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Abstract

Background: Updated recommendations for the treatment of heart failure with reduced ejection fraction
(HFrEF) include sodium-glucose cotransporter 2 (SGLT2) inhibitors and other long-established HFrEF thera-
pies. These drugs’ mechanisms of action have yet to be fully clarified.

Objective: This study evaluated the effects of SGLT2 inhibitors on the modulation of autonomic function at
1 month beyond conventional HF therapy.

Methods: This single-center, observational, prospective study was conducted from January 2020 to Decem-
ber 2022. Patients with type 2 diabetes who had ischemic HFrEF and met the study criteria were considered
for SGLT2 inhibitor treatment with empagliflozin or dapaglifiozin. Changes in the circadian index were used
as the primary outcome to assess the early effects of SGLT2 inhibitors on autonomic function. Changes in
functional effort capacity and laboratory findings were also evaluated. Participants’ circadian index was mea-
sured by a 24-hour rhythm Holter monitoring recorder (BTL-08 Holter H100). A symptom-limited treadmill
test assessed patients’ effort capacities. Tests were repeated after 1 month of therapy.

Results: The mean (SD) age of the 151 participants was 56.95 (7.29) years; their mean (SD) left ventricular
EF was 35.69% (7.10%), and 95 participants were men (62.9%). From baseline to 1 month, mean (SD) day-
time heart rate (80.63 [9.17] vs 77.67 [8.04] beats per minute; P=.004) and nighttime heart rate (76.83 [11.34]
vs 73.81 [10.25] beats per minute; P=.03) decreased significantly. Variation in the circadian indexes (mean
[SD], 1.04 [0.02] vs 1.10 [0.04]; P<.001) was statistically significant, favoring increased modulation of auto-
nomic function. The increases in exercise duration (mean [SD], 8.88 [3.69] minutes and median [IQR], 8.81
[5.76-12.13] minutes vs 9.72 [3.14] and 9.59 [7.24-12.22] minutes; P=.04) and exercise capacity (mean [SD],
203.38 [65.18] m and median [IQR], 119.22 [149.43-259.15] m vs 335.61 [61.39] and 325.79 [293.59-376.91] m;
P <.001] were also significant.

Conclusion: The use of SGLT2 inhibitors during early treatment can favorably affect both autonomic dys-
function and functional effort capacity of patients with type 2 diabetes with ischemic HFrEF.
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Introduction

odium-glucose cotransporter 2 (SGLT2) inhibi-

tors are a new class of glucose-lowering drugs

currently indicated as first or second-line treat-
ments of type 2 diabetes in patients with established
cardiovascular disease, high or very high cardiovascular
risk, kidney disease, or heart failure (HF). An update
in 2019 to the management protocols of hyperglycemia
in type 2 diabetes established that for patients with or
without atherosclerotic cardiovascular disease but with
HF with reduced ejection fraction (HFrEF; EF <45%),
SGLT2 inhibitor treatment should be considered to
reduce hospitalization for HF, major adverse cardiovas-
cular events, and cardiovascular death independent of
the baseline glycated hemoglobin (HbA, ) target." The
consistent effect of these agents has led to a reduction in
hospitalization rates for HF in these patients; addition-
ally, several major cardiovascular outcome trials with
SGLT2 inhibitors have shown a significant reduction
in major adverse cardiovascular events and cardiovas-
cular death.”” These drugs are complex agents and have
multiple effects on the body; thus, their mechanisms of
action are a promising research field. In addition to the
diuretic and anti-inflammatory effects of SGLT2 inhib-
itors, their myocardial energetic mechanism of action
requires further research. This study primarily aimed
to resolve the relationship between the emerging data
regarding the treatment of HFrEF with SGLT?2 inhibi-
tors in patients with type 2 diabetes and the effects on
autonomic function modulation during the early stage
of treatment.

Patients and Methods

Study Objectives

The objective of the present single-center, observational,
prospective study was to evaluate the effects of SGLT2
inhibitors beyond conventional HF therapy after the
first month of treatment. Patients were screened for
eligibility from January 2020 to December 2022. Eli-
gibility criteria included (1) age older than 18 years; (2)
having HFrEF with left ventricular EF (LVEF) below
40%, with New York Heart Association class I to III
symptoms; and (3) having type 2 diabetes.

Patients were not eligible to participate if they had
LVEF above 40%, left bundle branch block, or atrial
fibrillation; had undergone cardiac resynchroniza-
tion therapy; had a glomerular filtration rate below
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Key Points

e  The mechanism of action of SGLT2 inhibitors
is a promising research field.

e  According to the results of this study, a
significant decrease in daytime and nighttime
heart rates—specifically, a circadian index
value closer to normal levels—suggests that
the mechanism of action of the current drug
group has effects on sympathetic and
neurologic dysfunction of patients with HF.

e  This study’s findings may provide insight into
the positive effects of the current medicine

group.

Abbreviations and Acronyms

BRS baroreflex sensitivity

HbA,, glycated hemoglobin

HDL high-density lipoprotein

HF heart failure

HFrEF heart failure with reduced ejection
fraction

LDL low-density lipoprotein

LVEF left ventricular ejection fraction

SGLT2 sodium-glucose cotransporter 2

60 mL/min/1.73 m* had a body mass index above 35;
were undergoing chemotherapeutic treatment for active
malignancy; had experienced a recent (within 12 weeks)
myocardial infarction; worked the evening or night
shift; were pregnant or lactating; had been hospitalized
with acute decompensated HF; or had New York Heart
Association class IV HF symptoms.

The primary end point was assessment of the early
effects of SGLT?2 inhibitors on autonomic function in
patients with HFrEF and type 2 diabetes. The second-
ary end points were changes in the laboratory tests and
functional effort capacity of the patients.

The study was performed according to the Declaration
of Helsinki and was approved by the hospital ethics
committee (approved on December 13, 2019; No. 3).
All participants provided written informed consent.

Clinical Evaluations

Patients with diabetes with ischemic HF who were fol-
lowed up with medical treatment in the cardiology out-
patient clinic and met the study criteria were included in
the study. A total of 151 patients, previously determined
by power analysis, received consultation with an endo-
crinologist. The appropriate SGLT?2 inhibitor medica-
tion, either empagliflozin or dapagliflozin, was initiated
for each patient, as determined by the endocrinologist.

/doi.org/10.14503/TH|J-23-81
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The baseline measurements before therapy began in-

cluded the following:
* A physical examination

* Blood pressure measurements using a 24-hour
noninvasive ambulatory blood pressure recorder
(PHYSIO-PORT-PAR Medizintechhnik recorder;
Medizintechhnik)

* Circadian index evaluation using a 24-hour rhythm
Holter monitoring recorder (BTL-08 Holter H100;
Holter)

* Laboratory tests (fasting blood glucose level, com-
plete blood count, b-type natriuretic peptide, HbA,_
level, kidney function, and lipid profile)

* Assessment of functional effort capacity using a
symptom-limited treadmill test at a fixed speed
(2.5 km/h; grade 0) restricted to a maximum of
15 minutes (with a preprocedure trial performed
for patients who had not previously performed an
exercise test)

Follow-up visits by telephone calls took place at 2 weeks,
including an evaluation of safety and potential side ef-

fects of the drug,.

The final follow-up visit was at the end of the first
month after beginning SGLT?2 inhibitor treatment.
Tests performed at the beginning of the study were re-
peated at the end of the first month.

The effects of therapy on modulation of autonomic
function were assessed using rhythm Holter monitor-
ing. Changes in mean daytime heart rate, nighttime
heart rate, and the circadian index were used to evaluate
the effects of SGLT2 inhibitor use at the first month.

Statistical Analysis

The power analysis was calculated as 1.00, with a type
I error level of .05, for 151 participants, with the effect
size value calculated over the circadian index values.
Categorical variables are presented as frequencies and
percentages. Continuous variables are presented as the
mean (SD) or as the mean (SD) and median (IQR),
depending on their distribution. The Shapiro-Wilk test
was used as an analysis of conformity to the normal
distribution. Group comparisons were performed using
the Student 7 test or paired ¢ test for normally distrib-
uted data; the Mann-Whitney U test or the Wilcoxon
matched-pairs test was applied when the data distribu-
tion was not normal. The ¥ test or Fisher exact X* test
was used for categorical variables. All statistical analyses
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were performed using SPSS Statistics, version 21.0, soft-
ware (2012 release; IBM Corp). P<.05 was considered
statistically significant.

Results

A total of 151 patients with type 2 diabetes and reduced
EF (mean [SD] LVEF, 35.69% [7.10%]) underwent
clinical evaluations. There were 95 men (62.9%) and 56
women (37.1%) aged 41 to 76 years (mean [SD], 56.95
[7.29] years). All participants were in sinus rthythm and
had stable coronary artery disease, treated with surgery
or stenting. Symptoms of congestive HF ranged from
New York Heart Association class I (n=29 [19.2%])
to class III. All participants were taking angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers, B-blockers for HF therapy, and other medica-
tions. Table I provides information about the patients’
characteristics at the time of enrollment.

Effects of Therapy on Circadian Index

From baseline to 1 month, there was a statistically
significant decrease in mean (SD) daytime heart rate
(80.63 [9.17] vs 77.67 [8.04] beats per minute; P=.004)
and nighttime heart rate (76.83 [11.34] vs 73.81 [10.25]
beats per minute; P=.03). A statistically significant dif-
ference in the mean (SD) circadian index (1.04 [0.02] vs
1.10 [0.04]; P<.001) was found, favoring an increase in
the modulation of autonomic function (Fig. 1). The ef-
fects of empagliflozin or dapagliflozin therapy on heart
rate or circadian index were sex neutral, and using either
empagliflozin or dapagliflozin did not affect the pri-
mary end points of the study (P>.05 for all).

Effects of Therapy on Ambulatory
Blood Pressure Measurements

Ambulatory blood pressure measurements, including
systolic, diastolic, and mean arterial blood pressures for
the entire day, daytime, and nighttime, showed no sta-
tistically significant differences (”>.05 for all).

Changes in Functional Capacity
and Quality of Life

There was a statistically significant increase in exercise
duration (mean [SD], 8.88 [3.69] minutes and median
[IQR], 8.81 [5.76-12.13] minutes vs 9.72 [3.14] min-
utes and 9.59 [7.24-12.22] minutes; P=.04) and exer-
cise capacity (mean [SD], 203.38 [65.18] m and median
[IQR], 119.22 [149.43-259.15] m vs 335.61 [51.39] m

10.14503/THIJ-23-8196 , 3/ 10
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TABLE I. Characteristics of Patients at the Time of Enroliment

SGLT2 Inhibitors and Circadian Index

Variable Data
SGLT2 inhibitor received, No. (%)
Empagliflozin 77 (51.0)
Dapagliflozin 74 (49.0)
Age, mean (SD), y 56.95 (7.29)
Sex, No. (%)
Male 95 (62.9)
Female 56 (37.1)
Blood pressure, mean (SD), mm HG
Systolic
Daytime 120.74 (15.24)
Nighttime 114.67 (16.88)
Diastolic
Daytime 73.91(6.77)
Nighttime 69.83 (8.12)
Mean
Daytime 87.84 (10.11)
Nighttime 83.91 (12.63)
Heart rate, mean (SD), beats per minute
Daytime 81.24 (10.08)
Nighttime 76.92 (10.99)
New York Heart Association class, No. (%)
| 29(19.2)
Il 78 (51.7)
Il 44 (29.1)
Antidiabetic medication, No. (%)
Insulin 53 (3b)
Metformin 103 (68.2)
Dipeptidyl peptidase 4 inhibitor 37 (24.5)
Glucagon-like peptide-1 agonist 3(1.9)
Medication for heart failure, No. (%)
Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker 151 (100)
3-blocker 151 (100)
Mineralocorticoid receptor antagonist 42 (27.8)
Loop diuretic 74 (49.0)
lvabradine 48 (31.7)
Sacubitril/valsartan 3(1.9)
Statin 63 (41.7)
Cardiac device (implantable cardioverter-defibrillator) 29 (19.2)
Laboratory counts, mean (SD)
HbA , % 8.19(1.72)
Creatinine, mg/dL 1.11 (0.225)
Hematocrit, % 37.66 (4.49)
Sodium, mmol/L 138.26 (2.72)
Potassium, mmol/L 4.59 (0.692)

B-type natriuretic peptide, ng/L

372.58 (249.26)

HbA, , glycated hemoglobin; SGLT2, sodium-glucose cotransporter 2.
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Fig. 1 Box and whisker plots compare daytime heart rates,
nighttime heart rates, and circadian index parameters
derived from 24-hour rhythm Holter monitoring before vs

1 month after initiation of sodium-glucose cotransporter 2
inhibitor therapy in patients with ischemic heart failure with
reduced ejection fraction and type 2 diabetes. Plots show
A) daytime heart rates and B) nighttime heart rates in beats
per minute and C) circadian index. The line inside each box
indicates the median (50th percentile). The bottom and

top of each box indicate the interval between the 25th and
75th percentiles. Whiskers indicate the interval between

the minimum and maximum values (excluding the 3 outlier
values for nighttime heart rates and circadian index). P < .05
(2-sided) was considered statistically significant.

and 325.79 [293.59-376.91] m; P<.001) from baseline
to 1 month after starting therapy (Fig. 2).

Biochemical Changes

There was a statistically significant decrease in fasting
glucose levels at the first month (mean [SD], 9.56 [3.32]
mmol/L, or 172.23 [59.90] mg/dL, and median [IQR],
9.84 [6.23-15.67] mmol/L, or 177.35 [112.18-282.43]
mg/dL vs 8.58 [4.14] mmol/L, or 154.56 [74.66] mg/dL,
and 8.34 [5.11-13.81] mmol/L, or 150.31 [92.16-248.74]
mg/dL; P=.02). Although HbA, _levels were lower after
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the first month of the therapy, the difference was statis-
tically nonsignificant (mean [SD], 0.08 [0.02], or 8.19%
[1.72%], and median [IQR], 0.08 [0.07-0.11], or 8.11%
[7.11%-10.88%), vs 0.08 [0.01], or 7.91% [1.18%)], and
0.08 [0.07-0.09], or 7.86% [7.11%-9.36%]; P=.09). The
difference in HbA,_level was statistically nonsignificant
for both the dapagliflozin and empagliflozin groups
after the first month of therapy (2>.05 for both).

The effect of therapy on the lipid profile varied. There
was a statistically significant increase in triglyceride lev-

els (mean [SD], 2.02 [0.69] mmol/L, or 177.78 [60.72]
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Fig. 2 Box and whisker plots compare A) exercise duration and B) exercise capacity parameters derived from symptom-
limited treadmill tests in patients with ischemic heart failure with reduced ejection fraction and type 2 diabetes before vs 1
month after the initiation of sodium-glucose cotransporter 2 inhibitor therapy. The line inside each box indicates the median
(50th percentile). The bottom and top of each box indicate the interval between the 25th and 75th percentiles. Whiskers
indicate the interval between the minimum and maximum values. P < .05 (2-sided) was considered statistically significant.

mg/dL, and median [IQR], 1.94 [1.48-2.54] mmol/L,
or 171.48 [131.36-225.20] mg/dL, vs 2.30 [0.70]
mmol/L, or 203.93 [61.74] mg/dL, and 2.41 [1.74-2.55]
mmol/L, or 212.98 [154.20-225.66] mg/dL; P<.001)
and non-high-density lipoprotein (HDL) levels (mean
[SD], 3.40 [0.84] mmol/L, or 131.27 [32.43] mg/dL,
and median [IQR], 3.41 [2.81-4.06] mmol/L, or 131.69
[108.59-156.62] mg/dL, vs 4.02 [0.80] mmol/L, or
155.21 [30.88] mg/dL, and 4.20 [3.37-4.66] mmol/L,
or 162.32 [130.16-180.06] mg/dL; P<.001), whereas
HDL levels increased significantly (mean [SD], 0.99
[0.12] mmol/L, or 38.37 [4.72] mg/dL, and median
[IQR], 1.0 [0.90-1.07] mmol/L, or 38.44 [34.90-41.42]
mg/dL, vs 1.03 [0.12] mmol/L, or 39.66 [4.55] mg/dL,
and 1.0 [0.91-1.08] mmol/L, or 38.63 [35.22-41.72]
mg/dL; P=.57). Low-density lipoprotein (LDL) levels
were not affected (mean [SD], 2.53 [0.55] mmol/L, or
97.76 [21.34] mg/dL, and median [IQR], 2.49 [2.06-
2.99] mmol/L, or 96.25 [79.44-115.56] mg/dL, vs 2.62
[0.56] mmol/L, or 101.24 [21.75], and 2.60 [2.15-3.12]
mmol/L, or 100.57 [82.86-120.60] mg/dL; P=.166)
with 1 month of therapy. The net effect of therapy on
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the lipid profile was a statistically significant increase
in the total cholesterol level (mean [SD], 4.65 [0.87]
mmol/L, or 179.58 [33.63] mg/dL, and median [IQR],
4.59 [3.92-5.32] mmol/L, or 177.03 [151.20-205.51]
mg/dL, vs 5.05 [0.91] mmol/L, or 194.98 [35.14] mg/
dL, and 5.03 [4.33-5.72] mmol/L, or 194.03 [167.26-
220.80] mg/dL; P<.001).

The effects of treatment on creatinine (mean [SD],
98.12 [19.89] pmol/L, or 1.11 [0.225] mg/dL, vs 99.01
[24.84] pmol/L, or 1.12 [0.281] mg/dL; P=.73), sodium
(mean [SD], 138.26 [2.72] mmol/L vs 138.56 [3.48]
mmol/L; P=.39), and potassium (mean [SD], 4.59
[0.691] mmol/L vs 4.45 [0.601] mmol/L; P=.08) levels
were not statistically significant.

The differences in b-type natriuretic peptide level
(mean [SD], 372.59 [249.26] ng/L and median [IQR],
320.30 [159.18-785.33] ng/L vs 365.26 [24.32] and
332.95 [123.34-669.21] ng/L; P=.49) and hematocrit
level (mean [SD], 37.66% [4.49%)] and median [IQR],
37.77% (34.67%-40.23%)] vs 38.39% [5.78%] and
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38.86% [34.81%-43.02%)]; P=.20] after the first month
of therapy were not statistically significant.

Discussion

On the basis of updated HF guidelines, empagliflozin
and dapagliflozin are recommended for all patients
with HFrEF independent of etiology. These treatments
decrease the hospitalization and mortality rates, thus
assuming a class 1A level in the HF therapy pool.¢ Dis-
cussions among cardiologists on the main mechanisms
of action of these treatments and the role they play in
the treatment of HF are ongoing. This study’s findings
suggest that the proven positive effects of these mol-
ecules appear with reference to cardiac autonomic func-
tion reaching near-normal levels in the early phases of
treatment. The mechanism defined in this study may
provide insight into the clinical improvements observed
in the early phase of treatment in patients with ischemic
HFrEF with the current drug group.

It is well known that HR fluctuates over time; this vari-
ability is closely related to changes in the neural activity
to the heart.”® Heart rate variability represents a nonin-
vasive parameter for the autonomic control of the heart.
It has been shown as a powerful independent prognostic
factor in patients with coronary artery disease;” a low
heart rate variability count has been related to sudden
death.”” The circadian index is a specific parameter for
Holter monitoring that indicates the stability of the cir-
cadian heart rate. It is calculated as the ratio of mean
daytime heart rate to mean nighttime heart rate in beats
per minute. The normal value of the circadian index
ranges from 1.24 to 1.44 (mean [SD], 1.32 [0.06])." A
reduction of the circadian index to less than 1.2 is found
in diseases connected with a decrease in autonomic con-
trol of the heart rate."

Diabetes is a typical model of cardiac autonomic ab-
normality, as patients with congestive HF are typically
characterized by autonomic imbalance, with increased
sympathetic activity and withdrawal of parasympathetic
activity. Autonomic dysfunction, under the effects of
vagal depression and sympathetic predominance, pres-
ents itself as diabetic cardiovascular autonomic neu-
ropathy and can be diagnosed as tachycardia, reverse
dipping, and impaired heart rate variability in clini-
cal practice. Empagliflozin and other SGLT?2 inhibi-
tors have a direct cardioprotective role in abating the
vagal atrophy seen in type 2 diabetes by decreasing the
glycemic load in patients through glucosuria.” More-
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over, type 2 diabetes is independently associated with
decreased baroreflex sensitivity (BRS),” and BRS is
depressed in the case of HF. Depressed BRS implies
persistent tachycardia with a lack of the associated
neural reflexes. A study by Hamaoka et al* showed
that dapagliflozin resulted in a significant decrease in
muscle sympathetic nerve activity and heart rate relative
to baseline in 11 patients with type 2 diabetes, which
indicates the effects of SGLT?2 inhibitors on BRS. The
present study is also compatible with the current limited
literature, which shows that the use of SGLT?2 inhibitors
in patients with diabetes and HF has a positive effect on
autonomic dysfunction. In the present study, the signifi-
cant decrease in daytime and nighttime heart rates com-
pared with basal measurements and the finding that
the circadian index was closer to normal levels indicates
that the current positive effects of SGLT?2 inhibitors are
independent of blood glucose regulation. Probably for
this reason, treatment with SGLT?2 inhibitors has been
recently extended beyond patients with type 2 diabetes
and HF, which themselves have roots in sympathetic
and neurologic dysfunction, to patients with HF with-
out type 2 diabetes, as emerging data show benefits in
this population.”

Women adequately treated with current evidence-based
medications for acute myocardial infarction and con-
ventional cardiovascular risk factors, such as hyperten-
sion, diabetes, smoking, and dyslipidemia, still have an
increased risk of death compared with men. The Fram-
ingham Study, the Chicago Heart Study, and the Min-
nesota Heart Study all obtained evidence that patients
with diabetes are at a greater risk for development of HF
after myocardial infarction and confirmed the higher
relative increase in early and late mortality when diabe-
tes appeared in women compared with men.' Healthy
young women typically have an increased heart rate
and reduced heart rate variability compared with men;
however, these sex differentials dissipate after 50 years
of age.”"® Although heart rate variability was not a pa-
rameter of this study, heart rates during the daytime and
nighttime were the major indicators of circadian index
and the primary end point of the study. Although the
number of women was lower than expected owing to
the incidence of ischemic heart disease in the general
population, the positive effects of SGLT2 inhibitors
on the circadian index did not depend on sex in this
study. Because of the small sample size of women in the
study design, women’s heart rates and circadian indices
could not be compared with those of age-matched men,
which limited interpretation of the findings. Therefore,
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the current study is not sufficient to investigate whether
sex-specific differences exist among the end points of
the study.

Previous studies have suggested the beneficial effects
of SGLT2 inhibitors with respect to reducing lipid lev-
els; however, the lipid profile results are controversial.
Although some have suggested that treatment with
SGLT2 inhibitors significantly decreases total choles-
terol, LDL cholesterol, and triglyceride levels,” others
have found no significant change in the serum lipid pro-
file.* A meta-analysis of 48 randomized controlled trials
revealed that SGLT?2 inhibitor therapy led to a signifi-
cant increase in total cholesterol, LDL cholesterol, HDL
cholesterol, and non-HDL cholesterol levels as well as
a significant decrease in triglyceride levels and no sig-
nificant alteration of the LDL/HDL ratio.”” Although
the results of the current study were mostly compatible
with the current literature, there were some differences
regarding the effects on triglyceride and LDL levels. In
the meta-analysis by Sdnchez-Garcia,” canagliflozin,
dapagliflozin, and ipragliflozin provided a significant
reduction in triglyceride levels. This finding may ex-
plain the differences in the present study’s results for
participants taking empagliflozin or dapagliflozin. As
the mechanism of action in this treatment group be-
comes clear, the mechanism that causes the lipid spike
will also be clarified.

In theory, it is unknown which body compartments
and tissues change after the initiation of treatment with
SGLT?2 inhibitors. The reported outcomes could be re-
lated to the loss of fat mass by a negative effect on energy
balance, the loss of sodium and extracellular volume by
a diuretic effect, or a combination of both. This study
reported clinically meaningful improvements in HF-re-
lated health status besides nonsignificant improvement
in natriuretic peptides. It is possible that SGLT?2 inhibi-
tors may selectively reduce interstitial fluid and that this,
in turn, may limit the reflex neurohumoral stimulation
that occurs in response to intravascular volume contrac-
tion with traditional diuretics.”? Compared with a loop
diuretic (bumetanide), dapagliflozin was associated
with a greater reduction in interstitial vs intravascular
volume.” Therefore, the present study suggests that,
unlike classical diuretics, the SGLT?2 inhibitors had a
positive effect in patients with HFrEF by removing the
water from the extravascular adipose tissue rather than
the intravascular volume, which resulted in a significant
increase in functional effort capacity without a signifi-
cant decrease in blood pressure, b-type natriuretic pep-
tide, or hematocrit levels. The positive effects of SGLT2
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inhibitors on the autonomic function of the heart in this
study was in accordance with the limited reflex neuro-
humoral stimulation.

These SGLT?2 inhibitors are relatively weak glucose-
lowering agents,”* and the benefits of this new class of
drugs extend beyond glycemic control. Definitive proof
of this concept emerged from a trial that examined the
effect of dapagliflozin in patients with HF, wherein the
efficacy of dapagliflozin was entirely consistent in those
with and without diabetes.” In meta-analyses of clini-
cal trials comparing SGLT2 inhibitors with placebo or
active comparators (eg, metformin, sulfonylureas, di-
peptidyl peptidase-4 inhibitors, and insulin), SGLT2
inhibitors reduced HbA,_ by approximately 0.5 to 0.7
percentage points (mean difference vs active compara-
tors, —0.06% to —0.1%) compared with placebo.”” Two
meta-analyses reported that canagliflozin was more ef-
ficacious than its 2 counterparts, dapagliflozin and em-
pagliflozin, in reducing HbA_levels,”* but there have
been no head-to-head trials of the different -flozins. In
the present study, when the effects of empagliflozin
or dapagliflozin molecules on HbA,_levels were com-
pared, it was found that the effect of a specific -flozin
molecule on HbA_ level was not significant, but this
study included a small sample size with a short follow-
up. Head-to-head comparative trials are needed to as-
sess the potential differences in this regard, with longer
follow-up periods and larger populations.

Limitations

Although the enrollment of the study participants
started before the COVID-19 pandemic was declared
in Turkey, it continued under the influence of the pan-
demic, similar to the process implemented in other
studies worldwide during this time. Hospital admissions
of patients with type 2 diabetes and HF who were at
high risk for COVID-19 decreased during this period
because of government-imposed restrictions and fear of
being infected. Therefore, the number of participants in
the study remained below the planned number under
pandemic conditions. Although all the participants had
LVEF below 40%, only 3 participants had undergone
sacubitril/valsartan therapy, which is currently thought
to be a significant regimen for optimal medical treat-
ment in patients with HFrEF. Unfortunately, it is not
possible to say that the patients were under optimal med-
ical treatment in this study. Despite growing awareness
of the role of sex in the management of cardiovascular
disease, female patients are not sufficiently represented
in clinical trials, including in the present study.
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Conclusions
The results of this study showed that the SGLT2 drug

group in the new generation of type 2 diabetes treat-
ment had positive effects on both autonomic dysfunc-
tion and functional effort capacity in patients with
HFEF after 1 month of the therapy. Different SGLT2
inhibitors were used in the study. No difference was
found in the primary end points at the molecular level,
which indicates that these results may reflect the group

effects of SGLT?2 inhibitors.
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