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ABSTRACT

Introduction: Sodium-glucose cotransporter 2
inhibitors (SGLT2i) have a favorable impact on
the kidney function in patients with heart fail-
ure (HF), while there is no clear evidence of
what factors predict this effect. The aim of the
study was to identify plausible predictors for
kidney function outcome among patients with
HF and investigate their association with
SGLT2i.
Methods: We prospectively enrolled 480
patients with type 2 diabetes mellitus (T2DM)
treated with diet and metformin and concomi-
tant chronic HF and followed them for
52 weeks. In the study, we determined kidney

outcome as a composite of C 40% reduced
estimated glomerular filtration rate from base-
line, newly diagnosed end-stage kidney disease
or kidney replacement therapy. The relevant
medical information and measurement of the
biomarkers (N-terminal natriuretic pro-peptide,
irisin, apelin, adropin, C-reactive protein,
tumor necrosis factor-alpha) were collected at
baseline and at the end of the study.
Results: The composite kidney outcome was
detected in 88 (18.3%) patients of the entire
population. All patients received guideline-rec-
ommended optimal therapy, which was adjus-
ted to phenotype/severity of HF, cardiovascular
risk and comorbidity profiles, and fasting gly-
cemia. Levels of irisin, adropin and apelin
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significantly increased in patients without
clinical endpoint, whereas in those with com-
posite endpoint the biomarker levels exhibited
a decrease with borderline statistical signifi-
cance (p = 0.05). We noticed that
irisin B 4.50 ng/ml at baseline and a B 15%
increase in irisin serum levels added more
valuable predictive information than the refer-
ence variable. However, the combination of
irisin B 4.50 ng/ml at baseline and B 15%
increase in irisin serum levels (area under
curve = 0.91; 95% confidence inter-
val = 0.87–0.95) improved the discriminative
value of each biomarker alone.
Conclusion: We suggest that low levels of irisin
and its inadequate increase during administra-
tion of SGLT2i are promising predictors for
unfavorable kidney outcome among patients
with T2DM and concomitant HF.

Keywords: Heart failure; Kidney outcome;
Dapagliflozin; Circulating biomarkers; Irisin;
Apelin; Adropin; Natriuretic peptides

Key Summary Points

Positive impact of sodium-glucose
cotransporter 2 inhibitors on kidney
function in patients with diabetes mellitus
and heart failure is variable.

Worsening kidney function
independently affects heart failure
outcomes.

Low irisin serum levels at baseline
predicted inadequate improving kidney
function during sodium-glucose
cotransporter 2 inhibitor administration.

Low irisin serum levels during treatment
added valuable predictive information for
poor kidney outcome.

INTRODUCTION

Heart failure (HF) remains one of the leading
causes of death among in-patients with known
cardiovascular disease (CVD) and chronic kid-
ney disease (CKD) [1]. CKD is associated with
poor clinical outcomes in HF regardless of its
phenotype and etiology, patient age and
comorbidity profile including such confounders
as type 2 diabetes mellitus (T2DM) and hyper-
tension [2, 3]. In addition, CKD predicted all-
cause and cardiovascular (CV) mortality inde-
pendently from a presence of HF [4, 5]. Notably,
HF and CKD potentiate development and
accelerate each other’s progression through
several common pathophysiologic mechanisms
[6]. Cardiac and renal interactions are modu-
lated by inflammatory reactions and cellular
immune-mediated mechanisms, biomechanical
stress-mediated and neurohumoral responses,
changes in metabolic status and impaired
hemodynamics [6]. Therefore, there are many
unique kidney-specific risk factors including
malnutrition, electrolyte and acid-base alter-
ations, bone mineral changes, anemia, uremic
toxins and myocardial stunning, which con-
tribute to the decline of kidney function in
patients with any HF phenotype [7, 8].

T2DM is a powerful risk factor for both CVD
and CKD, which links HF and worsening renal
function [9]. However, progression of HF is
strongly associated with increased new cases of
T2DM as well as T2DM-induced CKD [10, 11].
Conventional management of T2DM including
mainly sodium-glucose cotransporter 2 inhibi-
tors (SGLT2i) has been reported to impact clin-
ical events in T2DM patients with HF including
all-cause and CV mortality, HF hospitalization
and kidney function [12]. Moreover, there is
emerging evidence that these agents might be
useful even in non-T2DM patients with HF
(mainly with reduced [HFrEF] and mildly
reduced ejection fraction [HFmrEF] and proba-
bly with preserved ejection fraction [HFpEF]) to
reduce mortality, HF- and kidney-related events
[13, 14].

Although the relationships between
improvement of both CV and HF outcomes and
the slowed rate of decline in estimated
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glomerular filtration rate (eGFR) among
patients with HF were established in previous
clinical studies (the DELIVER [Dapagliflozin and
Kidney Outcomes in Patients with Heart Failure
with Mildly Reduced or Preserved Ejection
Fraction] and EMPA-REG OUTCOME [Empagli-
flozin Cardiovascular Outcome Event Trial in
Type 2 Diabetes Mellitus Patients] trials)
[15, 16], there is no clear evidence of what fac-
tors predict favorable effect of SGLT2i on kidney
function. This is an important clinical question,
because in this real-life experience favorable
impact of SGLT2i on eGFR and/or albuminuria/
proteinuria was noticed in about 30% of the
entire patient population and was variable [17].
However, in large clinical trials for SGLT2
inhibitors (EMPA-REG OUTCOME trial [18];
EMPA-KIDNEY trial [19]), numerous variables
(i.e., glycated hemoglobin [HbA1c], systolic
blood pressure, urea albumin-to-creatinine
ratio, hemoglobin, body weight, high- (HDL)
and low-density lipoprotein (LDL) cholesterol,
uric acid and potassium), which demonstrated
their plausible predictive abilities for CV and
kidney outcomes, were evaluated. We previ-
ously identified the following biomarkers for
kidney outcomes: N-terminal natriuretic pro-
peptide (NT-proBNP), tumor necrosis factor
alpha (TNF-alpha), irisin, apelin, adropin and
high-sensitivity C-reactive protein (hs-CRP)
[20, 21].

Low-grade inflammatory reaction is a well-
known major pathogenic factor, which under-
lies the association between worsening kidney
function/newly diagnosed CKD onset and HF
and comorbidity, such as T2DM, abdominal
obesity, metabolic abnormalities and atrial fib-
rillation, through interplay between resident
and/or circulating immune cells with renal
parenchymal cells [22]. Systemic and local (in-
cluding microvascular inflammatory) response
to kidney injury as well as due to adipose tissue
dysfunction reflects the release of pro-inflam-
matory mediators including CRP and TNF-alpha
[23]. They are independently associated with
incident HF, progression of the disease and
kidney dysfunction [23, 24].

Irisin is a circulating myokine produced in
abundance in physiologic conditions by cardiac
myocytes and skeletal muscle in response to

exercise, whereas several pathophysiologic
states, including HF, T2DM, obesity, osteo-
porosis and CKD, were associated with
decreased levels of the hormone in the circula-
tion [25]. Irisin stimulates white adipose tissue
cells to induce the browning response, activates
thermogenesis, regulates mineral density of
bone tissue and cardiac geometry and function,
modulates vasodilatation, suppresses inflam-
mation and supports kidney parenchyma sur-
vival [26, 27]. Low levels of irisin in chronic HF
were found be strong predictors of poor clinical
outcomes, hospitalization and death, whereas
higher levels of one were noticed in acute
myocardial infarction and acute HF I in close
connection with CV events [28]. Irisin exerts a
tissue-protective effect by supporting the mito-
chondrial respiration and mitochondrial per-
meability transition pores, reducing oxidative
stresses and apoptosis, protecting against
ischemia and reperfusion injury and promoting
angiogenesis [29, 30].

Apelin is known as a ligand for the G pro-
tein-coupled receptor, which is widely dis-
tributed in numerous tissues including heart
and kidney [31]. Apelin is involved in patho-
genesis of HF, acute kidney injury and CKD
through its ability to suppress inflammatory
response and modulate proliferation, migration
and angiogenesis via nuclear factor-jB (NF-jB)
signaling pathway and Akt/extracellular signal-
regulated kinase 1 and 2 (ERK1/2) pathway
[31, 32]. Apelin-APJ system counteracts the
renin-angiotensin-aldosterone system and
exerts unique inotropic, anti-apoptotic, anti-is-
chemic and vasodilatory effects [33, 34]. Low
circulating levels of apelin in HFrEF and HFpEF
independently predicted the unfavorable clini-
cal outcomes [35, 36]. However, positive impact
of conventional management of HF on
echocardiographic parameters was closely asso-
ciated with an increase in serum apelin levels
[37].

Adropin is a low-molecular-weight multi-
functional peptide produced by various cells
and expressed in numerous tissues including
heart and kidney [38]. Adropin is considered
crucial for energy homeostasis via improving
cholesterol metabolism and glucose utilization
in mitochondria by improving insulin signaling
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pathways such as Akt/STAT and glucose trans-
porter 4 receptor activation [38, 39]. Low adro-
pin levels were noticed as an independent risk
factor for CV diseases including HF and CKD
[40, 41]. The purpose of the study was to iden-
tify plausible predictors for kidney function
outcome among patients with HF and investi-
gate their association with SGLT2i.

METHODS

Patient Population and Study Design

We selected 738 patients with established
T2DM from the local database of ‘‘Vita Center’’
(Zaporozhye, Ukraine), composed of [ 3500
records of patients with diabetes mellitus and/or
HF. Then, we enrolled patients with T2DM with
stable HF and well-controlled glycemia. Using
inclusion/exclusion criteria, we finally included
489 patients with T2DM and any phenotype of
HF (Fig. 1). The study design, basic patient
characteristics and primary findings have been
previously published [41]. All patients were
treated with individually adjusted diet and
metformin and had well-controlled T2DM
(HbA1c[6.9%), which did not require insulin
therapy. On this occasion, we excluded the
patients with T2DM treated with insulin
because it previously was found to be a powerful
trigger for changes in irisin, adropin and apelin
regardless of CKD progression. However,
hyperglycemia is the next factor contributing to
changes in plasma levels of these biomarkers.
Nine patients were excluded from the selection
list because of a risk of being lost during the
observation period (4 patients with severe
ischemia-induced cardiomyopathy, 3 patients
with coronary artery bypass grafting and 2
patients with a high risk of symptomatic
hypoglycemia). Then, 480 individuals with
both T2DM and chronic HF were finally eligible
for prospective investigation. The observation
period was 52 weeks, during which we pooled
objective data of patients and evaluated clinical
outcomes.

The study was conducted in close accordance
with the guidelines of the Declaration of Hel-
sinki and approved by the Institutional Ethics

Committee of Zaporozhye Medical Academy of
Post-graduate Education (protocol number: 8;
date of approval: 10 October 2020). All subjects
involved in the study gave their voluntary
informed consent.

Collection of Relevant Medical Data
and Background Information

Demographic and anthropomorphic data, basic
clinical characteristics and comorbidities were
collected at baseline. Coronary artery disease
[42], CKD [43], HF [44], cardiomyopathies [45],
T2DM [46], hypertension [47] and dyslipidemia
[48] were evaluated according to current clinical
guidelines.

Echocardiography Examination

Echocardiographic and Doppler examinations
were performed on all patients by two highly
experienced, blinded echocardiographers as
described in a previous article [49]. The records
were obtained using standard apical two- and
four-chamber views at baseline and in 52-week
observation intervals. Conventional hemody-
namic parameters included left ventricular end-
diastolic (LVEDV) and end-systolic (LVESV)
volumes, left ventricular ejection fraction
(LVEF), left atrial volume (LAV) and LAV to
body mass area index, early diastolic blood fill-
ing (E) and longitudinal strain ratio (e’) with
further calculation of E/e’ index. LVEF was cal-
culated using Simpson’s method in line with
the recommendation of the American Society of
Echocardiography guideline [49]. Left ventricu-
lar hypertrophy (LVH) was determined in both
sexes according to conventional recommenda-
tion [49].

Measurement of Biomarker Levels

The levels of all biomarkers were measured at
study entry and 52-week intervals.

Adv Ther (2024) 41:292–314 295



Determination of Composite Kidney
Outcomes

A previous large clinical study, the EMPA-KID-
NEY trial, used the primary outcome for kidney
outcome, defined as a composite of 40%
decrease in eGFR from baseline, newly diag-
nosed ESKD (eGFR \ 15 ml/min/1.73 m2) or
kidney mortality or CV death [50]. In this study,
we determined the kidney outcome as a com-
posite of eGFR reduction by 40% from baseline,
ESKD or kidney replacement therapy. The eGFR
slope was calculated during the observation
period as the ratio of change in eGFR from
baseline to the end of the study.

Blood Sampling

The blood samples were collected at baseline
and at the end of the study. Whole venous
blood samples (3–5 ml) were collected in Vacu-
tainer tubes from the fasting patients. Pooled
samples were centrifuged (3000 r/min, 30 min);
sera were collected and then immediately

frozen for further storage at B –70 �C until
analysis. All routine biochemical tests were
performed using standard biochemical tech-
niques with a Roche P800 analyzer (Basel,
Switzerland).

Biomarker Analysis

A total six biomarker levels were evaluated (NT-
proBNP, irisin, apelin, adropin, TNF-alpha and
hs-CRP). These were quantified in the serum
blood samples using commercial enzyme-linked
immunosorbent assay (ELISA) kits manufac-
tured by Elabscience (Houston, TX, USA). The
intra- and inter-assay coefficients of variation
were\10%.

Glomerular Filtration Rate and Insulin
Resistance Determination

Conventional CKD-EPI formula was to estimate
the glomerular filtration rate (eGFR) [51]. The
Homeostatic Assessment Model of Insulin

Fig. 1 Study design. ESKD end-stage chronic kidney
disease, eGFR estimated glomerular filtration rate, HF
heart failure, hs-CRP high sensitivity C-reactive protein,

NT-proBNP N-terminal brain natriuretic pro-peptide,
TNF-alpha tumor necrosis factor alpha
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Resistance (HOMA-IR) was used to evaluate
insulin resistance [52].

Statistics

The Kolmogorov-Smirnov test was applied for
an evaluation of normality, and the Levene test
was used for homogeneity assessment. We pre-
sented the continuous variables depending on
their distribution as the mean (M) and standard
deviation (SD) or median (Me) and 25–75%
interquartile range (IQR). Categorical variables
were presented as proportions and percentages
of the total. The chi-square, Mann-Whitney
U and Kruskal-Wallis tests were used to compare
the variance depending on their distribution.
We calculated Spearman’s correlation coeffi-
cient to ascertain the interrelation between
variables. Plausible predictors for composite
kidney outcome were determined by a univari-
ate logistic regression and backward stepwise
multivariate logistic regression. For each pre-
dictor, we calculated an odds ratio (OR) and
95% confidence interval (CI). The reliability of
predictive models was determined by receiver-
operation curve (ROC) analysis along with the
calculation of area under the curve (AUC), sen-
sitivity, specificity and likelihood ratio for each
predictor. Well-balanced cutoff points for bio-
marker concentrations were estimated with the
Youden test. We compared the incremental
prognostic capacities of new biomarkers on a
binary predictive model based on estimation of
integrated discrimination indices (IDI) and net
reclassification improvement (NRI). A two-sided
p\0.05 was considered significant. Variables
were tested in V. 23 SPSS (IBM, Armonk, New
York, NY, USA) and v. 9 GraphPad Prism
(GraphPad Software, San Diego, CA, USA)
programs.

RESULTS

The composite kidney outcome (sustained
declined in eGFR by 40% from baseline, newly
diagnosed ESKD or kidney replacement therapy)
was detected in 88 (18.3%) patients of the entire
population. Among these individuals, 51
patients demonstrated decline in eGFR by 40%

from baseline at the end of the follow-up per-
iod, 35 individuals had newly diagnosed ESKD,
and consequently two patients required kidney
replacement therapy (hemodialysis). For further
population analysis, it was divided into two
cohorts, respectively (Table 1). However, we did
not notice urinary tract infections related to
SGLT2 inhibition.

The patient population had median age of 53
(40–67) years and male-to-female proportion of
56.7%/43.3%. The patients had several CV risk
factors and concomitant diseases, such as dys-
lipidemia (80.2%), hypertension (64.0%),
stable coronary artery disease (34.6%), any form
of atrial fibrillation (21.9%), dilated cardiomy-
opathy (4.0%), smoking (40.8%), obesity
(44.8%), left ventricular (LV) hypertrophy
(79.5%) and CKD grade 1–3 (24.6%). Among the
patients, 44.2% had HFpEF, 32.5% HFmrEF and
23.3% HFrEF. However, I/II HF NYHA class was
detected in 58.6%, and III and IV HF NYHA
classes were found in 30% and 11.4% of the
patients, respectively. All patients had
stable hemodynamics and an average LVEF of
45% (from 34 to 57%) along with moderate
dilation of both LV and LV cavities at baseline.
Mean LVMMI and LAVI were 138 ± 11 g/m2

and 41 (33–52) ml/m2, respectively. The average
eGFR was 74 ± 19 ml/min/1.73 m2; HOMA-IR
was 6.95 ± 1.9 units.

All patients received guideline-recom-
mended optimal therapy, which was adjusted to
HF phenotype and volemic status, CV risk and
comorbidity profiles and fasting glycemia
including metformin and diet. The patients
from two cohorts did not differ in their age,
basic demographics and anthropomorphic
parameters. Therefore, we did not notice any
differences between the two patient cohorts in
presentation of several comorbidities including
dyslipidemia, hypertension, dilated cardiomy-
opathy, abdominal obesity and LV hypertrophy
as well as HFmrEF, III HF NYHA class, HOMA-IR,
lipid profile and hs-CRP. Contrarily, patients
who met the composite endpoint more fre-
quently had stable CAD, paroxysmal/persistent
and permanent forms of atrial fibrillation, grade
1–3 CKD, HFrEF and IV HF NYHA class as well as
lower HFpEF and I/II HF NYHA class compared
with those who did not. However, there were no
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Table 1 General baseline characteristics of eligible patients

Variables Entire chronic HF
patient cohort
(n = 480)

Patients with
composite endpoint
(n = 88)

Patients without
composite endpoint
(n = 392)

p Value
between
cohorts

Demographic and anthropomorphic parameters

Age, years 53 (40–67) 56 (46–68) 51 (40–64) 0.162

Male/female n (%) 272 (56.7)/208 (43.3) 51 (58.0)/37 (42.0) 221 (56.4)/171 (43.6) 0.748

Body mass index, kg/m2 25.6 ± 2.78 25.9 ± 2.80 25.2 ± 2.91 0.672

Waist circumference, cm 96.7 ± 3.90 99.2 ± 3.80 94.5 ± 3.68 0.650

WHR, units 0.88 ± 0.07 0.90 ± 0.09 0.85 ± 0.06 0.866

Comorbidities and CV risk factors

Dyslipidemia, n (%) 385 (80.2) 70 (79.5) 315 (80.4) 0.786

Hypertension, n (%) 307(64.0) 55 (62.5) 252 (64.3) 0.692

Stable coronary artery

disease, n (%)

166 (34.6) 38 (43.2) 128 (32.7) 0.044

Dilated cardiomyopathy,

n (%)

19 (4.0) 5 (5.6) 14 (3.6) 0.056

Atrial fibrillation, n (%) 105 (21.9) 37 (42.0) 68 (17.3) 0.001

Paroxysmal/persistent

atrial fibrillation, n (%)

56 (11.7) 18 (20.5) 38 (9.7) 0.001

Permanent atrial

fibrillation, n (%)

49 (10.2) 19 (21.6) 30 (7.7) 0.001

Smoking, n (%) 196 (40.8) 33 (37.5) 163 (41.6) 0.722

Abdominal obesity,

n (%)

215 (44.8) 40 (45.5) 175 (44.6) 0.818

Left ventricular

hypertrophy, n (%)

382 (79.5) 72 (81.8) 310 (79.0) 0.817

Chronic kidney disease

grades 1–3, n (%)

118 (24.6) 31 (35.2) 87 (22.2) 0.014

HF phenotypes

HFpEF, n (%) 212 (44.2) 25 (28.4) 187 (47.7) 0.001

HFmrEF, n (%) 156 (32.5) 32 (36.4) 124 (31.6) 0.211

HFrEF, n (%) 112 (23.3) 31 (35.2) 81 (20.7) 0.001

I/II HF NYHA class,

n (%)

281 (58.6) 47 (53.4) 234 (59.7) 0.046

III HF NYHA class,

n (%)

144 (30.0) 26 (29.5) 118 (30.1) 0.488
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Table 1 continued

Variables Entire chronic HF
patient cohort
(n = 480)

Patients with
composite endpoint
(n = 88)

Patients without
composite endpoint
(n = 392)

p Value
between
cohorts

IV HF NYHA class,

n (%)

55 (11.4) 15 (17.0) 40 (10.3) 0.042

Hemodynamic performances

Systolic BP, mmHg 133 ± 8 130 ± 8 135 ± 6 0.644

Diastolic BP, mmHg 77 ± 7 78 ± 6 75 ± 4 0.682

LVEDV, ml 162 (139–178) 172 (159–183) 160 (140–178) 0.044

LVESV, ml 88 (59–97) 96 (82–103) 84 (57–94) 0.026

LVEF, % 45 (34–57) 44 (30–58) 47 (33–67) 0.050

LVMMI, g/m2 138 ± 11 161 ± 14 128 ± 13 0.001

Left atrial volume index,

ml/m2

41 (33–52) 47 (37–55) 36 (31–45) 0.001

E/e’, unit 11 ± 5 16 ± 4 9 ± 3 0.014

Biochemistry parameters

eGFR, ml/min/1.73 m2 74 ± 19 43 ± 11 86 ± 10 0.001

UACR (mg/g Cr) 19.5 (5.1–34.7) 24.1 (6.9–39.5) 13.8 (3.2–24.2) 0.001

HOMA-IR, units 6.95 ± 1.9 7.82 ± 2.7 6.15 ± 2.0 0.611

Fasting glucose, mmol/l 6.20 ± 1.2 6.78 ± 1.9 6.04 ± 1.5 0.712

HbA1c, % 6.40 ± 0.14 6.50 ± 0.14 6.28 ± 0.17 0.658

Creatinine, lmol/l 98.7 ± 9.8 137.2 ± 41.3 80.3 ± 10.3 0.001

Serum uric acid, mcmol/

l

315 ± 117 398 ± 85 276 ± 97 0.05

Total cholesterol, mmol/

l

5.90 ± 0.91 6.11 ± 0.83 5.85 ± 0.78 0.246

HDL-C, mmol/l 0.96 ± 0.15 0.92 ± 0.25 0.99 ± 0.22 0.148

LDL-C, mmol/l 3.10 ± 0.20 3.32 ± 0.24 3.03 ± 0.28 0.424

Triglycerides, mmol/l 1.52 ± 0.19 1.56 ± 0.13 1.49 ± 0.15 0.24

Biomarkers

hs-CRP, mg/L 4.20 (2.51–7.10) 4.38 (2.88–7.20) 4.10 (2.35–7.07) 0.681

TNF-alpha, pg/ml 2.95 (1.66–3.82) 3.37 (2.65–4.10) 2.51 (1.52–3.11) 0.046

NT-proBNP, pmol/ml 1215 (562–2155) 1625 (860–2240) 899 (490–1854) 0.026

Irisin, ng/ml 5.64 (3.80–7.53) 4.85 (3.32–6.25) 6.45 (5.21–7.66) 0.014

Apelin, ng/ml 4.75 (2.84–7.32) 3.45 (2.17–4.80) 5.33 (3.34–7.45) 0.001
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significant differences between these cohorts in
SBP/DBP and LVEF, whereas LVEDV, LVESV,
LVMMI, LAVI and E/e‘ were higher in those
with than without the composite endpoint. In
addition, individuals with the composite end-
point had higher levels of creatinine, urinary

albumin/creatinine ratio, TNF-alpha and NT-
proBNP and lower levels of irisin, apelin and
adropin than those without the endpoint event.
Both cohorts exhibited strict similarity in con-
comitant medications except for ivabradine,
loop diuretics, anticoagulants and statins.

Table 1 continued

Variables Entire chronic HF
patient cohort
(n = 480)

Patients with
composite endpoint
(n = 88)

Patients without
composite endpoint
(n = 392)

p Value
between
cohorts

Adropin, ng/ml 2.37 (1.90–2.75) 2.07 (1.80–2.35) 2.69 (2.10–3.17) 0.001

Concomitant medications

ACE inhibitors, n (%) 296 (61.7) 52 (59.1) 244 (62.2) 0.276

Angiotensin-II receptor

blockers, n (%)

72 (15.0) 16 (18.2) 56 (14.3) 0.231

Angiotensin receptor

neprilysin inhibitors,

n (%)

112 (23.3) 22 (25.0) 90 (23.0) 0.420

Beta-blockers, n (%) 427 (89.0) 77 (87.5) 350 (89.3) 0.462

Ivabradine, n (%) 93 (19.4) 12 (13.6) 81 (20.7) 0.001

Calcium channel

blockers, n (%)

131 (27.3) 27 (30.7) 104 (26.5) 0.058

Mineralocorticoid

receptor antagonist,

n (%)

147 (30.6) 24 (27.3) 123 (31.4) 0.056

Loop diuretics, n (%) 383 (79.8) 75 (85.2) 308 (78.6) 0.042

Antiplatelet, n (%) 166 (34.6) 33 (37.5) 133 (34.0) 0.350

Anticoagulants, n (%) 105 (21.9) 41 (46.6) 64 (16.3) 0.001

Metformin, n (%) 480 (100.0) 88 (100.0) 392 (100.0) 1.000

SGLT2 inhibitors, n (%) 429 (89.4) 76 (86.4) 353 (90.0) 0.633

Statins, n (%) 453 (94.4) 78 (88.6) 375 (95.7) 0.044

Variables are given as M ± SD and Me (25–75% IQR). Chi-square test was used to compare categorical variables. The
Mann-Whitney U test and Kruskal-Wallis test were used to compare continuous variables between cohorts
eGFR estimated glomerular filtration rate, E/e’ early diastolic blood filling to longitudinal strain ratio, HDL-C high-density
lipoprotein cholesterol, HOMA-IR homeostatic assessment model of insulin resistance, hs-CRP high-sensitivity C-reactive
protein, LDL-C low-density lipoprotein cholesterol, LVEDV left ventricular end-diastolic volume, LVESV left ventricular
end-systolic volume, LVEF left ventricular ejection fraction, LVMMI left ventricle myocardial mass index, NT-proBNP
N-terminal natriuretic pro-peptide, TNF-alpha tumor necrosis factor-alpha, UACR urinary albumin/creatinine ratio, WHR
waist-to-hip ratio
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Dynamic Changes in Biomarker Levels
in the Patients Included in the Study

Changes in biomarkers levels during the dapa-
gliflozin administration are reported in Fig. 2.
We found that hs-CRP decreased non-signifi-
cantly in individuals with composite endpoint
(D% = -5.9; from 4.38 mg/l [25–75%
IQR = 2.88–7.20 mg/l] to 4.12 mg/l [25–75%
IQR = 2.16–6.21 mg/l], p = 0.068), whereas in
the patient who did not meet the value we
noticed a significant reduction of the concen-
tration (D% = -25.3; from 4.10 mg/l [25–75%
IQR = 2.35–7.07 mg/l] to 3.06 mg/l [25–75%
IQR = 2.07–4.11 mg/l], p = 0.048).

The dynamics of the TNF-alpha levels
exhibited strict similarity to hs-CRP. Indeed, in
individuals with the composite endpoint, the
respective change in levels (D%) was -2.4%
from 3.37 pg/ml [25–75% IQR = 2.65–4.10 pg/
ml] to 3.29 pg/ml [25–75% IQR = 2.55–4.04 pg/
ml], p = 0.44), whereas among patients without
composite endpoint we found more profound
decreases in the concentrations (D% = -10.0%;

from 2.51 pg/ml [25–75% IQR = 1.52–3.11 pg/
ml] to 2.26 pg/ml [25–75% IQR = 1.24–3.34 pg/
ml], p = 0.05).

The NT-proBNP levels in peripheral blood
significantly decreased (p\0.001 for all cases)
in both cohorts up to 20.1% (from 1625 pmol/
ml [25–75% IQR = 860–2240 pmol/ml] to
1285 pmol/ml [25–75% IQR = 578–2006 pmol/
ml]) and 24.0% (from 899 pmol/ml [25–75%
IQR = 490–1854 pmol/ml] to 683 pmol/ml
[25–75% IQR = 375–1089 pmol/ml]),
respectively.

Apelin levels increased in both cohorts up to
13.0% (from 3.45 ng/ml [25–75%
IQR = 2.17–4.80 ng/ml] to 3.90 ng/ml [25–75%
IQR = 2.50–5.54 ng/ml], p = 0.14) and 17.1%
(from 5.33 ng/ml [25–75% IQR = 3.34–7.45 ng/
ml] to 6.24 ng/ml [25–75% IQR = 4.22–8.16 ng/
ml], p = 0.044), respectively.

Levels of irisin significantly (p = 0.012)
increased in patients without clinical endpoint
(D% = ? 14.7%, from 6.45 ng/ml [25–75%
IQR = 5.21–7.66 ng/ml] to 7.40 ng/ml [25–75%
IQR = 6.88–7.92 ng/ml]), whereas in those with

Fig. 2 Dynamic changes in the biomarker levels in peripheral blood in patients during dapagliflozin administration. D%
respective change in biomarker levels
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Table 2 Spearman’s correlations between biomarkers and other variables

Variables hs-CRP TNF-alpha NT-proBNP Irisin Apelin Adropin

Age r = 0.14,

p = 0.641

r = 0.18,

p = 0.109

r = 0.21,

p = 0.053

r = 0.012,

p = 0.793

r = 0.23,

p = 0.001

r = 0.00,

p = 0.999

HF NYHA

class

r = 0.27;

p = 0.001

r = - 0.14;

p = 0.75

r = 0.38;

p = 0.001

r = - 0.30;

p = 0.001

r = - 0.26,

p = 0.052

r = - 0.30,

p = 0.012

Systolic BP r = - 0.021,

p = 0.783

r = - 0.15,

p = 0.661

r = - 0.21,

p = 0.072

r = - 0.19,

p = 0.412

r = - 0.27,

p = 0.001

r = - 0.20,

p = 0.062

LVEF r = - 0.22;

p = 0.044

r = - 0.22;

p = 0.044

r = - 0.46;

p = 0.001

r = - 0.32;

p = 0.001

r = - 0.33,

p = 0.001

r = - 0.58,

p = 0.001

LAVI r = 0.25,

p = 0.001

r = 0.28,

p = 0.001

r = 0.32;

p = 0.001

r = - 0.26,

p = 0.001

r = - 0.21,

p = 0.050

r = 0.32;

p = 0.001

E/e’ r = 0.13,

p = 0.236

r = 0.22,

p = 0.051

r = 0.34,

p = 0.001

r = - 0.21,

p = 0.058

r = 0.36,

p = 0.001

r = - 0.20,

p = 0.066

LV

hypertrophy

r = 0.11,

p = 0.877

r = 0.20,

p = 0.066

r = 0.31,

p = 0.001

r = - 0.20,

p = 0.244

r = 0.33,

p = 0.001

r = - 0.21,

p = 0.197

HOMA-IR r = 0.20;

p = 0.001

r = 0.24;

p = 0.001

r = 0.17;

p = 0.112

r = - 0.22;

p = 0.001

r = 0.26,

p = 0.001

r = - 0.27;

p = 0.001

eGFR r = - 0.11;

p = 0.76

r = 0.12;

p = 0.642

r = - 0.28,

p = 0.012

r = 0.14;

p = 0.214

r = 0.19;

p = 0.331

r = 0.25;

p = 0.001

Body mass

index

r = 0.22,

p = 0.001

r = 0.05;

p = 0.780

r = 0.13;

p = 0.437

r = - 0.30,

p = 0.001

r = 0.30,

p = 0.001

r = - 0.29,

p = 0.012

TNF-alpha r = 0.21;

p = 0.001

– r = 0.15;

p = 0.175

r = - 0.07;

p = 0.935

r = - 0.13;

p = 0.448

r = - 0.03;

p = 0.843

hs-CRP – r = 0.21;

p = 0.001

r = 0.18;

p = 0.61

r = - 0.17,

p = 0.260

r = - 0.12,

p = 0.721

r = - 0.28,

p = 0.001

NT-proBNP r = 0.18;

p = 0.61

r = 0.05;

p = 0.781

– r = - 0.44,

p = 0.001

r = - 0.027,

p = 0.725

r = 0.36;

p = 0.001

Adropin r = - 0.28,

p = 0.001

r = - 0.03;

p = 0.843

r = 0.36;

p = 0.001

r = 0.017,

p = 0.780

r = 0.009,

p = 0.872

–

Irisin r = - 0.17,

p = 0.260

r = - 0.07;

p = 0.935

r = - 0.44,

p = 0.001

– r = 0.009,

p = 0.863

r = 0.017,

p = 0.780

Apelin r = - 0.12,

p = 0.721

r = - 0.13;

p = 0.448

r = - 0.027,

p = 0.725

r = 0.009,

p = 0.863

– r = 0.009,

p = 0.872

UACR r = 0.12;

p = 0.722

r = 0.11;

p = 0.660

– r = 0.21;

p = 0.056

r = 0.22;

p = 0.052

r = 0.30;

p = 0.001

HDL-C r = 0.23;

p = 0.001

r = 0.09;

p = 0.730

r = 0.13,

p = 0.722

r = 0.17,

p = 0.262

r = 0.28,

p = 0.001

r = 0.27;

p = 0.001
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composite endpoint the biomarker levels
exhibited a decrease in up to 5.1% (from
4.85 ng/ml; 25–75% IQR = 3.32–6.25 ng/ml to
4.60 ng/ml [25–75% IQR = 3.10–5.88 ng/ml])
with borderline statistical significance
(p = 0.05).

The levels of adropin in patients who met
composite endpoint decreased up to 5.2% (from
2.07 ng/ml [25–75% IQR = 1.80–2.35 ng/ml] to
1.98 ng/ml [25–75% IQR = 1.61–2.27 ng/ml],
respectively, p = 0.26). Contrarily, patients
without composite endpoint demonstrated
parameter growth of about 5.9% (from 2.69 ng/
ml [25–75% IQR = 2.10–3.17 ng/ml] to 2.85 ng/
ml [25–75% IQR = 2.34–3.11 ng/ml], respec-
tively, p = 0.042).

Spearman’s Correlation Between
Biomarker Levels in Peripheral Blood
at Baseline and Other Parameters

We established the following associations
between variables in the entire patient popula-
tion (Table 2). Levels of hs-CRP at baseline were
positively associated with HF NYHA class, LAVI,
HDL-C, body mass index, TNF-alpha and
HOMA-IR and negatively correlated with LVEF.
There was no sufficient association of hs-CRP
with eGFR and urinary albumin/creatinine
ratio.

TNF-alpha levels at baseline correlated posi-
tively with LAVI, HOMA-IR and hs-CRP and
negatively with LVEF. We did not notice sig-
nificant associations between TNF-alpha levels
and age, NT-proBNP, lipid profile, fasting glu-
cose, eGFR and urinary albumin/creatinine
ratio.

The NT-proBNP levels were positively asso-
ciated with HF NYHA class, adropin, E/e’, LAVI
and LV hypertrophy and inversely with LVEF,
irisin and eGFR.

Irisin levels correlated negatively with NT-
proBNP levels, LVEF, HF NYHA class, body mass
index, LAVI, fasting plasma glucose, HOMA-IR
and HbA1c. We did not find an association of
irisin levels with urinary albumin/creatinine
ratio.

Apelin levels were negatively associated with
LVEF and systolic BP and positively with E/e’, LV
hypertrophy, body mass index, HDL choles-
terol, HOMA-IR and age. Serum levels of apelin
did not correlate with urinary albumin/crea-
tinine ratio and NT-proBNP levels.

The baseline levels of adropin correlated
positively with NT-proBNP levels, LAVI, urinary
albumin/creatinine ratio, HDL cholesterol and
eGFR and negatively with LVEF, chronic HF
NYHA class, body mass index, hs-CRP, triglyc-
erides, fasting plasma glucose, HOMA-IR, LDL
cholesterol and HbA1c. Adropin levels did not
correlate with patient age.

Table 2 continued

Variables hs-CRP TNF-alpha NT-proBNP Irisin Apelin Adropin

LDL-C r = 0.19;

p = 0.672

r = 0.007;

p = 0.861

r = 0.15;

p = 0.355

r = - 0.16;

p = 0.499

r = - 0.14;

p = 0.720

r = - 0.26;

p = 0.001

Triglycerides r = 0.11;

p = 0.435

r = 0.003;

p = 0.922

r = 0.001;

p = 0.941

r = - 0.12;

p = 0.662

r = - 0.19;

p = 0.413

r = - 0.23;

p = 0.044

Fasting plasma

glucose

r = 0.17;

p = 0.411

r = 0.09;

p = 0.516

r = 0.04;

p = 0.668

r = - 0.23;

p = 0.012

r = - 0.20;

p = 0.050

r = - 0.22;

p = 0.042

HbA1c r = 0.22;

p = 0.149

r = 0.11;

p = 0.734

r = 0.15;

p = 0.611

r = - 0.21;

p = 0.012

r = - 0.17;

p = 0.201

r = - 0.24;

p = 0.010

hs-CRP high-sensitivity C-reactive protein, eGFR estimated glomerular filtration rate, HbA1c glycosylated hemoglobin,
HOMA-IR homeostatic assessment model of insulin resistance, HDL high-density lipoprotein, LDL low-density lipopro-
tein, UACR urinary albumin/creatinine ratio, LV left ventricular, E/e’ early diastolic blood filling to longitudinal strain ratio,
TNF tumor necrosis factor, NT-proBNP N-terminal natriuretic pro-peptide
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Predictive Value of Circulating Biomarkers
for Composite Endpoint in Patients
with HF: Results of ROC Curve Analysis

Well-balanced optimal cutoff point for NT-
proBNP was detected as 1750 pmol/ml (area
under the curve [AUC] = 0.84; 95%
CI = 0.74–0.93; sensitivity [Se] = 83.8%, speci-
ficity [Sp] = 77.8%; likelihood ratio [LR] =
3.771; p = 0.0001) (Fig. 3).

We found that serum levels of
irisin\ 4.5 ng/ml predicted composite outcome
(AUC = 0.869; 95% CI = 0.82–0.93; Se = 78.3%,
Sp = 60.3%; LR = 1.933; p = 0.0001). However,
the well-balanced cutoff point of apelin was
3.35 ng/ml (AUC = 0.71; 95% CI = 0.62–0.81;
Se = 76.7%, Sp = 84.5%; LR = 5.012;
p = 0.0001). The optimal cutoff point of adro-
pin for composite kidney endpoint was 2.1 ng/
ml (AUC = 0.87; 95% CI = 0.79–0.94; Se =
82.6%, Sp = 75.0%; LR = 3.304; p = 0.001).

TNF-alpha had a cutoff point of 2.95 pg/ml
(AUC = 0.73; 95% CI = 0.60–0.88; Se = 85.7%,
Sp = 72.4%; LR = 3.107; p = 0.001).

Determination of hs-CRP cutoff point was not
included in the analysis because there was not a
sufficient difference between patient cohorts in
the serum levels of these biomarkers.

Predictors for Composite Endpoint
in Patients with HF: Uni- and Multivariate
Logistic Regression Analysis Adjusted
to Urinary Albumin/Creatinine Ratio

In this analysis, we used median value of BMI,
age, E/e’ and LAVI as well as cutoff points of
baseline levels of NT-proBNP, irisin, adropin,
apelin and TNF-alpha, dynamic changes in the
biomarkers (decrease in hs-CRP[ 25%, in TNF-
alpha[10% and in NT-proBNP[20%,
increase in apelin[17%, in irisin[ 15% and in
adropin[6%) at the end of the study and a
presence versus absence of several conditions
including treatment with SGLT2i (Table 3).

Univariate logistic regression showed that
composite kidney endpoint was predicted by
serum levels of NT-proBNP C 1750 pmol/ml
(odds ratio [OR] = 1.05; p = 0.044),

Fig. 3 Levels of NT-proBNP, irisin, adropin, apelin and
TNF-alpha in prediction of composite endpoint: receiver-
operating characteristic curve analysis. AUC area under

curve, CI confidence interval, ROC receiver-operating
characteristic curve
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irisin B 4.5 ng/ml (OR = 1.76; p = 0.001),
apelin B 3.35 ng/ml (OR = 1.03; p = 0.046),
adropin B 2.10 ng/ml (OR = 1.24; p = 0.001),
decrease in NT-proBNP B 20% (OR = 1.07;
p = 0.042), increase in irisin B 15% (OR = 1.92;
p = 0.001) and in adropin B 6% (OR = 1.37;
p = 0.001) as well as E/e’[ 11.0 (OR = 1.06;
p = 0.001), LAVI C 41 ml/m2 (OR = 1.08;
p = 0.022) and use of SGLT2i (OR = 0.91;
p = 0.044).

Multivariate logistic regression revealed that
use of SGLT2i (OP = 0.92; p = 0.048), baseline
serum levels of irisin B 4.50 ng/ml (OR = 1.51;

p = 0.001) and adropin B 2.10 ng/ml (OR =
1.15; p = 0.001) along with and a B 15%

increase in the levels of these biomarkers
(OR = 1.60; p = 0.001) and B 6% (OR = 1.21;
p = 0.001), respectively, remained an indepen-
dent predictor for composite kidney endpoint.

Comparison of Models

We estimated the AUCs, which revealed that
discriminative abilities of irisin B 4.50 ng/ml,
adropin B 2.10 ng/ml at baseline and increase
in irisin serum levels B 15% were significantly

Table 3 Predictors for composite endpoint: results of logistic regression, in which odds ratio is adjusted to urinary albumin/
creatinine ratio

Variables Dependent variables: composite endpoint

Univariate log
regression

Multivariate log regression

Odds
ratio

95% CI P
value

Odds
ratio

95% CI P
value

NT-proBNP C 1750 pmol/ml vs.\ 1750 pmol/ml 1.05 1.01–1.12 0.044 1.04 1.00–1.09 0.16

Irisin B 4.5 ng/ml vs.[ 4.5 ng/ml 1.76 1.23–2.35 0.001 1.51 1.19–1.84 0.001

Apelin B 3.35 ng/ml vs.[ 3.35 ng/ml 1.03 1.01–1.05 0.046 1.04 1.00–1.05 0.18

Adropin B 2.10 ng/ml vs.[ 2.10 ng/ml 1.24 1.06–2.25 0.001 1.15 1.04–1.27 0.001

TNF-alpha C 2.95 pg/ml vs.\ 2.95 pg/ml 1.02 0.98–1.06 0.76 –

Decrease in hs-CRP B 25% vs.[ 25% 1.03 1.00–1.08 0.08 –

Decrease in TNF alpha B 10% vs.[ 10% 1.02 0.97–1.05 0.64 –

Decrease in NT-proBNP B 20% vs.[ 20% 1.07 1.03–1.14 0.042 1.05 1.00–1.08 0.05

Increase in apelin B 17% vs.[ 17% 1.05 1.00–1.12 0.054 –

Increase in irisin B 15% vs.[ 15% 1.92 1.17–2.53 0.001 1.60 1.15–2.09 0.001

Increase in adropin B 6% vs.[ 6% 1.37 1.11–1.62 0.001 1.21 1.14–1.37 0.001

Left ventricular hypertrophy vs. non-left ventricular

hypertrophy

1.04 1.00–1.07 0.31 –

Body mass index\ 25.6 kg/m2 vs. C 25.6 kg/m2 1.03 1.00–1.08 0.32 –

Smoking vs. non-smoking 1.02 0.96–1.05 0.83 –

E/e’[ 11.0 vs. C 11.0 units 1.06 1.01–1.13 0.043 1.03 1.00–1.07 0.52

LAVI C 41 ml/m2 vs.\ 41 ml/m2 1.08 1.02–1.14 0.022 1.03 0.99–1.06 0.71

Administration of SGLT2i vs. unused SGLT2i 0.91 0.86–0.98 0.044 0.92 0.85–0.99 0.048

Atrial fibrillation vs. non-atrial fibrillation 1.14 0.90–1.29 0.81 –
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better than the reference predictor (adminis-
tration of SGLT2i) (Table 4). Moreover,
irisin B 4.50 ng/ml at baseline and a B 15%
increase in irisin serum levels added more
valuable predictive information than the refer-
ence variable. However, the combination of
irisin B 4.50 ng/ml at baseline and B 15%
increase in irisin serum levels (AUC = 0.91; 95%
CI = 0.87–0.95) improved the discriminative
value of each biomarker alone (AUCirisin = 0.87;
95% CI = 0.82–0.83 and AUCincrease in irisin =
0.89; 95% CI = 0.83–0.96, p\ 0.01 for all

cases).

DISCUSSION

In this study, we established that decreased
levels of irisin (B 4.50 ng/ml) and weak increa-
ses in it in the circulation (B 15% from the
baseline level) during SGLT2i administration
are likely to be powerful independent predictors
of poor kidney outcomes in T2DM patients with
any HF phenotype. In addition, we found that
the predictive value of irisin was similar to that
of adropin, although dynamic changes in irisin
in follow-up are considered more valuable
compared with the trend of adropin within the
same period. Surprisingly, the levels of NT-
proBNP at baseline and dynamic changes in the
biomarker did not exhibit discriminative

potency for kidney outcomes in T2DM patients
with HF.

Although previous large clinical trials, which
showed SGLT2i efficacy in CKD, yielded many
plausible predictors for kidney outcomes, such
as body weight, levels of hemoglobin and
HbA1c, systolic blood pressure, urea albumin-
to-creatinine ratio, HDL cholesterol, LDL
cholesterol, serum uric acid and potassium
[17–19], there was not strong evidence about
which of these markers predicted poor kidney
outcomes when SGLT2i was administered. In
recent post hoc analysis of the randomized
EMPEROR-Reduced and EMPEROR-Preserved
trials, compared with placebo, SGLT2i empa-
gliflozin reduced HF-related clinical outcomes
including hospital admission and CV death
regardless of albuminuria levels at baseline as
well as diminished progression of microalbu-
minuria to macroalbuminuria with a slower
progressive decline in renal function in patients
with chronic HF across a wide range of LVEF
regardless of the baseline levels of NT-proBNP
[53]. The PARAGON-HF (Prospective Compar-
ison of ARNI with ARB Global Outcomes in HF
with Preserved Ejection Fraction) trial showed
that patients experiencing HF hospital admis-
sion had a significant decline in eGFR directly
prior to hospitalization, whereas patients with-
out HF admission had a relatively stable trajec-
tory of eGFR [54]. Overall, there is strong

Table 4 Comparisons of irisin and adropin’s discriminative potencies vs. reference variable for composite kidney endpoint

Models Area under curve Integrated
discrimination indices

Net reclassification
improvement

Median (95%
CI)

P
value

Median (95%
CI)

P
value

Median (95%
CI)

P
value

SGLT2i 0.82 (0.79–0.84) – Reference – Reference –

Irisin B 4.50 ng/ml at baseline 0.87 (0.82–0.93) 0.0001 0.35 (0.30–0.41) 0.001 0.46 (0.40–0.53) 0.001

Adropin B 2.10 ng/ml at baseline 0.87 (0.79–0.94) 0.001 0.29 (0.26–0.33) 0.046 0.42 (0.34–0.50) 0.040

Increase in irisin serum

levels B 15%

0.89 (0.83–0.96) 0.001 0.37 (0.33–0.43) 0.001 0.52 (0.44–0.61) 0.001

Increase in adropin serum

levels B 6%

0.83 (0.76–0.89) 0.05 0.16 (0.13–0.20) 0.122 0.13 (0.10–0.17) 0.615
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evidence that the eGFR trajectory is associated
with HF hospitalization but not with benefits in
renal outcomes during HF management
[54, 55]. Notably, usually renal function trajec-
tories were similar between the two manage-
ment arms (active treatment and placebo) and
did not correspond to the beneficial effects of
agents when HF therapy is guideline recom-
mended [55]. However, pre-specified pooled
analysis of combined data from PARADIGM-HF
(LVEF B 40%) and PARAGON-HF (LVEF C 45%)
showed that sacubitril/valsartan markedly
reduced the risk of poor kidney outcomes and
slowed declining eGFR compared with valsartan
or enalapril alone independent of baseline eGFR
in patients with HFrEF and HFpEF [56]. How-
ever, the DELIVER (Dapagliflozin Evaluation to
Improve the Lives of Patients With Preserved
Ejection Fraction Heart Failure) trial showed
that baseline UACR or eGFR did not modify the
benefit of SGLT2i dapagliflozin on eGFR slope
in patients with HFmrEF and HFpEF [15].
Notably, in this trial dapagliflozin was not able
to significantly reduce the frequency of the
composite kidney outcome, although the over-
all number of CV deaths or worsening HF was
low. Similarly, empagliflozin in the EMPEROR-
Preserved trial did not reduce kidney outcome
in patients with HF with or without CKD [57].
Finally, UACR, which is an indicator of struc-
tural damage of the glomerular filtration barrier,
does not provide powerful predictive informa-
tion on kidney outcomes among patients with
HF treated with guideline-recommended ther-
apy [18, 19, 50]. Thus, new promising
biomarkers that can predict SGLT2i-related
benefit among patients with HF are needed.

We hypothesized the circulating biomarkers,
which interfere with cardiac-kidney axis, could
play a pivotal role in prediction of worsening
kidney function during HF therapy. Indeed,
natriuretic peptides (NPs) are not only impor-
tant biomarkers of biomechanical stress in HF
and adverse cardiac remodeling/cardiac hyper-
trophy with diagnostic and predictive value, but
they also protect kidney parenchyma against
acute injury and exert adaptive changes in kid-
ney perfusion through vasodilation, regulation
of mitochondrial metabolism, glomerular fil-
tration, cell proliferation and migration,

apoptosis of glomerular cells, podocytes,
endothelial progenitor and mature cells and
PDGFR-receptor beta-positive interstitial cells as
well as by supporting proximal tubule and
capillary integrity [58–60]. Overall, NPs have a
sufficient protective impact via increasing cyclic
guanosine 3’,5’-monophosphate or activation
of G-protein, cGMP-dependent protein kinase
and sarcoplasmic/endoplasmic reticulum Ca2?-
ATPase as a result of binding with their own
receptors, which are widely expressed in kidney
tissues.

In the study, we did not find that biomarkers
such as HbA1c, HOMA-IR, systolic and diastolic
BP, HDL cholesterol, LDL cholesterol, serum
uric acid and electrolytes, which had been pre-
viously reported in some trials as having pre-
dictive values for kidney outcomes, had a
significant discriminative power for SGLT2i-re-
lated kidney function. However, in entire
patient population we found that HOMA-IR was
higher (6.95 ± 1.9 units) than in other studies
such as the Gutenberg Health Study (HOMA-
IR = 4.00; IQR 2.52–6.51 units), composed
individuals aged 35–74 years with pre-T2DM,
T2DM and non-T2DM [61]. In our study, almost
45% of all patients had abdominal obesity, and
all included persons had T2DM. Similarly, ele-
vated levels of HOMA-IR may relate not only to
these conditions but also to pro-inflammatory
activation, which contributed to HF.

Although there is strong evidence that ele-
vated NT-proBNP levels predict poor clinical
outcomes in elderly patients with chronic HF
within 90 days of acute kidney injury onset and
a decreasing trend in the NT-proBNP levels is
associated with a lower risk of cardiovascular
mortality [62], we did not notice that dynamic
changes in NT-proBNP better predicted kidney
outcomes in diabetic patients with
stable chronic HF than the levels of this bio-
marker at baseline. Moreover, dynamic trends
in irisin and adropin along with baseline levels
of the markers led to higher probability for
composite kidney endpoints compared with
NT-proBNP. On the other hand, hs-CRP and
TNF-alpha in hemodynamically stable patients
with T2DM who had HF and were at higher risk
of newly diagnosed CKD or had established 1–3
stage of CKD were considered insufficient for
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prediction of kidney outcomes without con-
nection with favorable changes in
hemodynamics.

Although other circulating biomarkers, such
as irisin, adropin and apelin, were previously
found to have anti-inflammatory capabilities,
we did not establish sufficient relations between
classic inflammatory biomarkers and myokines.
Meanwhile, irisin and adropin exhibited sig-
nificant discriminative ability for composite
endpoint, whereas hs-CRP and TNF-alpha did
not. These findings require some explanation,
perhaps related to the fact that all acute
inflammatory phase cytokines showed an
increasing trend up to the end of the acute
injury stage, stabilizing or declining thereafter
[63]. Although the patients with CKD stages 1–3
presented significantly higher levels of hs-CRP
and TNF-alpha than patients without CKD,
there is no remarkable value of these biomarkers
regarding disease progression [63]. Contrarily, a
signature of mediatory molecules (irisin, apelin
and adropin), which regulate systemic and local
inflammatory response, may demonstrate more
significant changes in peripheral blood than
canonic inflammatory proteins [64]. However,
previous clinical studies had found lower levels
of adropin, irisin and apelin in patients with HF,
T2DM and CKD [29, 30, 32, 36, 38]. Underlying
causes that affect levels of adropin, irisin and
apelin in T2DM patients with HF are still not
clearly understood, while there is a suggestion
that pro-inflammatory cytokines and hyper-
glycemia may negatively influence mRNA
expression of these proteins in several target
organs including WAT, skeletal muscles, kidney
and myocardium [26]. However, increases in
plasma levels of these peptides were associated
with improved clinical outcomes in individuals
with acute myocardial infarction, HF and T2DM
[27, 28, 31, 33].

In fact, SGLT2i had a powerful impact on
circulating inflammatory mediators, such as
CRP and TNF-a [65, 66]. Unfortunately, there is
limited evidence regarding an interrelation
between changes in inflammatory cytokines
and worsening kidney function in T2DM
patients with HF treated with SGLT2i
[63, 64, 66]. However, the serum levels of irisin
may be associated with the presence of

albuminuria and reduced eGFR in T2DM
patients beyond direct correspondence with the
levels of hs-CRP and TNF-a [67]. Finally, an
increasing trend in myokines (irisin and apelin)
along with elevation of adropin seems to be
associated with a stimulatory effect of SGLT2i
on sirtuin, which leads to autophagy, amelio-
rates cellular stress, protects against oxidation
and inflammation, and prevents glomerular
and tubular injury [68]. This effect is mediated
by Na?/H? exchanger-3 in the kidney, and
ketogenesis, which reduces the deteriorating
impact of circulating cytokines on kidney par-
enchyma, thereby protects from worsening
kidney function [69].

Another explanation of the findings regard-
ing a positive association between a trend of
adropin elevation and lower risk of worsening
kidney function is that adropin acts as a sup-
pressor of the tyrosine protein kinase JAK2
(JAK2)/signal transducer and activator of tran-
scription 3 (STAT3) signaling pathway, playing
a key role in progression of CKD. For instance,
adropin inhibited osteogenic differentiation
and the calcification of vascular smooth muscle
cells [70]. Thus, SGLT2i, by mediating produc-
tion of adropin, might prevent accelerating
atherosclerosis, worsening kidney parenchyma
perfusion and diminish metabolic effects of
CKD. Although there are numerous animal and
clinical studies on underlying molecular mech-
anisms of SGLT2i, there is limited clinical evi-
dence, which might elucidate the response of
kidney function to SGLT2i and changes in
myokine/hepatokine signatures in patients with
T2DM who have HF [17, 64, 66, 67].

Taken together, the results of the study first
demonstrated that low levels of irisin and
adropin at baseline and the increasing trend of
their concentrations during the management of
HF predicted kidney outcomes significantly
better than NT-proBNP and inflammatory pro-
teins. These findings show a need to design and
perform novel studies in the near future.

The first study limitation in that we did not
concentrate on eGFR slope as a single criterion
of renal damage progression and used compos-
ite clinical outcome, which included the
decrease in eGFR by 40% from baseline, ESKD or
kidney replacement therapy. Extending the
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study follow-up period beyond 52-week obser-
vation might be essential for pooling new pre-
specified cases and increasing sensitivity of the
analysis. However, the sample size of the study
was not large enough to separately assay dif-
ferent trends of eGFR in comparison with other
biomarkers in connection with clinical kidney
endpoints. This issue is considered crucial for
large clinical trials in the future. Second, we pre-
screened plausible circulating biomarkers,
which corresponded to the study’s purpose,
using the findings from previous large clinical
trials as well as our own completed studies. This
allowed us to develop a strong system for lon-
gitudinal evaluation of biomarker concentra-
tions in follow-up. However, here we did not
report a detailed description of cardiac perfor-
mance changes during 52-week intervals
because it would have been too cumbersome.
We did not investigate the levels of metabolites
and nutrient status at baseline and during fol-
low-up among the patients; however, we rec-
ommended following a nutrition plan during
the observation period. In addition, the results
can only be applied to T2DM patients with well-
controlled HbA1c (\6.9%). Although in this
study we evaluated discriminative values of the
biomarkers, it remained uncertain whether
increased levels of irisin, apelin and adropin
were the consequence of improved kidney
function and cardiac contractility or increased
levels of these hormones, induced by SGLT2i,
were causative in preserving heart and kidney
function. However, we suggest that irisin seems
to be predictive of kidney outcomes in diabetics
with HF. We believe that these limitations will
not hinder the interpretation of the findings.

CONCLUSIONS

The study results revealed that low levels of
irisin (B 4.50 ng/ml) and its inadequate increase
in peripheral blood (B 15% from the baseline
level) during administration of SGLT2i are
promising predictors for unfavorable kidney
outcome among T2DM patients with concomi-
tant HF.
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