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Abstract: Background: adropin plays a protective role in cardiac remodeling through supporting
energy metabolism and water homeostasis and suppressing inflammation. Low circulating levels
of adropin were positively associated with the risk of cardiovascular diseases and type 2 diabetes
mellitus (T2DM). We hypothesized that sodium–glucose linked transporter 2 (SGLT2) inhibitor
dapagliflosin might represent cardiac protective effects in T2DM patients with known chronic HF
through the modulation of adropin levels. Methods: we prospectively enrolled 417 patients with
T2DM and HF from an entire cohort of 612 T2DM patients. All eligible patients were treated
with the recommended guided HF therapy according to their HF phenotypes, including SGLT2
inhibitor dapagliflozin 10 mg, daily, orally. Anthropometry, clinical data, echocardiography/Doppler
examinations, and measurements of biomarkers were performed at the baseline and over a 6-month
interval of SGLT2 inhibitor administration. Results: in the entire group, dapagliflozin led to an
increase in adropin levels by up to 26.6% over 6 months. In the female subgroup, the relative growth
(∆%) of adropin concentrations was sufficiently higher (∆% = 35.6%) than that in the male subgroup
(∆% = 22.7%). A multivariate linear regression analysis of the entire group showed that the relative
changes (∆) in the left ventricular (LV) ejection fraction (LVEF), left atrial volume index (LAVI), and
E/e’ were significantly associated with increased adropin levels. In the female subgroup, but not in
the male subgroup, ∆LVEF (p = 0.046), ∆LAVI (p = 0.001), and ∆E/e’ (p = 0.001) were independent
predictive values for adropin changes. Conclusion: the levels of adropin seem to be a predictor for
the favorable modification of hemodynamic performances during SGLT2 inhibition, independent
ofN-terminal brain natriuretic pro-peptide levels.

Keywords: type 2 diabetes mellitus; heart failure; hemodynamics; dapagliflosin; adropin;
natriuretic peptide

1. Introduction

During the last decades, the prevalence of type 2 diabetes mellitus (T2DM) has con-
tinued to increase [1]. According to an evaluation by WHO statistics experts, more than
422 million adults globally had DM in 2014, and this number is expected to rise 3-fold
by 2035, which makes the global burden of this disease extremely challenging [1,2]. In
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light of this fact, several complications of T2DM, such as heart failure (HF) and cardiovas-
cular diseases (CVD), have steadily arisen in the general population [3,4]. In fact, T2DM
is a powerful risk factor in any phenotype of HF for all-cause and cardiovascular (CV)
mortality [5,6]. Moreover, the increase in HF with a preserved ejection fraction (HFpEF)
worldwide mainly relates to the increase in the prevalence of T2DM and other metabolic
conditions, including abdominal obesity and CVD [7]. Despite a tendency of new cases
of HF with reduced ejection fractions (HFrEF) to decline in the majority of developed
countries due to the wide implementation of novel diagnostics and treatment standards,
the global prevalence of HF seems to have increased as result of the impact of conventional
CV factors, such as T2DM as well as gender- and age-related causes [8].

It has been considered that the main underlying pathogenetic mechanisms of the
development of diabetes-related vascular complications and adverse cardiac remodeling
leading to HF exhibit strict resemblance [9]. Impaired myokine production, along with mi-
crovascular and inflammatory activation due to myocardium and skeletal muscle-adipose
tissue axis dysfunction, mediates the accumulation of collagen in the extracellular matrix
of the myocardium, accelerating atherosclerosis and worsening endothelial function, oxida-
tive stress, and mitochondrial dysfunction, leading to adverse cardiac remodeling, reduced
angiogenesis, altered coronary reserve, skeletal muscle weakness, and myopathy [10,11].
All these play a pivotal role in the development of HF in T2DM and the response to con-
ventional therapies [10,11]. Previous studies have shown that, being produced by skeletal
muscles as well as the myocardium and adipose tissue, myokines can provide potentially
far-reaching effects on non-muscle tissues, including vascular and kidney tissue [12]. In-
deed, the autocrine, paracrine, and endocrine actions of myokines include the regulation of
energy expenditure, insulin sensitivity, the oxidation of free fatty acid, adipocyte browning,
glycogenolysis, glycogenesis, water and electrolyte homeostasis, and bone metabolism [13].
Many myokines (adropin, apelin, isirin) are organ-protective molecules that stimulate
autophagy, reduce inflammation, inhibit endoplasmic reticulum stress, and improve repara-
tion, whereas others (myostatin) induce maladaptive mechanisms in the myocardium and
skeletal muscles [14,15]. Recently, several clinical studies confirmed the predictive values
of irisin and apelin in HF patients with T2DM [16–18]. Less known, the role of dynamic
changes in adropin in HF patients with T2DM in connection to cardiac function depends
on gender, because the accumulation of adipose tissue and skeletal muscle mass differs
between male and female populations.

Adropin is a unique multi-functional circulating protein that is encoded by the energy-
homeostasis-associated gene (Enho) and produced by the myocardium, skeletal muscles,
liver, adipocites, as well as the brain, lung, kidney medulla, and circulating peripheral blood
mononuclear cells [19]. Adropin acts through the G protein-coupled (GPR19) receptor,
regulates energy homeostasis and lipid metabolism, suppresses inflammation and water
consumption, stimulates diuresis, prevents insulin resistance, and impairs glucose toler-
ance [20,21]. Low circulating levels of adropin were found in patients with abdominal obe-
sity, T2DM, atherosclerosis, myocardial infarction, and HF [22–25]. Furthermore, adropin
concentrations are correlated with age, gender, and the number of CV and metabolic
risk factors, and increase in humans after gastric bypass surgery and after reaching good
glycemic control [26]. Several previous meta-analyses showed that decreased adropin
levels might play a crucial role in the development of CVD and HF [27,28].

Currently, sodium–glucose linked transporter 2 (SGLT2) inhibitors are included in
the contemporary therapy of different phenotypes of HF regardless of T2DM presenta-
tion, while until now, the underlying mechanisms by which these agents are exerted, and
their ability to improve clinical outcomes and hemodynamics, are not deeply understood.
Perhaps the cardiac protective effects of SGLT2 inhibitors relate to their ability to enhance
gluconeogenesis and ketogenesis through the activation of sirtuin-1 and its two down-
stream mediators–such as the proliferator-activated receptors gamma coactivator 1-alpha
and fibroblast growth factor-21–as well as via supporting vasodilation and nitric oxide
bioavailability [29]. Adropin intervenes in oxidative stress and modulates autophagy
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through the lysosome-dependent degradative pathway, which contains molecular targets
for SGLT2 inhibitors. It remains uncertain whether SGLT2 inhibitors can modulate the
level of adropin in peripheral circulation and thereby exert several favorable effects in HF
patients with T2DM. The aim of this study was to investigate the effect of SGLT2 inhibitor
dapagliflosin on the levels of adropin in males and females with T2DM with chronic HF.

2. Materials and Methods
2.1. Study Population and Design

The study was an open-label, multicenter (VitaCenter Zaporozhye, Ukraine, EliteMed-
Service, Zaporozhye, Ukraine and City Hospital #7, Zaporozhye, Ukraine) non-randomized
cohort investigation. Patients of both sexes were included from October 2020 to July 2022
who were aged ≥ 18 years and had established T2DM with HbAc1 < 6.9%, hemodynami-
cally stable HF (II-III NYNA functional classes), and written consent to participate in the
study. The main inclusion and exclusion criteria were reported in detail in a previously
published article [30]. According to these criteria, we prospectively enrolled 417 patients
with T2DM and HF from the entire cohort of 612 T2DM patients. Figure 1 reports the study
design and the list of procedures in detail.
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Figure 1. Flow chart of the study design. Abbreviations: T2DM, type 2 diabetes mellitus; CABG,
coronary artery bypass grafting; CKD, chronic kidney disease; TIA, transient ischemic attack; HF,
heart failure.

The eligible patients were treated with the recommended guided HF therapy accord-
ing to their HF phenotypes, including the consumption of SGLT2 inhibitor dapagliflozin at
a dose of 10 mg OD orally, along with that of an angiotensin receptor-neprilysin inhibitor
(ARNI)/ACE inhibitors/angiotensin-II receptor blockers (ARBs), a mineralocorticoid re-
ceptor antagonist (MRA), and beta-blockers. As a basic antidiabetic medication, metformin
was administered, the dose of which was personally adjusted to the patients at the be-
ginning of the study so that the patients had a criterion of HbAc1 < 6.9%. The lifestyle
modification program was adjusted to the patients with T2DM before their enrollment and
entry in the study. Blood-pressure-lowering agents were administered to maintain office
BP < 140/90 mmHg and/or average daily BP < 130/80 mm Hg. Diuretic management
was performed with loop diuretics, which were given in individually adjusted daily doses
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according to the current clinical situation, the dynamics of body mass and edema, daily
diuresis, and when clinical signs of fluid retention were found.

Lipid-lowering agents were administered in the patients with dyslipidemia, estab-
lished coronary artery disease, or chronic kidney disease who did not show conventional
contraindications. Antiplatelet drugs and oral anticoagulants were used when needed to
prevent CV complications and/or systemic/local thromboembolic events. The observation
period was 6 months.

2.2. Methods
2.2.1. Anthropometric Assessment

The standard anthropometric examinations included height, weight, waist circum-
ference, hip-to-waist ratio (WHR), and body mass index (BMI), which was calculated as
weight (kg)/height (m)2 for each person.

2.2.2. Determination of HF, CV Disease, CV Risk Factors, and Clinically
Significant Co-Morbidities

A routine clinical assessment included interviews, reviews of medical records, stan-
dard physical examinations to poll clinically significant data on a background profile, CV
risk factors, previous and current medication use, symptoms of HF and T2DM, and HF
functional status, according to the New York Heart Association (NYHA). Conventional
factors of CV risk including hypertension, dyslipidemia, and a smoking habit were eval-
uated in compliance with the current guidelines of the European Society of Cardiology
(ESC) [31]. T2DM, stable coronary artery disease, chronic kidney disease, and HF were
diagnosed according to the current recommendations [32–36].

2.2.3. Echocardiography Examination

A standard transthoracic B-mode echocardiography/Doppler examination was carried
out with commercially available ultrasound systems, comprising “GE Medical Systems”
(General Electric, Freiburg, Germany), “Aplio 400” (Canon Medical Systems, Tochigi,
Japan), and “Vivid E9” (General Electric Vingmed Ultrasound AS, Horten, Norway),
in accordance with the current guidelines of the American Society of Echocardiogra-
phy/European Association of Cardiovascular Imaging [37]. The echocardiographic Doppler
assessments were focused on LV systolic and diastolic functions and LV hypertrophy
(LVH) [38]. Cardiac volumes, left ventricular (LV) ejection fractions (LVEF), and left atrial
volume indices (LAVI) were measured using the Simpson method. The LV end-diastolic
volume (LVEDV) and LV end-systolic volume (LVESV) were normalized to the body surface
area (BSA) and given as the LVEDV index (LVEDVi) and LVESV index (LVESVi). LVH was
determined by the conventional echo criteria (LV mass/body surface area ≥125 g/m2 in
males or ≥110 g/m2 in females). The early diastolic wave velocity (E) and mitral annular
early diastolic velocity, given as averaged septal and lateral e‘ (e‘) and E/e’ ratios, were
determined by a pulsed-wave Doppler and a spectral tissue Doppler obtained from the
apical 4-chamber view.

2.2.4. Estimating Glomerular Filtration Rate and Insulin Resistance Evaluation

The glomerular filtration rate (GFR) was calculated using the CKD-EPI formula [39].
Insulin resistance was evaluated with the Homeostatic Assessment Model of Insulin Resis-
tance (HOMA-IR) using the conventional equation [40].

2.2.5. Blood Sampling and Biomarkers’ Measurement

Fasting blood samples were collected from an antecubital vein and then they were
placed in silicon tubes. Within 30 min of blood sampling collection, each sample was
transferred to the laboratory. The plasma was received after centrifugation for 15 min at
1600× g at 4 ◦C. Then, the polled serum aliquots were immediately stored in a refriger-
ator at ≤−70 ◦C until further analysis. We routinely used Roche P800 analyzer (Roche,
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Basel, Switzerland) to measure the fasting levels of fasting glucose, insulin, glycosylated
hemoglobin (HbA1c), total cholesterol (TC), low-density lipoprotein (LDL-C) cholesterol,
high-density lipoprotein (HDL-C) cholesterol, and triglycerides (TG). The serum levels of
adropin and NT-proBNP were detected using commercially available ELISA kits (Elab-
science, Houston, TX, USA) according to the manufacturer’s instructions.

2.2.6. Definitions of End-Point

The primary end-point was defined as a 6-month change in serum levels of adropin
after the beginning of dapagliflozin administration.

2.2.7. Statistical Analysis

v. 23 Statistical Packages for Social Sciences (SPSS; IBM, Armonk, NY, USA) software
and v. 9 GraphPad Prism (GraphPad Software, San Diego, CA, USA) software were used
for statistical analysis. The Kolmogorov–Smirnov test was performed to determine the
normality of the data distribution. Continuous variables with normal distribution were
characterized by the mean (M) ± the standard deviation (SD), whereas continuous, non-
normally distributed variables were specified by the median (Me) and interquartile range
(IQR). Categorical variables were reported as frequencies and percentages. To compare
the categorical variables between the female and male subgroups, we performed a Chi-
square family test. We used Student’s t-test for comparisons of continuous data, which are
normally distributed. Differences in the parameters at the baseline and over a 6-month
treatment period were compared by paired Student t-tests or the Wilcoxon signed-rank
test. Links between changes in adropin levels with clinical status, cardiac performances,
and circulating biomarkers were evaluated by univariate linear regressions. The variables
of p < 0.1 in the univariate analysis were included in the automatic forward stepwise
variable selection procedure for multivariate regression tests. Tukey’s honestly significant
difference test for post hoc multiple testing was applied. Thye determination of the inter-
and intra-observer reproducibility of adropin concentrations in the peripheral blood of
60 randomly selected patients was performed by estimating the intra-class correlation
coefficient. Differences were considered significant at the level of statistical significance
p < 0.05.

3. Results
3.1. Patients’ Characteristics

Table 1 reports the baseline clinical characteristics, echocardiographic features, and
biomarkers of T2DM patients with known HF. The patients’ mean age was 53 (41–64) years,
the mean body mass index (BMI) was 25.8 kg/m2, the mean waist circumference was
85.1 cm, and the mean waist-to-hip ratio (WHR) was 0.85 units. The coexisting conditions
and risk factors were composed of dyslipidemia (83%), arterial hypertension (84.4%), stable
coronary artery disease (33.8%), smoking (40.3%), abdominal obesity (42.9%), microalbu-
minuria (32.4%), left ventricular hypertrophy (80.1%), chronic kidney disease (26.9%), and
atrial fibrillation (13.7%). Eligible patients were in the II (67.6%) and III (32.4%) HF NYHA
classes and were qualified as having HFpEF (31.7%), HFmrEF (33.6%), and HFrEF (34.8%).
All patients were hemodynamically stable. The average of the LV ejection fraction (LVEF)
was 46% (39–54%), the LAVI was 43 mL/m2, and the E/e’ ratio was 13.5 units. The mean lev-
els of HbA1c, creatinine, NTproBNP, and adropin were 6.59 ± 0.02 %, 108.6 ± 8.5 µmol/L,
2615 (1380–3750) pmol/mL, and 237.40 (190.50–275.30) pg/mL, respectively. We did not
notice significant differences between subgroups in age, BMI, waist circumference, WHR,
presentations of dyslipidemia, hypertension, stable CAD, CKD 1–3 grades, atrial fibril-
lation (AF), blood pressure (BP), eGFR, HOMA-IR, HbA1c, creatinine, lipid profiles, or
concomitant medications.

On the contrary, abdominal obesity (p = 0.046) was detected more frequently in the
female subgroup than in the male subgroup. Additionally, the HFpEF and HF NYHA
class II were detected more frequently in the female subgroup (p = 0.044 and p = 0.040,
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respectively), whereas the HFrEF and HF NYHA class III were found less often in the male
subgroup (p = 0.042 and p = 0.040, respectively). Aligned with this, the male subgroup
demonstrated significantly higher values for LV volume, LVEDVi, LVESVi, LVMMI, and
LAVI, and marginally lower LVEFs than the female subgroup. Furthermore, patients
from the male subgroup had higher levels of NT-proBNP (p = 0.020) and lower levels of
adropin (p = 0.010) than the female subgroup did. Liver enzymes were detected in the
circulating blood before and after SGLT2 inhibitor administration, but we did not find
clinically significant changes in their concentrations in both groups. Evidence of ketosis
was not found in urine samples in any patients in the study at the baseline and at the
beginning of the study.

Table 1. Baseline general characteristics of eligible T2DM patients.

Variables Entire Patient Population
(n = 417)

Male Population
(n = 231)

Female Population
(n = 186) p Value

Demographics and anthropomorphic parameters
Age, year 53 (41–64) 52 (40–63) 54 (42–66) 0.262

BMI, kg/m2 25.8 ± 2.8 26.4 ± 2.5 25.4 ± 2.2 0.722
Waist circumference, cm 85.1 ± 3.2 86.9 ± 3.0 83.5 ± 2.6 0.180

WHR, units 0.85 ± 0.05 0.87 ± 0.06 0.84 ± 0.04 0.321
Concomitant diseases, comorbidities and CV risk factors

Dyslipidemia, n (%) 346 (83.0) 198 (85.7) 150 (80.6) 0.822
Hypertension, n (%) 352 (84.4) 192 (83.1) 160 (86.0) 0.781
Stable CAD, n (%) 141 (33.8) 75 (32.5) 66 (35.5) 0.800

Smoking, n (%) 168 (40.3) 98 (42.4) 70 (37.6) 0.052
Abdominal obesity, n (%) 179 (42.9) 106 (45.9) 73 (39.2) 0.046
Microalbuminuria, n (%) 135 (32.4) 79 (34.2) 56 (30.1) 0.120

LV hypertrophy, n (%) 334 (80.1) 191 (82.7) 143 (76.9) 0.051
CKD 1–3 grades, n (%) 112 (26.9) 62 (26.8) 50 (28.9) 0.822

Paroxysmal/persistence form
of atrial fibrillation, n (%) 57 (13.7) 34 (14.7) 23 (12.4) 0.120

HF phenotypes and functional classification
HFpEF, n (%) 132 (31.7) 64 (27.7) 68 (36.6) 0.044

HFmrEF, n (%) 140 (33.6) 74 (32.0) 66 (35.5) 0.661
HFrEF, n (%) 145 (34.8) 93 (40.3) 52 (27.9) 0.042

II/III HF NYHA class, n (%) 282 (67.6)/135 (32.4) 143 (61.9)/88 (38.1) 139 (74.7)/47 (25.3) 0.040
Hemodynamics parameters

SBP, mm Hg 129 ± 6 131 ± 7 129 ± 5 0.864
DBP, mm Hg 78 ± 5 79 ± 6 77 ± 4 0.803
LVEDV, mL 162 (154–170) 166 (159–178) 161 (153–168) 0.040

LVEDVi, mL/m2 79 (75–83) 81 (77–87) 78 (75–81) 0.048
LVESV, mL 86 (80–93) 92 (85–98) 83 (80–93) 0.030

LVESVi, mL/m2 42 (39–45) 44 (41–48) 40 (38–42) 0.042
LVEF, % 46 (39–54) 44 (37–50) 48 (41–56) 0.050

LVMMI, g/m2 154 ± 5 169 ± 6 152 ± 4 0.040
LAVI, mL/m2 43 (37–52) 47 (41–56) 39 (36–45) 0.010

E/e’, unit 13.5 ± 0.3 14.9 ± 0.3 12.8 ± 0.2 0.010
Biomarkers

eGFR, mL/min/1.73 m2 75 ± 4.0 73 ± 3.0 76 ± 5.0 0.703
HOMA-IR 7.95 ± 2.3 8.12 ± 2.2 7.81 ± 2.5 0.682

Fasting glucose, mmol/L 5.62 ± 1.3 5.70 ± 1.2 5.60 ± 1.3 0.804
HbA1c, % 6.59 ± 0.02 6.59 ± 0.02 6.58 ± 0.03 0.820

Creatinine, µmol/L 108.6 ± 8.5 112.3 ± 9.3 106.5 ± 7.8 0.240
TC, mmol/L 6.43 ± 0.60 6.60 ± 0.70 6.32 ± 0.55 0.682

HDL-C, mmol/L 0.97 ± 0.17 0.95 ± 0.19 0.99 ± 0.13 0.881
LDL-C, mmol/L 4.38 ± 0.10 4.50 ± 0.12 4.31 ± 0.12 0.860

TG, mmol/L 2.21 ± 0.17 2.27 ± 0.12 2.18 ± 0.15 0.780
NT-proBNP, pmol/mL 2615 (1380–3750) 3218 (1450–4120) 2344 (1296–3901) 0.020

Adropin, ng/mL 2.37 (1.91–2.75) 2.11 (1.82–2.68) 2.69 (2.32–3.04) 0.010
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Table 1. Cont.

Variables Entire Patient Population
(n = 417)

Male Population
(n = 231)

Female Population
(n = 186) p Value

Concomitant medications
ACEI, n (%) 198 (47.5) 106 (45.9) 92 (49.4) 0.880
ARB, n (%) 67 (16.1) 34 (14.7) 33 (17.7) 0.760

ARNI, n (%) 165 (39.6) 92 (39.8) 73 (39.2) 0.880
Beta-blocker, n (%) 372 (89.2) 201 (87.0) 171 (91.9) 0.223
Ivabradine, n (%) 59 (14.1) 32 (13.9) 27 (14.5) 0.864

Calcium channel blocker, n (%) 75 (18.0) 38 (16.5) 37 (19.9) 0.481
MRA, n (%) 283 (67.8) 150 (64.9) 133 (71.5) 0.053

Loop diuretic, n (%) 358 (85.9) 196 (84.8) 162 (87.1) 0.871
Antiplatelet, n (%) 367 (88.0) 201 (87.0) 166 (89.2) 0.882

Anticoagulant, n (%) 51 (12.2) 34 (14.7) 17 (9.1) 0.040
Metformin, n (%) 387 (92.8) 210 (90.9) 177 (95.2) 0.623

Statins, n (%) 408 (97.8) 226 (97.9) 182 (97.8) 0.990

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARNI angiotensin receptor neprilysin inhibitor;
CAD, coronary artery disease; CKD, chronic kidney disease; BMI, body mass index; DBP, diastolic blood pressure;
E/e’, early diastolic blood filling to longitudinal strain ratio; GFR, glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; HFpEF, heart failure with preserved ejection fraction; HFmrEF, heart failure with mildly
reduced ejection fraction; HFrEF, heart failure with reduced ejection fraction; LVEDV, left ventricular end-diastolic
volume; LVEDVi, left ventricular end-diastolic volume index; LVESV, left ventricular end-systolic volume index;
LVEF, left ventricular ejection fraction; LVMMI, left ventricle myocardial mass index; LAVI, left atrial volume
index; LDL-C, low-density lipoprotein cholesterol; MRA, mineralocorticoid receptor antagonist; SBP, systolic
blood pressure; TG, triglycerides; TC, total cholesterol; WHR, waist-to-hip ratio. Notes: data of variables are given
as mean ± SD and median (25%−75% interquartile range).

3.2. Spearman’s Correlation between Circulating Levels of Adropin and Other Parameters

In the entire group of patients, we found positive correlations of adropin levels with
LAVI (r = 0.32; p = 0.001), NYHA HF class II (r = 0.30, p = 0.012), BMI (r = 0.29, p = 0.010),
and eGFR (r = 0.31; p = 0.001), and negative correlations of adropin levels with LVEF
(r = −0.34; p = 0.001) and NT-proBNP (r = −0.36; p = 0.001), but these were not associated
with the HOMA index. There were no significant correlations between the baseline levels
of NT-proBNP and adropin and concomitant medications. In the female subgroup, the
negative correlation between adropin and NT-proBNP was more profound (r = −0.40;
p = 0.001) than that in male subgroup (r = −0.36; p = 0.001). Therefore, in the female
subgroup, we found a significant correlation of adropin with LVMMI (r = −0.38; p = 0.001)
and microalbuminuria (r = 0.32; p = 0.001), whereas in the male subgroup, there were
no significant associations along these parameters (r = −0.11; p = 0.216 and r = 0.142;
p = 0.223, respectively).

3.3. Changes in Serum Levels of Adropin in Comparisson with NT-proBNP during Dapagliflozin
Administration in Males and Females

Over a 6-month period after the initial prescription of SGLT2 inhibitor dapagliflozin,
the levels of adropin in the entire group demonstrated a significant increase of up to 26.6%
(from 2.37 [25–75% IQR = 1.91–2.75] ng/mL to 3.00 [25−75% IQR = 2.68–3.36] ng/mL,
p = 0.042) (Figure 2a). In the female subgroup, the increase in the circulating levels of
adropin was sufficiently higher (∆% = 35.6%, from 2.69 [25–75% IQR = 2.31–2.99] ng/mL
to 3.65 [25–75% IQR = 3.40–3.89] ng/mL, p = 0.010)when compared with those of the
male subgroup (∆% = 22.7%, from 2.11 [25–75% IQR = 1.90–2.37] ng/mL to 2.60 [25–75%
IQR = 2.07–3.21] ng/mL, p = 0.161).
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In the entire group, the circulating levels of NT-proBNP significantly decreased from
2615 (1380–3750) pmol/mL to 1542 (25–75% IQR = 970–2075) pmol/mL (∆% = −41.0%,
p = 0.001) between the baseline and 6 months after dapagliflozin administration
(Figure 2b). Although in both subgroups the levels of NT-proBNP were found to be
significantly decreased, in the male subgroup, the decrease of NT-proBNP was a little bit
better (∆% = −43.4%, from 3218 [25–75% IQR = 2870–3689] pmol/mL to 1820 [25−75%
IQR = 1440–2310] pmol/mL, p = 0.010) when compared with that of the female sub-
group (∆% = −38.6%, from 2344 [25–75% IQR = 1930–2750] pmol/mL to 1440 [25–75%
IQR = 1015–1870] pmol/mL, p = 0.020).

3.4. Changes in Clinical Performances and Hemodynamics Parameters during
Dapagliflozin Administration

Table 2 reports the dynamics of the clinical data, hemodynamics characteristics, and
biomarkers in the patients during SGLT2 inhibitor dapagliflozin administration.



Biomedicines 2023, 11, 457 9 of 18

Table 2. Comparisons between baseline and 6-month variables after the administration of SGLT2
inhibitor dapagliflozin in males and females.

Variables Baseline Over 6 Months ∆% p Value

Clinical characteristics

BMI, kg/m2 25.8 ± 2.8 24.1 ± 1.9 −4.30 0.113
Male 26.4 ± 2.5 25.3 ± 1.7 −4.10 0.142

female 25.4 ± 2.2 23.9 ± 1.8 −5.90 0.104

II HF NYHA class, n (%) 282 (67.6) 329 (78.9) +14.3 0.040
Male 143 (50.7) 154 (46.8) +11.0 0.040

female 139 (49.3) 175 (53.2) +36.0 0.010

III HF NYHA class, n (%) 135 (32.4) 88 (21.1) −34.8 0.040
Male 88 (65.2) 77 (87.5) −12.5 0.040

female 47 (34.8) 11 (12.5) −76.5 0.001

Hemodynamics performances

LVEDV, mL 162 (154–170) 158 (150–167) −1.90 0.460
Male 166 (159–178) 165 (156–173) −0.60 0.904

female 161 (153–168) 156 (151–162) −3.10 0.061

LVESV, mL 86 (80–93) 80 (76–85) −7.00 0.040
Male 92 (85–98) 87 (83–93) −5.40 0.052

female 83 (80–93) 75 (71–79) −9.60 0.020

LVEF, % 46 (39–54) 50 (44–57) +8.60 0.054
Male 44 (37–50) 47 (39–54) +6.80 0.160

female 48 (41–56) 52 (48–59) +8.70 0.050

LVMMI, g/m2 154 ± 5 141 ± 5 −8.40 0.020
Male 169 ± 6 155 ± 7 −8.20 0.050

female 152 ± 4 138 ± 4 −9.20 0.010

LAVI, mL/m2 39 (34–45) 35 (31–39) −10.3 0.040
Male 47 (41–56) 43 (37–49) −8.5 0.050

female 39 (36–45) 34 (32–37) −12.8 0.010

E/e’, unit 13.5 ± 0.3 10.7 ± 0.5 −20.7 0.020
Male 14.9 ± 0.3 12.6 ± 0.4 −15.4 0.040

female 12.8 ± 0.2 9.88 ± 0.3 −22.8 0.020

Biomarkers

eGFR, mL/min/1.73 m2 75 ± 4.0 78 ± 3.0 +4.0 0.820
male 73 ± 3.0 76± 4.0 +3.9 0.842

female 76 ± 5.0 80± 5.0 +5.2 0.813

Fasting glucose, mmol/L 5.62 ± 1.3 4.90 ± 1.0 −12.8 0.240
male 5.70 ± 1.2 4.95 ± 1.1 −13.1 0.240

female 5.60 ± 1.3 4.94 ± 1.2 −11.7 0.260

HbA1c, % 6.59 ± 0.02 6.47 ± 0.03 −1.74 0.312
male 6.59 ± 0.02 6.49 ± 0.03 −1.50 0.263

female 6.58 ± 0.03 6.46 ± 0.03 −1.80 0.204

Creatinine, µmol/L 108.6 ± 8.5 112.5 ± 7.0 +3.50 0.282
male 112.3 ± 9.3 116.8 ± 8.5 +3.80 0.404

female 106.5 ± 7.8 109.8 ± 8.0 +3.10 0.361
Notes: data of variables are given as mean ± SD and median (25−75% interquartile range). Abbreviations: E/e’,
early diastolic blood filling to longitudinal strain ratio; HF, heart failure; HbA1c, glycosylated hemoglobin; GFR,
glomerular filtration rate; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction;
LVMMI, left ventricle myocardial mass index; LAVI, left atrial volume index; ∆%, respective percentage of changes
of parameters.

There were no significant changes in BMI in the entire group as well as in the male
and female subgroups. However, the proportion of HF patients in the II and III NYHA
classes demonstrated sufficient changes over the treatment period. In the entire population,
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there was a significant increase in the amount of HF patients with class II HF NYHA
and a decrease in those who had class III HF NYHA. Along with this, the number of
females whose HF functional class improved was significantly higher compared to that
of males, while the total number of patients of both genders with HF functional class III
was sufficiently reduced. In addition, we found that in the entire group, the left ventricular
end-systolic volume (LVESV), left ventricular myocardial mass index (LVMMI), left atrial
volume index (LAVI), and early diastolic blood filling to longitudinal strain ratio (E/e’)
significantly decreased, whereas there were no significant changes in the left ventricular
end-diastolic volume (LVEDV) and left ventricular ejection fraction (LVEF). We noticed
that the LVESV, LVMMI and LAVI decreased only in the female subgroup, whereas E/e’
significantly decreased in all sexes. Along with this, there were no changes in the profile of
conventional biomarkers (eGFR, fasting glucose, creatinine and HbAc1) in eligible patients
regardless of gender.

3.5. Association of Adropin Changes with Clinical Parameters, Hemodynamics Performances and
Circulating Biomarkers during Administration of SGLT2 Inhibitor Dapagliflozin

To evaluate the plausible associations of adropin dynamics with other variables after
the administration of dapagliflozin in gender-related aspects, we performed univariate
and multivariate linear regression analyses in the entire patient group and then in the
subgroups of males and females (Table 3).

Table 3. Univariate and multivariate linear regression analyses of the association of adropin levels with
age, abdominal obesity, BMI, NYHA class, and relative changes in hemodynamics and NT-proBNP.

Variables
Univariate Linear Regression Multivariate Linear Regression

B Coefficient SD p Value B Coefficient SD p Value

Entire patient cohort

Age 0.73 0.30 0.290 -

Obesity 0.90 0.25 0.05 0.71 0.20 0.060

BMI at baseline 1.10 0.38 0.046 0.66 0.25 0.104

∆BMI −1.64 0.29 0.055 −1.65 0.22 0.052

NYHA class −1.92 0.35 0.042 −1.36 0.24 0.052

∆LVESV −2.10 0.72 0.053 −1.99 0.52 0.120

∆LVEF 3.26 0.42 0.040 2.73 0.50 0.046

∆LVMMI −2.61 1.20 0.012 −2.40 1.14 0.052

∆LAVI −6.15 1.60 0.001 −6.10 1.54 0.001

∆E/e’ −7.90 1.26 0.001 −7.83 1.22 0.001

∆NT-proBNP −3.22 1.92 0.012 −2.06 0.66 0.050

Male subgroup

Age 0.75 0.33 0.266 -

Obesity 0.90 0.27 0.05 0.66 0.25 0.104

BMI at baseline 1.10 0.38 0.046 1.02 0.29 0.216

∆BMI −1.29 0.22 0.162 -

NYHA class −0.68 0.20 0.640 -

∆LVESV −1.23 0.55 0.600 -

∆LVEF 2.01 0.17 0.120 -

∆LVMMI −2.42 0.98 0.050 −2.40 1.14 0.054
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Table 3. Cont.

Variables
Univariate Linear Regression Multivariate Linear Regression

B Coefficient SD p Value B Coefficient SD p Value

∆LAVI −5.80 1.20 0.042 −2.30 1.17 0.050

∆E/e’ −7.30 1.50 0.012 −5.90 1.70 0.014

∆NT-proBNP −3.10 1.68 0.014 −2.10 1.52 0.060

Female subgroup

Age 0.71 0.26 0.293 -

Obesity 0.90 0.27 0.048 0.78 0.22 0.062

BMI at baseline 1.12 0.31 0.041 1.06 0.31 0.055

∆BMI −1.76 0.27 0.042 −1.70 0.23 0.044

NYHA class −1.92 0.35 0.042 −1.36 0.24 0.050

∆LVESV −2.10 0.72 0.053 −1.99 0.52 0.121

∆LVEF 3.26 0.42 0.040 2.73 0.50 0.046

∆LVMMI −2.61 1.20 0.001 −2.40 1.14 0.050

∆LAVI −6.15 1.60 0.001 −6.10 1.54 0.001

∆E/e’ −7.90 1.26 0.001 −7.83 1.22 0.001

∆NT-proBNP −1.22 0.92 0.012 −1.06 0.66 0.050
Abbreviations: BMI, body mass index; SD, standard deviation; NYHA, New York Heart Association; ∆, a relative
change in variables after 6-month administration of dapagliflozin.

An unadjusted univariate linear regression analysis showed that the BMI at the base-
line (p = 0.046) and relative changes (∆) of LVEF (p = 0.040), LAVI (p = 0.001), LVMMI
(p = 0.012), E/e’ (p = 0.001), NYHA class (p = 0.042), and NT-proBNP (p = 0.012) were
significantly associated with the adropin levels during SGLT2 inhibitor dapagliflozin ad-
ministration, whereas age, abdominal obesity, and ∆BMI were not. Multivariate linear
regression indicated that only ∆LVEF (p = 0.046), ∆LAVI (p = 0.001), and ∆E/e’ (p = 0.001)
remained strongly associated with the changes in adropin levels, whereas ∆BMI (p = 0.052),
∆LVMMI (p = 0.052), and ∆NT-proBNP (p = 0.050) exhibited borderline significance in
this matter.

In the male subgroup, the BMI at the baseline (p = 0.046), ∆LAVI (p = 0.042), ∆E/e’
(p = 0.012), and ∆NT-proBNP (p = 0.014) were found to be predictors for changes in
adropin levels in the peripheral circulation in the unadjusted univariate linear regression
analysis, whereas multivariate linear regression indicated that the only ∆E/e’ retained its
independent predictive potency (p = 0.014).

In the female subgroup, abdominal obesity (p = 0.048), BMI at the baseline (p = 0.041),
∆BMI (p = 0.042), ∆NYHA class (p = 0.042), ∆LVEF (p = 0.040), ∆LVMMI (p = 0.001), ∆LAVI
(p = 0.001), ∆E/e’ (p = 0.001), and ∆NT-proBNP (p = 0.012) were found to be predictors for
adropin level changes in the unadjusted univariate linear regression. However, ∆LVEF
(p = 0.046), ∆LAVI (p = 0.001), and ∆E/e’ (p = 0.001) exhibited their independent predictive
values in multivariate linear regression.

3.6. Reproducibility of Adropin

We evaluated the reproducibility of adropin in comparison with NT-proBNP in the
patients of both genders. The intra-class correlation coefficient for the inter-observer
reproducibility of NT-proBNP was 0.88 (95% confidence interval [CI] = 0.83–0.92). The intra-
class correlation coefficient for the intra-observer reproducibility of adropin was 0.91 (95%
CI = 0.85–0.97). We did not find significant changes in the intra-observer reproducibility of
adropin depending on the gender of eligible patients (p = 0.382).
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4. Discussion

The results of the study revealed a convincing difference among the adropin levels
over time for male versus female patients. Additionally, we noticed that the 6-month
administration of SGLT2 inhibitor dapagliflosin was associated with NYHA HF class
improvement and favorable changes in LVESV, LVEF, LVMMI, and diastolic function
parameters, which corresponded to a trend of decrease in NT-proBNP and the opposite
dynamic in serum levels of adropin. We noticed that the elevation of adropin concentrations
in peripheral blood predicted favorable changes in cardiac remodeling performances (LVEF,
LAVI and ∆E/e’) mainly in the female population of eligible patients and not in male
population. We are the first to report these findings, so we believe that this particularity of
SGLT2 inhibitor dapagliflosin seems to explain the innate capability of the agent to work
actively in the female population, although it requires further investigation in the future.

The difference in the circulating levels of adropin in males and females may relate to
adipose tissue accumulation, the mass of skeletal muscles, and dietary macronutrient intake,
which seem to be different between these populations [19]. Moreover, estrogen impact
on the expression of the adropin gene in the liver, adipose tissues, and skeletal myocytes
is crucial for glucose and lipid homeostasis supported by adropin [10,12,13]. Perhaps,
gender-related differences in adropin levels deserve to be investigated in the future in the
context of the adaptive role of this protein in the regulation of energy homeostasis and
cardiac remodeling in HF individuals.

We speculate that the relative changes in hemodynamics are crucially important
because the use of SGLT2 inhibitors did not affect the clinical conditions and conventional
parameters of cardiac remodeling, while the dynamics of LVEF and cardiac volumes might
be considered a predictor for the benefits of SGLT2 inhibitors. On the other hand, changes
of hemodynamics may be predictable by biomarkers, such as NT-proBNP and adropin.
Previous studies showed that SLGT2i were effective in improving the prognosis of HF
patients regardless of NT-proBNP, so there is a need for a new surrogate marker by which
the dynamic changes of hemodynamics are considered and predicted. In addition, SGLT2
inhibitors have been shown to have a protective endothelial function and to protect the
myocardial microvascular compartment in T2DM [41,42].

In fact, there is still no strong evidence of the theory that, in several populations
with HF, including HFpEF, SGLT2 inhibitors exert a more profound impact on the clinical
outcomes, surrogate image, and circulating biomarkers of adverse cardiac remodeling in
female than in male patients [43]. Moreover, these agents demonstrated strict similarity in
benefits among patients with and without atherosclerotic CV disease, a history or presenta-
tion of HF, T2DM, and chronic kidney disease [44–46]. There are numerous explanations
for this, which partially include the difference in pre-existing comorbidity profiles, an-
thropomorphic characteristics, the etiology of HF, and responses to the treatment [47–50].
Another possible explanation may be the plausible role of sex-hormone-related regulation
of the activity of the sodium–hydrogen exchanger (NHE)−1 co-transporter by which SGLT2
inhibitors are enabled to restore an expression of the X-linked inhibitor of apoptosis and the
baculoviral IAP repeat-containing protein 5 (BIRC5), and thereby, to ameliorate cardiomy-
ocyte cell death, prevent extracellular matrix accumulation, and suppress oxidative stress
and mitochondrial dysfunction [51–53]. Additionally, there is an assumption that the ex-
pression of the target signaling molecules of SGLT2 inhibitors on cell surfaces may directly
relate to gender and indirectly relate to an accumulation of adipose tissue, so the final effect
of SGLT2 inhibitors is considered to be attributed to sex-hormone impacts [54]. Indeed,
SGLT2 inhibitors, through promoting a nutrient deprivation signaling system–which is
composed of Sirtuin-1, fibroblast growth factor-21, and peroxisome proliferator-activated
receptor-gamma coactivator-1 alpha–are able to stimulate ketogenesis and gluconeogenesis
in target cells, ultimately attenuating maladaptive cardiac remodeling, reducing microvas-
cular inflammation and oxidative stress, and improving endothelial function [55]. There
was a strong difference in the tissue expression of the main components of this system
between both sexes [56]. Thus, SGLT-2 inhibitors have numerous remarkable effects on
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suppressing the progression of HF and preventing adverse cardiac remodeling in T2DM
through multiple molecular mechanisms, part of them exhibiting gender-based activity
and being under the control of autocrine signaling pathways.

In the study, we concentrated on our hypothesis, which is based on the speculation
that adropin may be a promising biomarker, allowing us to identify patients with HF who
show a tendency of declining levels of NT-proBNP in their peripheral blood. Although the
recent trials and meta-analyses revealed that the effects of SGLT2 inhibitors in HF patients
on all-cause and CV mortality did not vary by sex, T2DM duration, or the presence of CV
disease [57–60], this does not mean that all HF patients will receive benefits from SGLT2
inhibitors. In fact, patients with HF with improved levels of NT-proBNP, as a result, t,
may be overvalued at the risk of poor response in cardiac performances and outcomes
in conventional treatment. In this connection, the surrogate and validated circulating
biomarker, which illustrates well the overlapping pathogenetic mechanisms of both HF
and T2DM, seems to be promising for further investigations in large clinical studies.

Although adropin was found to be a potential regulator of CV functions, playing a key
protective role in the pathogenesis of HF and T2DM [60], there is a limiting number of pre-
clinical data and clinical evidence corresponding to our hypothesis. In a cohort of patients
with end-stage kidney disease, there was no evidence of a significant correlation between
serum levels of adropin and LV septal thickness [61], whereas adropin negatively regulated
cell proliferation through the AMP-activated protein kinase/acetyl-CoA carboxylase sig-
naling pathway and thereby prevented hypertrophy [62]. In some studies, increased levels
of adropin related to the severity of acute HF and cardiac cachexia [28,63], but in patients
with chronic HF, adropin levels in the peripheral blood were sustainably low [27]. In our
study, in patients with T2DM of both sexes, there was a trend of increase in the circulating
levels of adropin in response to the administration of SGLT2 inhibitor dapagliflosin, accom-
panied by an improvement of cardiac hemodynamics performances. We did not notice the
impact of comorbidities–including atrial fibrillation, abdominal obesity, and BMI at the
baseline–on adropin changes in circulation, while there was a relation between ∆BMI and
an increase in adropin levels in the female population. Therefore, adropin demonstrated its
predictive ability for the improvement of hemodynamics beyond NT-proBNP dynamics. It
is a surprise that the tendency of BMI to decline was associated with an increase in adropin,
although there are several plausible explanations of this finding. First, ∆BMI might be
a surrogate marker of a euvolemic condition, which illustrates the relation of improving
hemodynamic performances to decreasing neurohumoral activation [64]. Second, SGLT2
inhibitors may stimulate weight loss through improving glucose and lipid metabolism.
Third, a difference in adipose tissue accumulation in females and males may be the indirect
gender-related effect of SGLT2 inhibitors on clinical outcomes [29]. Another explanation
may relate to the role of enlarged epicardial adipose tissue (EAT) in the regulation of cardiac
function. In fact, EAT is not only a conventional cause of the mechanical constriction of the
diastolic filling, but it is also a source of pro-inflammatory mediators capable of causing
inflammation, microcirculatory dysfunction, and fibrosis of the underlying myocardium,
thus impairing the relatability of the LV. Indeed, a recent clinical study revealed that SGLT2
inhibitors have been associated with the attenuation of EAT enlargement [65]. Fifth, SGLT2
inhibitors with anti-inflammatory potency may regulate the synthesis and secretion of
adropin by hepatocytes [66]. Finally, SGLT2 inhibitors may increase the circulating levels
of adropin indirectly through ketogenesis, and decrease body mass [29,67]. However,
the impact of ∆BMI on dynamic changes in adropin in T2DM patients with HF deserves
thorough investigation in the future.

Nonetheless, adropin appears to be valuable biomarker that seems to have an additive
effect on risk stratification among T2DM patients with HF treated with SGLT2 inhibitors.
However, this effect seems to be gender-relative. Indeed, the changes in the adropin levels
are regarded to be a predictor, independent of NT-proBNP, for the favorable modification of
hemodynamic performances mainly in the female population with T2DM and HF. Perhaps
continuous serial measures of adropin may be practically useful for predicting the ability of
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current HF strategies to reverse cardiac remodeling in both genders, especially taking into
consideration of the affordability of the single measure of this biomarker. More studies are
required to clearly elucidate the origin of specific mechanisms underlying the association
between adropin and the suppression of adverse cardiac remodeling mainly in the female
population. Therefore, it would be interesting to use IL-10, adiponectin, or leptin to explain
the change in adipose tissue during therapy with SGLT2 inhibitors in connection with the
dynamics of adropin.

This study has several limitations, one of which is the open-label design and the
lack of a placebo comparison and control group. We understand that a control group is
essential for clinical studies, but SGLT2 inhibitors are now generally recommended in HF
patients regardless of T2DM presence, so there was no possibility of creating a control
group beyond SGLT2 inhibitor administration. However, this is the first study in which
the effect of SGLT2 inhibitor dapagliflosin on adropin levels in connection with gender
and cardiac remodeling parameters was successfully detected. The next limitation is the
lack of measurement of adipose tissue accumulation, which was due to the plausibility
of the gender-dependent mechanisms of adropin co-regulation corresponding to body fat
composition. This hypothesis deserves to be evaluated in clinical studies in the future.
Moreover, we included in the study the patients with HbAc1 < 6.9% who were not treated
with insulin to exclude the direct effect of hyperglycemia and insulin therapy on adropin
levels. The age of the population studied was relatively young; however, it cannot be
ignored that a larger sample could have nullified the differences that emerged between
the two genders, particularly with cohorts of older and senior people. All of these factors
require further investigation in the future. However, we think these limitations will not
intervene in interpreting the results of the study.

5. Conclusions

In the population of T2DM patients with HF, mainly in females, the increased circu-
lating levels of adropin seemed to be independent from the NT-proBNP predictor for the
favorable modification of hemodynamic performances during the long-term administration
of SGLT2 inhibitor dapagliflosin.

Author Contributions: Conceptualization, I.M.F., M.L. and A.E.B.; methodology, A.E.B. and I.M.F.;
validation, I.M.F., M.L. and A.E.B.; formal analysis, A.A.B. and L.S.; investigation, A.A.B., T.A.B. and
E.V.N.; data curation, A.A.B.; writing—original draft preparation, A.A.B., Z.O., T.A.B., E.V.N., L.S.,
M.L. and A.E.B.; writing—review and editing, I.M.F., M.L., Z.O. and A.A.B.; visualization, A.A.B.
and E.V.N.; supervision, I.M.F.; project administration, T.A.B. and A.A.B. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of Zaporozhye Medical
Academy of Post-graduate Education (protocol number: 8; date of approval: 10 October 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: Authors thanks all the patients who gave their consent to participate in the study
and also the administrative staff of Private Hospital “VitaCenter” (Zaporozhye, Ukraine), Medical
Center “EliteMedService” (Zaporozhye, Ukraine) and City Hospital #7 (Zaporozhye, Ukraine), for
assistance in the study.

Conflicts of Interest: The authors declare no conflict of interest.



Biomedicines 2023, 11, 457 15 of 18

References
1. Lovic, D.; Piperidou, A.; Zografou, I.; Grassos, H.; Pittaras, A.; Manolis, A. The Growing Epidemic of Diabetes Mellitus. Curr.

Vasc. Pharmacol. 2020, 18, 104–109. [CrossRef] [PubMed]
2. Glovaci, D.; Fan, W.; Wong, N.D. Epidemiology of Diabetes Mellitus and Cardiovascular Disease. Curr. Cardiol. Rep. 2019, 21, 21.

[CrossRef]
3. Avilés-Santa, M.L.; Monroig-Rivera, A.; Soto-Soto, A.; Lindberg, N.M. Current State of Diabetes Mellitus Prevalence, Awareness,

Treatment, and Control in Latin America: Challenges and Innovative Solutions to Improve Health Outcomes Across the Continent.
Curr. Diabetes Rep. 2020, 20, 62. [CrossRef] [PubMed]

4. Lehrke, M.; Marx, N. Diabetes Mellitus and Heart Failure. Am. J. Med. 2017, 130, S40–S50. [CrossRef]
5. Aune, D.; Schlesinger, S.; Neuenschwander, M.; Feng, T.; Janszky, I.; Norat, T.; Riboli, E. Diabetes mellitus, blood glucose and

the risk of heart failure: A systematic review and meta-analysis of prospective studies. Nutr. Metab. Cardiovasc. Dis. 2018, 28,
1081–1091. [CrossRef] [PubMed]

6. Berezin, A.E.; Lichtenauer, M.; Berezin, A.A. Heart failure among patients with prediabetes and type 2 diabetes mellitus:
Diagnostic and predictive biomarkers: A narrative review. J. Lab. Precis Med. Med. 2022, 7, 5. [CrossRef]

7. Kristensen, S.L.; Jhund, P.; Lee, M.; Køber, L.; Solomon, S.D.; Granger, C.B.; Yusuf, S.; Pfeffer, M.A.; Swedberg, K.; McMurra, J.J.V.;
et al. Prevalence of Prediabetes and Undiagnosed Diabetes in Patients with HFpEF and HFrEF and Associated Clinical Outcomes.
Cardiovasc. Drugs Ther. 2017, 31, 545–549. [CrossRef]

8. McHugh, K.; DeVore, A.D.; Wu, J.; Matsouaka, R.A.; Fonarow, G.C.; Heidenreich, P.A.; Yancy, C.W.; Green, J.B.; Altman, N.;
Hernandez, A.F. Heart Failure With Preserved Ejection Fraction and Diabetes: JACC State-of-the-Art Review. J. Am. Coll. Cardiol.
2019, 73, 602–611. [CrossRef]

9. Jankauskas, S.S.; Kansakar, U.; Varzideh, F.; Wilson, S.; Mone, P.; Lombardi, A.; Gambardella, J.; Santulli, G. Heart failure in
diabetes. Metabolism 2021, 125, 154910. [CrossRef]

10. Berezin, A.E.; Berezin, A.A.; Lichtenauer, M. Myokines and Heart Failure: Challenging Role in Adverse Cardiac Remodeling,
Myopathy, and Clinical Outcomes. Dis. Mark. 2021, 2021, 6644631. [CrossRef]

11. Yap, E.P.; Kp, M.M.J.; Ramachandra, C.J. Targeting the Metabolic-Inflammatory Circuit in Heart Failure With Preserved Ejection
Fraction. Curr. Hear. Fail. Rep. 2022, 19, 63–74. [CrossRef]

12. Kirk, B.; Feehan, J.; Lombardi, G.; Duque, G. Muscle, Bone, and Fat Crosstalk: The Biological Role of Myokines, Osteokines, and
Adipokines. Curr. Osteoporos. Rep. 2020, 18, 388–400. [CrossRef] [PubMed]

13. Takada, S.; Sabe, H.; Kinugawa, S. Abnormalities of Skeletal Muscle, Adipocyte Tissue, and Lipid Metabolism in Heart Failure:
Practical Therapeutic Targets. Front. Cardiovasc. Med. 2020, 7, 79. [CrossRef] [PubMed]

14. Li, R.-L.; Wu, S.-S.; Wu, Y.; Wang, X.-X.; Chen, H.-Y.; Xin, J.-J.; Li, H.; Lan, J.; Xue, K.-Y.; Li, X.; et al. Irisin alleviates pressure
overload-induced cardiac hypertrophy by inducing protective autophagy via mTOR-independent activation of the AMPK-ULK1
pathway. J. Mol. Cell. Cardiol. 2018, 121, 242–255. [CrossRef] [PubMed]

15. Li, Y.; Lu, H.; Xu, W.; Shang, Y.; Zhao, C.; Wang, Y.; Yang, R.; Jin, S.; Wu, Y.; Wang, X.; et al. Apelin ameliorated acute heart failure
via inhibiting endoplasmic reticulum stress in rabbits. Amino Acids 2021, 53, 417–427. [CrossRef] [PubMed]

16. Berezin, A.A.; Fushtey, I.M.; Berezin, A.E. The Effect of SGLT2 Inhibitor Dapagliflozin on Serum Levels of Apelin in T2DM
Patients with Heart Failure. Biomedicines 2022, 10, 1751. [CrossRef] [PubMed]

17. Shen, S.; Gao, R.; Bei, Y.; Li, J.; Zhang, H.; Zhou, Y.; Yao, W.; Xu, D.; Zhou, F.; Jin, M.; et al. Serum Irisin Predicts Mortality Risk in
Acute Heart Failure Patients. Cell. Physiol. Biochem. 2017, 42, 615–622. [CrossRef]

18. Berezin, A.A.; Fushtey, I.M.; Pavlov, S.V.; Berezin, A.E. Predictive value of serum irisin for chronic heart failure in patients with
type 2 diabetes mellitus. Mol. Biomed. 2022, 3, 34. [CrossRef]

19. Kumar, K.G.; Trevaskis, J.L.; Lam, D.D.; Sutton, G.M.; Koza, R.A.; Chouljenko, V.N.; Kousoulas, K.G.; Rogers, P.M.; Kesterson,
R.A.; Thearle, M.; et al. Identification of Adropin as a Secreted Factor Linking Dietary Macronutrient Intake with Energy
Homeostasis and Lipid Metabolism. Cell Metab. 2008, 8, 468–481. [CrossRef] [PubMed]

20. Yolbas, S.; Kara, M.; Kalayci, M.; Yildirim, A.; Gundogdu, B.; Aydin, S.; Koca, S.S. ENHO gene expression and serum adropin
level in rheumatoid arthritis and systemic lupus erythematosus. Adv. Clin. Exp. Med. 2018, 27, 1637–1641. [CrossRef]

21. Stein, L.M.; Yosten, G.L.C.; Samson, W.K. Adropin acts in brain to inhibit water drinking: Potential interaction with the orphan G
protein-coupled receptor, GPR19. Am. J. Physiol. Integr. Comp. Physiol. 2016, 310, R476–R480. [CrossRef] [PubMed]

22. Ganesh-Kumar, K.; Zhang, J.; Gao, S.; Rossi, J.; McGuinness, O.P.; Halem, H.H.; Culler, M.D.; Mynatt, R.L.; Butler, A.A. Adropin
Deficiency Is Associated With Increased Adiposity and Insulin Resistance. Obesity 2012, 20, 1394–1402. [CrossRef] [PubMed]

23. Yu, H.-Y.; Zhao, P.; Wu, M.-C.; Liu, J.; Yin, W. Serum adropin levels are decreased in patients with acute myocardial infarction.
Regul. Pept. 2014, 190–191, 46–49. [CrossRef] [PubMed]

24. Jurrissen, T.J.; Ramirez-Perez, F.I.; Cabral-Amador, F.J.; Soares, R.N.; Pettit-Mee, R.J.; Betancourt-Cortes, E.E.; McMillan, N.J.;
Sharma, N.; Rocha, H.N.M.; Fujie, S.; et al. Role of adropin in arterial stiffening associated with obesity and type 2 diabetes. Am. J.
Physiol. Circ. Physiol. 2022, 323, H879–H891. [CrossRef] [PubMed]

http://doi.org/10.2174/1570161117666190405165911
http://www.ncbi.nlm.nih.gov/pubmed/30961501
http://doi.org/10.1007/s11886-019-1107-y
http://doi.org/10.1007/s11892-020-01341-9
http://www.ncbi.nlm.nih.gov/pubmed/33037442
http://doi.org/10.1016/j.amjmed.2017.04.010
http://doi.org/10.1016/j.numecd.2018.07.005
http://www.ncbi.nlm.nih.gov/pubmed/30318112
http://doi.org/10.21037/jlpm-21-37
http://doi.org/10.1007/s10557-017-6754-x
http://doi.org/10.1016/j.jacc.2018.11.033
http://doi.org/10.1016/j.metabol.2021.154910
http://doi.org/10.1155/2021/6644631
http://doi.org/10.1007/s11897-022-00546-1
http://doi.org/10.1007/s11914-020-00599-y
http://www.ncbi.nlm.nih.gov/pubmed/32529456
http://doi.org/10.3389/fcvm.2020.00079
http://www.ncbi.nlm.nih.gov/pubmed/32478098
http://doi.org/10.1016/j.yjmcc.2018.07.250
http://www.ncbi.nlm.nih.gov/pubmed/30053525
http://doi.org/10.1007/s00726-021-02955-3
http://www.ncbi.nlm.nih.gov/pubmed/33609179
http://doi.org/10.3390/biomedicines10071751
http://www.ncbi.nlm.nih.gov/pubmed/35885056
http://doi.org/10.1159/000477867
http://doi.org/10.1186/s43556-022-00096-x
http://doi.org/10.1016/j.cmet.2008.10.011
http://www.ncbi.nlm.nih.gov/pubmed/19041763
http://doi.org/10.17219/acem/75944
http://doi.org/10.1152/ajpregu.00511.2015
http://www.ncbi.nlm.nih.gov/pubmed/26739651
http://doi.org/10.1038/oby.2012.31
http://www.ncbi.nlm.nih.gov/pubmed/22318315
http://doi.org/10.1016/j.regpep.2014.04.001
http://www.ncbi.nlm.nih.gov/pubmed/24731968
http://doi.org/10.1152/ajpheart.00385.2022
http://www.ncbi.nlm.nih.gov/pubmed/36083795


Biomedicines 2023, 11, 457 16 of 18

25. Wu, L.; Fang, J.; Chen, L.; Zhao, Z.; Luo, Y.; Lin, C.; Fan, L. Low serum adropin is associated with coronary atherosclerosis in type
2 diabetic and non-diabetic patients. Clin. Chem. Lab. Med. 2014, 52, 751–758. [CrossRef]

26. Butler, A.A.; Tam, C.S.; Stanhope, K.L.; Wolfe, B.M.; Ali, M.R.; O’Keeffe, M.; St-Onge, M.-P.; Ravussin, E.; Havel, P.J. Low
Circulating Adropin Concentrations with Obesity and Aging Correlate with Risk Factors for Metabolic Disease and Increase after
Gastric Bypass Surgery in Humans. J. Clin. Endocrinol. Metab. 2012, 97, 3783–3791. [CrossRef] [PubMed]

27. Zheng, J.; Liu, M.; Chen, L.; Yin, F.; Zhu, X.; Gou, J.; Zeng, W.; Lv, Z. Association between serum adropin level and coronary
artery disease: A systematic review and meta-analysis. Cardiovasc. Diagn. Ther. 2019, 9, 1–7. [CrossRef]

28. Yosaee, S.; Soltani, S.; Sekhavati, E.; Jazayeri, S. Adropin- A Novel Biomarker of Heart Disease: A Systematic Review Article. Iran.
J. Public Health 2016, 45, 1568–1576.

29. Packer, M. Cardioprotective effects of sirtuin-1 and its downstream effectors: Potential role in mediating the heart failure benefits
of SGLT2 (sodium glucose linked transporter 2) inhibitors. Circ. Heart Fail. 2020, 13, e007197. [CrossRef] [PubMed]

30. Berezin, A.A.; Lichtenauer, M.; Boxhammer, E.; Stöhr, E.; Berezin, A.E. Discriminative Value of Serum Irisin in Prediction of Heart
Failure with Different Phenotypes among Patients with Type 2 Diabetes Mellitus. Cells 2022, 11, 2794. [CrossRef]

31. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corrà, U.; Cosyns, B.; Deaton, C.;
et al. ESC Scientific Document Group. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The
Sixth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10 societies and by invited experts) Developed with the special contribution of the
European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [CrossRef]

32. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2021. Diabetes
Care 2021, 44 (Suppl. S1), S15–S33, Erratum in: Diabetes Care 2021, 44, 2182. [CrossRef]

33. Knuuti, J.; Wijns, W.; Saraste, A.; Capodanno, D.; Barbato, E.; Funck-Brentano, C.; Prescott, E.; Storey, R.F.; Deaton, C.; Cuisset, T.;
et al. 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur. Heart J. 2020, 41, 407–477.
[CrossRef]

34. de Boer, I.H.; Khunti, K.; Sadusky, T.; Tuttle, K.R.; Neumiller, J.J.; Rhee, C.M.; Rosas, S.E.; Rossing, P.; Bakris, G. Diabetes
Management in Chronic Kidney Disease: A Consensus Report by the American Diabetes Association (ADA) and Kidney Disease:
Improving Global Outcomes (KDIGO). Diabetes Care 2022, 45, dci220027. [CrossRef]

35. Levey, A.S.; Eckardt, K.-U.; Tsukamoto, Y.; Levin, A.; Coresh, J.; Rossert, J.; Zeeuw, D.D.; Hostetter, T.H.; Lameire, N.; Eknoyan, G.
Definition and classification of chronic kidney disease: A position statement from Kidney Disease: Improving Global Outcomes
(KDIGO). Kidney Int. 2005, 67, 2089–2100. [CrossRef] [PubMed]

36. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Böhm, M.; Burri, H.; Butler, J.; Čelutkienė, J.; Chioncel, O.;
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