§ ORIGINAL ARTICLES

Novikova M. S."2, Minushkina L. O.}, Allazova S. S.3, Zateyshchikov D. A."4,
Boeva O.1."%, Kotenko O.N.>, Vinogradov V. E.5, Shilov E. M.},
Antsiferov M. B.2, Koteshkova O.M.2, Molina L.P.2

! Central State Medical Academy of the Administrative Directorate of the President of the Russian Federation, Moscow, Russia
2 Endocrinology Dispensary of the Moscow Department of Health, Moscow, Russia

3 Sechenov First Moscow State Medical University, Moscow, Russia

* Bauman Municipal Clinical Hospital #29 of the Moscow Department of Health, Moscow, Russia

5 Pirogov Russian National Research Medical University, Moscow, Russia

¢ Municipal Clinical Hospital #52 of the Moscow Department of Health, Moscow, Russia

EFFICACY AND SAFETY OF SGLT-2
INHIBITORS IN RENAL ALLOGRAFT RECIPIENTS:
AN OPEN-LABEL, SINGLE-CENTER PROSPECTIVE STUDY

Aim To evaluate the safety and efficacy of sodium-glucose cotransporter-2 inhibitor (SGLT-2i) inhibitor
therapy in kidney transplant recipients (KTRs) with and without post-transplant diabetes mellitus
(PTDM).

Material and methods KTRs (n=2 146, with PTDM n=303, or 14%) who had undergone transplantation more than one year
ago, with stable graft function (estimated glomerular filtration rate (¢GFR) >30 ml/min/1.73 m?),
after excluding patients with combined kidney and pancreas transplantation (n=57), type 1 diabetes
mellitus (DM) (n=124), and type 2 DM diagnosed before kidney allotransplantation (KAT) (n=74),
were prescribed SGLT-2i (empagliflozin 25 mg/day or dapagliflozin 10 mg/day; n=107), the rest of
the KTRs (n=1784) did not receive SGLT-2i. After pseudo-randomization, two groups were formed
and included in an open, single-center prospective study: an experimental group with SGLT-2i (n=78;
with PTDM n=45) and a control group, without SGLT-2i (n=78; n=4S with PTDM). The groups
were comparable in the PTDM duration and the period from KAT to inclusion in the study, as well asin
clinical characteristics, including gender, age, history of acute myocardial infarction (AMI) before KAT,
levels of glycated hemoglobin (HbAlc), systolic blood pressure (SBP) and diastolic blood pressure
(DBP), GFR, microalbuminuria (MAU), blood uric acid concentration, blood lipid profile (total
cholesterol (TC), low-density lipoproteins (LDL)), basal blood concentration (CO) of calcineurin
inhibitors (CNI), and therapy with angiotensin-converting enzyme (ACE) inhibitors or angiotensin
receptor blockers (ARBs), statins, and metformin (p>0.05).

Results The relative risk (RR) of all-cause death in the experimental group was reduced by 60% compared with
the control group (RR 0.40; 95% confidence interval (CI) 0.17-0.98 vs. RR 2.44; 95% CI 1.01-5.86;
p=0.04). The RR of adverse coronary outcomesin the experimental group was reduced by 75% compared
with the control group (RR 0.25; 95% CI 0.06-0.89 vs. 4.0; 95% CI 1.11-14.42; p=0.03). The RR of
adverse renal outcomes in the experimental group was reduced by 72% compared with the control group
(RR 0.28; 95% CI 0.09-0.85 vs. 3.50; 95% CI 1.16-10.49; p=0.02). In addition, in the experimental
group, compared to the control group, the GFR decline was slower (-1.2940.763 ml/min/1.73 m?/
year vs. -3.33+0.767 ml/min/1.73 m?/year; p=0.047). Also, a pronounced advantage in the dynamic
decline in GFR was observed throughout the entire study period (-3.10+1.73 ml/min/1.73 m?
vs. =7.87+1.87 ml/min/1.73 m?; p=0.040).

Conclusion SGLT2i effectively reduce cardiovascular and renal mortality, the risk of adverse renal and coronary
outcomes, and slow the progression of chronic kidney disease in KTRs, regardless of the presence
of PTDM. A large-scale study evaluating the efficacy of SGLT2i in KTRs is warranted to formulate
appropriate clinical recommendations.

Keywords SGLT?2 inhibitors; kidney transplant recipients; post-transplantation diabetes mellitus; cardiovascular
mortality; kidney-related mortality
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Introduction

Results of the EMPA-REG (Empagliflozin Cardiovas-
cular Outcome Event Trial in Type 2 Diabetes Mellitus Pa-
tients), CANVAS (CANagliflozin cardioVascular Assess-
ment Study), CREDENCE (Computed TomogRaphic
Evaluation of Atherosclerotic DEtermiNants of Myocar-
dial IsChEmia), DECLARE-TIMIS8 (Multicenter Trial to
Evaluate the Effect of Dapagliflozin on the Incidence of
Cardiovascular Events), DAPA-CKD (Study to Evaluate
the Effect of Dapagliflozin on Renal Outcomes and Car-
diovascular Mortality in Patients With Chronic Kidney
Disease), EMPA-KIDNEY (Study of Heart and Kidney
Protection With Empagliflozin), DAPA-HF (Study to Eval-
uate the Effect of Dapagliflozin on the Incidence of Wors-
ening Heart Failure or Cardiovascular Death in Patients
With Chronic Heart Failure), DELIVER (Dapagliflozin
Evaluation to Improve the LIVEs of Patients With Pre-
served Ejection Fraction Heart Failure), and EMPERIOR-
Reduced (EMPagliflozin outcomE tRial in Patients With
chrOnic heaRt Failure With Reduced Ejection Fraction)
studies justified prescribing sodium-glucose cotransport-
er type 2 inhibitors (SGLT2i) as the first-line therapy, re-
gardless of the level of glycated hemoglobin (HbAlc) and
treatment with other glucose-lowering drugs in patients
with type 2 diabetes mellitus (DM), chronic kidney dis-
ease (CKD) and atherosclerotic cardiovascular diseases
(CVD) or high risk of their development, as well as with
chronic heart failure (CHF) [1-4].

Evidence of the nephroprotective effect of dapa-
gliflozin obtained in the DAPA-CKD study [5] and em-
pagliflozin in the EMPA-KIDNEY study [6] allowed ex-
tending the indications for their use to patients with CKD
without type 2 DM [1, 2]. This may be of particular im-
portance for kidney transplant recipients (KTR) with
a single functioning kidney and a glomerular filtration
rate (GFR) of less than 70 ml/min/1.73 m?, despite mod-
ern immunosuppressive therapy with calcineurin inhibi-
tors (CNIs) (tacrolimus) [7].

Inhibition of SGLT?2 reduces intraglomerular pressure,
improves tubular oxygenation and metabolism, reduc-
es kidney inflammation and fibrosis, and stabilizes their
function [8, 9]. This may potentially have a long-term
beneficial effect on kidney graft survival and the overall
prognosis in recipients. Preliminary positive reports of
using SGLT?2i in patients with post-transplantation dia-
betes mellitus (PTDM) have been previously published
[10, 11]. The present study aims to investigate and con-
firm the efficacy and safety of using SGLT2i in KTRs with
and without PTDM.

Material and methods

The study was performed sequentially in three stages
(Fig. 1). At the first stage, 2,146 KTRs who had survived
for more than one year after kidney allotransplantation
(KAT) were recruited from the Interdistrict Nephrolo-
gy Center, Municipal Clinical Hospital #52 of the Mos-

Central illustration. Efficacy and safety of sodium-glucose cotransporter type 2
inhibitors in kidney transplant recipients: an open single-center prospective study

The first study of cardio- and nephroprotective effects of SGLT2is in patients after kidney transplantation
with and without post-transplantation diabetes mellitus (PTDM)
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The survival curves show a great proportion of patients without adverse
outcomes (AO) in the SGLT2i treatment group. SGLT2is effectively and
safely reduce the RR of death from CVD and CKD, nonfatal adverse renal
and coronary outcomes, and slow the progression of CKD in recipients
regardless of the PTDM presence. Further large studies are needed to
evaluate SGLT2i efficacy in patients after kidney transplantation

CONCLUSION
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cow Health Department. The patients were older than
18 years, had stable graft function (serum creatinine con-
centration change of <20% during the past 2 months),
and had been receiving continuous immunosuppressive
therapy for at least 3 months prior to the study.

After excluding KTRs with an estimated GFR (eGFR)
of <30 ml/min/1.73 m?; type 2 DM diagnosed before
transplantation; type 1 DM; those who had under-
gone combined kidney and pancreas transplantation;
and pregnant or lactating women, 1,891 patients re-
mained in the cohort. At stage 2, 303 (14%) of these pa-
tients were diagnosed with PTDM, based on WHO cri-
teria, at the Endocrinology Dispensary of the Moscow
Health Department (fasting plasma glucose concentra-
tion >7.0 mmol/l, or 2-hour plasma glucose concentra-
tion >11.1 mmol/lin a glucose tolerance test (GTIT), or
HbAlc >6.5% (48 mmol/mol)) [12]. Between Novem-
ber 30,2017, and January 31, 2025, 107 patients (n=66
with PTDM and n=41 without PTDM) who signed in-
formed consent for the SGLT2i therapy were prescribed
empagliflozin 25 mg/day or dapagliflozin 10 mg/day.
The remaining 1,784 patients (n=237 with PTDM) did
not receive SGLT2i. The median duration of the SGLT2i
treatment was 20.7 [16.3; 29.1] months or 90 [70.7;
126.3] weeks.

At visits at weeks 4, 8, 16, and every 24 weeks there-
after until the end of observation, clinical and laborato-
ry data were assessed, and adverse effects of the treat-
ment were recorded, including urinary tract infection
(UTI), urogenital fungal infection, and euglycemic ke-
toacidosis. UTI was identified based on the results of
a complete urinalysis. Euglycemic ketoacidosis was de-
fined as a state of metabolic acidosis (pH <7.3), keto-
nuria, and a blood glucose concentration >250 mg/dl
(13.8 mmol/1) [13]. Patients adhered to their treatments
with CNIs, angiotensin-converting enzyme inhibitors
(ACEis) or angiotensin receptor blockers (ARBs), statins
and hypoglycemic drugs, including metformin, and main-
tained a regular diet and physical activity.

At stage 3, two groups (SGLTi+ and SGLTi-) of 78 pa-
tients each were formed using pseudorandomization,
matched for age, gender, clinical characteristics, con-
comitant therapy, and duration of treatment and fol-
low-up. The median duration of the SGLT2i treatment
in the experimental group was 2.48 [2.07; 2.99] years,
while the duration of follow-up in the control group was
2.49 [2.18; 3.03] years (p=0.351).

The primary endpoint was all-cause death, including
death from CVD or chronic kidney disease (CKD). Sec-
ondary endpoints included a combination of adverse
coronary outcomes (nonfatal acute myocardial infarc-
tion, coronary stenting, coronary artery bypass grafting)
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and adverse renal outcomes (doubling of serum creati-
nine concentration, recurrence of end-stage kidney dis-
ease (ESKD) or return to dialysis, and transplant revas-
cularization).

GFR was calculated according to the Modification of
Diet in Renal Disease (MDRD) formula:

GFR (ml/min/1.73 m?) = 175 x (Scr) - 1.154 X
(age) - 0.203 X (0.742 for women),

where Scr is the serum creatinine concentration, umol/1[14].

Statistical analysis was performed using the SPSS ver-
sion 25.0 software. Continuous variables were present-
ed as mean * standard deviation or median with inter-
quartile range; categorical variables were presented as
percentages. Student’s t-test was used to assess differenc-
es in continuous variables, and the chi-square test was
used for categorical variables. The Shapiro-Wilks test was
used to check the distribution normality. If the data did
not correspond to the normal distribution law (stage 2),
the Mann-Whitney test was used to assess differences in
continuous variables. The groups treated and not treated
with SGLT2i were balanced by pseudorandomization us-
ing the propensity score matching. The propensity scores

Figure 1. Algorithm of patient inclusion in the study
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were calculated taking into account the intergroup differ-
ences in age, duration of treatment, follow-up duration
(time between control points for measuring blood creati-
nine concentration), concomitant hypoglycemic therapy,
and the baseline GFR. Pairs of patients receiving SGLT2i
were matched using the nearest neighbor matching meth-
od. The relative risk (RR) of endpoints was determined as
a ratio of the number of events in treated patients (P ex-
posed) to the number of events in patients not receiving
SGLT2i (P unexposed):
RR =P exposed/P non-exposed.

A RR=1 indicates no difference in risk between
the two groups; a RR <1 indicates that the event oc-
curred less frequently in the experimental group than in
the control group; an RR >1 indicates that the event oc-
curred more frequently in the experimental group than
in the control group. The Kaplan-Meier method with
the log-rank test was used for survival analysis. Differ-
ences were considered statistically significant at p<0.05.

Ethics Statement. This study was approved by the Cen-
tral State Medical Academy (Protocol #120 dated Febru-
ary 3,2017) and was conducted in strict consistency with
the World Medical Association’s Declaration of Helsinki
(1964) and the Ethical Principles for Medical Research
Involving Human Subjects [15], according to which all
patients signed informed consent.

Results

Patients included in stage 2 of the study and receiving
SGLT2i differed from those who were not prescribed this
treatment in several characteristics (Table 1).

Patients in the experimental and control groups
formed by pseudorandomization (study stage 3) did
not significantly differ in demographic and clinical-
anamnestic characteristics, and were also comparable
in the time elapsed from KAT to inclusion in the study,
the time of PTDM onset after KAT, and the duration of
PTDM before inclusion in the study (Table 2).

Comparison of treatment outcomes between the study
groups showed that the use of SGLT2i reduced the risk of
all-cause death by 60% (RR 0.40; 95% CI 0.17-0.98 vs.
RR 2.44; 95% CI 1.01-5.86 in the control group; p=0.04),
of non-fatal adverse coronary outcomes by 75% (RR 0.25;
95% CI 0.06-0.89 vs. RR 4.0; 95% CI 1.11-14.42 in
the control group; p=0.03), and of adverse renal outcomes
by 72% (RR 0.28; 95% CI 0.09-0.85 vs. RR 3.50; 95% CI
1.16-10.49 in the control group; p=0.02). As shown on
Figure 2, the decrease in eGFR in the experimental group
(~1.2940.76 ml/min/1.73 m?/year) was almost 67% less
than in the control group (-3.33+0.76 ml/min/1.73 m?/year;
p=0.047).
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Table 1. Clinical characteristics of patients included
in the study stage 2 with and without SGLT2i therapy

Characteristics SGLT2i - SGLT2i + P
(n=1,784) (n=107)
Male patients, n (%) 997 (55.9) 61(57) 0.821
53.8 58.5
Age, years [43.4;63.1]  [49.7;664] 002
25.1 27.3
2
BMI, kg/m [222;28.1]  [244;307] 2001
AMI before KAT, n (%) 35(2.3) 5(4.7) 0.121
SBP, mm Hg 130 [120; 135] 130[120;130] 0.671
DBP, mm Hg 80[70;80]  80[70;80]  0.092
S.11 5.16
TC, mmol/l [4.39;5.94]  [4.46;604] 081
2.95 2.96
LDL, mmol/] [234,3.66]  [2.15;346] %6
46.2 46.0
3 2
GFR, ml/min/1.73 m [32.3; 59.2] [33.8; 58.0] 0.619
Uric acid, ymol/1 406 [344; 474] 381 [322;456] 0.031
MAU, mg/1 110[50;300] 100 [43;410] 0.891
HbAlc, % 5.6[5.3;6.1] 6.6[5.6;7.5] 0.001
Metformin, n (%) 21 (1.8) 22 (20.6) 0.001
ACEi /BAR,n (%) 935 (52.4) 89 (83.2) 0.001
Statins, n (%) 812 (45.5) 73(682)  0.001
Sirolimus dose, ng/ml 2.0[1.5;2.9] 2.0[1.3;3.5] 0.576
Cyclosporin dose, ng/ml 150 [125;200] 150 [125;200] 0.582
Tacrolimus C0, ng/ml 6.7 [5.7;7.9] 6.8[6.1;7.7] 0.531
Everolimus CO, ng/ml 3.82+1.66 4.33+1.67 0.412
. 112.8 97.2
Cyclosporin C0, ng/ml (87.0;133.9]  [61.2;110.8] 0.015
PTDM, n (%) 237 (13.3) 66 (61.7) 0.001
Time from KAT o PTSD 119 1,81]  s2[0.7;8.1] 0271
onset, years
PTDM duration, years 9.1[6.2;13.7] 6.9[3.9;11.1] 0.003

BMI, body mass index; AMI, acute myocardial infarction; KAT, kidney
allotransplantation; SBP, systolic blood pressure; DBP, diastolic blood
pressure; TC, total cholesterol; LDL, low-density lipoproteins; GFR,
glomerular filtration rate; MAU, microalbuminuria; HbAlc, glycated
hemoglobin; ACE], angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CO, basal blood concentration of the
drug, measured in the morning before taking the next dose; PTDM,
post-transplantation diabetes mellitus, SGLT2i, sodium-glucose
cotransporter type 2 inhibitor.

The slower decline in kidney graft filtration in the ex-
perimental group compared to the control group re-
mained throughout the study (Fig. 3) and showed a sta-
tistically significant advantage starting from week 24
(Fig. 4).

Figure S (A-B) shows survival curves that reflect
a higher proportion of patients without adverse events
(AEs) in the KTR group receiving SGLT2i.

Our study did not reveal any adverse effects of
the SGLT2i treatment. The incidence of UTI in the ex-
perimental group was similar to that in the control
group; there were no cases of euglycemic ketoacidosis
(see Table 2).
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Table 2. Clinical characteristics of patients in the control
(GLTC2i -) and experimental (GLTC2i +) groups formed by
pseudorandomization at the time of inclusion in the study

Characteristics S((1}11;T7§1)— Sgl]f;ii;

Male patients, n (%) 34 (43.6) 34 (43.6)  1.000
Female patients, n (%) 43 (56.4) 43 (56.4)

Age, years 50.9+11.5 S1.6+x11.1  0.719
No DM, n (%) 33(42.3)  33(42.3)  1.000
PTDM, n (%) 45(57.7) 45(57.7)  1.000
?ﬁi‘ié{i‘;’r‘; KATHo inclusionin 336461 134467 0768
OT::eif;‘;:;sKAT to PTDM 61%61  68+70 0273
;F;It‘}‘lz f:&?;;i? toinclusion .5 6.6+3.5  0.367
SBP, mm Hg 126.7+11.3 127.849.6  0.847
DBP, mm Hg 75.8£6.5 77.0£7.4 0.661
GFR, ml/min/1.73 m? 50.2£15.2 50.0+14.9  0.776
TC, mmol/l 5.38£1.22 5.49+1.15  0.836
LDL, mmol/1 2.98+0.87 2.86x1.19 0417
Uric acid, ymol/1 429.7+£189 428.9+13.7 0.726
MAU, mg/1 389.9+63.9 307.2+68.9 0.282
HbAlc, % 6.79+1.19 6.93+1.26  0.326
Metformin, n (%) 11(143)  11(143)  1.000
ACEi /BAR, n (%) 55(70.5) 62(79.5)  0.196
Statins, n (%) 56 (71.8) 53(67.9)  0.601
AMI before KAT, n (%) 9(11.5) 4(s.1) 0.148
Tacrolimus dose, ng/ml 7.0242.48 12.10+39.98 0.104
Cyclosporin dose, ng/ml 86.13+41.17 106.53+30.47 0.201
Everolimus dose, ng/ml 3.95£1.76  4.15£1.79  0.668
BMI, kg/m? 26.6+4.9 27.0£5.4 0.138
Tacrolimus C0, ng/ml 4.98+3.31 5.16+2.55  0.820
Cyclosporin C0, ng/ml 146.43+45.61 153.85+59.45 0.502
Everolimus C0, ng/ml 2.75£1.99 2.04+0.78  0.128
s;’i‘s’w'up/ treatment duration, ', 251005 265+1.16  0.190
E;I;/i;)y the end of the study, 6 (7.69) $(10.2) 0.248
Euglycemic ketoacidosis by 0 0

the end of the study, n (%)

SGLT2i, sodium-glucose cotransporter-2 inhibitor; DM, diabetes
mellitus; PTDM, post-transplantation diabetes mellitus; KAT, kidney
allotransplantation; SBP, systolic blood pressure; DBP, diastolic blood
pressure; GFR, glomerular filtration rate; TC, total cholesterol; LDL,
low-density lipoproteins; MAU, microalbuminuria; HbAlc, glycated
hemoglobin; ACEi, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; AMI, acute myocardial infarction;
BMI, body mass index; CO, basal blood concentration of the drug
measured in the morning before taking the next dose; UTI, urinary
tract infection.
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Figure 2. Mean decrease in eGFR, ml/min/1.73 m?/
year in the control and experimental groups

GFR, ml/min/1.73 m? /year

0.00 1
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SGLT2i, sodium-glucose cotransporter type 2 inhibitor;
eGFR, estimated glomerular filtration rate.

Figure 3. Total decrease in eGFR, ml/min/1.73 m?
during the observation period in the study groups

GFR, ml/min/1.73 m?/year
0.00

-1.00
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SGLT2i, sodium-glucose cotransporter type 2 inhibitor;
eGFR, estimated glomerular filtration rate

Discussion

In our study, the SGLT2i therapy significantly improved
survival of patients with and without PTDM. This suggests
that dapagliflozin and empagliflozin may be considered
for reducing the risk of death and nonfatal adverse coro-
nary and renal outcomes in KTRs, regardless of the pres-
ence of PTDM.
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Figure 4. Dynamics of eGFR during
the treatment by week (visit points)
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SGLT2i, sodium-glucose cotransporter type 2 inhibitor;
eGFR, estimated glomerular filtration rate.

The nephroprotective effect of SGLT2is that has been
demonstrated in large international randomized clinical
trials [S, 6], is of a particular importance for renal trans-
plantation due to the presence of a single functioning
kidney and immunosuppressant (CNIs and steroids)-
induced insulin resistance (IR) [16, 17]. The transplant,
which performs a dual functional load and is constant-
ly exposed to CNIs, is unprotected against hyperfiltra-
tion, the main non-immune mechanism of nephroan-
giosclerosis [18] and tubular disorders associated with
increased sodium reabsorption [19]. The nephroprotec-
tive effect of SGLT2is is explained by an increase in sodi-
um delivery to the macula densa and an ensuing decrease
in glomerular hyperfiltration due to enhanced tubulo-
glomerular feedback [20]. In addition, SGLT2is have an-
ti-inflammatory and antifibrotic effects in diabetic kid-
ney disease [21] and reduce tacrolimus-induced hypoxic
damage to renal tubular cells [22]. In our study, SGLT2is
also prevented the progression of CKD after transplan-
tation. The decrease in graft filtration function in the ex-
perimental group was almost 67% less than in the con-
trol group and did not exceed —1.3 ml/min/1.73 m?/year.
This is apparently associated with the absence of rapid
progression of renal failure characteristic of a decrease
in GFR >S5 ml/min/1.73 m?/year [23] and an in-
creased risk of death observed with a decrease in GFR
>3 ml/min/1.73 m?/year [24]. A significant advantage
in preserving the filtration function of the renal graft
in the experimental group was achieved at week 24 of
the study without an initial sharp decrease in eGFR.
However, its gradual decrease was observed up to week
16. A possible explanation for this fact may be the data
presented in the post factum analysis in the EMPA-REG
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study [25] and a large Korean multicenter observational
study of the SGLT2i treatment in KTRs with DM [26]. In
the EMPA-REG study, among 6,668 patients taking em-
pagliflozin, only 1,887 (28.3%) had an acute decline in
eGFR at week 4. In multivariate logistic regression, a di-
uretic treatment and more advanced CKD (stage 3B) at
baseline were independent predictors of the initial de-
cline in GFR [25].]. Lim et al. [26], in turn, showed that
among 2,083 KTRs with DM, an acute sharp decline
in eGFR >10% during the first month was observed in
only 35 (15.6%) patients of 226 treated with SGLT 2is.
In 191 (84.4%) patients, the total eGFR remained stable
without an initial sharp decline after using SGLT?2i. Risk
factors for a sharp decline in eGFR were the time between
transplantation and the initiation of SGLT2i treatment and
the mean trough tacrolimus concentration. The cutoft val-
ue for predicting an acute decline in GFR was an interval
of <397 days between kidney transplantation and the ini-
tiation of SGLT2i treatment, and the mean tacrolimus
trough concentration exceeding 7.5 ng/ml [26]. In our
study, the period from KAT to the enrollment in the study
was significantly longer (13.4£6.7 years) and the tacro-
limus CO level was much lower (5.16+2.55 ng/ml). We
excluded patients with an eGFR <30 ml/min/1.73 m?
from the study, and the majority of them (n=49; 63%)
had an eGFR greater than 45 ml/min/1.73 m? (CKD 3A);
also we tried to avoid using diuretics in combination with
SGLT2i. Itis possible that all these factors together helped
avoid the initial sharp decrease in eGFR and ensured its
gradual reversible decline, which reflected a decrease in
the hemodynamic load on individual glomeruli of the sin-
gle functioning kidney/graft.

It should be noted that we did not use clearance meth-
ods for measuring renal filtration, since eGFR can be
considered as a prognostic marker for long-term surviv-
al of the recipient and the kidney transplant, similarly to
the generally accepted concept of CKD [23,27, 28].

The beneficial effect of SGLT2is on renal transplant re-
vascularization, which we included in the composite end-
point by analogy to myocardial revascularization, may be
mediated by the metabolic effect of the SGLT2i therapy
due to a decrease in insulin secretion and increased syn-
thesis of glucagon, non-esterified fatty acids, ketone uti-
lization, lipolysis, and gluconeogenesis. These effects me-
diate a decrease in plasma LDL and an increase in plasma
HDL, as well as the inhibitory effect of increased natri-
uresis on the sympathetic nervous activity followed by
vasodilation and improvement of the endothelial func-
tion [29]. In addition, the inhibition of SGLT2 simulta-
neously initiates natriuresis and glucosuria to reduce IR
and the associated risk of the development and/or pro-
gression of PTDM and CVD [29, 30].
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Figure S. Probability of the primary composite endpoint (cardiovascular and renal adverse fatal and nonfatal outcomes (A)),
secondary composite coronary endpoint (B), and renal adverse outcomes (C) in the compared groups (Kaplan-Meier analysis)
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Our study also demonstrated that the SGLT2i treat-
ment was associated with a reduction in the RR of death
and adverse coronary outcomes. This allows discussing
the additive effect of the combination of SGLT2i with
ACE inhibitors or ARBs, which reduces the residual risk
of ESKD and CV death [31-33] in KTRs, a high-risk
group for death from CVD [34-36].

Importantly, the incidence of UTI in the experi-
mental group was very low and did not differ from that
in the control group. There were no cases of euglyce-
mic ketoacidosis in our study, which is consistent with
previously obtained data from randomized [10] and ob-
servational [37, 38] studies on the safety of SGLT2is
in KTRs.

Limitations of this study included the time frame,
the small number of patients in the experimental and
control groups, and the pseudorandomization.

Conclusion

This study demonstrated increased survival of KTRs
associated with the use of SGLT2is, regardless of the pres-
ence of PTDM, due to a reduction in all-cause mortal-
ity. This study also demonstrated the nephroprotective
and cardioprotective effects of SGLT2is and their safe-
ty. Long-term prospective randomized studies of the ef-
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fects of SGLT2is on long-term outcomes of kidney trans-
plantation are needed.
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