac-
tivity of the sympathetic nervous system occurs that leads 
to resting tachycardia and impaired HRV, even at subclini-
cal stage of CAN.4 The fact that SGLT2 inhibitors regressed 
sympathetic nervous system activity markers such as tyro-
sine hydroxylase and noradrenaline in preclinical studies and 
decreased sympathetic nerve hyperactivity demonstrated 
by I-123 MIBG scintigraphy in clinical studies suggest that 
they may normalize or reduce sympathetic dominance in dia-
betic CAN.7,8,10,19 In addition, the lack of compensatory heart 

Table 2. Comparison of Baseline 24-Hour Holter-ECG 
Findings, Time-Domain Heart Rate Variability, and Heart Rate 
Turbulence Parameters Between Dapagliflozin and Control 
Groups

Dapagliflozin 
Group (n = 42)

Control 
Group 

(n = 38) P

24-hour Holter-ECG findings

Recording 
duration, hours

23.2 ± 0.6 23.1 ± 0.5 .767

PVBs per hour, n 15.9 ± 20.7 15.1 ± 21.1 .877

PVBs percent 0.329 ± 0.424 0.315 ± 0.426 .916

Mean heart rate, 
beats/minute

81.6 ± 6.0 81.0 ± 5.4 .605

Mean RR interval, 
ms

746.1 ± 64.4 749.7 ± 65.7 .808

Heart rate variability parameters

SDNN, ms 102.1 ± 25.1 100.3 ± 24.1 .747

SDANN, ms 85.1 ± 22.4 82.9 ± 23.7 .681

SDNN index, ms 31.2 ± 15.4 31.0 ± 13.2 .952

RMSSD, ms 41.6 ± 28.3 39.2 ± 27.6 .765

pNN50, % 4.02 ± 3.33 4.13 ± 2.96 .680

Heart rate turbulence parameters

Turbulence onset −0.0454 ± 0.0995 -0.0486 ± 
0.0876

.880

Turbulence slope, 
ms/RR

3.64 ± 4.77 3.97 ± 4.61 .479

HRTc 0, numbers 
(%)

12 (28.6) 14 (36.8) .731

HRTc 1, numbers (%) 19 (45.2) 15 (39.5)

HRTc 2, numbers 
(%)

11 (26.2) 9 (23.7)

HRTc, heart rate turbulence category; n, numbers; pNN50, percentage 
of successive normal to normal (NN) intervals that differ by more than 50 
ms; PVBs, premature ventricular beats; RMSSD, root mean square of suc-
cessive RR interval difference; SDANN, standard deviation (SD) of the 
average NN intervals for each 5-minute segment of the 24-hour record-
ing; SDNN, SD of NN intervals; SDNN index, mean of the 5-minute SD of 
the NN interval calculated over 24 hours; ECG, electrocardiogram.
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rate increase in response to the decrease in blood pressure 
caused by these drugs and the lower risk of atrial fibrillation, 
atrial flutter, and serious ventricular arrhythmias observed 
in clinical studies in favor of SGLT2 inhibitors supports that 
they may modulate the cardiovascular autonomic function 
by reducing sympathetic nervous system activity.1,2,5,20,21 In 
line with these results, SGLT2 inhibition seems to be a prom-
ising mechanism in search of the treatment to regress CAN.

Therefore, we planned to conduct our study in a T2DM 
population with a definite or confirmed diagnosis of CAN 

by CARTs, and we found improvement in HRV, and HRT 
parameters, which may indicate regression in CAN with 
appropriate duration of SGLT2 inhibition, perhaps at 
least 6 months. Because, in a similar but relatively smaller 
population study with CAN, there were no differences in 
any of the HRV parameters between 12-week of dapa-
gliflozin (n = 26) versus 12-week glimepiride treatments 
(n = 19).9 In fact, a slight increase in the mean change of 
low-frequency (LF) to high-frequency (HF) power ratio 
was observed, which reflects cardiac sympathetic nerve 
activity, while on dapagliflozin, contrasting with a decline 

Table 3. Baseline Versus 24-Week Comparisons and Intergroup Analysis of 24-Hour Holter-ECG findings, Time-Domain Heart 
Rate Variability, and Heart Rate Turbulence Parameters Between Dapagliflozin and Control Groups

Dapagliflozin Group (n = 42) Control Group (n = 38)
Adjusted Difference 

Between Groups 

Baseline 24 Weeks P Baseline 24 Weeks P Mean (95% CI) P

24-hour Holter-ECG findings

PVBs per hour, n 15.9 ± 20.7 11.3 ± 17.6 <.001 15.1 ± 21.1 14.4 ± 20.1 .519 −3.89 (−7.61, 
−0.16)

.041

PVBs percent 0.329 ± 0.424 0.233 ± 0.351 <.001 0.315 ± 0.426 0.304 ± 0.423 .280 −0.084 (−0.158, 
−0.011)

.025

Mean heart rate, 
beats/minute

81.6 ± 6.0 82.4 ± 6.2 .414 81.0 ± 5.4 81.6 ± 5.9 .417 0.083 (−2.244, 
2.409)

.944

Mean RR interval, ms 746.1 ± 64.4 748.9 ± 65.2 .785 749.7 ± 65.7 751.0 ± 66.8 .933 1.45 (−34.24, 
37.14)

.936

Heart rate variability parameters

SDNN, ms 102.1 ± 25.1 113.1 ± 29.5 <.001 100.3 ± 24.1 102.6 ± 23.4 .067 8.79 (2.76, 
14.82)

.005

SDANN, ms 85.1 ± 22.4 92.3 ± 27.4 .006 82.9 ± 23.7 84.1 ± 23.3 .380 6.11 (0.41, 11.81) .036

SDNN index, ms 31.2 ± 15.4 35.9 ± 17.4 .003 31.0 ± 13.2 31.5 ± 12.6 .141 4.16 (1.01, 7.32) .010

RMSSD, ms 41.6 ± 28.3 49.9 ± 28.4 .001 39.2 ± 27.6 40.6 ± 26.2 .099 6.95 (1.19, 12.70) .019

pNN50, % 4.02 ± 3.33 5.8 ± 4.59 <.001 4.13 ± 2.96 4.34 ± 2.67 .174 1.58 (0.57, 2.58) .003

Heart rate turbulence parameters

Turbulence onset −0.0454 ± 
0.0995

−0.0673 ± 
0.1044

<.001 −0.0486 ± 
0.0876

−0.0458 ± 
0.0903

.104 −0.025 (−0.039, 
−0.010)

.001

Turbulence slope, 
ms/RR

3.64 ± 4.77 5.22 ± 5.56 <.001 3.97 ± 4.61 4.21 ± 5.14 .129 1.348 (0.705, 
1.991)

<.001

HRTc 0, n (%) 12 (28.6)  22 (52.4)
.001

14 (36.8) 16 (42.1)

.223 N/A <.001HRTc 1, n (%) 19 (45.2) 13 (31) 15 (39.5) 14 (36.8)

HRTc 2, n (%) 11 (26.2) 7 (16.6) 9 (23.7) 8 (21.1)

Clinical and laboratory findings

HbA1c, % 7.81 ± 1.37 7.41 ± 1.17 <.001 7.94 ± 1.31 7.5 ± 1.08 <0.001 −0.037 (−0.197, 
0.122)

.645

Body weight, kg 83.3 ± 13.8 81.0 ± 12.3 <.001 81.7 ± 12.1 82.3 ± 11.9 0.195 −2.92 (−4.18, 
−1.65)

<.001

Body mass index, 
kg/m2

29.6 ± 4.7 28.9 ± 4.3 <.001 29.4 ± 5.0 29.6 ± 5.2 0.212 −1.03 (−1.50, 
−0.56)

<.001

Systolic BP, mm Hg 128.5 ± 19.9 122.7 ± 18.2 <.001 129.3 ± 22.0 127.9 ± 18.5 0.394 −5.7 (−7.8, −0.7) .020

Diastolic BP, mm Hg 77.9 ± 11.8 75.0 ± 11.4 <.001 79.3 ± 14.6 78.8 ± 10.7 0.805 −2.9 (−4.7, −1.0) .086

Resting heart rate, 
beats/minute

75.2 ± 11.4 76.1 ± 10.2 .569 73.7 ± 10.6 72.9 ± 9.5 0.760 1.6 (−3.8, 7.1) .349

Data presented as mean ± standard deviation. Statistically significant P-values are given in bold.
BP, blood pressure; HRTc, heart rate turbulence category; n, numbers; N/A, not available; pNN50, percentage of successive normal to normal (NN) 
intervals that differ by more than 50 milliseconds; PVBs, premature ventricular beats; RMSSD, root mean square of successive RR interval difference; 
SDANN, standard deviation (SD) of the average NN intervals for each 5-minute segment of the 24-hour recording; SDNN, SD of NN intervals; SDNN 
index, mean of the 5-minute SD of the NN interval calculated over 24 hours; ECG, electrocardiogram.
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while on glimepiride from baseline to 12 weeks; however, 
the difference in the change of LF:HF ratio from baseline to 
12 weeks between the 2 drugs was not significant (0.28, 95% 
CI: −0.24 to 0.80, P = .28).9 Considering the results achieved 
with 6 months of treatment in our study, we can speculate 
that 3 months of SGLT2 inhibition may not be a sufficient 
period to improve HRV parameters. However, in the EMPA-
HEART CardioLink-6 study comparing the treatment of 
6-month empagliflozin to placebo, empagliflozin did not 
improve HRV parameters in T2DM patients with stable 
coronary artery disease.8 Despite the same SGLT2 inhibi-
tion duration as in our study, the reason for the different 
results on HRV parameters may be that the patients were 
not homogeneous in terms of the presence and severity of 
CAN, since CARTs were not used.8 In addition, the degree 
of glycemic control may not be similar between groups, as 
baseline and end-of-study differences in HbA1c were not 
reported.8 In another empagliflozin versus placebo study, 
the EMBODY trial, patients with T2DM were randomized to 
empagliflozin 10 mg/day or placebo 15 days after an acute 
myocardial infarction.10 This study examined the effect 
of SGLT2 inhibition on HRT, which mainly reflects cardiac 
parasympathetic nerve activity, in addition to HRV param-
eters for the first time.10 After treatment for 24 weeks, sig-
nificant improvements were observed in the empagliflozin 
group in terms of HRTc, time-domain HRV parameters 
except pNN50, and all frequency domain HRV parameters, 
while no significant changes were observed in these param-
eters in the placebo group, except for SDNN. However, 
intergroup comparisons showed no significant difference 
between the empagliflozin and placebo groups.10 In con-
trast, we found that the improvement in HRV and HRT 
parameters in dapagliflozin group was significantly more 
than in the control group. There could be several reasons for 
this result. First, it may be that the 2 study populations have 
different coronary artery disease characteristics. While the 
EMBODY study included patients with a recent acute myo-
cardial infarction, we examined a stable patient population 
who did not have any acute coronary syndrome in the past 
1 year and even excluded patients who developed an acute 
coronary syndrome during the study. Because HRV may be 
impaired up to 1 year after an acute myocardial infarction, 
these abnormalities cannot be expected to be at the same 
level for every patient.22 Second, it could be that patients 
in the EMBODY study were not homogeneous in terms of 
left ventricular function, because no information was given 
about the baseline values of left ventricular ejection frac-
tion, which can also show dynamical changes within months 
after acute myocardial infarction.10,23 Since the relationship 
between heart failure and impaired HRV is well established, 
we excluded patients with known heart failure or having 
signs and symptoms of heart failure.24 Finally, the groups 
may not be similar in terms of the presence and severity of 
CAN, since patients in the EMBODY trial did not underwent 
CARTs.10 The intergroup benefit in HRV and HRT parameters 
not seen in the EMBODY study but observed in ours is likely 
due to the similarity in left ventricular function, coronary 
artery disease characteristics, and CAN severity between 
the dapagliflozin and control groups.

Consistent with the results of previous studies, the absence 
of compensatory heart rate increase in patients receiving 
dapagliflozin, despite a significant decrease in systolic and 
diastolic blood pressure values compared to baseline values, 
supports the decreasing modulation of sympathetic activ-
ity by SGLT2 inhibition. Another finding demonstrating the 
sympathoinhibitor effects of this group of drugs is that they 
reduce the ventricular extrasystole burden. In a trial that 
investigated the acute effects of dapagliflozin in patients 
with T2DM within a 2-week period, dapagliflozin reduced 
the percentage of PVBs compared to placebo (1.4% vs. 0.2%, 
P <.05).25 Similar to this short-term finding, the longer-term 
results in our study, which consisted of subjects who were 
relatively healthy in terms of cardiac functions and did not 
use drugs such as beta-blockers and non-dihydropyridine 
calcium channel blockers that could influence the frequency 
of PVBs, suggest that dapagliflozin may provide antiar-
rhythmic benefits in patients with CAN. However, it is known 
that significant daily variations in the frequency of PVBs 
may occur and that up to 6 days of Holter-ECG monitor-
ing may be required to assess the maximum daily burden of 
PVBs.26 For this reason, we believe that our results should be 
supported by studies specifically focusing on this issue with 
longer Holter recordings even for up to 1 week.

An important issue regarding the conflicting results found 
in this and previous studies is whether the improvement in 
cardiac autonomic functions is directly from the sympa-
thoinhibitor effects of SGLT2 inhibitors or is secondary to 
their slow-progressing beneficial metabolic effects that 
become noticeable in the long term, such as weight loss. 
Indeed, moderate weight loss has been shown to improve 
HRV in overweight and obese adults with T2DM.27 Mouridsen 
et  al28 demonstrated that even an average weight loss 
of 3.9 kg in the overweight women was associated with 
increased HRV as indicated by SDNN. Therefore, in this study, 
the additional benefit of a mean weight loss of 2.3 kg after 
24 weeks of dapagliflozin regimen may have overestimated 
the favorable effects of dapagliflozin on cardiac autonomic 
function by contributing to the improvement in HRV.

Cardiac autonomic neuropathy is an important public health 
problem, as it causes silent myocardial ischemia and infarc-
tion, arrhythmias, orthostatic hypotension, cardiomyopa-
thy, and perioperative cardiovascular instability, resulting in 
increased morbidity and mortality.3,4 Therefore, it is impor-
tant to find medications that will slow the development of 
CAN or regress the existing CAN. The SGLT2 inhibitors seem 
to be beneficial in the attenuation of CAN, for which a defin-
itive treatment has not been demonstrated until now.

Study Limitations
Our study has several limitations. First, it was conducted 
on a relatively small number of patients. However, this limi-
tation is also valid for the trials reported so far. Second, we 
defined “stable coronary artery disease” as the “absence 
of any acute coronary syndrome requiring hospitalization in 
the last 1 year.” However, there may be silent acute coronary 
syndrome patients among our diabetic subjects. The third 
limitation of our study is that CARTs were not repeated at 
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the end of the study to check for a reduction in the number 
of abnormal tests. However, we planned our study to exam-
ine the changes in HRV and HRT parameters before and after 
the treatment period. This was because the measurements 
obtained from Holter-ECG recordings were independent 
of patient-factor compared to CARTs. Another limitation is 
that we examined only time-domain analyses of the Holter-
based HRV tests; however, many time and frequency domain 
variables obtained during the 24-hour period are known to be 
highly correlated with each other.17 Another one is the differ-
ence in the groups in terms of body weight change between 
baseline and 24 weeks. Although there was no significant 
weight change in the control group, weight loss in the dapa-
gliflozin group may have affected the study results in favor 
of dapagliflozin. Lastly, as we documented the ameliorative 
effects of dapaglifozin on HRV and HRT only in a small popu-
lation of diabetic patients with a definite diagnosis of CAN, 
this benefit should not be generalized to all diabetic patients.

CONCLUSION

Dapagliflozin, an SGLT2 inhibitor, improved both HRV 
(decreased sympathetic and increased parasympathetic 
activities) and HRT (increased parasympathetic activity) 
compared to the control group in a relatively healthy T2DM 
population with definite or confirmed CAN. This finding is 
promising for the regression of CAN with SGLT2 inhibitors 
while providing blood glucose regulation in T2DM. However, 
larger randomized controlled studies with longer follow-ups 
are needed to examine the effects of SGLT2 inhibitors on 
cardiac autonomic function in patients with diabetic CAN.
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