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ABSTRACT

Background. Sodium–glucose cotransporter-2 inhibitors (SGLT2is) have cardioprotective and renoprotective effects.
However, experience with SGLT2is in diabetic kidney transplant recipients (DKTRs) is limited.
Methods. This observational multicentre study was designed to examine the efficacy and safety of SGLT2is in DKTRs.
The primary outcome was adverse effects within 6 months of SGLT2i treatment.
Results. Among 339 treated DKTRs, adverse effects were recorded in 26%, the most frequent (14%) being urinary tract
infection (UTI). In 10%, SGLT2is were suspended mostly because of UTI. Risk factors for developing a UTI were a prior
episode of UTI in the 6 months leading up to SGLT2i use {odds ratio [OR] 7.90 [confidence interval (CI) 3.63–17.21]} and
female sex [OR 2.46 (CI 1.19–5.03)]. In a post hoc subgroup analysis, the incidence of UTI emerged as similar in DKTRs
treated with SGLT2i for 12 months versus non-DKTRs (17.9% versus 16.7%). Between baseline and 6 months, significant
reductions were observed in body weight [−2.22 kg (95% CI −2.79 to −1.65)], blood pressure, fasting glycaemia,
haemoglobin A1c [−0.36% (95% CI −0.51 to −0.21)], serum uric acid [−0.44 mg/dl (95% CI −0.60 to −0.28)] and urinary
protein:creatinine ratio, while serum magnesium [+0.15 mg/dl (95% CI 0.11–0.18)] and haemoglobin levels rose
[+0.44 g/dl (95% CI 0.28–0.58]. These outcomes persisted in participants followed over 12 months of treatment.
Conclusions. SGLT2is in kidney transplant offer benefits in terms of controlling glycaemia, weight, blood pressure,
anaemia, proteinuria and serum uric acid and magnesium. UTI was the most frequent adverse effect. According to our
findings, these agents should be prescribed with caution in female DKTRs and those with a history of UTI.

LAY SUMMARY

Experience with sodium–glucose cotransporter-2 inhibitor (SGLT2i) treatment in diabetic kidney transplant recipients
(DKTRs) is limited, as these agents may increase the risk of kidney graft dysfunction and urinary tract infection (UTI).
Recently, however, these drugs have shown clear nephroprotective and cardioprotective effects in non-transplanted
individuals with diabetes. The objective of this multicentre study was to describe our experience with SGLT2i
treatment in DKTRs.
Treatment was effective in controlling glycemia and had the additional benefits of improving weight, blood pressure,
anaemia, proteinuria and serum levels of magnesium and uric acid. However, the frequency of UTI was greater than
that reported for non-transplanted diabetic individuals. Previous UTIs and female sex were identified as risk factors
for developing a UTI.
The findings of this study suggest that as with non-transplanted diabetics, DKTRs will benefit from SGLT2i treatment,
although female patients and those with a history of UTI need to be closely monitored.
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INTRODUCTION

Diabetes mellitus (DM) is an important cause of end-stage renal
disease worldwide [1], and this has led to a steady increase in di-
abetic individuals among kidney transplant recipients (KTRs) [2].
According to the latest data from the US transplant registry, al-
most 47% of patients on the kidney transplant waiting list have
diabetes and the trend was for this proportion to increase [3].
Further, 15–30% of KTRs without diabetes develop persistent hy-
perglycaemia following transplant, known as post-transplant di-
abetes mellitus (PTDM) [4–6]. This situation gives rise to a high
prevalence of individuals with both a kidney transplant and
pre-existing diabetes or PTDM.

In KTRs, diabetes has been associated with a 2- to 4-fold
increased risk of cardiac events, as well as infectious complica-
tions and lower patient survival [2, 4, 7, 8]. Good diabetes man-
agement is therefore essential to prevent poor outcomes.

Evidence concerning the efficacy and safety of glucose-
lowering agents in KTRs is limited. At a consensus meeting held
in Vienna in September 2013 [5], it was agreed that the data
available were inadequate to recommend a hierarchy of anti-
glycaemic agents in this setting. More recently, a systematic
review of the available evidence [6] was also unable to draw
any valid conclusions regarding specific recommendations for
glucose-lowering therapy in these patients.Overmany years, the
only therapeutic strategy available to transplant nephrologists
for the management of proteinuric diabetic renal disease has
been renin–angiotensin–aldosterone system blockade. However,

in the last few years, sodium–glucose cotransporter-2 inhibitors
(SGLT2is) have shown a clear kidney protective effect in terms of
delaying diabetic kidney disease progression and reducing albu-
minuria in non-transplanted patients [9, 10]. A cardioprotective
effect has also been described for these drugs [9–15]. However,
KTRs were excluded from these trials.

Experience with SGLT2i treatment in KTRs with diabetes is
limited. This is likely because treatment in non-transplanted
diabetic patients has been linked to an increased risk of renal
dysfunction and urinary tract infection (UTI) [6, 16]. However,
the information on this issue is still scarce and reports exist
of only one small clinical trial [17], a few case series [18–20],
three prospective descriptive studies [21–23] and three retro-
spective studies [24–26]. The results of these investigations sug-
gest that SGLT2i treatment is effective at lowering haemoglobin
A1c (HbA1c), reducing body weight and preserving kidney func-
tion without serious adverse events. However, such a small
number of reported cases means there is insufficient statistical
power to draw valid conclusions on which to base recommen-
dations.

According to the information available, there are only three
clinical trials under way investigating the use of SGLTis in KTRs
[27–29] and estimated completion dates are mid-2024. In the
meantime, prospective studies could help explore the safety, tol-
erability and efficacy of SGLT2is in KTRs with diabetes. The aim
of the present study was to describe experience with the use of
these drugs in diabetic persons with a transplanted kidney.
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MATERIALS AND METHODS

This was a multicentre observational study conducted in KTRs
with pre-existing type 2 diabetes or PTDM at 18 participating
centres across Spain. Participants were recruited over the period
January 2021 to March 2022 inclusively.

Our main objective was to assess the incidence of UTI and/or
mycoses in diabetic KTRs in response to SGLT2i treatment. Data
were compiled regarding episodes of UTI experienced 6 months
before treatment onset and 6 months after treatment onset.
When available, UTI data for 1-year after treatment onset were
also considered.

Secondary outcomes were changes produced in the follow-
ing analytical data: haemoglobin level, estimated glomerular fil-
tration rate (eGFR) using the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation [30], urinary albumin:creatinine ratio
(UACR) and/or urinary protein:creatinine ratio (UPCR), glycaemia
(fasting plasma glucose, HbA1c) and lipid metabolism (serum
triglycerides, high-density lipoproteins and total cholesterol).

Standard demographic, clinical and laboratory data
(including medication details) and complications were com-
piled from medical records 6 months prior to the start of SGLT2i
treatment, at baseline and 6 months thereafter. When available,
12-month follow-up data were also considered. We also exam-
ined cardiovascular disease and microvascular complications,
hospitalizations and reasons for admission and mortality. More
information about the study protocol may be found in the
Supplementary Material.

The study protocol was approved by a central review board
(Ethics Committee of Hospital Clínico San Carlos, 16 Decem-
ber 2020). While SGLT2i treatment has not been specifically ap-
proved for use in KTRs with pre-existing type 2 DM or PTDM, in
our patients treatment was prescribed based on evidence from
clinical trials indicating that SGLT2is are cardio- and nephro-
protective. Criteria for treatment were based on the recom-
mendations of the American Diabetes Association [type 2 dia-
betes with poor glycaemic control (main reason HbA1c ≥7.5%
in 109 cases) and/or cardiovascular risk (main reason in 94
patients) and/or kidney risk factors (136 patients had an eGFR
<60 ml/min/1.73 m2 and/or UACR >300 mg/g and/or UPCR
>300 mg/g) [31]. Written informed consent and the criteria for
SGLT2i treatment fulfilled by participants were clearly detailed
in their clinical records. Effectively thiswas a prerequisite for en-
tering any patient information in the database created for this
study.

In a post hoc subanalysis, we compared the incidence of UTI
at the centre providing the most participants (n = 84) with that
recorded in a reference group of non-diabetic KTRs from the out-
patient clinic seen over the same time period.Reference patients
were matched 1 to 1 with the study population, using age, sex,
number of grafts and time post-transplant and kidney function
(eGFR) as matching criteria.

Statistical analysis

Categorical variables are provided as absolute and relative fre-
quencies. Depending on their distribution, continuous variables
are described as the mean and standard deviation (SD) or
median and interquartile range (IQR).

To compare continuous variables,we used parametric (paired
Student’s t-test and repeatedmeasures analysis of variancewith
Bonferroni post hoc analysis) and non-parametric (Wilcoxon or
Friedman) tests. Median differences were calculated using the
Hodges–Lehmann estimator. For categorical variables, signifi-

cant differences were assessed using theMcNemar test for com-
parisons between visits or chi-squared test between patient sub-
sets. To compare absolute differences inmeans and percentages
at 6 months versus baseline, a repeated measures general lin-
ear model was constructed, providing means and percentages
along with their differences adjusted for sex and age and their
95% confidence intervals (CIs). Asymmetric variables were nor-
malized through their log transformation. Significance was set
at P < .05.

To identify factors possibly associated with UTI, we con-
ducted a univariate analysis including the variables sex, age,
type of diabetes, time post-transplant, SGLT2i and UTI previ-
ous to SGLT2i treatment onset. A logistic regression model was
constructed adjusted by backward stepwise regression based
on maximum likelihood estimators including variables with a
P-value <.15 in the univariate analysis. Odds ratios (ORs) and
their significance were calculated for each variable according to
criteria for entry (P < .05) and removal (P > .10).

All statistical tests were performed on an intention-to-treat
basis using SPSS version 25 (IBM, Armonk, NY, USA).

Sample size calculation

Sample size was calculated according to a reported expected in-
cidence of UTI and/or mycoses of 13.4% per year in diabetic non-
transplanted patients [9]. For a 95% CI and accuracy of 95%, this
yielded a figure of 179 patients. Considering a 10% increase to ac-
count for losses to follow-up, this gave a minimum sample size
of 206 patients. To avoid bias in patient selection, each centre
was required to provide data pertaining to every KTR receiving
SGLT2i treatment and giving their informed consent during the
study period.

RESULTS

The baseline characteristics of the 339 patients finally included
are provided in Table 1. This table shows that 134 (39.5%) partici-
pants had been diagnosedwith type 2 diabetes before transplant
and the rest had developed PTDM.

Patient flow is described in Fig. 1. The most frequently used
SGLT2i was empagliflozin [n = 193 (56.9%)], followed by da-
pagliflozin [n = 81 (23.9%)] and canagliflozin [n = 64 (18.9%)].

Adverse effects and safety

During the 6 months leading up to the onset of SGLT2i treat-
ment, 46 patients (13.6%) had one or more UTI episodes. In the
following 6 months, 35 (10.3%) patients developed a UTI, which
was more frequently observed in those who had had an episode
in the 6 months prior to treatment (35.6 versus 6.5%; P < .001).
Also, UTI was more prevalent in women [18.5% versus 8.5% in
men; P = .015]. No differences were detected in the rates of par-
ticipants developing a UTI when these were stratified by SGLT2i
received (canagliflozin group 8.1%, empagliflozin group 13.0%,
dapagliflozin group 9.1%; P = .463). Neither were differences in
UTI observed by age, time post-transplant or diabetes type. Our
multivariate regression analysis adjusted for age and time post-
transplant revealed that patients experiencing a UTI 6 months
before initiating SGLT2i treatment [OR 7.90 (CI 3.63–17.21)] and
women [OR 2.46 (CI 1.19–5.03)] had a greater risk of developing
a UTI within 6 months of this treatment. In patients followed
for 1 year, 13 more UTI episodes were seen. In the UTI subanal-
ysis, incidences at 12 months were similar in DKTRs treated
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Table 1: Patient characteristics (N = 339).

Variable Values

KTR age (years), mean (SD) 61.6 (9.9)
Male, n (%) 250 (73.7)
Time after transplantation (months), median (IQR) 72.3 (27.3–141.8)
Pre-KT type 2 DM, n (%) 134 (39.5)
Pre-KT type 2 DM duration (years), median (IQR) 16.9 (12.2–23.0)
PTDM, n (%) 205 (60.5)
PTDM duration (months), median (IQR) 47.5 (17.1–104.5)
Pre-KT coronary disease, n (%) 62 (18.3)
Pre-KT stroke, n (%) 21 (6.2)
Pre-KT peripheral vascular disease, n (%) 34 (10)
Immunosuppression, n (%)
Tacrolimus 298 (87.9)
Cyclosporine 10 (2.9)
Mycophenolic acid 270 (79.6)
Everolimus 31 (9.1)
Sirolimus 32 (9.4)
Prednisone 194 (57.2)

Antidiabetic agents, n (%)
Long-acting insulin 172 (50.7)
Short-acting insulin 94 (26.8)
Metformin 112 (33.0)
DPP-4i 124 (36.6)
GLP-1 RA 44 (13.0)
Others 42 (12.4)

SGLT2i, n (%)
Canaglifozin 64 (18.9)
Empaglifozin 193 (56,9)
Dapaglifozin 81 (23.9)
Ertuglifozin 1 (0.3)

DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like peptide 1 recep-
tor agonist.

with SGLT2i and the reference group of non-DKTRs (17.9% versus
16.7%).

Throughout follow-up extending to up to 1 year, adverse ef-
fects were recorded in 88 (26%) patients: UTI was the most fre-
quent [n = 48 (14%)], followed by polyuria [N = 16 (4.7%)], acute
kidney injury [AKI; n = 6 (1.8%)], genital mycosis [n = 5 (1.5%)],
hypoglycaemia [n = 4 (1.2%)], diarrhoea [n = 2 (0.6%)], weight loss
[n = 2 (0.6%)] and other [n = 4 (1.2%)]. AKI was more frequent in
patients with a baseline eGFR <40 ml/min/1.73 m2 (6.2%) versus
≥40 ml/min/1.73 m2 (0.7%; P = .003). No case was reported of
ketoacidosis or bone fracture.

The drug had to be suspended in 40 patients (11.8%): defini-
tively in 34 and temporarily in 6. Reasons for definitive SGLT2i
suspension were UTI [n = 10 (3%)], AKI [n = 5 (1.5%)], genital my-
cosis [n = 3 (0.9%)], diarrhoea [n = 2 (0.6%)], weight loss [n = 2
(0.6%)] and other [n = 12 (3.5%)].

During follow-up, 46 patients were admitted to hospital be-
cause of 55 events. In order of frequency these were 28 episodes
of infection (11 UTIs and 8 respiratory infections), 10 episodes
of cardiovascular complications, 5 episodes affecting the gut, 2
episodes of AKI and 10 other episodes. No patient suffered acute
rejection.

Three cases of kidney graft loss were recorded, one related
to SGLT2i treatment (in a patient with recurrent urinary can-
didiasis who developed fungal pyelonephritis). Over the year of
follow-up, six patients died of causes unrelated to SGLT2i, as
judged by the investigator (three due to severe acute respiratory
syndrome coronavirus 2, one brain haemorrhage, one acute my-
ocardial infarction and one lung cancer).

Results at 6 months

As shown in Table 2, significant reductions were observed
in body weight, blood pressure, fasting glucose and HbA1c
levels, along with significant increases in serum magnesium
and haemoglobin levels. We also detected a significant im-
provement in blood uric acid levels, which fell from 6.27 mg/dl
(SD 1.48) to 5.85 mg/dl (SD 1.42). In patients with an eGFR
<60 ml/min/1.73 m2, a significant reduction was also seen [from
6.61 (SD 1.44) at baseline to 6.16 mg/dl (SD 1.46) at 6 months;
P < .001].

As an outcome of SGLT2i treatment, a significant increase
was observed in glycosuria and fractional excretion of sodium.

The eGFR also decreased significantly, albeit slightly, from
58.4 ml/min (SD 20.0) to 56.2. We also observed a significant yet
clinically non-meaningful decline in the UPCR, from amedian of
164 mg/g (IQR 82–430) to 160 (IQR 80–347). When patients were
stratified by a baseline UPCR lower or higher than 300 mg/g, we
noted that improvement occurred in subjects showing baseline
ratios ≥300 mg/g (Fig. 2) [from 760 mg/g (IQR 454–1594) to 534
(IQR 285–1092); P < .001]. Although only measured in 108 par-
ticipants, the UACR improved in these individuals, as shown in
Table 2.

When participants with pre-existing type 2 DM (Table 3)
and those with PTDM (Table 4) were analysed separately, no
differences were detected in terms of analytical variables or
the glucose-lowering, immunosuppressive or antihypertensive
medication received. Neither were differences observed be-
tween these groups of participants in the given SGLT2i taken
(Table 5).

Results at 12 months

Currently we have 12-month follow-up data for 225 patients
(Table 6). These data reveal maintained improvements with
respect to baseline levels in most of the variables examined
at 6 months, including blood pressure, haemoglobin, fasting
glycemia, HbA1c, serum uric acid and magnesium, UPCR (if
baseline ≥300 mg/g), UACR, fractional excretion of sodium and
glycosuria. No differences were observed between the 6- and
12-month follow-up visits in the variables examined except
body weight, which continued to decline (P = .001).

To assess adherence to SGLT2i treatment, we revised the
pharmacy fill database of the centre with the largest number of
participating patients. All medications were withdrawn. In two
individuals there were 7- and 10-day delays in collecting one of
the monthly supplies. This database pertaining to the Madrid
Community [Módulo Único de Prescripción (MUP)] provides pre-
scription details for all individuals living in this region.

DISCUSSION

The pathogenesis of diabetic nephropathy is multifactorial such
that different structural, physiological, haemodynamic and in-
flammatory alterations cause progressive kidney damage. In-
creased activity of the SGLT2 transporter plays a key role in trig-
geringmany of these pathophysiological abnormalities. Glucose
hyperreabsorption in the proximal tubule involves massive en-
ergy consumption, which drastically increases oxygen demand,
leading to ischaemia. In addition, this hyperreabsorption satu-
rates normal glucose oxidation pathways, prompting the use of
other pathways, the formation of advanced glycosylation prod-
ucts and the production of free oxygen radicals (reviewed in De-
Fronzo et al. [32]). Inhibition of SGLT2 reverses many of these
disturbances and can be a useful strategy to prevent this
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Figure 1: Flow of patients included in this study.

damage. In KTRs, this is especially important, as these individ-
uals have a reduced functioning renal mass and may also have
been subjected to other causes of damage such as ischaemia–
reperfusion injury, rejection, etc. Furthermore, a cardioprotec-
tive effect of SGLT2i has been described in type 2 diabetic pa-
tients [9–16].We should also mention that kidney transplant, re-
gardless of the presence or not of diabetes, is linked to a high rate
of cardiovascular mortality [8] because of conditions inherent
to the transplant itself (impaired renal function, viral infections,
etc.) and the consequences of immunosuppressive therapy.

To the best of our knowledge, this is the observational study
examining SGLT2i treatment in KTRs with the largest number
of participants. Our results show that the use of SGLT2i in dia-
betic KTRs is fairly safe. It is well known that immunosuppres-
sive treatment is related to a high infection risk and that the
glycosuria induced by SGLT2i may promote bacterial and fungal
growth. In our study, the rate of UTIwas≈14%, similar to that ob-
served in other studies in diabetic KTRs treated with these drugs
[17, 24], yet somewhat higher than the rates provided in the liter-
ature for non-transplanted individuals with diabetes [9, 10, 12].
We should also consider that UTI is a frequent complication in
KTRs [33], the prevalence of which varies considerably between
studies and locations, from 7% to 80% [34]. Further, having di-
abetes has been shown to increase the risk of UTI in KTRs [33].
We observed no significant difference in infection rates between
before and after initiating SGLT2i treatment.Neither did our sub-

analysis reveal a higher incidence of UTI in non-diabetic KTRs
versus treated diabetic KTRs. The identified risk factors for UTI
were having had a prior UTI before SGLT2i treatment and female
sex. We also recorded a 1.5% rate of genital mycotic infections,
similar to the figure reported by others [17]. Notwithstanding,
one woman with a history of genital mycotic infections lost her
kidney graft to fungal pyelonephritis. This points to a need to
carefully consider these drugs in female KTRs with a previous
history of UTI.

Because of their diuretic effects, SGLT2is may reduce in-
travascular volume status. In our patient cohort, treatment led
to AKI in 1.5% of participants, which prompted drug suspension.
While a mild significant reduction in eGFR was observed after
6 months of treatment, by 12 months the eGFR had stabilized.
This initial decline in eGFR followed by kidney function stabi-
lization has also been observed in clinical trials conducted in
non-transplanted diabetic subjects [9, 10, 17]. Further, it is well
known that kidney function declines gradually after transplan-
tation. In a large cohort of KTRs, GFR decreased by an average of
1.66ml/min/1.73m2/year [35].Aswe had no control arm,we can-
not attribute the decrease in eGFR observed to the use of SGLT2i,
as declining kidney function could be part of the natural course
of the transplant itself.

The reduction in proteinuria observed in response to therapy,
especially in patients with high baseline values likely reflecting
a more established diabetic nephropathy, is consistent with the
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Table 2: Pairwise comparisons between data recorded at baseline and at 6 months post-SGLT2i onset on an intention-to-treat basis.

Characteristics Baseline 6 months of SGLT2i
Baseline versus

6 months (95% CI) P-value

Body weight (kg), mean (95% CI) (n = 309) 81.5 (79.4–83.6) 79.3 (77.2–81.4) −2.22 (−2.79 to −1.65)a <.001d

SBP (mmHg), mean (95% CI) (n = 312) 137 (135–139) 132 (130–134) −4.63 (−6.73 to −2.52)a <.001d

DPB (mmHg), mean (95% CI) (n = 312) 75.8 (74.5–77.1) 73.6 (72.3–74.8) −2.24 (−3.49 to −1.00)a <.001d

Haemoglobin (g/dl), mean (95% CI) (n = 319) 13.3 (13.1–13.5) 13.8 (13.6–14.0) 0.44 (0.29–0.58)a <.001d

Fasting glycaemia (mg/dl), mean (95% CI) (n = 328) 148 (142–154) 133 (129–138) −14.5 (−20.0 to −9.0)a <.001d

HbA1c (%), mean (95% CI) (n = 294) 7.56 (7.41–7.71) 7.20 (7.05–7.35) −0.36 (−0.51 to −0.21)a <.001d

eGFR (ml/min/1.73 m2), mean (95% CI) (n = 327) 58.4 (56.2–60.6) 56.2 (54.0–58.5) −2.13 (−3.26 to −1.0)a <.001d

Total cholesterol (mg/dl), mean (95% CI) (n = 305) 164 (159–168) 159 (155–164) −4.19 (−8.26 to −0.133)a .043d

HDL cholesterol (mg/dl), mean (95% CI) (n = 268) 49.1 (47.2–51.0) 48.7 (46.7–50.8) −0.36 (−1.48–0.76)a .569d

Triglycerides (mg/dl), median (IQR) (n = 295) 182 (170–193) 186 (173–200) 4.26 (−5.30–13.81)a .860d

Serum uric acid (mg/dl), mean (95% CI) (n = 282) 6.18 (5.98–6.38) 5.74 (5.55–5.93) −0.44 (−0.60 to −0.28)a <.001d

Serum magnesium (mg/dl), mean (95% CI) (n = 208) 1.61 (1.57–1.66) 1.76 (1.72–1.80) 0.15 (0.18–0.11)a <.001d

UPC (mg/g), median (IQR) (n = 230) 164 (82–430) 160 (80–342) −26 (−47 to −10)b .006e

Baseline UPCR <300 mg/g, median (IQR) (n = 157) 100 (60–174) 110 (63–187) −5 (−5–18)b .226e

Baseline UPCR ≥300 mg/g, median (IQR) (n = 73) 760 (454–1594) 534 (285–1092) −248 (−392 to −161)b .001e

UACR (mg/g), median (IQR) (n = 108) 80 (19–210) 48 (10–171) −16 (−30 to −5)b .001e

Tacrolimus dose (mg/kg/day), mean (95% CI) (n = 285) 0.043 (0.039–0.047) 0.042 (0.038–0.046) −0.001 (−0.002–0.0004)a .222d

FENa (%), median (IQR) (n = 120) 1.19 (0.81–1.76) 1.44 (1.02–1.96) 0.20 (0.07–0.33)b .053e

Glycosuria (mg/dl), median (IQR) (n = 298) 0 (0–150) 1000 (500–1000) 560 (500–650)b <.001e

Tacrolimus (ng/ml), mean (95% CI) (n = 281) 7.01 (6.73–7.29) 6.86 (6.58–7.15) −0.15 (−0.44–0.15)a .340d

Mycophenolate (mg/day), mean (95% CI) (n = 257) 828 (788–869) 827 (787–866) −1.52 (−14.91–11.86)a .823d

Prednisone treatment, n (%) (n = 335) 59.9 (53.8–66.0) 59.8 (53.7–65.9) −0.1 (−2.4–2.2)c .935d

Prednisone dose (mg/day), mean (95% CI) (n = 177) 5.01 (4.61–5.42) 4.77 (4.50–5.03) −0.25 (−0.55–0.05)c .098d

Antidiabetic drugs, n (%)
Long-acting insulin (n = 334) 50.3 (44.1–56.5) 46.1 (39.9–52.3) −4.2 (−7.0 to −1.4)c .003d

Short-acting insulin (n = 330) 26.7 (21.1–32.2) 24.6 (19.2–30.1) −2.0 (−4.4–0.3)c .094d

Metformin (n = 333) 35.2 (29.5–41.0) 36.7 (30.8–42.5) 1.4 (−2.6–5.4)c .480d

DPP-4i (n = 332) 35.2 (29.2–41.2) 33.7 (27.8–39.6) −1.4 (−5.7–2.8)c .509d

GLP-1 RA (n = 332) 13.5 (9.3–17.6) 14.5 (10.2–18.8) 1.0 (−2.1–4.1)c .528d

Antihypertensives, mean (95% CI) (n = 327) 2.22 (2.04, 2.40) 2.11 (1.94, 2.29) −0.10 (−0.20 to −0.09) .033d

ACEIs, n (%) (n = 327) 20.3 (15.1–25.6) 21.1 (15.8–26.4) 0.8 (−1.6–3.2)c .539d

ARBs, n (%) (n = 327) 40.1 (33.9–46.2) 37.5 (31.3–43.6) −2.6 (−5.8–0.6)c .106d

MBRs, n (%) (n = 327) 9.7 (6.0–13.4) 10.6 (6.9–14.4) 0.9 (−1.1–3.0)c .370d

Diuretics, n (%) (n = 327) 26.4 (21.3–31.5) 20.7 (15.9–25.6) −5.7 (−9.1 to −2.3)c .017d

SBP, systolic blood pressure; DBP, diastolic blood pressure; FENa, fractional excretion of sodium; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like peptide

1 receptor agonist; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; MRBs, mineralocorticoid receptor blockers.
aDifference between means (95% CI) adjusted by age and sex.
bUnadjusted difference between medians (95% CI).
cDifference between percentages (95% CI) adjusted by age and sex.
dP-values were adjusted for sex and age (except eGFR).
eFor non-parametric data, P-values were calculated on log-transformed values and these were then adjusted by age and sex.

(A () B)

Figure 2: Median (IQR) UPCR recorded at baseline and 6 months post-SGLT2i treatment onset in patients (A) with a baseline UPCR <300 mg/g (n = 173) (P = .229) and
(B) those with a baseline UPCR ≥300 mg/g (n = 73) (P < .001).
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Table 3: Pairwise comparisons between data recorded at baseline and at 6 months post-SGLT2i onset on an intention-to-treat basis in indi-
viduals with pretransplant type 2 DM.

Characteristics Baseline 6 months of SGLT2i
Baseline versus

6 months (95% CI) P-value

Body weight (kg), mean (95% CI) (n = 121) 81.8 (78.1–85.6) 79.7 (75.9–83.4) −2.1 (−2.9 to −1.4)a <.001d

SBP (mmHg), mean (95% CI) (n = 124) 140 (137–144) 135 (131–138) −5.8 (−9.1 to −2.5)a .001d

DPB (mmHg), mean (95% CI) (n = 124) 75.0 (72.9–77.2) 72.5 (70.5–74.6) −2.5 (−4.7 to −0.3)a .027d

Haemoglobin (g/dl), mean (95% CI) (n = 123) 13.2 (12.8–13.6) 13.5 (13.1–13.9) 0.32 (0.07–0.59)a .013d

Fasting glycaemia (mg/dl), mean (95% CI) (n = 128) 159 (148–171) 145 (134–155) −14.4 (−26.5 to −2.3) a .020d

HbA1c (%), mean (95% CI) (n = 111) 7.74 (7.48–8.01) 7.39 (7.12–7.67) −0.35 (−0.61 to −0.09)a .010d

eGFR (ml/min/1.73 m2), mean (95% CI) (n = 128) 57.3 (54.1–60.5) 55.4 (52.1–58.7) −1.93 (−3.62 to −0.25)a .025
Total cholesterol (mg/dl), mean (95% CI) (n = 120) 161 (151–170) 148 (140–155) −12.8 (−20.5 to −5.1)a .001d

HDL cholesterol (mg/dl), mean (95% CI) (n = 106) 51.9 (47.8–56.0) 49.9 (46.0–53.8) −1.97 (−3.77 to −0.16)a .033d

Triglycerides (mg/dl), median (IQR) (n = 116) 173 (153–194) 185 (158–212) 11.9 (−7.3–31.1)a .221d

Serum uric acid (mg/dl), mean (95% CI) (n = 106) 5.97 (5.61–6.34) 5.57 (5.21–5.94) − 0.40 (−0.64 to −0.15)a .002d

Serum magnesium (mg/dl), mean (95% CI) (n = 84) 1.60 (1.51–1.69) 1.77 (1.68–1.86) 0.17 (0.09–0.24)a <.001d

UPCR (mg/g), median (IQR) (n = 92) 205 (98–470) 187 (108–336) −23.0 (−57.5–0.5)b .060e

Baseline UPCR <300 mg/g, median (IQR) (n = 62) 130 (70–210) 150 (77–210) 10.5 (−5.0–28.0)b .168e

Baseline UPCR ≥300 mg/g, median (IQR) (n = 30) 700 (470–1632) 470 (285–1116) −230 (−525 to −114)b .002e

UACR (mg/g), median (IQR) (n = 47) 90 (28–238) 45 (14–167) −34.4 (−53.7 to −18.4)b <.001e

Tacrolimus dose (mg/kg/day), mean (95% CI) (n = 116) 0.040 (0.036–0.044) 0.039 (0.035–0.043) −0.001 (−0.002–0.001)a .329d

FENa (%), median (IQR) (n = 49) 1.25 (0.90–1.78) 1.58 (1.18–2.19) 0.23 (0.07–0.43)b .010e

Glycosuria (mg/dl), median (IQR) (n = 116) 1.0 (0–300) 1000 (1000–1000) 675 (510–750)b <.001e

Tacrolimus level (ng/ml), mean (95% CI) (n = 117) 7.16 (6.66–7.66) 7.14 (5.23–8.97) −0.03 (−1.90–1.85)a .977d

Mycophenolate dose (mg/day), mean (95% CI) (n = 114) 810 (758–862) 808 (754–862) −2.6 (−16.7–11.5)a .717d

Prednisone treatment, n (%) (n = 131) 63.7 (52.8–74.7) 61.9 (50.8–72.9) −1.9 (−6.6–2.9)c .438d

Prednisone dose (mg/day), mean (95% CI) (n = 73) 4.82 (3.86–5.77) 4.49 (4.04–4.91) −0.34 (−1.06–0.38)c .353d

Antidiabetic drugs, n (%)
Long-acting insulin (n = 132) 79.9 (71.0–88.8) 80.8 (72.1–89.4) 0.9 (2.9 to −4.7)c .644d

Short-acting insulin (n = 129) 59.2 (48.2–70.3) 55.2 (44.2–66.3) −4.0 (−8.4–0.4)c .073d

Metformin (n = 131) 31.9 (21.8–41.9) 34.2 (23.9–44.6) 2.4 (−3.5–8.2)c .426d

DPP-4i (n = 130) 30.1 (19.7–40.6) 29.2 (19.0–39.4) −0.9 (−7.7–5.8)c .783d

GLP-1 RA (n = 130) 15.7 (7.2–24.1) 18.2 (9.4–27.0) 2.6 (−3.0–8.1)c .368d

Antihypertensives, n (%) .374d

ACEIs (n = 128) 21.9 (12.6–31.3) 21.9 (12.6–31.2) 0.01 (−2.9– 2.9)c .995d

ARBs (n = 128) 34.5 (23.3–45.6) 37.6 (26.3–48.9) 3.1 (−1.4–17.2)c .172d

MBRs (n = 127) 7.9 (1.0–14.9) 9.6 (2.6–16.6) 1.7 (−2.4–5.8)c .412d

Diuretics (n = 128) 29.9 (19.9–39.8) 27.2 (17.4–37.0) −2.7 (−8.4–3.1)c .359d

SBP, systolic blood pressure; DBP, diastolic blood pressure; FENa, fractional excretion of sodium; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like peptide

1 receptor agonist; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; MRBs, mineralocorticoid receptor blockers.
aDifference between means (95% CI) adjusted by age and sex.
bUnadjusted difference between medians (95% CI).
cDifference between percentages (95% CI) adjusted by age and sex.
dP-values were adjusted for sex and age (except eGFR).
eFor non-parametric data, P-values were calculated using the Wilcoxon test.

findings of clinical trials performed in non-transplanted sub-
jects with diabetes [9, 10]. Proteinuria is a clear risk factor for
kidney allograft loss and death [36]. In fact, a recent Korean ret-
rospective study showed that SGLT2i treatment produces a de-
crease in proteinuria and improves graft and patient survival
[25]. Although we have no information on whether proteinuria
in our patients was attributable or not to diabetic kidney dis-
ease, treatment was able to improve proteinuria and this effect
persisted at 1 year. In the Dapagliflozin in Patients with Chronic
Kidney Disease (DAPA-CKD) study [10], dapagliflozin treatment
improved proteinuria even in non-diabetic patients with kidney
disease.Hence these agents could be beneficial in KTRswith pro-
teinuria related or not to their diabetes.

As reported by others [17, 19–21, 23], treatment was able to
improve glycaemic control, involving reductions in levels of both
fasting glucose and HbA1c. Other interesting effects also re-
ported by others in DKTRs treated with SGLT2i were weight loss

[17, 19, 21, 23, 24] and improved blood pressure control [21, 23]
and haemoglobin levels [17, 18, 21, 22].

Following SGLT2i treatment, we also observed a decrease in
serum uric acid concentrations. Post-kidney transplant hyper-
uricaemia is common, with a reported prevalence of 15.5–84%
[37]. Hyperuricemia is an independent predictor of the devel-
opment and progression of diabetic kidney disease, atheroscle-
rosis, hypertension and cardiovascular disease [38]. A meta-
analysis including 62 randomized controlled trials associated
SGLT2i treatment with a significant reduction in serum uric acid
levels [39]. However, this dramatic reduction was not observed
in CKD patients (eGFR<60 ml/min/1.73 m2) [39]. Here we ob-
served an improvement in blood uric acid levels even in patients
with a baseline eGFR below this threshold. While we are un-
aware of the impact that normalization of uric acid levels could
have on DKTRs, we feel that this is a positive finding of our
study.
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Table 4: Pairwise comparisons between data recorded at baseline and at 6 months post-SGLT2i onset on an intention-to-treat basis in indi-
viduals with post-transplant diabetes mellitus.

Characteristics Baseline 6 months of SGLT2i
Baseline versus

6 months (95% CI) P-value

Body weight (kg), mean (95% CI) (n = 188) 81.8 (78.6–83.7) 78.9 (76.4–81.4) −2.22 (−3.00 to −1.43)a <.001d

SBP (mmHg), mean (95% CI) (n = 188) 135 (133–137) 131 (128–133) −3.93 (−6.70 to −1.15)a .006d

DPB (mmHg), mean (95% CI) (n = 188) 76.2 (74.6–77.9) 74.0 (72.4–75.6) −2.23 (−3.80 to −0.66)a .006d

Haemoglobin (g/dl), mean (95% CI) (n = 196) 13.4 (13.2–13.6) 13.9 (13.7–14.1) 0.46 (0.28–0.65)a <.001d

Fasting glycaemia (mg/dl), mean (95% CI) (n = 200) 142 (136–148) 128 (123–133) −14.4 (−20.1 to −8.7)a <.001d

HbA1c (%), mean (95% CI) (n = 183) 7.45 (7.29–7.65) 7.01 (6.92–7.28) −0.37 (−0.55 to −0.19)a <.001d

eGFR (ml/min/1.73 m2), mean (95% CI) (n = 199) 59.0 (56.1–62.0) 57.1 (54.0–60.1) −1.98 (−3.44 to −0.51)a .009
Total cholesterol (mg/dl), mean (95% CI) (n = 185) 165 (160–170) 165 (160–170) −0.37 (−5.15–4.44)a .880d

HDL cholesterol (mg/dl), mean (95% CI) (n = 162) 47.9 (45.8–49.9) 48.3 (45.9–50.7) 0.46 (−1.00–1.92)a .537d

Triglycerides (mg/dl), median (IQR) (n = 179) 186 (170–201) 185 (171–199) −0.69 (−11.49–10.11)a .899d

Serum uric acid (mg/dl), mean (95% CI) (n = 176) 6.27 (6.03–6.51) 5.81 (5.58–6.03) −0.46 (−0.67 to −0.25)a <.001d

Serum magnesium (mg/dl), mean (95% CI) (n = 124) 1.62 (1.58–1.67) 1.75 (1.71–1.80) 0.13 (0.09–0.17)a <.001d

UPC (mg/g), median (IQR) (n = 138) 140 (70–396) 133 (70–358) −29.0 (−57.0 to −8.0)b <.001e

Baseline UPCR <300 mg/g, median (IQR) (n = 95) 97 (60–144) 94 (60–160) 3.0 (−11.0–20.0)b .641e

Baseline UPCR ≥300 mg/g, median (IQR) (n = 43) 838 (430–1600) 607 (279–1088) −258 (−505 to −139)b <.001e

UACR (mg/g), median (IQR) (n = 61) 56 (14–190) 50 (9–255) −3.30 (−17.0–2.80)b .339e

Tacrolimus dose (mg/kg/day), mean (95% CI) (n = 169) 0.048 (0.039–0.047) 0.048 (0.040–0.055) −0.001 (−0.002–0.001)a .543d

FENa (%), median (IQR) (n = 71) 1.15 (0.75–1.76) 1.33 (0.93–1.96 0.17 (−0.007–0.35)b .06e

Glycosuria (mg/dl), median (IQR) (n = 182) 0 (0–100) 1000 (300–1000) 675 (500–600)b <.001e

Tacrolimus level (ng/ml), mean (95% CI) (n = 164) 6.86 (6.52–7.19) 6.96 (6.58–7.34) 0.11 (−0.26–0.47)a .567d

Mycophenolate dose (mg/day), mean (95% CI) (n = 143) 845 (784–905) 844 (787–901) −0.55 (−21.3–20.2)a .959d

Prednisone treatment, n (%) (n = 204) 57.2 (49.8–64.7) 58.3 (50.8–65.7) 1.0 (−1.6–3.6) .438d

Prednisone dose (mg/day), mean (95% CI) (n = 104) 4.97 (4.61–5.33) 4.82 (4.48–5.17) −0.14 (−0.39–0.11)c .262d

Antidiabetic drugs, n (%)
Long-acting insulin (n = 202) 33.7 (26.5–40.9) 26.9 (20.0–33.8) −6.80 (−10.60 to −3.00)c <.001d

Short-acting insulin (n = 201) 10.2 (5.4–15.0) 9.3 (4.6–13.9) −0.9 (−3.7–2.0)c .557d

Metformin (n = 202) 37.3 (30.2–44.3) 36.7 (29.6–43.8) −0.5 (−6.2–5.1)c .850d

DPP-4i (n = 202) 38.6 (31.2–46.1) 36.6 (29.2–43.9) −2.0 (−7.6–3.6)c .474d

GLP-1 RA (n = 202) 11.4 (6.9–16.0) 11.8 (7.2–16.4) 0.4 (−3.5–4)c .985d

Antihypertensives, n (%)
ACEIs (n = 199) 20.8 (14.3–27.2) 21.9 (15.3–28.4) 1.1 (−2.3–4.5)c .532d

ARBs (n = 199) 42.1 (34.5–49.7) 36.7 (29.3–44.1) −5.4 (−9.7 to −1.1)c .014 d

MBRs (n = 200) 10.0 (5.5–14.5) 10.7 (6.2–15.3) 0.7 (−1.7–3.1)c .556d

Diuretics (n = 199) 24.4 (18.5–30.4) 17.5 (11.9–23.0) −7.0 (−11.3 to −2.7)c .002d

SBP, systolic blood pressure; DBP, diastolic blood pressure; FENa, fractional excretion of sodium; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like peptide

1 receptor agonist; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; MRBs, mineralocorticoid receptor blockers.
aDifference between means (95% CI) adjusted by age and sex.
bUnadjusted difference between medians (95% CI).
cDifference between percentages (95% CI) adjusted by age and sex.
dP-values were adjusted for sex and age (except eGFR).
eFor non-parametric data, P-values were calculated using the Wilcoxon test.

Another interesting finding was an increase in serum mag-
nesium levels. This has also been observed in non-transplanted
diabetic patients [40, 41]. Low serum magnesium is the most
frequently described electrolyte disturbance in renal transplan-
tation (≈25%) [42], tacrolimus treatment being the major risk
factor for its development. In KTRs, hypomagnesemia is dif-
ficult to treat and oral magnesium supplementation is inef-
fective [43]. This disturbance has been linked to the develop-
ment and progression of diabetes, CKD and hypertension, along
with cardiovascular risk (reviewed in Rodelo-Haad et al. [44]).
Accordingly, it remains to be established whether the increase
in serum magnesium induced by SGLT2is could have a ben-
eficial impact and SGLT2is could be used to treat KTRs with
hypomagnesemia.

The main limitation of the present study was that it was an
observational study of clinical practice and we had no control
arm. This was partly because we believe that KTRs should bene-

fit from this treatment and have ethical concerns about depriv-
ing patients of this treatment. Our intention was to use these
drugs in all participants with poor glycaemic control and/or high
renal or cardiovascular risk factors. A control arm of untreated
DKTRs (which at the moment would be retrospective) could in-
troduce bias, as these patients may be in a worse clinical situa-
tion.Another limitationwas that ourmedian follow-up timewas
short.We nevertheless consider that in KTRs the most worrying
complications (infection, renal function decline, acute rejection,
etc.) usually develop early on. Among the strengths of this study,
we should highlight its large sample size; the systematic collec-
tion of data before, at baseline and 6 and 12months post-SGLT2i
treatment onset; and the recording of adverse events, hospital-
izations and cardiovascular events. Finally, while we did not in-
clude an objective measure of adherence to the new treatment,
the presence of elevated glycosuria suggests that participants
did comply with the medication regimen. Moreover, pharmacy
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Table 5: Pairwise comparisons between data recorded at baseline and at 6 months post-SGLT2i onset on an intention-to-treat basis stratified
by SGLT2i prescribed.

Characteristics Baseline 6 months of SGLT2i

P-value
baseline versus

6 months

P-value,a,b

SGLT2i

Body weight (kg), mean (95% CI) .334
Canagliflozin (n = 62) 85.6 (81.4–90.0) 83.2 (80.0–87.5) <.001
Empagliflozin (n = 170) 84.0 (80.4–86.6) 81.8 (79.2–84.3) <.001
Dapagliflozin (n = 76) 81.4 (76.1–83.8) 79.9 (76.1–83.8) <.001

SBP (mmHg), mean (95% CI) .650
Canagliflozin (N = 62) 137 (133–140) 131 (127–135) .01
Empagliflozin (m = 172) 138 (136–141) 133 (132–136) .01
Dapagliflozin (N = 77) 133 (130–137) 130 (127–134) .141

DPB (mmHg), mean (95% CI) .993
Canagliflozin (N = 62) 75.9 (73.4–78.4) 73.5 (71.1–76.0) .034
Empagliflozin (n = 172) 77.0 (75.5–78.5) 74.7 (73.2–76.1) .003
Dapagliflozin (n = 77) 74.8 (72.5–77.0) 72.6 (70.4–74.8) .063

Haemoglobin (g/dl), mean (95% CI) .318
Canagliflozin (n = 60) 13.8 (13.3–14.2) 14.1 (13.7–14.5) .021
Empagliflozin (N = 182) 13.6 (13.3–13.8) 14.0 (13.7–14.2) <.001
Dapagliflozin (n = 76) 13.3 (13.0–13.7) 13.9 (13.6–14.3) <.001

Fasting glycaemia (mg/dl), mean (95% CI) .343
Canagliflozin (n = 62) 147 (136–158) 129 (120–139) .009
Empagliflozin (n = 187) 149 (142–155) 139 (134–145) .002
Dapagliflozin (n = 78) 149 (140–159) 133 (124–141) .001

HbA1c (%), mean (95% CI) .075
Canagliflozin (n = 56) 7.50 (7.20–7.80) 7.05 (6.75–7.35) .002
Empagliflozin (n = 164) 7.53 (7.35–7.70) 7.32 (7.15–7.50) .022
Dapagliflozin (n = 73) 7.50 (7.24–7.76) 6.96 (6.70–7.22) <.001

eGFR (ml/min/1.73 m2), mean (95% CI) .607
Canagliflozin (n = 62) 58.5 (53.5–63.4 55.4 (50.3–60.6) .027
Empagliflozin (n = 187) 59.1 (56.2–62.0) 57.4 (54.4–60.3) .032
Dapagliflozin (n = 77) 55.9 (51.4–60.4) 54.5 (49.8–59.1) .088

Total cholesterol (mg/dl), mean (95% CI) .794
Canagliflozin (n = 60) 167 (158–177) 162 (153–171) .241
Empagliflozin (n = 170) 155 (149–160) 151 (145–156) .075
Dapagliflozin (n = 74) 158 (150–166) 156 (148–164) .647

HDL cholesterol (mg/dl), mean (95% CI) .565
Canagliflozin (n = 47) 46.7 (42.3–51.1) 47.0 (42.4–51.6) .809
Empagliflozin (n = 149) 45.4 (42.9–47.8) 45.3 (42.7–47.9) .900
Dapagliflozin (n = 71) 48.1 (44.5–51.7) 46.9 (43.2–50.7) .202

Triglycerides (mg/dl), median (IQR) .654
Canagliflozin (n = 54) 174 (149–200) 172 (145–199) .779
Empagliflozin (n = 167) 178 (164–193) 180 (165–199) .742
Dapagliflozin (n = 73) 180 (158–202) 189 (166–213) .242

Serum uric acid (mg/dl), mean (95% CI) .908
Canagliflozin (n = 52) 6.08 (5.68–6.49) 5.93 (5.54–6.32) .397
Empagliflozin (n = 157) 6.32 (6.09–6.55) 5.87 (5.65–6.91) <.001
Dapagliflozin (n = 72) 6.29 (5.94–6.63) 5.82 (5.49–6.15) .001

Serum magnesium (mg/dl), mean (95% CI) .839
Canagliflozin (n = 22) 1.61 (1.50–1.72) 1.74 (1.63–1.85) .001
Empagliflozin (n = 130) 1.61 (1.56–1.65) 1.75 (1.71–1.80) <.001
Dapagliflozin (n = 76) 1.64 (1.57–1.71 1.80 (1.73–1.87) <.001

UPCR (mg/g), median (IQR) .222
Canagliflozin (n = 47) 140 (80–345) 130 (70–249) .056
Empagliflozin (n = 128) 174 (75–426) 160 (77–348) .027
Dapagliflozin (n = 54) 198 (95–618) 185 (98–490) .100

Baseline UPCR <300 mg/g, median (IQR) .386
Canagliflozin (n = 35) 100 (68–170) 110 (66–170) .815
Empagliflozin (n = 87) 101 (51–178) 110 (59–210) .293
Dapagliflozin (n = 34) 112 (70–171) 113 (72–183) .241
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Table 5: Continued.

Characteristics Baseline 6 months of SGLT2i

P-value
baseline versus

6 months

P-value,a,b

SGLT2i

Baseline UPC ≥300 mg/g, median (IQR) .072
Canagliflozin (n = 12) 1680 (447–3945) 602 (275–2350) .028
Empagliflozin (n = 41) 709 (430–1423) 520 (273–919) <.001
Dapagliflozin (n = 20) 820 (524–1334) 699 (411–1093) .006

UAC (mg/g), median (IQR) .900
Canagliflozin (n = 42) 90 (14–163) 50 (10–175) .037
Empagliflozin (n = 38) 77 (20–215) 41 (12–151) .054
Dapagliflozin (n = 27) 82 (28–360) 50 (10–210) .091

SBP, systolic blood pressure; DBP, dyastolic blood pressure.
aFor parametric data, P-values were calculated in a repeated measures general linear model.
bFor non-parametric data, P-values were calculated on log-transformed values and these were then adjusted by age and sex.

Table 6: Comparison between baseline data and 6 and 12 months post-SGLT2i treatment.

Characteristics Baseline 6 months post-SGLT2i 12 months post-SGLT2i P-value*

Body weight (kg), mean (SD) (n = 194) 83.9 (17.6) 81.8 (17.2) 80.6 (17.4) <.001a,b,c

SBP (mmHg), mean (SD) (n = 198) 137.2 (15.7) 133.0 (15.9) 132.0 (14.9) <.001a,b

DBP (mmHg), mean (SD) (n = 198) 76.7 (9.8) 74.2 (9.8) 74.5 (10.0) <.001a,b

Haemoglobin (g/dl), mean (SD) (n = 218) 13.6 (1.7) 14.1 (1.6) 14.2 (1.5) <.001a,b

Fasting glycaemia (mg/dl), mean (SD) (n = 224) 152.8 (42.2) 135.2 (37.2) 139.1 (50.0) <.001a,b

HbA1c (%), mean (SD) (n = 188) 7.61 (1.18) 7.12 (0.94) 7.14 (0.99) <.001a,b

eGFR (ml/min/1.73 m2), mean (SD) (n = 225) 60.2 (20.2) 58.5 (20.9) 58.8 (21.2) .01a

Uric acid (mg/dl), mean (SD) (n = 188) 6.20 (1.41) 5.79 (1.30) 5.70 (1.26) <.001a,b

Magnesium (mg/dl), mean (SD) (n = 138) 1.61 (0.27) 1.76 (0.25) 1.79 (0.27) <.001a,b

UPCR (mg/g), median (IQR) (n = 152) 156 (80–380) 156 (90–370) 150 (90–407) .320
Baseline UPCR <300 mg/g, median (IQR) (n = 132) 156 (80–380) 159 (90–370) 150 (90–407) .119
Baseline UPCR ≥300 mg/g, median (IQR) (n = 49) 750 (390–1410) 520 (270–950) 440 (230–700) .001a,b

UACR (mg/g), median (IQR) (n = 62) 82 (28–253) 50 (18–210) 50 (17–180) <.001a,b

FENa (%), median (IQR) (n = 78) 1.07 (0.76–1.63) 1.34 (0.93–1.82) 1.29 (0.92–1.96) .002a,b

Glycosuria (mg/dl), median (IQR) (n = 201) 0 (0–150) 1000 (500–1000) 1000 (500–1000) <.001a,b

Tacrolimus dose (mg/kg/day), mean (95% CI) (n = 167) 0.0394 (0.0282) 0.0389 (0.0266) 0.0388 (0.0279)
Tacrolimus level (ng/ml), mean (SD) (n = 192) 6.92 (2.00) 6.86 (2.00) 7.14 (2.10) .717
Mycophenolic acid dose (mg/day), mean (SD) (n = 177) 856 (298) 854 (288) 846 (292) .822
Prednisone treatment, n (%) (n = 224) 111 (55) 105 (52.0) 104 (51.5) .092
Prednisone dose (mg/day), mean (SD) (n = 186) 4.73 (1.81) 4.67 (1.78) 4.64 (1.78) .430
Antidiabetic drugs, n (%)
Insulin (n = 224) 118 (52.7) 110 (49.1) 105 (46.9) .009b

Long-acting insulin (n = 224) 117 (52.2) 108 (48)2) 105 (46.9) .026b

Short-acting insulin (n = 224) 65 (29.0) 59 (26.3) 57 (25.5) .100
Metformin (n = 224) 74 (33.0) 88 (39.3) 92 (41.8) <.002a,b

DPP-4i ( n = 221) 89 (40.3) 86 (38.9) 83 (37.6) .528
GLP-1 RA (n = 221) 26 (11.8) 29 (13.1) 34 (15.4) .255

SBP, systolic blood pressure; DBP, diastolic blood pressure; FENa, fractional excretion of sodium; DPP-4i, dipeptidyl peptidase 4 inhibitor; GLP-1 RA, glucagon-like peptide

1 receptor agonist.
*Manova test; Bonferroni post hoc analysis.
aP < .05 baseline versus 6 months post-SGLT2i.
bP < .05 basal versus 12 months post-SGLT2i.
cP < .05 6 versus 12 months post-SGLT2i.

SGLT2i prescription fills were adequate at the centre recruiting
the largest number of participants.

In conclusion, the use of SGLT2i in DKTRs offers benefits in
terms of control of glycaemia, weight, blood pressure, anaemia,
proteinuria, serum magnesium and serum uric acid, provoking
few adverse effects. Nevertheless, these agents should be care-
fully considered in female KTRs and in those with a history of
recurrent UTI.
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Supplementary data are available at ckj online.
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(See related article by Oliveras et al. Searching in themaze: sodi-
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ients to improve survival. Clin Kidney J (2023) 16: 909–913.)
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