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Abstract

Despite the growing body of evidence supporting the beneficial effects of sodium-glucose
transporter 2 (SGLT-2) inhibitors on metabolic, cardiovascular, renal, and mortality outcomes
in the wide range of diseases, clinical data in patients with solid organ transplantation (SOT) is
limited. A systematic literature search was conducted in PubMed, Scopus, and Web of Science
from database inception until April 14, 2025, to evaluate the efficacy and safety of SGLT-2
inhibitors in patients with SOT. Among 25 studies, 18 included kidney transplant recipients. There
was considerable heterogeneity between the remaining studies regarding design, setting, and
outcomes. The meta-analysis of two interventional studies showed the beneficial effects of SGLT-
2 inhibitors on body mass index (BMI) (-2.564, 95% Cl: -4.982 to -0.146, [2=0%, P=0.0377),
weight (-0.800, 95% Cl: -0.878 to -0.722, 12=0%, P<0.0001), and hemoglobin Alc (HbA1c)
(-0.447, 95% Cl: 0.085 to 0.810, 12=0%, P=0.0155) in the kidney transplant population. The
mortality benefits of SGLT-2 inhibitors in the kidney transplant population have been shown
in observational studies with large sample sizes. Despite the benefits of SGLT-2 inhibitors on
metabolic outcomes and their satisfactory safety profiles represented in most eligible studies,
these medications should be used with caution in patients with SOT, particularly in high-risk
patients. Additional well-designed studies are needed to reveal the efficacy and safety of SGLT-2
inhibitors in patients with SOT.
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Introduction
Solid organ transplantation (SOT) has considerably
evolved in the recent several years, transforming from an
experimental procedure into a standard of care. Based on
the United Network for Organ Sharing (UNOS) database
for solid-organ transplants, more than 2 million life-years
have been saved by SOTs during a 25-year study period.!
However, despite advancements in graft performance and
patient survival, individuals with SOT continue to face
neurological, gastrointestinal, cardiovascular, infectious,
malignant, renal, metabolic, and endocrine complications
after transplantation.?

Sodium-glucose transporter 2 (SGLT2) inhibitors have
gained considerable attention due to their wide range of

medical benefits beyond controlling blood glucose levels.?
Over the past decade, large and well-designed clinical
trials have demonstrated noteworthy promising effects of
SGLT-2 inhibitors in multiple therapeutic targets, thereby
altering the treatment paradigm for diabetes mellitus
(DM), chronic kidney disease (CKD), and heart failure
(HF).** Further studies have also revealed their beneficial
effects in conditions such as ischemic heart diseases,
arrhythmia, fatty liver disease, and kidney stones.®*
Based on the literature, SGLT-2 inhibitors may be
beneficial for patients who have undergone SOT; however,
well-designed studies and robust data regarding their use
in these patients are still lacking.’ From a pharmacological
perspective, SGLT-2 inhibitors can provide beneficial
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effects for individuals with SOT through different
mechanisms. For example, SGLT-2 inhibitors could reduce
weight and improve glycemic control, which is linked to a
decreased risk of transplant complications, such as new-
onset diabetes after transplantation (NODAT), a post-
transplant metabolic complication that develops among
kidney allograft recipients, with about 4%-27% incidence
rate, leading to improved clinical outcomes.'” Besides,
proteinuria is common among organ transplant patients
and poses a major risk for organ failure, cardiovascular
disease, and overall mortality. It has been shown that
SGLT-2 inhibitors could improve post-transplant
proteinuria by lowering intraglomerular pressure, blood
pressure, and hyperfiltration.!!

Although SGLT-2 inhibitors have been shown to
generally be well-tolerated, clinical trial data from non-
transplant populationshas proposed that SGLT-2 inhibitors
could increase the risk of vaginal yeast and urinary tract
infections (UTIs), as well as serious adverse drug reactions
(ADRs) such as dehydration, acute kidney injury (AKI),
and diabetic ketoacidosis.”> Notably, individuals with
SOT are at higher risk for ADRs due to factors such as
impaired renal function, the use of immunosuppressive
medications, and immunodeficiency.® While several
studies have assessed the safety of SGLT-2 inhibitors in
this population, robust clinical data is still lacking."

Considering the above, we conducted an updated
systematic review and meta-analysis to evaluate the
efficacy and safety of SGLT-2 inhibitors in individuals
with SOT.

Methods

Study design

The present study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines for reporting systematic reviews. The protocol
of this systematic review and meta-analysis has been
registered in the International Prospective Register of
Systematic Reviews (PROSPERO) database with the
registration number CRD42024575119.

Search strategy

We conducted a systematic review by searching the
MEDLINE (PubMed), Scopus (Elsevier), and Web
of Science (Clarivate Analytics) databases from their
inception until April 14, 2025, to gather relevant studies.
The additional studies were extracted using Google
Scholar, the World Health Organization (WHO), and the
United States (US) Food and Drug Administration (FDA)
websites. Additionally, the references of the included
studies and the most related reviews were checked
manually.

Two authors (S.K. and A.R.) independently performed
the literature search, publication screening, and eligibility
assessment. Any disagreement between the two was
resolved by discussion and/or involving the third review
author (A.G.). We applied the Population, Intervention,

Comparison, and Outcome (PICO) framework to plan
the concept map and to define the inclusion and exclusion
criteria.'” Additionally, the MeSH search of PubMed was
used to select the most applicable keywords.

Inclusion criteria

The inclusion criteria of this systematic review were
as follows: the setting of the non-randomized studies
of interventions (NRSIs) or randomized clinical trials
(RCTs); population/test sample of individuals with
SOT; intervention of SGLT2 inhibitor administration;
comparison of placebo, standard care, or none, and
outcomes/objectives of safety or efficacy.

Exclusion criteria

In silico, in vitro, and animal experiments; case reports;
clinical trial protocols; practice guidelines; any type
of review; book chapters; editorial or commentary
publications; duplicate articles; publications written in
any language other than English; and studies using only
a single dose of SGLT2 inhibitors were excluded from the
systematic review.

Search terms

Our search terms were as follows: (“sodium-glucose
transporter 2 inhibitor” OR “empagliflozin® OR
“canagliflozin” OR “dapagliflozin” OR “ertugliflozin OR
“ipragliflozin” OR “licogliflozin” OR “remogliflozin” OR
“sergliflozin” OR “bexagliflozin” OR “sotagliflozin” OR
“luseogliflozin” OR “tofogliflozin” OR “henagliflozin” OR
“velagliflozin” OR “janagliflozin” OR “mizagliflozin” OR
“enavogliflozin” OR “rongliflozin” OR “tianagliflozin”)
AND (“graft” OR “transplant” OR “allograft” OR
“allotransplant” OR “Homograft”). The detailed search
strategies used in each database are shown in Table S1 (See
Supplementary file 1).

Data extraction

To ensure the accuracy and consistency of data extraction
from selected publications, we utilized a checklist adapted
from the Cochrane Collaboration data collection form.
This checklist comprised five key sections: General
Information, Methods, Participants, Intervention Group,
and Outcomes.

The General Information section included details
on study identification, first author, publication year,
and reference citation. The Methods section covered
the study’s aim, design, and duration. The Participants
section outlined population description, setting, inclusion
and exclusion criteria, and relevant sociodemographic
characteristics. The Intervention Group section detailed
the number of participants, description of the intervention,
including type of medication and daily dose, treatment
duration, administration details, medical providers, and
economic information. Lastly, the Outcomes section
specified the outcome measure, time points, validity,
assumed risk estimate, and power.
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Risk of bias assessment in included studies

To assess the potential for systematic errors in
observational studies we used the Risk of Bias in Non-
randomized Studies of Exposures (ROBINS-E) tool,'
which includes bias due to: (a) confounding; (b) exposure
misclassification; (c) selection of participants into the
study; (d) missing data; (e) outcome measurement error;
and (f) selective reporting of results. For each domain, we
scored the risk of bias as low, some concern, high, or no
information. Any disagreement was resolved by discussion
and consensus by the two scorers (Z.]. and S.K.).

To assess the risk of bias (ROB) in RCTs we applied
Cochrane’s RoB 2 tool which has five domains, including
the randomization process, deviations from intended
interventions, missing outcome data, measurement of
the outcome, and selection of the reported result.”” The
visualization of the risk of bias assessment results was
done using the online robvis tool.'

Due to the low estimation power of publication bias
tools in meta-analyses of ten or fewer studies and the high
confounding risk of the NRSIs, the publication bias tests
were not operated.’*?

Statistical data analysis

The meta-analysis was conducted using a random-
effects model to assess the pooled effect sizes across two
studies with different designs; including a one-group
pre-post interventional study and a two-group pre-post
interventional study with an intervention group and a
control group. Due to the differences in study designs,
the control group data from the two-group study were

excluded. The analysis was performed by pooling the
pre-post data from the intervention group of the two-
group study with the pre-post data from the one-group
study. Where required, transformations were applied to
approximate mean and standard deviation (SD) from
the median and interquartile range (IQR). Statistical
heterogeneity between studies was assessed using I
statistics. A rough guide for interpreting the I? index
based on the Cochrane Handbook for systematic reviews
of interventions is as follows: 0% to 40%: not important,
30% to 60%: moderate, 50% to 90%: substantial, and 75%
to 100%: considerable heterogeneity.” All analyses were
conducted in Stata Version 17 (STATA Corporation,
College Station, Texas, USA). Results were reported as
mean differences (MDs) with 95% confidence intervals
(CIs). A P value<0.05 was considered statistically
significant. Forest plots were generated to visualize
the findings.

Results

Study selection process

A total of 1618 studies were primarily obtained from
searching the literature. Following duplicate removal and
screening of the records by their titles and abstracts, 1116
studies were entered into the eligibility assessment. A total
of 884 studies were excluded by reviewing the titles and
abstracts. Then, by reading the full text, 207 records were
excluded with reasons, including irrelevant/on other drugs
studies (n=77), review/systematic reviews and meta-
analyses (n=47), case reports (n=22) in-vitro/in-silico/
animal experiments (n=20), editorials/commentaries

Records identified through database

Additional records identified
through other sources
(n=8)

Records excluded
(n=2884)

Full-text articles excluded, with
reasons (n =207)

Irrelevant/on other drugs (n=77)

Review/systematic review and
meta-analysis (n = 47)
7 Case report (n = 22)
In-vitro/in-silico/animal
experiments (n = 20)
Editorials/commentaries (n = 18)

Letters (13)

= searching
S
< PubMed (268), WOS (507), Scopus (837)
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g
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=
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: l
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5
@» Records screened by title and abstracts
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(n=25)

Studies included in qualitative synthesis

Figure 1. Study selection flow diagram. Preferred reporting items for systematic reviews and meta-analyses (PRISMA)
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(n=18), letters (n=13), non-English papers (n=6), or
duplicates (n=4). Finally, 25 studies were entered into
the systematic review. The PRISMA flow diagram is
shown in Figure 1.

Assessment of risk of bias
Among non-randomized studies of exposure, five out
of the 10 out of 19 had an overall high risk of bias. In

Bias due o confounding

Bias ansing from measurement of the exposure

Bias in selection of participants into the study for into the analysish
Bias due to post-exposure inferventions

Bias due to missing data

Bias arising from measurement of the outcome

Bias in selection of the reported result

most cases, this was due to a lack of control for potential
confounding variables or bias due to departures from
intended exposures and missing data. Seven studies
were classified as having some concern because there
was no adjustment for known confounding factors
and discontinued intervention during the follow-up
(Figure 2A and 2B). Among two interventional studies,
one had a high risk of bias due to a lack of randomization,

Overall risk of bias
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D5: Bias due to missing data.
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D7: Bias in selection of the reported result.

OM M N HON JION HONOM MOM M N N N

ofo[e[o[s/ols's/o/e[olslslsle ole

@@@.‘.‘@@.\..@..@.....

...@@..‘....

[ MOM MOMOMOM I JX M I JOM M M M N M M

5@]

__MONOMONOMN NONONON JNOMN M MOMOM M M

‘o
£3
g
i

®
§

@ noinomason

Figure 2. Risk of bias assessment results for non-randomized studies according to the ROBINS-E tool. (A) Traffic light plot of the domain-level judgments for each
result (B) Weighted bar plot of the distribution of risk-of-bias judgments within each bias domain
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Damains:

D1 Bias ansing from the randomization process.

[:2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4 Bias in measurement of the outcome.

D5&: Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Risk of bias domains
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£
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Figure 3. Risk of bias assessment results for randomized controlled trials according to the RoB2 tool. (A) Traffic light plot of the domain-level judgments for each
result (B) Weighted bar plot of the distribution of risk-of-bias judgments within each bias domain

the other had a low risk of bias (Figure 3A and 3B).

Study characteristics

A total of 8138 individuals from 25 studies, including
19 observational studies, 4 case series, and 2 RCTs were
included in the systematic review. The studies were
performed in the US. (n=3), Canada (n=2), Japan
(n=2), Australia (n=2), Spain (n=2), United Arabic
Emirates (n=2), France (n=1) Germany (n=1), Austria
(n=1), Norway (n=1), Italy (n=1), Korea (n=1), Turkey
(n=1) Kuwait (n=1), Qatar (n=1), India (n=1), Israel
(1), and Taiwan (n=1). The majority of studies were
carried out among kidney transplant patients, followed by
heart, simultaneous pancreas/kidney, and liver transplant
patients. Notably, one observational study and one case
series included only non-diabetic patients, while 18
remaining did not exclude patients with NODAT or pre-
exciting DM. Different doses and durations of SGLT-
2 inhibitors, including empagliflozin, canagliflozin,
dapagliflozin,  ipragliflozin,  luseogliflozin,  and
ertugliflozin have been used. Asshownin Table 1, there was
considerable heterogeneity between the studies regarding
the time to SGLT-2 inhibitors initiation, treatment period,
and follow-up duration. The most common concomitant
medications were calcineurin inhibitor, mammalian target
of rapamycin (mTOR) inhibitors, mycophenolate, oral

anti-diabetic agents hydroxymethylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitors, and insulin. The
detailed characteristics and outputs of the included studies
in the systematic review are presented in Tables 1 and 2,
respectively.

Kidney transplant

Interventional studies

Two interventional studies including 58 individuals
were carried out to evaluate the effects of empagliflozin
10 mg/d in patients with stable kidney transplants.?>*
Halden et al, in an investigator-initiated, single-center,
prospective, double-blind study of 44 patients with
NODAT, at least 12 months following transplantation, and
stable renal function (less than a 20% deviation in serum
creatinine [SrCr] within the last two months) showed
that empagliflozin significantly improved hemoglobin
Alc (HbAlc) (P=0.025), body mass index (BMI)
(P=0.011), body weight (P=0.014), uric acid (P<0.001),
hemoglobin (P=0.047), and hematocrit (P=0.027) with
no clinical effects on immunosuppressive drug levels as
well as comparable adverse event profile to placebo. There
were no significant differences between the study groups
regarding fasting plasma glucose (FPG), 2-hour glucose
after oral glucose tolerance test (OGTT); waist-hip ratio,
mean 24-hour systolic blood pressure (SBP); mean 24-
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Table 1. Characteristics of the included studies

Sample size

SGLT-2 inhibitors'

‘Il.\:z::)irosr;x Year; Setting (SGLT-2 Sex; Age (Years) Transplant type Kidney function status Diabetes status SGLT-2 inhibitor; dose Other treatments initiation time after Fol!;\i/;-(;lp
inhibitor %) transplant P
Intervention: NODAT with Cls, everolimus,
Single-center, F (29.4%); o . persistent prednisolone, MMF,
Halden et al**;  double-blind, Median (range): 63 Stable kidney Less than.ZO' Vo deviation hyperglycemia —— insulin, oral anti-diabetics,
44 (50) in SrCr within the last Empagliflozin; 10 mg/day . . . Over one year 24 weeks
2019; Norway  placebo-controlled (31-72) transplant . for at least statin, anti-hypertensives,
clinical trial Control: F (29.4%); 59 one year after anti-platelets, and
(21-75) transplantation anticoagulants
. Prospective, .
Schwaigeret 0 entional, F(50%); Mean (sD):  S@blekddney o s 20 mUmin1.73  NODAT treated o Cls, MMF, glucocorticoids, Mean (SD): 69.4
al*?; 2019; . o 14 (100) transplant (26 ) for>6 months on Empagliflozin; 10 mg/day X X > . 12 months
Austria non-inferiority pilot 56.5(7.9) months) insulin therapy insulin, anti-diabetics months (57.2)
study
. o). e o .
SomgeraE g EeEy F (34%), Kidney eGFR>30 mUmin/1.73  Pre-existingT2DM  Lmpagliflozin (86%), Tacrolimus, MMF, | Median (IQR): 319
. retrospective, 50 (100) Mean (SD): 57.03 canagliflozin (12%), prednisolone, insulin, oral 6 months
2021; USA transplant m? or NODAT days (112-696)
! observational study (13.14) dapagliflozin (2%); NR anti-diabetics
Lim et al*; Cg;g!ceecnttiiz 2083 (1) F (32.8%); Kidney Mean eGFR (SD): 68.2 F;s_s)o(/ls)tg:—gNT(z)?)r/\\/‘T Empagliflozin (66.4%), Cls, corticosteroids, insulin, NR Msa(ZZ(SZ?):
2022; Korea P Mean (SD): 52.4 (10.7) transplant (19.9) mL/min/1.73 m? e dapagliflozin (33.6%); NR  oral anti-diabetics }
cohort study (28.8%) months
Fructuoso et Multi-center, o, e . Pre-existing T2DM  Empagliflozin (56.9%), Cls, MMF, mTOR
al; 2023; retrospective 339 (100) E 1(266'(; /9; Mean (SD): E:ir;e{am m.ena/? ‘;(33?:2' 584mU (39 504) or NODAT dapagliflozin (23.9%), inhibitors, prednisolone,  NR m(;;tzhs
Spain cohort study T P ’ (60.5%) canagliflozin (18.9%); NR insulin, oral anti-diabetics
Multi-center, F (23.6 %); Immunosuppression One year (87%) Median
) 26 g .6 %); ) I o o )
Maigretetal’®; - bective real- 347(1000  Median (1QR): 62.6  dney 30<eGFR <60 mL/ DM (65.1%) Dapagliflozin (97%) regimen, ACEi or ARB, anti- Median (IQR): 6.7 2R 12:0
2024; France . transplant min/1.73 m? (75.8%) Empagliflozin (3%) : - (0.1-44.8)
life study (52.1-69.5) diabetics years (2.8-13.5) months
Retrospective Intervention: Intervention eGFR: Canagliflozin (31.03),
Hisadome et observztional/ F (27.6%); Mean (SD): Kidne Mean (SD): 53.3 (17.1) ipragliflozin (24.13), Cls. MMF or everolimus
al?®; 2021; X ! 85 (33) 56.4 (8.7) 4 mL/min/1.73 m? T2DM luseogliflozin (17.24%), ! . ! NR 12 months
single-center, IPTW . transplant . W o methylprednisolone
Japan analvsis stud Control: Control: empagliflozin (13.79%),
14 Y F (27.6); 55.9 (10.2) 46.2 (14.0) dapagliflozin (10.34%)
Intervention: Intervention eGFR: E:E:g:ilffllgzzi]: 15610(33”5%/0'”
Sheu et al*': Historical cohort F (36.8%); Mean (SD): Kidne Mean (SD): 54 (22.5) mL/ m d§ ! Immunosuppression Median: 3.4
! from the TriNetX 3940 (50)  59.5(11.3) Y min/1.73 m? DM (100%) g/ y' . regimen, ACEi or ARB, anti- Within 3 months T
2025; Taiwan transplant Empagliflozin; 10 -25 mg/ : - years
database Control: Control: day diabetics
o)
F (41.4%); 59.6 (11.5) 53.5(24.9) Ertugliflozin 5 -15 mg/day
Retrospective
. - study (electronic o, . . . Empagliflozin (88%), Immunosuppression
Gill et al; outpatient 42 (100) F (24%); Mean (SD): Kidney M.ean cGFR: 71 ml/ DM (62%) canagliflozin (10%), regimen, ACEi or ARB, Mean:7 years 3 months
2023; Canada 59 (12.3) transplant min/1.73 m? . o
transplant dapagliflozin (2%); NR diuretics,
database)
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Table 1. Continued.

Sample size

SGLT-2 inhibitors'

Autho.rs; Year; Setting (SGLT-2 Sex; Age (Years) Transplant type Kidney function status Diabetes status SGLT-2 inhibitor; dose Other treatments initiation time after FO]IO‘.N_UP
Location A period
inhibitor %) transplant
. Median
)
';?ﬁhlz'gf ;_t Prospective 10.(100) &fé’i ; ‘:’“ - Kidney Median eGFR: 57 (range: - NODAT (40%), L 0o Cls, MMF, corticosteroids, ~ Median (IQR): 5.9 (IQR): 12
! ! observational study ’ transplant 47-73) mL/min/1.73 m? T2DM (60%) pag ! insulin, anti- diabetics (4.4-8.8) years (5.3-12.0)
Germany 66 (56-73)
months
o . . Median eGFR: 31 (range: .
Quilis et al*’;  Observational 0. . Kidney . L e s o Immunosuppression .
2025; Spain — 22 (100) F (31.8%); Median: 58 T fn317 —45.2) mL/min/1.73  Non-diabetic Dapagliflozin (91%) regimen, ACEi or ARB Median: 67 months 6 months
No SGLT-2 inhibitor
. . F (36.8%); . eGFR: P . Within 3 months
9. 0
s ey Y (10.98) P SGLT-2 inhibitor: 71.94 e pag ' gimen. months (N=25)
(18.17) mL/min/1.73 m?
SGLT-2 inhibitor:
F (20%); SGLT-2 VZDIY (65777 Immunosuppression
Cohen et al®’;  Retrospective o inhibitor: Kidney eGFR>30 mL/min/1.73 ~ NODAT (43%) Empagliflozin (NR), . . .
2025; Israel cohort study 480 (50%) Median: 63 transplant m? Control: dapagliflozin (NR); NR :Eg;;qczr:;oanzn;hr:,t’i)-?jrit:Q;;/; NR 3 years
Control: 64 T2DM (54 %), !
NODAT (46%)
Tacrolimus, MMF or
. . . Pre-existing T2DM azathioprine, prednisolone,
38. 0/ ). . .
Shah et a[' ; Prqspectlve case 25 (100) F (4%); Mean (SD): Stable kidney ~ eGFR>60 mL/min/1.73 (80%) or NODAT  Canagliflozin; 100 mg /day antihypertensives, lipid- Mean: 2.7 years At least 6
2019; India series 53.8 (7.1) transplant m? i . (0.2t0 13.2) months
(20%) lowering agent, oral anti-
diabetics
Miyazaki et STy
. F(0%); Mean (SD): transplant with  Chronic kidney disease . . o Cls, MMF, everolimus, 8to 24
37. . - - . -
Ja; 5;;2022, Case series 5 (100) 58.4 (5.6) metabolic G3ad Non-diabetic Empagliflozin; 10 mg/day e Range: 4.3-24 years months
p syndrome
; . - NODAT (50%); .
Attallah et al**; . F (50%); Mean (SD):  Kidney Average creatinine: 88.5 - / L Tacrolimus, MMF, .
2019; UAE Case series 8 (100) 45.87 (6.64) ransplant mmol/L (p;g;/e))(lstmg DM Empagliflozin; 25 mg/day prednisolone Mean: 21 months 12 months
o,
Antidiabetics
Gul et al’®; . F (25%); Mean (SD): Kidney NODAT (75%), T Lo
2021; Qatar Case series 4 (100) 56.75 (6.21) e NR T2DM (25%) Empagliflozin; 10 mg/day Irzqgrinrsg;)suppressmn 5to 13 years NR
o, T
Alkindietal’; o L 8(100) {Afasn/ ‘(’g’D). 6. Kidney Mean eGFR (SD): 75.75  NODAT (75%),  Empagliflozin (75%) fg;ﬂ'igﬁ'cs’r cssion 9.6 vears 12 months
2019; UAE -0 transplant (13.38) mUmin/1.73 m?  T2DM (25%) dapagliflozin (25%); NR . PP oy
(13.70) regimen
Single-enterer Liver (53%), Empagliflozin (65%) Immunosuppressant agents
Sweiss etal;  retrospective 4o (100 F29%) Median kidney (37%),  Median eGFR (IQR): 66 A o, T PPieoan ABSM Median (IQR):39 Atleast 12
2023; USA  program evaluation (IRQ): 63 (58-68.5) lung (8%), liver- (54-85) pag 1 02! o nunyp g (16-73) months months
. canagliflozin (8%); NR diabetics
study kidney (2%)
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Table 1. Continued.

Sample size

SGLT-2 inhibitors'

Auth().rs; Year; Setting (SGLT-2 Sex; Age (Years) Transplant type  Kidney function status Diabetes status SGLT-2 inhibitor; dose Other treatments initiation time after FOHO‘.N_UP
Location - period
inhibitor %) transplant
SPKT:
SPKT: SPKT eGFR: Mean (SD): 3.5
H 1 0, . . .
Rajasekeran RetrospeFt|ve F (50%); Mean (SD): SPKT (N=4), M.ean (SD): 60 (14) mL/ NODAT (80%); . . Imrtnunosuppressant agents, (3.9) years for 5.6 80.5
etal*; 2017;  observational 10 (100)  49.4 (8.9) Kidney (6) min/1.73 m? DM (20%) Canagliflozin; NR antihypertensives, anti- (3.4) person-
Canada cohort Kidney: Y Kidney eGFR: ° diabetics Kidney: months
F(17%); 61.6 (12.6) 78 (18.2) 4.4 (3.3) for 10.
(4.2)
Retrospective NEIE
S ! F (26%); transplant Pre-existing T2DM  Dapagliflozin, (61%), Cls, MMF, azathioprine, .
45. .
;gr;zkejgil g (deelzccrt'r‘(’;r']‘]’s ;:‘;j?’cal 39(100)  Median (IQR) 57 (98%), SPKT  NR (56%), NODAT  canagliflozin (31%), belatacept, prednisone, :‘{‘ngaon) :fgﬁihfg NR
! (48-66) (2%); liver and (44%) empagliflozin (8%) insulin, oral anti-diabetics
records) .
kidney (2%)
Empagliflozin eGFR:
Single-center, Mean (SD): 57 (18) mL/ Cls, prednisolone
Muir et al*'; retr%)s ective’ 90 (18) F (29%); Heart transplant min/1.73 m? NODAT or pre- Empagliflozin; 10 mg eve,rtr))limus insu[i/n oral Median (IQR): 5.5 At least 3
2017; Australia pec Mean (SD): 55.8 (14.4) P Without empagliflozin existing T2DM (52.6%) or 25 mg (47.4%) L 4 L years (0-11) months
observational study oGFR: anti-diabetics, furosemide
54 (20)
Intervention: Intervention eGFR:
N o1 . . ) ~ .
Cehic et al*’; Slile cen‘ter, F (23%); Mean (SD): Med@n (IQR): ‘18 (“43-61) NODAT or pre- Empagliflozin; 10 mg Cls, pr-ednlsqlong, Median (IQR): 5.0 At least 12
2019: Australia retrospective 101 (22) 59.3 (11.9) Heart transplant  mL/min/1.73 m existing T2DM (45.45%), 25 mg (54.55%) everolimus, insulin, oral years (2.0-12.3) months
! observational study Control: Control eGFR: ’ ! ’ anti-diabetics, furosemide : '
F (32%); 58.0 (11.4) 54 (41-74)
F (23.4%); SrCr:
Non-diabetic: Non-diabetic:
. Mean (SD): 50.9 (6.0) Mean (SD): 1.0 (0.26) Non-diabetic Empagliflozin (58.8%), Cls, prednisolone,
39.
fzvz)azrzéllta;t al”; ZLZZF:\?;:;Z;I stud 77 (17) Diabetic,no-SGLT-2 Heart transplant  Diabetic, No-SGLT-2 (52%), T2DM dapagliflozin (29.4%), everolimus, insulin, oral Q;flsfizgog:: 12 months
Ay Y inhibitor: 52.7 (5.5) inhibitor: 1.1 (0.16) (48%) canagliflozin (11.8%); NR  anti-diabetics P
Diabetic, SGLT-2 Diabetic, SGLT-2
inhibitor: 51.3 (6.0) inhibitor: 1.1 (0.24)
Intervention eGFR:
Mahmoud et Single-center, . . ——_— Thymoglobulin
. F (40.5%); Median . Median: 67.2 mL/ T2DM (61.22%), Canagliflozin; 100-300 s ! .
43. . .
&l 2.023, retrospec'tlve 209 (47) (IQR): 63 (56-68) Liver transplant min/l 73 m2 NODAT (38.77%)  mg/day bamllx@ab, Cls., Insulin, Mean: 84.2 12 months
Kuwait observational study oral anti-diabetics,

Control eGFR: 63.8

ACEi, Angiotensin-Converting Enzyme inhibitor; ARB, Angiotensin Receptor Blocker; Cls, Cornerstone Immunosuppressive Agents (Tacrolimus and Cyclosporine); DM, Diabetes Mellitus; eGFR, estimated Glomerular Filtration Rate; F, Female;
GLP-1RAs, glucagon-like peptide-1 receptor agonists; IPTW, Inverse Probability of Treatment Weighting; IQR, Interquartile Range; MMF, Mycophenolate Mofetil; mTOR: mammalian Target of Rapamycin; NODAT, New Onset Diabetes After
Transplant; NR, Not Reported; SD, Standard Deviation; SGLT-2, Sodium-Glucose Transporter 2; SPKT, Simultaneous Pancreas-Kidney Transplant; SrCr, Serum Creatinine; T2DM, Type 2 Diabetes Mellitus
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Table 2. Outcomes of the included studies

Study

Efficacy outcomes

Safety outcomes

Halden et al??

Schwaiger et al*

Song et al*?

Lim et al?®

Fructuoso et al.*°

Significant effects: intervention vs. control median (IQR); P-value
Weight (kg): -2.5 (-4.0, -0.05) vs. 1.0 (0.0, 2.0); P=0.014

BMI (kg/m2): -0.80 (-1.4, 0.0) vs. 0.35 (0.0, 0.60); P=0.011

HbATc (%): -0.2 (-0.6, -0.1) vs. 0.1 (-0.1, 0.4) ; P=0.025

Uric acid (umol/L): -53 (-90, -38) vs. 0 (-15, 36); P<0.001
Magnesium (mmol/L): 0.04 (0.00, 0.07) vs. 0.00 (-0.05, 0.02); P<0.01
Hemoglobin (g/dL): 0.45 (-0.03, 0.83) vs. 0.0 (-0.40, 0.20); P=0.047
Hematocrit: 0.01 (0.00, 0.02) vs. -0.01 (-0.01, 0.00); P=0.027)

Significant effects: baseline vs. time after initiation mean (SD); P-value

Waist circumference (cm): 103.1 (14.4) vs. week-4: 99.1 (14.3); P=0.001

Fluid volume overload (L): 2.7 (2.1) vs. week-4: 1.8 (1.8); P=0.006

HbA1c (%): 6.7 (0.7) vs. month-12: 7.1 (0.8); P=0.03

Magnesium (mmol/L): 0.70 (0.11) vs. month-12: 0.77 (0.11); P=0.003

Waist circumference (cm): 109.7 (9.5) vs. month-12: 102.8 (7.1); P=0.007
Weight (kg): 83.7 (7.6) vs. month-12: 78.7 (7.7); P=0.02

BMI (kg/m?): 29.3 (3.1) vs. month-12: 27.7 (3.8); P=0.04

DBP (mm Hg): 86 (14) vs month-12: 76 (11); P=0.02

Uric acid (mg/dL), median (IQR): 7.5 (6.7-9.4) vs. week-4: 6.2 (5.9-7.1); P=0.04

Significant effects: baseline vs. 6 months after mean (SD); P-value
Weight (kg): —2.95 (3.54); P=<0.0001 (95% Cl: 3.53, 1.50)
Hypomagnesemia: 0.13 (1.73), P=0.0004 (95% Cl: 0.06, 0.20)

Significant effects: intervention vs. control log-rank P
Serum creatinine doubling: 0.009

Significant effects: baseline vs. 6 months after mean (SD); P-value
Weight loss (kg): 83.9 (17.6) vs. 81.8 (17.2); P<0.001

SBP (mm Hg): 137.2 (15.7) vs. 133.0 (15.9); P<0.001

DBP (mm Hg): 76.7 (9.8) vs. 74.2 (9.8); P<0.001

Hemoglobin (g/dl): 13.6 (1.7) vs. 14.1 (1.6); P<0.001

Fasting glycaemia (mg/dl):152.8 (42.2) vs. 135.2 (37.2); P<0.001)
HbATc (%): 7.6 (1.2) vs. 7.12 (0.9); P<.001

eGFR (mL/min/1.73 m?): 60.2 (20.2) vs. 58.5 (20.9); P=0.01

Uric acid (mg/dl): 6.2 (1.4) vs. 5.8 (1.3); P<0.001

Magnesium (mg/dl): 1.6 (0.3) vs. 1.8 (0.3); P<0.001

Significant effects: 6 months vs. 12 months after mean (SD); P-value
Weight (kg): 81.8 (17.2) vs. 80.6 (17.4); P<0.001

Well tolerated

No serious adverse events

One urosepsis resulting in exclusion from the study

No difference in ADRs (P=0.68)

No difference in trough levels of immunosuppressive drugs
No rejection episode

Baseline vs. week-4:

Significant decrease in eGFR (mean +SD): baseline 55.6+20.3 vs. 47.5+15.1 mL/min/1.73 m2 on week-4; P=0.008
Three cases of bacterial UTI

One uncomplicated balanitis

One hospitalization due to pneumonia

No cases of ketoacidosis

Therapy discontinuation between 4 weeks and 12 months: 6 patients

Baseline vs. month-12:

Bacterial UTI in 5 empagliflozin-treated patients and 9 non-receivers; P=0.81

UTI in 7 patients, mean days after initiation: 69.4 (non-significant)
No cases of ketoacidosis

No amputations

No AKI

Therapy discontinuation after ADR in 7 cases

All-cause mortality: 0.005

DCGF: 0.005

Acute dip of over 10% in 15.6% of the intervention group during the first month

A significant interaction between intervention initiation and time in eGFR within 8 months (P=0.044)

6-months follow-up:

Pre-treatment UTI positive vs. negative: 35.6% vs. 6.5%; P<.001
Female vs. male UTI: 18.5% vs. 8.5%; P=0.015
12-months follow-up:

Total ADRs: 26%

UTI: 14%

Polyuria: 4.7%

AKI: 1.8%

Genital mycosis: 1.5%

Hypoglycemia: 1.2%

Diarrhea: 0.6%
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Table 2. Continued.

Study

Efficacy outcomes

Safety outcomes

Maigret et al*®

Hisadome et al*®

Sheu et al!

Gill et al**

Mahling et al?”

Significant effects: baseline vs. 3 months after median (IQR); P-value

SBP (mm Hg): 143 (132-155) vs. 138 (126-150); P<0.0001

DBP (mm Hg): 81 (73-99) vs. 78 (69-85); P<0.0001

eGFR (ml/min/1.73 m2): 43.8 (37.0-53.9) vs. 43.1 (34.1-53.1); P<0.0001
Serum creatinine (umol/L): 146 (116-174) vs. 152 (119-186); P<0.0001
Proteinuria (mg/dL): 748 (312-1832) vs. 637 (276-1272); P=0.0005
Significant effects: baseline vs. 6 months after median (IQR); P-value

SBP (mm Hg): 143 (132-155) vs. 140 (129-152); P=0.022

DBP (mm Hg): 80 (72-89) vs. 78 (70-84); P=0.001

eGFR (mL/min/1.73 m?): 45.1 (38.2-55.1) vs. 43.5 (35.9-53.6); P<0.0001
Serum creatinine (umol/L): 140 (112-172) vs. 147 (115-182); P<0.0001
Proteinuria (mg/dL): 650 (315-1448) vs. 500 (270-1094); P=0.006

Significant effects: intervention vs. control mean difference (SD); P-value
Weight loss (kg): -7 (5.1) vs. 1.6 (4.5); P=0.04

Significant effects: intervention vs. control aHR; P-value (95% ClI)
All-cause mortality: 0.32; P< 0.001 (0.22-0.45)

MACE: 0.48; P< 0.001 (0.37-0.62)

MAKE: 0.52; P< 0.001 (0.43-0.62)

Dialysis frequency: 0.45 (95% Cl: 0.32-0.63)

NR

Baseline vs. after median follow-up of 12.0 months (IQR: 5.3, 12.0) *:
Stable kidney allograft throughout the study (according to eGFR values)
HbATc (%) median (IQR): 7.3 (6.4, 7.8) vs. 7.1 (6.6, 7.5)

Total daily insulin requirement (%): 10-25 lower

Body weight (kg) absolute change%: -1.9 (-1.9, 0.1)

Waist circumference (cm) absolute change%: —2.0 (-6.0, 0.0)

SBP (mm Hg) absolute change%: -2.5 (-36.3, 0.8)

DBP (mm Hg) absolute change%: 0.5 (-9.5, 7.5)

Hematocrit (%) absolute change%: +2.5 (0.8, 4.1)

Uric acid (mg/dL) absolute change%: 0.2 (-0.8, 0.5)

12-months ADRs:

Graft dysfunction: 4.9%

Lower UTI: 4.6%

Pyelonepbhritis: 2%

Genital infection: 2%

Pulmonary infections: 8%

Digestive infections: 1.7%

Other infections: 3.7%

Digestive symptoms: 3.5%

Total ADRs leading to discontinuation: 15.6% (95% Cl: 12.1-20.2)
*Higher incidence of SGLT-2 inhibitor discontinuation in eGFR<30 mL/min/1.73 m2

No significant differences:
UTls
Biopsy-proven acute rejection

Significant ADRs: intervention vs. control aHR (95% Cl)
Diabetic ketoacidosis: 1.84 (1.06-3.20)
Osteoporosis fracture: 2.93 (1.16-7.43)

Hematocrit base vs. 3 months after mean (SD):
Base: 31% (3.5), no cases>50%

3 months after: 42% (6), 5% cases>50%
In median follow-up of two years n (%):
Death: 2 (5)

Allograft failure: 2 (5)

Permanent drug discontinuation n (%):
Thrombotic events (stroke): 1 (2%)
Urosepsis: 2 (5%)

AKI: 2 (5%)

Low kidney allograft function: 1 (2%)
Hyponatremia: 1 (2%)

Surgical procedures: 2 (5%)

ADRn (%):

UTI: 2 (20)

AKl stage I: 1 (10)

Lower limb small diabetic ulcer: 1 (10)

No permanent decline in renal function

No urosepsis

No ketoacidosis

Drug discontinuation n (%):

Feeling more tired: 1 (10)

Respiratory tract infection and temporary allograft disfunction: 1 (10)
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Table 2. Continued.

Study

Efficacy outcomes

Safety outcomes

Quilis et al®

Demir et al’

Cohen et al®

Shah et al’®

Miyazaki et al*”

Attallah et al*®

Significant effects: baseline vs. 6 months after median (IQR); P-value
UPCR (g/g): 1.68 (0.58, 2.9) vs. 1.06 (0.42, 1.65); P=0.025

Uric acid (mg/dL): 7.2 (6.2, 8.5) vs. 6.6 (6.2, 7.5); P=0.013

HDL (mg/dL): 58.5 (39, 61.5) vs. 48 (40, 59); P=0.027

eGFR (mL/min/1.73 m2): 31 (23.7, 45.2) vs. 28.5 (19.7, 37.2); P=0.001

Non-significant effects: intervention vs. control; P-value

Proteinuria (mg/day) median (IQR): 195 (51-1905) vs. 156 (44-1355); P=0.372
eGFR (ml/min/1.73 m2) mean (SD): 72.96 (16.62) vs.65.36 (17.19); P=0.123
HgbAlc (%) mean (SD): 7.71 (1.25) vs. 7.14 (0.98); P=0.256

Significant effect: SGLT-2 inhibitor baseline vs. 12 months after median (IQR); P-value
Proteinuria (mg/day): 321 (45-2565) vs. 195 (51-1905); P=0.008

Non-significant effects: intervention vs. control HR (95% Cl); P-value

All-cause mortality rate: 0.66 (0.38-1.14); P=0.135

Composite renal outcome: 0.99 (0.65-1.52), P=0.970)

Significant effect: SGLT-2 inhibitor baseline vs. 12 months after median (IQR); P-value
HbATc (%): 7.7 (6.9-8.4 ) vs. 7.2 (6.8-7.9); P=0.003

Significant effects: baseline vs.6 months mean (SD); P-value
Weight (kg): 78.6 (12.1) vs. 76.2 (10.9); P<0.05

SBP (mm Hg): 142 (21) vs. 134 (17); P<0.05

HbA1C (%): 8.5 (1.5) vs. 7.6 (1); P<0.05

Changes before and after administration in 5 cases “:
Weight (kg): decreased in 4/5

Waist circumference (cm): decreased in 4/5
SBP (mm Hg): decreased in 4/5

DBP (mm Hg): decreased in 3/5

Creatinine (mg/dL): increased in 3/5

eGFR (mL/min/1.732): decreased in 3/5
Uric acid (mg/dL): increased in 3/5

ALT (IU/L): decreased in 5/5

y-GTP (IU/L): decreased in 5/5

TG (mg/dL): decreased in 4/5

HbATc (%): decreased in 4/5

UACR (mg/g creatinine): decreased in 5/5

Mean changes before and after administration in 8 cases *:
Weight (kg): -2.4

HbATc

Urine protein (g/day): -0.6

Drug discontinuation n (%):
UTI: 1 (4.5)

Hemodialysis initiation: 1 (4.5)
No cardiovascular events

No deaths

Non-significant ADRs: intervention vs. control

UTI (%): 16.67 vs. 28.57; P=0.327

Hospitalization (%): 8.3 vs. 23.8; P=0.105
Significant ADRs: intervention vs. control

Acute rejection episodes (%): 11.1 vs. 33.3: P=0.040

The risk of UTI hospitalization was significantly lower in the SGLT-2 inhibitor group (5.7 vs. 10.5 events/100 patient-years,

HR 0.55, 95 % Cl 0.34-0.89, P=0.016)

The incidence of other safety outcomes was similar between the study groups

No common side effects were reported;

No UTIs, mycotic infection, hypotension, orthostatic hypotension, hypoglycemia, or increased thirst

ADRs:
No AKI
No urogenital infection

ADRs n (%):

Temporary nausea: 2 (25)
UTI: 2 (25)

No organ rejection
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Table 2. Continued.

Study Efficacy outcomes Safety outcomes
%)
Changes before and after administration in 4 cases “: éfe)riiarll/gr?n)a'r infection: 1 (25)
Gul et al*® Glycemic control improvement No allograft d))//sfunction ’
Weigh (kg)/BMI: in 4/4 " h ol
S il leaisaseel i A No diabetic ketoacidosis
Significant effect: baseline vs. 12 months after mean (SD); P-value ADRs n (%):
AlKindi et al** HbATc (%): 9.34 (1.36) vs. 7.41 (1.44); P<0.05 Bacterial UTI: 1 (12.5)

Sweiss et al*?

Rajasekeran et al*

Lemke et al*

Muir et al*!

Cehic et al*®

BMI (kg/m2): 32.74 (7.2) vs. 27.4 (4.2); P<0.05

Significant effects: baseline vs. nadir values 3-12-month after median (IQR); P-value
HbATc (%): 8.0 (7-9) vs. 7 (6-8); P=0.0005

FPG (mg/dL): 156 (116-211) vs. 118 (99-148); P<0.0001

Weigh (kg): 88 (78-102) vs. 85 (76-100); P=0.0003

BMI (kg/m2): 32 (27-34) vs. 31 (27-34); P=0.0017

No significant changes over time in evaluated outcomes; HbA1c, weight, serum potassium,
SBP, creatinine, or eGFR

Significant change in HbATc (%) median (IQR); P-value:
Baseline to 3 months: -0.6 (-1.2, 0); P=0.013
Baseline to 12 months: -0.4 (-1.4, 0.1); P=0.016

Significant effects: baseline vs. after >3 months mean (SD); P-value:
Weight (kg): 89.2 (15.4) vs. 86.5 (16.1); P=0.05

BMI (kg/m2): 29.8 (4.2) vs. 28.9 (4.5); 0.04

SBP (mm Hg): 134 (16) vs. 122 (16); P=0.03

DBP (mm Hg): 82 (11) vs. 75 (11); P=0.03

Furosemide dose (mg): 45 (76) vs. 16 (43); P=0.05

Significant effects: baseline vs. after 12 months median (IQR); P-value
Weight (kg): 90.1 (82.3, 101.9) vs. 88.1 (76.2, 96.6); P=0.003

BMI (kg/m2): 30.5 (26.7, 32.7) vs. 29.2 (24.1, 31.5); 0.004
Furosemide dose (mg): 20 (0, 80) vs. 0 (0, 0); P=0.02

No fungal infection

ADRs n (%):
Hypoglycemia: 10 (20)
Hypotension: 7 (14)
UTI: 1 (2)

Volume depletion: 4 (8)
Stroke: 1 (2)

ADRs n (%):

No UTI

No mycotic infection

No AKI

Hypoglycemia without hospitalization: 1 (10)
Cellulitis: T (10)

ADRs n (%):

UTI: 6 (15)

Diabetic foot ulcers: 2 (5)

Mild hypoglycemia: 2 (5)

Hospitalization for diabetic ketoacidosis and concurrent UTI: 1 (3%)
AKI: 2 (5)

Intervention discontinuation: 17 (43 %)

ADRs n (%):
Dizziness: 1 (5)
UTI exacerbation and polyuria: 1 (5)

ADRs n (%):

Exacerbation of urinary symptoms: 1 (4)
Dizziness: 1 (4)

AKI (leading to cessation): 1 (4)

No genitourinary infections.

368 | Pharmaceutical Sciences. 2025;31(4)



Khiali et al

Table 2. Continued.

Study Efficacy outcomes Safety outcomes

Significant effects among diabetic patients: intervention vs. comparison mean (SD); P-value

HOMA-IR: 4.81 (0.66) vs. 5.61 (0.49); P<0.01

Significant effects among intervention group: baseline vs. 12 months after mean (SD); P-value
Marfella et al* HbATc (%):6.54 (0.67) vs. 5.91 (0.98); P=0.011 NR

HOMA-IR: 4.47 (0.37) vs. 4.81 (0.66); P=0.038

Cholesterol (mg/dL): 176.1 (18.3) vs. 159.7 (33.7); P=0.025

Triglycerides (mg/dL): 190.9 (27.8) vs. 162.1 (20.3); P=0.004

ADRs n (%):

Significant effects: baseline vs. after treatment P-value Myocardial infarction: 2 (2)

Mahmoud et al*  HbATc (%) reduction: P<0.0001 gsferé:z:/l;;:;IL:L)CCidemS' 10
= C :
BMI (kg/m?) reduction: P=0.0089 UTE 15 (15)

Genital infection: 1 (1)

v-GTR, y-Glutamyl Transpeptidase; ADR, Adverse Drug Reaction; AKI, Acute Kidney Injury; ALT, Alanine Aminotransferase; BMI, Body Mass Index; DBP, Diastolic Blood Pressure; DCGF, Death-Censored Graft Failure; eGFR, estimated Glomerular
Filtration Rate; FPG, Fasting Plasma Glucose; HbA1c, Hemoglobin ATc; HDL, High-Density Lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; IQR, interquartile range; IRS-1, Insulin receptor substrate 1; IRS-2, Insulin
receptor substrate 2; LDL, Low-Density Lipoprotein; MACE, Major Adverse Cardiac Events; MAKE, Major Adverse Kidney Events; NR, Not Reported; OGTT, Oral Glucose Tolerance Test; PPAR-y, peroxisome proliferator-activated receptor gamma;
SBP, Systolic Blood Pressure; SD, Standard Deviation; SGLT-2, Sodium-Glucose Transporter 2; TG, Triglyceride; UACR, Urinary Albumin-to-Creatinine Ratio; UTI, Urinary Tract Infection; VAT, Visceral Adipose Tissue

* Data regarding the significance of the results were not reported in this study.
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hour diastolic blood pressure (DBP), and estimated
glomerular filtration rate (eGFR). Notably, magnesium
levels were significantly higher in the intervention group
compared to placebo (P<0.01).

Schwaiger et al, in a non-inferiority pilot study,
included 14 patients with NODAT who were on insulin
therapy (less than 40 IU per day), with eGFR>30 mL/
min per 1.73 m? during at least six months post-
transplantation, aiming at replacing their insulin therapy
to 10 mg empagliflozin per day. According to their
results, empagliflozin could significantly decrease body
weight (P=0.02), BMI (P=0.0), fluid volume overload
(P=0.006), waist circumference (P=0.007), uric acid
(P=0.04), and DBP (P=0.02) OGTT-derived 2-hour
glucose measurement as the primary outcome showed
an increase from 232 +82 mg/dL (baseline) to 273+116
mg/dL (after 4 weeks, P=0.06) and to 251+71 mg/dL
(after 12 months, P=0.41). Similar to the Halden et al
study, administration of empagliflozin led to a significant
increase in magnesium levels (P<0.01).%

Efficacy data in interventional studies

Our meta-analysis revealed that empagliflozin 10 mg/d
could significantly decrease BMI (-2.564, 95% CI: -4.982
to -0.146, I’=0%, P=0.0377), weight (-0.800, 95% CI:
-0.878 to -0.722, 1*=0%, P<0.0001) and HbAlc (-0.447,
95% CI: 0.085 to 0.810; I*=0%, P=0.0155); whereas uric
acid did not reduce significantly (-26.655, 95% CI: -77.310
t024.001;1>=97.54%, P=0.3024). The detailed results and
corresponding forest plots are shown in Figure 4A-4D.

Safety data in interventional studies

In Halden et al RCT, one patient in the empagliflozin group
was withdrawn from the study due to urosepsis.?? There
was no significant difference between the study groups
regarding the reported total adverse events (P=0.68). No
case of rejection episode was reported. In addition, eGFR
was significantly reduced in the empagliflozin group after
eight weeks (-4 [-7, -1] mL/min/1.73 m?vs. -1 [-2, 2] mL/
min/1.73 m% P<0.05); however, no difference in change in
eGFR between the study groups was observed (P=0.61),
reflecting a temporary decline in eGFR.

In Schwaiger et al interventional non-inferiority pilot
study, empagliflozin administration led to a significant
decrease in eGFR (55.6 £20.3 at the baseline vs. 47.5+ 15.1
mL/min per 1.73 m*at the fourth week; P=0.008).” From
baseline to week four, three cases of bacterial UTI, one
uncomplicated balanitis, and one hospitalization due
to pneumonia were observed. No case of ketoacidosis
occurred. During the follow-up of 12 months, bacterial
UTT occurred in five empagliflozin-treated patients, and
in nine out of 24 patients from the untreated reference
group (P=0.81).

Observational studies
A total of 12 observational studies involving 7,463

participants were included to evaluate the potential effects
of SGLT-2 inhibitors in kidney transplant patients.”**3
In a multi-center retrospective study by Lim et al, among
2,083 kidney transplant patients with type 2 DM, 226 were
prescribed SGLT-2 inhibitors for at least 90 days.”® Over
a mean follow-up duration of 62.9+42.2 months, the
administration of SGLT-2 inhibitors significantly reduced
all-cause mortality (log-rank P=0.005), Death-Censored
Graft Failure (DCGF) (log-rank P=0.005), and SrCr
doubling (log-rank P=0.009).

Sheu et al utilized the TriNetX database to assess the
impact of SGLT-2 inhibitors on all-cause mortality,
major adverse cardiac events (MACE), and major
adverse kidney events (MAKE).*' After propensity score
matching of 1970 SGLT-2 inhibitor users with non-users,
the results revealed that the use of SGLT-2 inhibitors can
significantly decrease all-cause mortality (adjusted hazard
ratio [aHR]=0.32), MACE (aHR=0.48), and MAKE
(aHR=0.52) over a median follow-up of 3.4 years.”!

Cohen et al conducted a retrospective analysis involving
240 kidney transplant patients with DM using SGLT2
inhibitors and 240 non-users.” The study found that
SGLT?2 inhibitor users had a lower incidence of composite
renal outcomes (8.9 vs. 13.3 events per 100 patient-years).
However, after adjusting for independent predictors,
the risk was similar (HR=0.99, 95% CI: 0.65-1.52,
P=0.970), and there was no significant difference in all-
cause mortality (HR=0.66, 95% CI: 0.38-1.14, P=0.135).
Importantly, HbAlc levels decreased significantly from
7.7% to 7.2% after one year of SGLT2 treatment (P =0.003)
and remained stable over the following two years.

Based on the Quilis et al study on 22 non-diabetic
patients, the use of SGLT-2 inhibitors led to a significant
decrease in proteinuria (1.68 to 1.06 g/g, P=0.025), uric
acid (7.2 to 6.6 mg/dL, P .013), high-density lipoprotein
(HDL) (58.5 to 48 mg/dL, P=0.027), and eGFR (31 to 28.5
mL/min, P=0.001) with no cardiovascular adverse events
or death.”

In Maigret et al's prospective multicenter real-life study,
SGLT-2 inhibitors were associated with a significant
improvement in proteinuria, blood pressure (BP), and
eGFR in diabetic and non-diabetic kidney transplant
patients (all P<0.01).®® In Demir et al retrospective
observational study of 57 patients with diabetes and
kidney transplants, the use of an SGLT-2 inhibitor resulted
in a significant improvement in proteinuria (P=0.008).
Interestingly, the eGFR initially declined from a baseline
of 71.94+18.17 ml/min/1.73 m® to 68.36+19.98 ml/
min/1.73 m* by the third-month post-transplant. However,
by 12 months post-transplant, the eGFR increased to
72.96 +16.62 ml/min/1.73 m? in patients who received the
SGLT-2 inhibitor.’

The remaining studies were mainly focused on
metabolic outcomes. Song et al performed a single-center
retrospective analysis of 50 kidney transplant patients
with pre-existing type 2 diabetes mellitus (T2DM) or
NODAT and an eGFR of 30 mL/min or greater.’? This
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Figure 4. Generated Forest plots for the meta-analysis. A) Forest plots for changes in body mass index B) Forest plots for changes in weight C) Forest plots for

changes in hemoglobin Alc D) Forest plots for changes in uric acid

study indicated that SGLT-2 inhibitors could lead to an
average weight loss of 2.95 kg (SD=3.54; P<0.0001; CI:
3.53 to 1.50) and ameliorate hypomagnesemia by 0.13
(SD=1.73; P=0.0004; CI: 0.06 to 0.20).

Hisadome et al conducted a retrospective observational
study using inverse probability of treatment weighting
to compare the effects of SGLT-2 inhibitors on changes
in HbAlc, body weight, and eGFR after kidney

transplantation with other hypoglycemic agents in 85
T2DM patients.”® The analysis revealed no significant
differences between the groups in terms of changes in
HbAlc; however, body weight significantly decreased
in the SGLT-2 inhibitor group compared to the control
group (—0.7 kg vs. + 1.6 kg; P=0.040).

In a prospective observational study by Mahling et al, 10
patients with NODAT or T2DM and eGFR greater than
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45 mL/min/1.73 m* were assessed.”’ The study showed
that empagliflozin could reduce the median HbAlc
from 7.3% to 7.1%.

In AlKindi et al study of 8 patients, the administration
of SGLT-2 inhibitors led to a significant improvement in
HbA1lcand BMI(P<0.05).>*In Fructuoso et al multi-center
retrospective cohort study, over a six-month study period,
the administration of SGLT-2 inhibitors led to significant
improvements in weight, SBP, DBP, hemoglobin, fasting
glycemia, HbAlc, and serum magnesium levels (all P
values<0.001).%°

Safety data in observational studies

Two studies were conducted to investigate the safety
profile of SGLT-2 inhibitors in kidney transplant patients.
In a multi-center retrospective study by Fructuoso et
al, the safety of SGLT-2 inhibitors was evaluated in 339
kidney transplant patients with pre-existing T2DM or
NODAT as the primary outcome.® The results revealed
that adverse effects were reported in 26% of patients, with
UTIs being the most common (14%). In 10% of cases,
SGLT-2 inhibitors were discontinued primarily due to
UTIs. Risk factors for developing a UTI included a prior
episode of UTI within the six months preceding SGLT-2
inhibitor use (odds ratio [OR]=7.90; CI: 3.63-to 17.21)
and female sex (OR=2.46; CI: 1.19 to 5.03). A post hoc
subgroup analysis indicated that the incidence of UTIs was
similar in diabetic kidney transplant recipients (DKTRs)
treated with SGLT-2 inhibitors for 12 months compared to
non-DKTRs (17.9% versus 16.7%). It has been also shown
that SGLT-2 inhibitors could significantly improve eGFR
over six months.

In Gill et al study on 42 patients with a mean eGFR
of 71 mL/min/1.73 m? the administration of SGLT-2
inhibitors resulted in a sustained increase in hematocrit
three months after the treatment.* Hematocrit levels of
50% or higher were observed in 10% of the patients, and
one patient experienced a thrombotic event, which could
not be conclusively linked to the increase in hematocrit.

In remaining observational studies, the safety of SGLT-2
inhibitors in kidney transplant patients was also reported.
In the Lim et al study, adverse events were compared
between the SGLT-2 inhibitor and non-SGLT-2 inhibitor
groups.” Notably, 15.6% of patients on SGLT-2 inhibitors
experienced an acute dip of over 10% in eGFR during
the first month. The earlier use of SGLT-2 inhibitor after
kidney transplantation and higher mean tacrolimus
trough level were independent risk factors for eGFR dip
(time from kidney transplantation to SGLT-2 inhibitors
usage: adjusted OR=0.97, 95% CI: 0.95 to 0.99, P=0.024;
mean tacrolimus trough level: adjusted OR=1.86, 95% CI:
1.11 to 3.11, P=0.019).

In Song et al study, no cases of diabetic ketoacidosis,
amputations, or AKI were reported during the six-
month follow-up period.*> UTIs occurred in 14% of the
patients, which was comparable to the rate in the high-
risk population. Therapy discontinuation occurred in

nine patients due to UTIs (n=5), genital yeast infection
(n=1), native disease recurrence (n=1), NODAT (n=1),
and physician preference (n=1).

In the Hisadome et al study, there was no significant
difference between SGLT-2 inhibitors and other
hypoglycemic agents regarding eGFR, acute rejection,
and other safety outcomes such as the incidence of UTIs
(P=0.106).” One case of biopsy-proven acute rejection in
each group was observed (P=0.329). In the Demir et al
study, there was no significant difference between SGLT-2
inhibitor and no SGLT-2 inhibitor groups regarding the
incidence of UTI and UTI-related hospitalization, eGFR,
HgbAlc levels, and weight during the study follow-up
period of 12-month.’

In Mahling et al study, the rates of UTIs and other side
effects were found to be low.” Two cases of UTI (annual
incidence of 0.32/patient/year) and one AKI stage I (0.16/
patient/year) were observed among 10 empagliflozin-
treated patients. The median eGFR at baseline was 57
mL/min/1.73 m? which remained stable throughout the
12-month follow-up period (5.3 to 12.0 months). No case
of urosepsis nor ketoacidosis was observed.

In Maigret et al study, the incidence of UTIs (6.6%)
and genital mycosis (0.6%) were found to be low with no
serious adverse event.” SGLT-2 inhibitor discontinuation
occurred in 15.6% of patients which was due to graft
dysfunction, recurrent infections, UTI, and digestive
symptoms. Notably, low eGFR, especially those with
eGFR <30 mL/min per 1.73 m? seems to be a risk factor
for the incidence of SGLT-2 inhibitors’ discontinuation
(P=0.003).

It is worth mentioning that in Sheu et al study, initiation
of SGLT-2 inhibitors within three months of kidney
transplant did not lead to a significant increase in any
genitourinary infection, including UTI and candidiasis,
(aHR=1.03, 95% CI: 0.32 to 0.63) and AKI (aHR=0.95,
95% CI: 0.85 to 1.07).”' Notably, in the Cohen et al study,
the risk of UTI hospitalization was significantly lower
in the SGLT2 inhibitor group (5.7 vs. 10.5 events/100
patient-years, HR=0.55, 95 % CI: 0.34-0.89, P=0.016).
Notably, other safety outcomes were similar between the
groups, reinforcing the potential of SGLT?2 inhibitors as a
safer treatment option.*

Case series

The potential effects of SGLT-2 inhibitors in kidney
transplant patients have been evaluated in five case
series.” In a prospective study by Shah et al, 25 patients
with pre-existing T2DM (80%) or NODAT (20%)
and eGFR greater than 60 mL/min were treated with
canagliflozin at a dosage of 100 mg/d.”® This treatment
resulted in significant improvements in body weight
(from 78.6+12.1 kg before treatment to 76.2+10.9 kg
after treatment, P<0.05), mean SBP (from 142+21 mm
Hg to 134+ 17 mm Hg, P<0.05), and HbAlc levels (from
8.5+1.5% to 7.6+ 1%, P<0.05). There were no significant
adverse events; however, DBP, SrCr, creatinine clearance,
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and tacrolimus levels did not show significant changes
during the follow-up period of over six months.

In the study by Attallah et al, the effects of empagliflozin
25 mg/day were assessed in eight kidney transplant patients
with T2DM or NODAT.* The patients were followed for an
average of 12 months. Results indicated that empagliflozin
decreased body weight and HbA1lc within the first three
months, with these improvements sustained thereafter.
Additionally, the average urine protein excretion was
decreased by 0.6 g/day. However, one patient discontinued
the medication due to recurrent UTIs.

Miyazaki et al evaluated the effects of empagliflozin at
a dose of 10 mg/day in five non-diabetic renal transplant
recipients with CKD stage G3a-4 and metabolic
syndrome.”” Empagliflozin administration provided
benefits regarding metabolic parameters, such as weight,
waist circumference, HbAlc, and BP, in four out of the
five cases, with no adverse events reported.

In the study conducted by Gul et al, the administration
of empagliflozin at 10 mg/day in four patients with T2DM
or NODAT resulted in the loss of 2-3% of body weight in
all patients, without causing any deterioration in allograft
function or interfering with the pharmacokinetics of
immunosuppressant medications.** However, one case of
genital/urinary infection was reported.

Other solid transplants

Marfella et al performed a study on the pathogenesis
of experimental diabetic cardiomyopathy involving 70
heart transplant patients over a period of 12 months.”
The biopsy results revealed a progressive increase in the
cardiac expression of JunD/peroxisome proliferator-
activated receptor-y and ceramide levels, along with a
notable decrease in insulin receptor substrates 1 and 2
in diabetic heart transplant patients. Interestingly, these
molecular changes were less pronounced in patients with
diabetes who were receiving SGLT2 inhibitors.

The effects of empagliflozin in patients with heart
transplants who had NODAT or pre-existing T2DM were
assessed in a retrospective single-center observational
study. The results were reported in two separate studies,
Muir et al and Cehic et al, including the results for three
and 12 months of follow-up, respectively.***

In the Muir et al study, adding empagliflozin 10 mg
(52.6%) or 25 mg (47.4%) to the therapeutic regimen
resulted in significant improvements in body weight
(2.7+£5.1 kg decrease, P=0.05), BMI (reduced by 0.9+ 1.7
kg/m? P=0.04), SBP (decreased by 12+19 mm Hg,
P=0.03), and DBP (reduced by 7+ 11 mm Hg, P=0.03)."
However, there was no significant reduction in HbAlc
levels. One patient reported polyuria and exacerbation of
pre-existing lower urinary tract symptoms.

Accordingly, the study by Cehic et al, also indicated that
empagliflozin 10 mg (45.45%) and 25 mg (54.55%) is safe
for heart transplant recipients.” There were three adverse
events recorded in patients treated with empagliflozin
(n=20), leading to treatment discontinuation in one case.

Notably, there were no genitourinary tract infections
reported in the empagliflozin-treated group, while nine
urinary infections occurred in the non-empagliflozin
group (n=77), who were receiving other anti-diabetic
medications. Over 12 months, empagliflozin significantly
reduced body weight (baseline: 90.1 kg [82.3-101.9]
vs. month 12: 88.1 kg [76.2-96.6], P=0.003) and BMI
(baseline: 30.5 kg/m?* [26.7-32.7] vs. month 12: 29.2 kg/
m? [24.1-31.5], P=0.004), but no significant changes were
seen in HbA1c, SBP, DBP, urea, SrCr, or eGFR.

In a single-center, retrospective program evaluation
study conducted by Sweiss et al, 41 diabetic patients
were analyzed.* The participants included 26 liver
transplant recipients, 18 kidney transplant recipients, 4
lung transplant recipients, and 1 individual who received
a simultaneous liver-kidney transplant. The SGLT2
inhibitor administration led to a significant improvement
in HbAlc (P=0.0005), fasting blood glucose (P<0.001),
body weight (P=0.0003), and BMI (P=0.0017) during the
follow-up period of 12 months. No patient experienced
myocardial infarction, graft loss, or mortality during the
3 to 12-month period. There was one reported case each
of UTT and stroke.

Mahmoud et al conducted a retrospective single-center
observational study to evaluate the efficacy and safety
of canagliflozin (100-300 mg daily) in liver transplant
patients with NODAT or T2DM over a follow-up period
of 12 months.” The patients were at least three months
post-transplant and had a minimum eGFR of 25 mL/
min/1.73 m® The HbAlc level decreased by 0.4% in
the SGLT-2 inhibitor group (P<0.0001), while the
control group showed no significant changes (+0.05%;
P=0.2578). BMI reduction over the year was significant
in the SGLT-2 inhibitor group (P=0.0089) compared
to the control group. Moreover, a significant reduction
in albuminuria was observed in the SGLT-2 inhibitor
group (P<0.0001). No statistical differences were found
regarding SBP and DBP between the two groups. One
patient in the SGLT-2 inhibitor group developed a single
episode of candida vulvitis, which was resolved with
treatment after a temporary hold on the medication. In the
SGLT-2 inhibitor group, 15 patients experienced a total
of 34 episodes of UTIs, while 19 patients in the control
group experienced a total of 39 UTI episodes. There was
no significant difference in the median frequency of UTIs
per patient between the study groups (P=0.1325).

In a retrospective observational cohort study by
Rajasekeran et al, which included 10 patients with
simultaneous kidney-pancreas transplants or kidney
transplants, and T2DM or NODAT, administration of
canagliflozin resulted in overall but non-significant
improvements in HbAlc, weight, SBP, and SrCr along
with good safety profiles.*

Lembke et al conducted a retrospective descriptive study
using electronic medical records, which showed that
the administration of SGLT-2 inhibitors (dapagliflozin
[61%], canagliflozin [31%], or empagliflozin [8%]) led to

Pharmaceutical Sciences. 2025;31(4) | 373



Khiali et al

significant improvements in HbAlc at three (P=0.013)
and 12 months (P=0.016).* However, no clinically
significant effects on SrCr or eGFR were observed in
patients with type 2 DM or NODAT who underwent
kidney, simultaneous kidney-pancreas, or simultaneous
liver-kidney transplants.

Discussion

The present systematic review and meta-analysis provided
an update on currently available evidence regarding the
use of SGLT2 inhibitors in SOT recipients regardless of
diabetes status. According to our results, the studies to
date have been mostly conducted in kidney transplant
populations, followed by heart, liver, and multi-organ
transplantation.

The potential effects of SGLT-2 inhibitors in individuals
with SOT have been evaluated in the Lin et al review,
including 17 studies and emphasizing the need for
further well-designed research focusing on the effects
of SGLT-2 inhibitors on clinically significant outcomes,
such as mortality reduction.* These outcomes have been
addressed in additional studies that are included in our
systematic review and meta-analysis.

Inascoping review by Mreyoud et al involving 20 studies,
it was found that SGLT-2 inhibitors reduce HbAlc levels
and may contribute to weight loss in patients with SOT.*
However, they noted that cardiovascular and kidney
outcomes were not adequately assessed in the reviewed
studies. Our systematic review and meta-analysis revealed
statistically significant effects of SGLT-2 inhibitors on both
HbA1c and body weight. It is important to note that our
eligibility criteria differed from those of Mreyoud et al and
Lin et al; for instance, we excluded letters and case reports
from our study. In addition, the present study is the most
comprehensive systematic review of SGLT-2 inhibitors in
SOT to date, including the most recent studies that were
not included in the previous reviews.2*282%3133

Efficacy

The meta-analysis of two available interventional studies
revealed the short-term beneficial effects of SGLT-
2 inhibitors on weight, BMI, and HgAlc in kidney
transplantation patients. Our study also supported the
beneficial effects of SGLT-2 inhibitors on metabolic
outcomes in most eligible non-interventional studies in
the SOT population, which aligns with previous studies in
patients with T2DM, HF, or CKD.*#

SGLT2 inhibitors could lower BP through several
potential mechanisms, including weight loss, diuresis,
decreases in plasma volume, and inhibition of the
sympathetic nervous system.” A network meta-analysis
showed that SGLT2 inhibitors reduced SBP and DBP
by —-2.89 (95% CI: —3.37 to —2.40) mm Hg and -1.44
(95% CI: -1.68 to —1.2) mm Hg in adults with T2DM,
respectively.® Similar findings have been observed in
other populations, such as patients with cardiovascular
diseases.”>*® A systematic review and meta-analysis of 16

RCTs showed that SGLT2 inhibitors could significantly
reduce SBP by 1.68 mm Hg (P=0.001) in individuals with
HE’* Comparably, based on the findings of our study,
SGLT-2 inhibitors could potentially improve BP control.
In the past decade, several real-world studies and
RCTs have shown the mortality benefits of SGLT2
inhibitors in individuals with T2DM, HF, or CKD.
Based on the robust evidence from a meta-analysis of
13 trials including 90,413 individuals, SGLT2 inhibitors
significantly reduced cardiovascular death by 16% in
HE 15% in T2DM, and 12% in CKD.*® Based on our
systematic review, the mortality benefits of SGLT-2
inhibitors in individuals with kidney transplantation
have been observed in two observational studies. One
multi-center retrospective cohort study including 2083
individuals with kidney transplants showed that SGLT2
inhibitors could improve all-cause mortality, DCGE, and
serum creatinine.” Another observational study showed
that SGLT-2 inhibitors could significantly lower all-cause
mortality, MACE, and MAKE.*" In the retrospective study
by Cohen et al, there was no significant difference in all-
cause mortality between the SGLT-2 inhibitor and the
control group (HR=0.66, 95% CI: 0.38-1.14, P=0.135).%

Safety

SOT recipients are more vulnerable to infection-related
mortality. It has been shown that infections account for
13% to 16% of the deaths in kidney and heart transplant
recipients and up to 21% in lung transplant recipients.*
It is well known that immunosuppressive treatment
used commonly in individuals with SOT is related to a
high infection risk and the glycosuria induced by SGLT2
inhibitors may promote bacterial and fungal growth.*”*

UTIs occurred in the majority of the studied population,
in which the rate of UTI was comparable with the high-
risk population. It is worth mentioning that in the Sheu
et al study with a large sample size and long follow-
up duration, initiation of SGLT-2 inhibitors within 3
months of kidney transplant did not lead to a significant
increase in any genitourinary infections.”’ Interestingly,
it has been shown that SGLT-2 inhibitors could even
decrease UTI hospitalization in individuals with kidney
transplantation.” However, due to the complications of
UTI such as impaired graft function, graft loss, and death
in SOT patients, SGLT-2 inhibitors should be used with
caution in this population.

Based on the literature, individuals with SOT are
predisposed to kidney damage due to their clinical
conditions and the use of nephrotoxic medications.”
Besides, SGLT2 inhibitors can potentially predispose
individuals to AKI by causing volume depletion, which
is attributed to their natriuretic properties and influence
on tubuloglomerular feedback.*” It is worth mentioning
that some medications can be continued even if there
is a decrease in the eGFR, and certain medications may
be resumed while AKI is still ongoing. This situation
underscores the necessity of having a thorough
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understanding of drug-induced kidney damage.®
Research has shown that SGLT2 inhibitors may initially
cause a decrease in eGFR, which typically stabilizes after
a few weeks. This temporary decline in eGFR, observed
after starting SGLT2 inhibitors, reflects the therapeutic
hemodynamic mechanism of these medications as they
reduce intraglomerular pressure and hyperfiltration,
which is labeled as “permissive AKI” or “permissive
hypercreatinemia”®" ¢ Similar findings were observed in
our study for individuals with SOT. Importantly, this early
decrease does not negate their long-term protective effects
on kidney function. In line with this, the beneficial effects
of SGLT-2 inhibitors on MAKE and proteinuria have been
observed in the kidney transplant population.?s**!

Calcineurin inhibitors carry a significant risk of
toxicity to the kidneys, which can lead to a heightened
chance of advancing renal insufficiency in patients
with SOT.® Notably, in kidney transplant patients,
calcineurin inhibitors have shown to downregulate the
TRPM6 magnesium channel in the distal collecting
tubule, resulting in hypomagnesemia that accelerates the
decline of allograft function and further exacerbation of
DM, CKD, hypertension, cardiovascular risks, and post-
transplant osteoporosis.®* So, elevated magnesium levels
after using SGLT-2 inhibitors may reduce adverse events
related to calcineurin inhibitors.

SGLT-2 inhibitors can have beneficial effects in
managing drug-induced nephrotoxicity. Based on Botros
et al study on rats, empagliflozin could protect against
gentamycin-induced nephrotoxicity by decreasing
gentamicin concentration in renal tissue and its
antioxidant and antiapoptotic properties. Moreover,
the daily dose of 20 mg/kg empagliflozin may lead to
renal tubular regeneration.”” Similar findings have been
observed in the clinical studies. A recent meta-analysis
of 12 studies found that SGLT-2 inhibitors significantly
reduced contrast-induced nephrotoxicity (P<0.0001)
and mortality (P=0.0039).%® Given these findings, the
potential benefits of SGLT-2 inhibitors in the context of
nephrotoxicity caused by calcineurin inhibitors warrant
further investigation in future studies.

Limitations

The findings of this systematic review and meta-
analysis should be interpreted with caution due to
the following limitations: First, despite the suggested
mechanisms of action, clinical data is insufficient to
draw clear conclusions regarding the efficacy and safety
of SGLT2 inhibitors in patients with SOT. Second, there
was significant heterogeneity between included studies
regarding the design, setting, sample size, population,
duration of diabetes, time to SGLT?2 inhibitor initiation
post-transplantation, type, daily dose, and treatment
duration of SGLT-2 inhibitors, and outcomes. Most studies
have focused on patients who have undergone kidney
organ transplantation, which limits the applicability of
clinical judgment to other types of SOTs. Additionally,

it’s important not to overlook the presence of multiple
confounding factors, such as the lack of a control group
in some studies, underlying health conditions, and
concurrent medications. For example, many studies did
not take into account potential confounders like diabetes
and the specific types of immunosuppressive medications
used. Moreover, non-interventional studies were not
included in the meta-analysis due to their heterogeneity.
Finally, due to the differences in study designs of
interventional studies, data from their control groups
were omitted from the meta-analysis.

Conclusion

The observational studies have shown the significant
benefits of SGLT-2 inhibitors on clinical outcomes,
including mortality, in kidney transplant patients.
However, the field urgently needs well-designed RCTs to
reinforce these findings. The majority of eligible studies
clearly have established the beneficial effects of SGLT-2
inhibitors on metabolic outcomes in patients with SOT.
Despite their generally acceptable safety profile in kidney
transplant recipients, these medications must be used with
caution, applying close monitoring and patient education,
particularly in high-risk patients (e.g. previous episode of
UTTI or female sex). Additional well-designed studies with
large sample sizes and longer follow-up periods are needed
to evaluate the efficacy and safety of SGLT-2 inhibitors in
individuals with kidney transplants and other SOT.
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