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Abstract
Background: Sodium-glucose cotransporter 2 (SGLT2) inhibition has been shown to reduce 
cardiovascular mortality and preserve kidney function in patients with type 2 diabetes. Kidney 
transplant recipients with diabetes demonstrate increased risk and accelerated progression 
of micro- and macrovascular complications and may specifically benefit from SGLT2 inhibi-
tion. However, potential concerns of SGLT2 inhibition include volume depletion and urinary 
tract infections. Objectives: We report data on the use of SGLT2 inhibitors in a case series of 
ten patients with diabetes after kidney transplantation in order to analyze efficacy, safety, and 
the effect on renal function. Methods: Patients with a stable allograft function and no his-
tory of recurrent urinary tract infections were eligible. The SGLT2 inhibitor empagliflozin was 
given as add-on to preexisting antidiabetic treatment with initial dose reduction of the latter. 
Results: Median estimated glomerular filtration rate at baseline was 57 mL/min/1.73 m2 and 
remained stable throughout the follow-up of 12.0 (5.3–12.0) months. Median HbA1c decreased 
from 7.3 to 7.1%. The rate of urinary tract infections and other side effects was low. Conclu-
sions: SGLT2 inhibition is feasible and well tolerated in selected kidney transplant recipients 
with diabetes. Whether SGLT2 inhibition is able to reduce cardiovascular mortality and im-
prove allograft survival in these patients has to be addressed in further studies.
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Introduction

Diabetes mellitus and kidney transplantation are two conditions with a well-established 
mutual relationship. Diabetes mellitus is the leading cause of end-stage renal disease and thus 
highly prevalent in kidney transplant recipients [1]. In addition to a preexisting diabetes 
mellitus, posttransplantation diabetes mellitus yields a significant morbidity and mortality in 
patients after kidney transplantation [2, 3]. Those patients demonstrate an increased risk and 
accelerated progression of diabetic micro- and macrovascular complications [4]. Furthermore, 
poor glycemic control is a risk factor for delayed graft function [5] and might thus negatively 
affect allograft survival [6]. Adequate glycemic control is therefore of major interest when 
caring for kidney transplant recipients, though complicated by an altered glucose metabolism 
as a consequence of immunosuppression, the risk of infections, and reduced glomerular 
filtration rate (GFR) [7, 8].

For patients with diabetes mellitus, sodium-glucose cotransporter 2 (SGLT2) inhibition 
is an emerging therapeutic option. SGLT2 is located in the early proximal tubule of the kidney, 
reabsorbing glucose from the glomerular filtrate [9]. Selective SGLT2 inhibition results in 
substantial amounts of urinary excreted glucose, thereby lowering blood glucose levels inde-
pendent of insulin [9].

Empagliflozin has been shown to reduce both cardiovascular death [10] and progression of 
diabetic nephropathy [11]. These effects seem to be (at least partly) independent of glucose 
lowering effects [12]. Possible explanations for the renal protective effects include a reduced 
glomerular capillary pressure [13] and an amelioration of glomerular hyperfiltration [14]. Recent 
data suggest that the effect of SGLT2 inhibition is additional to the effects of angiotensin-converting 
enzyme inhibitors/angiotensin receptor blockers [15]. Further extrarenal effects of SGLT2 inhi-
bition include reductions in body weight and blood pressure, possibly augmenting renoprotective 
effects [10]. Similar nephroprotective effects have been described for canagliflozin and dapa-
gliflozin, other SGLT2 inhibitors [16, 17], indicating the presence of a class effect. Thus, SGLT2 
inhibitors are a promising drug class, yielding a reduction of micro- and macrovascular complica-
tions and an enormous potential in the high-risk group of kidney transplant recipients.

On the other hand, SGLT2 inhibition carries the potential risk of side effects including 
volume depletion and urinary tract infection due to glucosuria [18], both to which kidney 
transplant recipients are prone. This is further complicated by the complex situation including 
the necessity of immunosuppression and a single functioning kidney. One simultaneously 
performed and recently published study showed that SGLT2 inhibition in kidney transplant 
recipients was feasible [19]. As broader safety data on the use of the SGLT2 inhibitors in 
kidney transplant recipients are missing to date, SGLT2 inhibitors are currently seldom used 
in kidney transplant recipients with diabetes, despite the need for inhibition of progression, 
especially in these patients. At our institution, we started to treat selected kidney transplant 
recipients with diabetes mellitus with empagliflozin in 2017 and conducted a prospective 
observational study in kidney transplant recipients on treatment with empagliflozin. We here 
report data on the use of the SGLT2 inhibitor empagliflozin in a case series of ten patients with 
diabetes after kidney transplantation in order to assess efficacy, safety, and effect on allograft 
function.

Materials and Methods

Study Design and Ethics
We carried out a prospective observational study in kidney transplant recipients with 

type 2 diabetes or posttransplantation diabetes mellitus who started treatment with 
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empagliflozin for better glucose control. Our study was conducted in accordance with the 
Declaration of Helsinki and after approval of the Institutional Review Board of the 
University of Tübingen (reference 353/2016B02). All patients gave written informed 
consent.

Study Participants
Patients after kidney transplantation with diabetes mellitus and an estimated GFR (eGFR, 

as calculated by the Modification of Diet in Renal Disease – formula) of at least 45 mL/min/1.73 
m2 were considered eligible for SGLT2 inhibition. Empagliflozin treatment was started prior 
to inclusion in the study. Patients with type 1 diabetes or with a history of recurrent urinary 
tract infections were excluded from SGLT2 inhibition. 

In order to provide maximal safety under SGLT2 inhibitor therapy, we reduced insulin 
dose by approximately 25% at first to avoid hypoglycemia. In the due course, the dose of 
insulin was titrated according to glucose control. Furthermore, if applicable, diuretic therapy 
as well as antihypertensive therapy was reduced or paused by the treating physician. Patients 
were informed about usual precautions including adequate oral hydration and urogenital 
hygiene, as well as typical signs of side effects such as urogenital infections and ketoacidosis. 
Regular self-blood glucose monitoring was emphasized, and 24/7 emergency contact infor-
mation was given to our patients.

As part of the regular transplant center visits every 3 months, clinical and laboratory data 
were collected.

Statistical Analysis
All results are presented descriptively. Data are shown as median with 25–75% quartiles 

(Q25–Q75). We performed the analysis in an intention-to-treat manner. 

Results

Patient Characteristics
A total of ten kidney transplant recipients were included in our investigation (Table 

1). In total, 80% received living kidney donation, 20% were transplanted via regular 
waiting list. Median time between transplantation and start of empagliflozin therapy was 
5.9 (4.4–8.8) years. Maintenance immunosuppression consisted mainly of calcineurin 
inhibitors (90%) and mycophenolate mofetil (90%), and corticosteroids were given in 

Total, n 10
Age, years 66 (56–73)
Gender, female/male, % 20/80
Living kidney donation, % 80
Time since transplantation, years 5.9 (4.4–8.8)
Time since diabetes was diagnosed, years 18 (6–33)
Posttransplant diabetes mellitus, % 40
Underlying chronic kidney disease, %

Diabetic/hypertensive nephropathy
IgA nephropathy
Unspecified glomerulonephritis
Polycystic kidney disease
Other

30
20
20
10
20

Table 1. Baseline characteristics 
of study participants
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20% of patients. Prior antidiabetic therapy consisted mostly of insulin (50%), with some 
patients taking metformin (20%) or dipeptidyl peptidase-4 inhibitors (20%). Median 
follow-up was 12 (5.3–12.0) months. Total observation time was 75 months, reflecting 6.3 
patient-years.

Kidney Allograft Function
Baseline median eGFR was 57 (47–73) mL/min/1.73 m2. During follow-up, kidney 

allograft function remained stable in all of the patients. The course of the median eGFR is 
displayed in Figure 1.

Glycemic Control
Median HbA1c was 7.3 (6.4–7.8)% at baseline compared to 7.1 (6.6–7.5)% at end of 

follow-up. The time course of the median HbA1c is shown in Figure 2. In patients on insulin 
treatment, total daily insulin requirement was 10–25% lower under SGLT2 inhibition, 
compared to baseline.

Fig. 1. eGFR during the observa-
tion period, displayed as Boxplots 
with whiskers showing minimum 
to maximum values. eGFR, esti-
mated glomerular filtration rate.

Fig. 2. HbA1c throughout the ob-
servation period, displayed as 
Boxplots with whiskers showing 
minimum to maximum values.
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Other Outcomes
We found a weak reduction in the systolic blood pressure with a median of –3 (–36 to 1) 

mm Hg. Furthermore, the body weight decreased by a median of –1.0 (–1.9 to –0.2) kg. Further 
outcomes are reported in Table 2.

Adverse Events
Urinary Tract Infections
Two patients (20%) suffered from a urinary tract infection, corresponding to an annual 

incidence of 0.32/patient/year treated with empagliflozin. During the infections, no decline 
in renal function was observed. Furthermore, no urosepsis was reported.

Adverse Events regarding Kidney Allograft Function
One patient (10%) displayed acute kidney injury (AKI) stage I (rise in plasma creatinine 

of 0.3 mg/dL). The calculated incidence is 0.16/patient/year. Another patient displayed an 
episode of increased creatinine not meeting formal AKI criteria. Both episodes were rated as 
unlikely related to SGLT2 inhibition, and kidney function returned to baseline in both patients. 

Ketoacidosis and Other Medical Events
None of our patients developed ketoacidosis during follow-up. One patient developed a 

small diabetic ulcer at the lower limb, which was successfully treated with local therapy while 
empagliflozin was continued.

Medication Discontinuation Rates
Two patients discontinued empagliflozin during the observation period on their own 

request. One patient felt more tired than before empagliflozin was started. The other patient 
suffered from a respiratory tract infection and a temporary decline in kidney allograft function 
(see above). Renal function returned to baseline; however, the patient wished to discontinue 
empagliflozin.

Discussion/Conclusion

We report prospective data on the use of SGLT2 inhibitors in kidney allograft recipients 
with diabetes. We demonstrate that the treatment is feasible and without significant side 
effects in these patients. Our data therefore provide a basis for a broader use of SGLT2 inhib-
itors in posttransplant populations.

Table 2. Change of selected outcomes during the observation period

Outcome Median value
at start of 
observation

Individual 
absolute change, %

Individual 
relative change, %

Body weight, kg 75 –1.9 (–1.9 to 0,1) –0.9 (–2.8 to 0.2)
Waist circumference, cm 110 –2.0 (–6.0 to 0.0) –1.8 (–6.2 to 0.0)
Blood pressure (systolic), mm Hg 135 –2.5 (–36.3 to 0.8) –1.4 (–19.8 to 0.6)
Blood pressure (diastolic), mm Hg 80 –0.5 (–9.5 to 7.5) –0.6 (–11.1 to 9.4)
Hematocrit 38 +2.5 (0.8 to 4.1) +6.5 (2.3 to 9.3)
Uric acid, mg/dL 5.2 –0.2 (–0.8 to 0.5) –3.4 (–16.5 to 7.4)
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Long-term success after kidney transplantation is hindered by either progressive loss of 
renal function or death with a functioning graft [20], mainly due to cardiovascular complica-
tions. SGLT2 inhibitors have the potential to improve both aspects. This has impressively 
been shown in diabetic patients without kidney transplantation [10], and SGLT2 inhibitors 
have since emerged as novel nephro- and cardioprotective agents [21]. A specific benefit with 
the potential to modulate barriers of long-term success can therefore be expected with the 
use of SGLT2 inhibitors in kidney transplant recipients; however, these drugs are mostly 
withheld in a posttransplant setting owing to uncertainty and wariness in this special patient 
population. Principal concerns comprise volume homeostasis and the risk of AKI, as well as 
infectious complications. With our data, we now clearly demonstrate that the use is feasible 
and well tolerated, paving the way for novel therapeutic approaches to improve long-term 
outcome after kidney transplantation.

During our observation, all patients showed a stable kidney allograft function. The rate 
of AKI was as low as 0.16/patient/year and limited to AKI stage I. This rate has also to be 
viewed in context of the easily fluctuating kidney function of kidney allograft recipients, 
depending on fluid homeostasis, calcineurin inhibitor trough levels, physical activity, and 
other environmental factors. Published literature report an incidence of 51% AKI during 
approximately 4 years of follow-up in transplanted patients not treated with SGLT2 inhib-
itors [22]. Although limited by the low total case number, our rate and severity of AKI therefore 
basically reflect the regular fluctuation of allograft function observed in kidney transplant 
recipients. In patients without kidney transplantation, the use of SGLT2 inhibitors has not 
been associated with an increased risk for AKI [23], but this finding clearly cannot be easily 
transferred to kidney allograft recipients. From a pathophysiological point of view, the effect 
of SGLT2 inhibition and thereby also potential side effects of these substances are dependent 
on GFR and therefore self-limiting in severity with any decline in GFR. Taken together, the 
broader use of SGLT2 inhibitors appears feasible also in renal transplant recipients, a finding 
which has simultaneously been shown by Schwaiger et al. [19] as well as by Halden et al. [24], 
which both also report an overall stable allograft function under empagliflozin treatment. The 
actual incidence of AKI under treatment with empagliflozin compared to patients without 
SGLT2 inhibition as well as potential long-term improvement of allograft function has to be 
shown in larger prospective, randomized trials.

Regarding glycemic efficacy, our cohort showed a mild decrease in the median HbA1c of 
0.2%. Compared with other data indicating a decrease in HbA1c of 0.2–0.6% [10], our minor 
HbA1c improvement is probably due to multiple reasons. First, we followed a cautious 
approach when initiating treatment with empagliflozin, as concomitant antidiabetic therapy, 
especially insulin, was reduced and only carefully reintroduced after a stable phase to avoid 
hypoglycemia. Second, the glycosuric effect in kidney transplant recipients relies on only one 
kidney (compared to two in nontransplant patients), reducing the amount of filtrated glucose. 
In a simultaneously performed randomized trial, Halden et al. [24] confirm the dependency 
of filtrated glucose load on GFR and report a comparable reduction in HbA1c of 0.2% in kidney 
transplanted patients. Intriguingly, recent data indicate that the nephro- and cardioprotective 
protective effects of empagliflozin are most likely independent of the glycemic control [25] 
but probably a consequence of multiple factors such as reduction of glomerular capillary 
pressure and hyperfiltration, improvement of blood pressure, and direct molecular effects, 
for example, reduction of cardiac inflammation and oxidative stress [26]. Another hypothesis 
to explain the glucose-independent protective effects of SGLT2 inhibition is the normalization 
of pathologic sympathetic nervous activity [25]. In this respect, kidney transplant recipients 
comprise an interesting patient population, as transplanted kidneys are denervated and the 
lack of autonomic regulation might modulate the effects of SGLT2 inhibition. Our study was 
not designed to investigate this effect, but further investigations in kidney transplanted 
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patients could include data on autonomic activity and thus discern a potential contribution 
of sympathetic activity. Taken together, the addition of SGLT2 inhibitors seems to be important 
irrespective of glucose control and is currently also investigated in patients without diabetes 
[27].

We observed urinary tract infections in two of our patients, reflecting an annual inci-
dence of 0.32/patient. The infection course was uncomplicated in all patients and did not 
result in discontinuation of empagliflozin. Again, this rate is not high for kidney transplant 
recipients, as Ariza-Heredia et al. [28] report a comparable incidence of 34% during an obser-
vation period of two years. In the EMPA-REG trial, the only significant side effect was found 
for genital infections, which were significantly more likely in patients receiving empagliflozin 
[11, 17]. We did not detect any genital infection during follow-up. Furthermore, none of our 
patients developed ketoacidosis, a feared side effect of SGLT2 inhibition [17].

Our data do yield limitations: As our study was observational, neither patients nor physi-
cians were blinded to the treatment and our investigation lacks randomization as well as a 
comparator group. Also, our study population comprised well-selected patients from our 
routine outpatient care center at this time-point with high adherence to our recommenda-
tions and ability to react adequately in the case of a possible adverse effect. A clear strength, 
however, is the long prospective period of observation of one year.

In conclusion, we report prospective data clearly indicating that treatment with empa-
gliflozin is feasible in selected kidney transplant recipients with diabetes with a good safety 
profile. Although our case series includes only a limited number of patients, we report data 
with a median follow-up of 12 months. These data provide a basis for prospective randomized 
trials to investigate the long-term benefits on allograft function and cardiovascular risk in 
kidney transplant recipients.
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