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Sodium-glucose cotransporter 2 inhibitor (SGLT2i), a glucosuric agent initially
approved for use as an antidiabetic agent, was unexpectedly found to confer
cardio-and reno-protective effects in individuals with or without type 2
diabetes mellitus. Despite mounting evidence suggesting that SGLT2i
provides cardio- and reno-protective benefits in both diabetic and non-
diabetic and in chronic kidney disease (CKD) patients in the general
population, reservations for its use in the transplant setting persist due to
concerns for increased risk of genital mycotic and urinary tract infections. A
comprehensive review of the literature on the efficacy and safety of SGLT2i use
in diabetic kidney transplant recipients is herein presented followed by authors’
opinion on its optimal use in this patient population.
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Introduction

The sodium-glucose cotransporter 2 inhibitor antidiabetic drug class improves
glucose control in diabetic patients by inducing glucosuria via inhibition of glucose
reabsorption at proximal convoluted tubules. In patients without hyperglycemia, the
glomerular filtered load of glucose is relatively low, thereby limiting the extent of
glucosuria and inherently minimizes hypoglycemic risk (1). The cardiorenal protective
effects of SGLT2i in subjects with or without type 2 diabetes mellitus have been
demonstrated in several randomized controlled trials and systematic review and meta-
analysis (2-6). The EMPEROR-Reduced randomized placebo-controlled trial designed to
study the effect of empagliflozin on cardiovascular and kidney outcomes across the
spectrum of kidney function demonstrated a significant reduction in cardiovascular
death, heart failure hospitalization, and total heart failure hospitalization among
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empagliflozin-treated patients compared with their placebo-
treated counterparts at a median follow-up of 16 months. A
reduction in composite kidney outcome (defined as sustained
profound decline in estimated glomerular filtration rate [eGFR],
chronic dialysis, or transplant) was also observed among patients
randomized to receive empagliflozin irrespective of baseline
renal function (Hazard ratio [HR] for patients with vs. without
chronic kidney disease: 0.53 vs. 0.46, respectively, p=0.78) (7).
Whether the cardiorenal benefits of SGLT2i seen in the general
population can be extrapolated to the transplant population
remains to be elucidated. The following section provides a
summary of clinical studies evaluating the efficacy and safety
of SGLTi use in kidney transplant recipients with pre-existing
diabetes or post-transplantation diabetes mellitus (PTDM).

Methods

A literature search using PubMed Advanced Search Builder
was conducted on October 1, 2022 using medical subject
headings (MeSH) ([renal OR kidney] (1,246,987 articles) AND
[transplant] (968,905) AND [sodium glucose transport protein
2, SGLT2, sodium glucose cotransporter 2, SGLT2, canaglifloxin,
empagliflozin, ertugliflozin, OR dapagliflozin] (11,359)) yielded
223 articles. Full-text articles selected for inclusion in our review
included randomized controlled trials, retrospective studies,
cohort studies, and prospective and retrospective case series. A
total of 10 studies evaluating the efficacy and safety of SGLT2i in
diabetic kidney transplant recipients with pre-existing type 2
diabetes or PTDM were identified. Of the 10 studies, seven were
included in a systematic review and meta-analysis (7/7 studies
were graded as good quality using the quality assessment tool for
case series studies proposed by the National Heart, Lung and
Blood Institute). One additional study included in the systematic
review and meta-analysis was in abstract format and was graded
as fair quality.

Studies evaluating the efficacy and
safety of SGLT2i use in diabetic
kidney transplant recipients

At the time of this writing, there has been only one
prospective, randomized placebo-controlled trial evaluating the
efficacy and safety of SGLT2i in kidney transplant recipients with
post-transplantation diabetes mellitus (PTDM). Study inclusion
criteria included more than one year after transplant, stable renal
function (eGFR > 30 mL/min/1.73m?), and stable
immunosuppressive therapy. Forty-four eligible patients with
PTDM were randomized to receive either empagliflozin (n=22)
or placebo (n=22) for 24 weeks. A statistically significant
reduction in A1C and body weight was observed among
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empagliflozin-treated patients compared with their placebo-
treated counterparts (-0.2% vs. 0.1%, p=0.025 and -2.5 kg vs.
+1.0 kg, respectively, p=0.014). There were no significant
differences in adverse events, immunosuppressive drug levels,
or eGFR between the two treatment groups (8). The incidence of
urinary tract infections (UTTs) was comparable between the two
treatment arms. One patient in the empagliflozin group had
genital mycotic infection. While randomized controlled trial
provides the highest quality of evidence, the small sample size
and short duration of follow-up limit the ability to evaluate the
outcome of eGFR change.

Systematic review and meta-analysis of eight studies
involving 132 diabetic kidney transplant recipients
demonstrated that SGLT2i use resulted in a significantly lower
A1C (-0.56%, p=0.007) and body weight (-2.16 kg, p < 0.001) at
end of study compared with baseline levels (9-16). No
significant changes in eGFR, serum creatinine, urine protein
creatinine ratio, or blood pressure were observed. In total,
fourteen of 132 study patients had urinary tract infections and
one of 72 participants from 5 studies had genital mycosis. Other
reported adverse events included one case of acute kidney injury
(AKT), one case of small ulcer in the lower extremity, and one
case of cellulitis. There were no reported cases of euglycemic
ketoacidosis or acute rejection during the follow-up period. Of
eight studies, one was randomized controlled trial, hence only
patients in the treatment arm were included in the meta-analysis
(8). Seven were categorized as case series. Baseline eGFR among
all study patients was 64.5 + 19.9 ml/min/1.72 m*. Mean time
from transplantation varied from 3 to 20 years. Follow-up
duration ranged from 6 to 24 months. Based on the study
results, it was concluded that SGLT2i are effective in lowering
A1C, reducing body weight, and preserving kidney function in
diabetic kidney transplant recipients without serious adverse
events including euglycemic ketoacidosis and acute
rejection (16).

In one single-center retrospective study designed to evaluate
the metabolic, electrolyte and safety outcomes of early SGLT2i
utilization in diabetic kidney transplant recipients, a significant
reduction in body weight (-2.95 kg, p < 0.0001) and
improvement in magnesium concentration (0.13, p=0.0004)
were observed at 6-month follow-up. Overall insulin
requirements decreased by -3.7 units (SD 22.8, p=0.17). There
was no statistically significant change in eGFR at three and six
months after SGLT2i initiation (change in eGFR of -1 mL/min/
1.73m?, p=0.8831 and 1 mL/min/1.73m? p=0.1478,
respectively). Of the 50 patients enrolled in the study, half
were started on therapy within the first year after transplant
with a median time to drug initiation of 319 days. The incidence
of UTIs was not significantly different from that reported
historically in this high-risk patient population (14% vs. ~
20%, respectively). There was one case of genital yeast
infection. No cases of diabetic ketoacidosis (DKA),
amputations, or AKI were seen. Study inclusion criteria
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included absence of AKI within 30 days prior to the initiation of
SGLT2i, freedom from any UTIs 6 months prior to SGLT2i
initiation, and eGFR > 30 mL/min/1.73m” at the time of SGLT2i
initiation (17).

A retrospective multicenter study aimed to assess the safety,
tolerability, and effectiveness of SGLT2 in kidney transplant
recipients with pre-existing type 2 DM or PTDM demonstrated
that adding SGLT2i to a regimen containing three
antihyperglycemic agents resulted in a modest reduction in
AIC at 3- and 12- month follow-up (0.6% [p=0.013] and 0.4%
[p=0.016], respectively). Non-statistically significant weight loss
occurred in 15 patients with a recorded weight at both baseline
and 3 months post SGLT2i initiation (weight loss of 1.6 kg,
p=0.11). Median time from kidney transplant to SGLT2i
initiation was 28 months (range 16-60 months). Of 39 patients
studied, 27 remained on therapy for at least 1 year. In patients
with follow-up data, no statistically significant changes in kidney
function (n=35) or tacrolimus exposure was observed (n=24).
Ten patients (25%) experienced an adverse event while on
SGLT2i therapy, with UTI being the most common (n=6,
three required hospitalization). Five of six patients with UTI
had a history of UTI prior to SGLT?2 initiation. Four continued
therapy without UTI recurrence. Urosepsis and pyelonephritis
leading to SGLT2i discontinuation occurred in patients with
prior history of recurrent UTIs. One patient developed diabetic
ketoacidosis (due to uncontrolled diabetes) and concurrent UTL.
Two patients developed complications from diabetic foot ulcers,
both of whom had known peripheral vascular disease and prior
history of diabetic foot ulcer. Two patients developed AKI more
than 90 days after SGLT24i initiation determined by independent
investigators to be unrelated to SGLT2i therapy. No episode of
Fournier gangrene, genital mycotic infection, or bone fractures
were identified during the study period (18).

A retrospective multicenter cohort study conducted to
evaluate the efficacy and safety of SGLT2i in kidney transplant
recipients with either pre-existing or post-transplantation diabetes
demonstrated that SGLT2i use confers a renoprotective effect. Of
the 2083 diabetics enrolled in the study, 226 were prescribed
SGLT?2i for more than 90 days and were included in the study.
Baseline eGFR were similar between SGLT2i users and non-users
(69.8 + 17.8 vs. 68.9 + 20.4 mL/min/1.73m’ respectively,
p=0.459). During a mean follow-up of 62.9 + 42.2 months, a
significantly lower risk of the primary composite outcome of all-
cause mortality, death-censored graft failure, and serum creatinine
doubling were observed among SGLT2i users compared with
non-users in multivariate and propensity score-matched models
(adjusted HR 0.43; p=0.006, and adjusted HR 0.45; p=0.013,
respectively). All three individual components of the outcome
were significantly lower in SGLT2i users compared with non-
users. A transient dip of more than 10% decline in eGFR occurred
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in 15.6% of SGLT2i-treated group during the first month but
gradually recovered thereafter. Risk factors for eGFR dip were
shorter time from transplantation to SGLT2i usage and higher
mean tacrolimus trough levels. Post hoc analysis showed no
difference in eGFR between the dipper and non-dipper groups
at all time points. A significant decrease in urine protein-to-
creatinine ratio was observed in both dipper (p=0.003) and non-
dipper groups (p < 0.001). The incidence of any bacterial or fungal
urinary tract infections were similar between SGLT2i users and
non-users and no case of euglycemic ketoacidosis was identified.
The study findings suggest that SGLT2i confers a renoprotective
effect in diabetic kidney transplant recipients and its use is safe in
such population (19).

However, the study is not without potential confounding
factors. Notably, patients who were prescribed SGLT2i for less
than 90 days were excluded from the study analysis (n=29),
raising concerns that SGLT2i adverse events or deterioration in
allograft function may have led to the discontinuation of therapy
in these patients (20). Nonetheless, data from clinical trials and
propensity-matched analyses of data from clinical practice
unequivocally demonstrated that SGLT2i are “kidney safe” and
do not predispose to acute kidney injury (AKI) (21). In contrast,
its use reduces AKI risk and protects against diabetic kidney
disease progression in the non-transplant population (6, 21).

Angiotensin-converting enzyme inhibitor (ACEI) or
angiotensin-receptor blocker (ARB) use was more common in
SGLT2i users vs. non-users (48.7% vs. 33.8%, respectively, p <
0.001). Nonetheless, although the cardiorenal protective effects
of ACEI and ARB have been well-described in the general
population, their favorable impact on patient and graft
survival in the transplant setting has not been consistently
demonstrated (22).

Studies evaluating the efficacy and safety of SGLT2i use in
diabetic kidney transplant recipients are summarized in Table 1.

Discussion

SGLT2i use in diabetic kidney transplant recipients results in
modest decrease in Alc without increased risk for genitourinary
infectious complications or euglycemic DKA. However, it should
also be noted that patients with history of recurrent UTIs,
urosepsis or genital mycotic infections were generally excluded
from these studies. Furthermore, in most studies, patients
selected for SGLT2i therapy were more than 1-year post-
transplantation because of concerns for fluctuating kidney
allograft function and increased infection risk in the early
post-transplantation period. Nonetheless, the potential
beneficial effects of SGLT2i including weight loss,
renoprotection, metabolic and electrolyte benefit, and lack of
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TABLE 1 Studies evaluating the efficacy and safety of SGLT2i use in diabetic kidney transplant recipients.

Study type

Randomized
controlled
trial (Halden
et al)

N= 44
randomized
to receive
either
empagliflozin
or placebo for
24 wk

Systematic
review and
meta-analysis
(Chewcharat
et al) N=132

Single-center
retrospective
study (Song
et al)

N=50

Retrospective
multicenter
study (Lemke
et al) N=39

Retrospective
multicenter
cohort study
(Lim et al)
N= 226 were
prescribed
SGLT?2i for>
90 d

Aim of study

To evaluate the efficacy
and safety of SGLT2i in
kidney transplant
recipients with PTDM

To evaluate the efficacy
and safety of SGLT2i
for the treatment of
DM among kidney
transplant recipients

To evaluate the
metabolic, electrolyte
and safety outcomes of
early SGLT2i utilization
in diabetic kidney
transplant recipients

To assess the safety,
tolerability, and
effectiveness of SGLT2i
after kidney
transplantation

To evaluate the efficacy
and safety of SGLT2i in
kidney transplant
recipients with either
pre existing or PTDM

Efficacy/Beneficial effects

AIC in empagliflozin-treated vs. placebo-treated treated patients
(-0.2% vs. 0.1%, p=0.025)

Body weight in empagliflozin-treated vs. placebo-treated patients
(-2.5 kg vs. +1.0 kg, respectively, p=0.014)

SGLT?2i use resulted in a significantly lower AIC (-0.56%, p=0.007)
and body weight (-2.16 kg, p<0.001) at end of study compared with
baseline levels

A significant reduction in body weight (-2.95 kg, p<0.0001) and
improvement in magnesium concentration (0.13, p=0.0004) were
observed at 6-m follow-up

Overall insulin requirements decreased by -3.7 units (SD 22.8,
p=0.17)

Modest reduction in AIC at 3- and 12-m (0.6% [p=0.013] and 0.4%
[p=0.016], respectively).

Non-statistically significant weight loss at 3 m post SGLT2i
initiation (-1.6 kg, p= 0.11)

Risk of primary composite outcome of all-cause mortality, death-
censored graft failure, and serum creatinine doubling was
significantly lower among SGLT2i users compared with non users
in multivariate and propensity score matched models at a mean
follow-up of 62.9 + 42.2 m (adjusted HR 0.43; p=0.006, and
adjusted HR 0.45; p=0.013, respectively)

Safety

Adverse events, immunosuppressive drug levels, eGFR,
incidence of UTIs were comparable between the two
treatment groups. One patient in the empagliflozin
group had genital mycotic infection

No signiﬁcant changes in eGFR, serum creatinine, urine
protein creatinine ratio, or blood pressure were observed

Changes in eGFR at 3- and 6-m after SGLT2i initiation
(eGFR of -1 mL/min/1.73m?, p=0.8831 and 1mL/min/
1.73m?, p=0.1478, respectively).

The incidence of UTIs was not significantly different
from that reported historically (14% vs. 20%,
respectively)

There was one case of genital yeast infection. No cases
of DKA, amputations, or AKI were observed

No significant changes in kidney function or tacrolimus
exposure were observed

Adverse event occurred in 10 patients with UTI being
the most common (n=6). Five of six had a h/o UTI
prior to SGLT2i initiation. Urosepsis and pyelonephritis
occurred in patients with prior h/o recurrent UTIs. One
patient developed DKA (due to uncontrolled diabetes)
and concurrent UTI.

Two patients developed complications from diabetic foot
ulcers (both with h/o of PVD and prior h/o diabetic foot
ulcer).

A transient dip of > 10% decline in eGFR occurred in
15.6% of SGLT2i-treated group during the first month
but gradually recovered thereafter.

The incidence of any bacterial or fungal UTIs were
similar between SGLT2i users and non-users.

No case of euglycemic ketoacidosis was identified

SGLT2i, sodium-glucose cotransporter 2 inhibitor; eGFR, estimated glomerular filtration rate; UTI, urinary tract infection; AKI, acute kidney injury; h/o, history of; DKA, diabetic

ketoacidosis.

significant drug-drug interaction with calcineurin inhibitor
render SGLT2i an attractive treatment option for kidney
transplant recipients. Of interest, an experimental animal
model of tacrolimus-induced diabetes demonstrated that
empagliflozin improves hyperglycemia and suppressed the
tacrolimus-induced twofold increase in the expression of
SGLT2 (23). Furthermore, empagliflozin was found to have a
direct protective effect on tacrolimus-induced renal injury. The
study findings suggest that SGLT2i is suitable for use in kidney
transplant recipients with tacrolimus-induced PTDM.
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Similar to the general population, the use of SGLT2i in the
transplant setting can cause an acute transient dip in eGFR,
thought to be due to SGLT2i induced afferent arteriolar
vasoconstriction. It is suggested that the natriuretic effect of
SGLT2i leads to increased tubuloglomerular feedback and
afferent arteriolar vasoconstriction even in denervated kidney
allograft. Whether the resultant reduction in intraglomerular
hypertension and hyperfiltration play a role in reducing
proteinuria and preserving eGFR in diabetic kidney transplant
recipients warrants further investigation.
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To date, there has been no case of Fournier gangrene
associated with SGLT2i use in diabetic kidney transplant
recipients. One case of new diabetic foot ulcer/osteomyelitis
occurring years after starting empagliflozin leading to distal limb
amputation has been reported. Notably, the patient had a history
of peripheral vascular disease and prior history diabetic foot
ulcers (18). It has been hypothesized that the diuretic effect of
SGLT2i could result in hypovolemia and hypoperfusion of distal

10.3389/fneph.2022.1014241

lower-extremities, potentially leading to limb ischemia and
necrosis and ultimately limb amputation (24). Clinicians
should remain vigilant to such complications particularly in
high risk diabetics with pre-existing foot ulcers or peripheral
arterial disease.

In the authors’ opinion, SGLT2i use in diabetic kidney
transplant recipients appears safe and effective in selected
candidates. Based on currently available literature, optimal use

TABLE 2 Optimal use of SGLT2i in kidney transplant recipients with pre-existing DM or PTDM.
General comments about SGLT2i #2022 ADA-KDIGO approach for improving outcomes in patients with type 2 DM and CKD (non-transplant
population):
«First line drug therapy: initiate SGLT2i if eGFR>20 ml/min; continue until dialysis or transplant and/or initiate
metformin if eGFR>30 ml/min
«There has been no consensus guideline on the use of SGLT2i in diabetic kidney transplant recipients. Authors'
opinion based on currently available safety and efficacy data:
«Consider first line therapy if A1C is not too far from goal or as add-on therapy to keep A1C at goal (generally < 7%)
«Potential beneficial effect in patients with micro- or macroalbuminuria
«Major effect:
«Modest reduction in A1C
«Not effective for glycemic control if eGFR < 30-45 ml/min (may use solely for potential cardiorenoprotective
effects)!
«Miscellaneous effects
«Blood pressure lowering
«Weight loss
eIncrease serum magnesium levels (potential benefit in calcineurin inhibitor-induced hypomagnesemia)
«Reduction in urine protein creatinine ratio and albuminuria®
eUricosuria
«Increase hemoglobin and hematocrit levels®
«In vitro studies suggest that canagliflozin has anti-inflammatory and antifibrotic effects in diabetic kidney
disease*
«Canagliflozin (FDA warning: Increased risk for bone fractures and decreased bone mineral density)

Diabetic kidney transplant recipient: SGLT2i At least 6-12 m after transplant with stable graft function for at least 4 w

candidate (Must meet all criteria) «No UTI or genital mycotic infection within 6 m
«No acute rejection within 6 m
«On stable dose of immunosuppression

«No requirement for intensification of immunosuppression within 6 m

Use with caution «Concomitant diuretic use: May need to adjust diuretic dose to minimize risk of volume depletion
«Caloric malnutrition
«Elderly: Need to closely assess volume and nutritional status

«Alcohol abuse (malnutrition and increased DKA risk)

Hold «Pre-operative: Hold at least 3 to 4 days before any scheduled surgery that requires NPO to avoid the potential risk
for DKA®
«Poor oral intake, nausea, vomiting, diarrhea, hypotension
«Prolonged fasting (increased DKA risk)

Contraindications or avoid «Type 1DM, history of DKA or euglycemic DKA

«Patients at risk for or with a history of recurrent genital mycotic infections, UTTs, pyelonephritis or urosepsis
«Neurogenic bladder, vesicoureteral reflux, urinary incontinence

«Indwelling Foley catheter, clean intermittent catheterization, or presence of ureteral stent

«Asymptomatic chronic bacteriuria or pyuria (safety data lacking)

«History of recurrent UTIs or pyelonephritis in native kidneys (safety data lacking)

«Chronic hypotension, recurrent volume depletion

«Patients at risk for or with a history of lower limb amputation, risk factors for Fournier's gangrene, or peripheral
vascular disease

«Recurrent pancreatitis

"Renal dose adjustment required for specific SGLT2i types.

*References 12, 25-27.

*In type 2 DM, hyperglycemia may alter hypoxia-inducible factor pathways and impair erythropoiesis. It is speculated that by inhibiting glucose reabsorption, SGLT2 inhibitors may attenuate
glucotoxicity in renal tubulointerstitium, thereby allowing renal erythropoietin-producing cells to resume their function and increase EPO secretion. PMID: 32241009 (reference 28).

“PMID: 31001673 (reference 29).

*Empa-, dapa-, and canagliflozin: Hold for at least 3 days prior to scheduled surgery; Ertugliflozin: Hold for at least 4 days prior to scheduled surgery (see package insert)

SGLT2i, sodium-glucose cotransporter 2 inhibitor; ADA, American Diabetes Association; KDIGO, Kidney disease improving global outcomes; DM, diabetes mellitus; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate; FDA, Federal Drug and Food Administration; DKA, diabetic ketoacidosis; NPO, nothing by mouth; UTIs, urinary tract infections.
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of SGLT2i in kidney transplant recipients with pre-existing
diabetes or PTDM is suggested in Table 2 (12, 19, 25-29). The
routine recommendation for SGLT2i use in diabetic and non-
diabetic kidney transplant recipients for their potential cardio-
and reno-protective effects awaits further studies. Large
randomized controlled trials with long-term follow-up
are needed.
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