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Abstract
Background: Renal transplant recipients with chronic kidney disease (CKD) often develop abnormal glucose
metabolism. Although recent studies have reported the protective effects of sodium-glucose transport protein 2
(SGLT2) inhibitors on the heart and kidneys, few have assessed their effect in renal transplant patients. Moreover, to
our knowledge, there have been no studies on the effects of SGLT2 inhibitors in renal transplant recipients in
Japan.
Case presentation: Case 1 was a 67-year-old male renal transplant recipient with post-transplant diabetes mellitus.
He was administered empagliflozin 10 mg once a day for 9 months. Over time, his HbA1c levels decreased from 6.8
to 6.0%. Case 2 was a 56-year-old male renal transplant recipient with fatty liver disease. He was administered
empagliflozin 10 mg once a day for 9 months. His ALT, γ-GTP, and LDL-cholesterol levels all decreased. In both
patients, body weight and the urine albumin to creatinine ratio (UACR) decreased after empagliflozin
administration, but there were no changes in the estimated glomerular filtration rate. No adverse events occurred
in either case.
Conclusions: Administration of empagliflozin had favorable outcomes in two patients with stage G3b CKD and
abnormal glucose metabolism after renal transplantation. Further studies will be required to clarify the efficacy and
safety of SGLT2 inhibitors in a larger population of patients with similar medical conditions.
Keywords: Renal transplant recipient, Empagliflozin, Stage G3b chronic kidney disease

Background
The protective effects of sodium-glucose cotransporter 2
(SGLT2) inhibitors, a class of antidiabetic agents, on the
heart and kidneys were recently revealed in three largescale clinical trials, the EMPA-REG Outcome [1], CANV
AS [2], and DECLARE-TIMI 58 [3] trials. Similarly, the
CREDENCE trial [4] also showed that renal outcomes
were significantly improved with SGLT2 inhibitors,
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while the DAPA-HF study [5] showed that the SGLT2
inhibitor dapagliflozin was effective in patients with
heart failure with decreased left ventricular ejection fraction, with or without type 2 diabetes. Most patients who
receive kidney transplantation have chronic kidney disease (CKD) [6]. After renal transplantation, the rapid improvement in nutrition may result in overnutrition. This
overnutrition in addition to the steroids and other immunosuppressants administered after kidney transplantation can lead to abnormal glucose metabolism in some
patients [7]. Little is currently known about the utility of
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administering SGLT2 inhibitors to patients after renal
transplantation. In one study, Ahmed et al. reported that
there is no robust evidence to support the use of SGLT2
inhibitors in post-transplantation diabetes mellitus [8].
Here, however, we report two favorable outcomes with
the SGLT2 inhibitor empagliflozin administered to patients with stage G3b CKD2 and impaired glucose metabolism following renal transplantation.

Case presentation
Case 1

A 67-year-old male was diagnosed with chronic glomerulonephritis in 1972 and started hemodialysis in 1986.
He received a living kidney transplant in 1996, with his
sister as the donor. His medical history was as follows.
His calcineurin inhibitor was changed from tacrolimus
(TAC) to cyclosporine (CyA) because he developed diabetes early after kidney transplantation. He suffered
from pneumonia seven times from the sixth year after
kidney transplantation. Seven months prior to empagliflozin administration, the patient received hydrocortisone for hyponatremia caused by steroid withdrawal
syndrome. He had no history of urogenital infection or
dehydration. Although his blood sugar was stable, his
weight gradually increased, and his glucose metabolism
deteriorated. By November 2018, his HbA1c levels had
increased to 6.8%, and empagliflozin was administered
in addition to sitagliptin in the same month. His physical
characteristics at the start of empagliflozin administration were as follows: height, 165.6 cm; weight, 69.0 kg;
BMI, 25.2 kg/m2; abdominal circumference, 92 cm; blood
pressure, 119/80 mmHg; pulse, 90 beats/min; and body
temperature, 36.2 °C. No palpebral conjunctival anemia,
ocular conjunctival yellow staining, abnormal breath
sounds, heart murmurs, evidence of renal transplant surgery in the right lower abdomen, or lower leg edema
were observed. In addition, there were no neurological
abnormalities. For immunosuppression, the patient received hydrocortisone 20 mg/day, CyA 50 mg/day, and
mizoribine (MZR) 100 mg/day. He also received the
following oral medications: sitagliptin 100 mg/day,
levothyroxine sodium 50 μg/day, febuxostat 10 mg/day,
vonoprazan 10 mg/day, ursodeoxycholic acid 600 mg/
day, montelukast sodium 10 mg/day, and pregabalin 50
mg/day. Urine protein was 1 plus. Both urinary occult
blood and urinary glucose were negative at the start of
the empagliflozin administration. The urine protein to
creatinine ratio (UPCR) was 0.40 g/g Cr, and the urine
albumin to creatinine ratio (UACR) was 135 mg/g Cr.
His creatinine level was 1.69 mg/dL, and his estimated
glomerular filtration rate (eGFR) of 32.8 mL/min/1.73
m2, indicating stage G3bA2 CKD. Other laboratory findings were as follows: leukocytes, 9400/μL; erythrocytes,
507 × 104/μL; hemoglobin, 12.8 g/dL; hematocrit, 40.2%;
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platelets, 36.2 × 104/μL; blood urea nitrogen, 22.7 mg/
dL; uric acid, 4.2 mg/dL; total protein, 7.2 g/dL; albumin,
4.2 g/dL; AST, 13 IU/L (normal value, 8–38 IU/L); ALT,
8 IU/L (normal value, 4–40 IU/L); γ-GTP, 12 IU/L (normal value, < 70 IU/L); total bilirubin, 0.47 mg/dL; ALP,
239 IU/L (normal value, 100–335 IU/L); total cholesterol,
180 mg/dL; triglyceride, 121 mg/dL; HDL-cholesterol,
74 mg/dL; and LDL-cholesterol, 82 mg/dL. The area
under the curve (AUC0-4) for CyA at the lowest level
was 1169 h ng/mL (Table 1). Based on a renal biopsy,
the dysfunction of the transplanted kidney was previously diagnosed as CyA arteriolopathy. His body weight
and systolic blood pressure decreased by 3.9 kg and 30
mmHg, respectively, after empagliflozin administration.
Figure 1 shows the progress of case 1. His eGFR prior
to and 9 months after empagliflozin administration were
32.8 and 32.9 mL/min/1.73 m2, respectively, and was unchanged. His UACR levels transiently increased to 135.7
mg/g Cr but then decreased to 52.8 mg/g Cr. No adverse
events related to empagliflozin administration were
observed.
Case 2

A 56-year-old male was diagnosed with IgA nephropathy
in 1983 and started hemodialysis in 1990. He received
his first living kidney transplant in 1991, with his father
as the donor. He re-started hemodialysis in 2001 due to
chronic renal rejection. In 2008, he received a second
living kidney transplant, with his sister as the donor. His
medical history includes herpes zoster on the right thigh
in 1991. In 2013, he became positive for anti-DQ antibodies and began receiving everolimus (EVR). He had
no history of urogenital infection or dehydration. In
January 2019, he began treatment with empagliflozin
due to high HbA1c, ALT, and γ-GTP levels caused by
fatty liver disease. His physical characteristics at the start
of empagliflozin administration were as follows: height,
164.2 cm; weight, 81.7 kg; BMI, 30.3 kg/m2; abdominal
circumference, 104 cm; blood pressure, 129/64 mmHg;
pulse, 79 beats/min; and body temperature, 36.0 °C. No
palpebral conjunctival anemia, ocular conjunctival yellow staining, abnormal breath sounds, heart murmurs,
evidence of renal transplant surgery in the bilateral
lower abdomen, or lower leg edema were observed.
There were also no neurological abnormalities. For immunosuppression, he received prednisolone (PSL) 5 mg/
day, CyA 50 mg/day, MZR 500 mg/day, and EVR 0.75
mg/day. He also received the following oral medications:
valsartan 80 mg/day, amlodipine 10 mg/day, fluvastatin
30 mg/day, ezetimibe 10 mg/day, febuxostat 40 mg/day,
vonoprazan 10 mg/day, and alfacalcidol 0.5 μg/day. Urinary protein, occult blood, and glucose were all negative
at the start of empagliflozin administration. However,
the UPCR was 0.40 g/g Cr, and the UACR was 135 mg/g
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Fig. 1 Clinical course of case 1. M, months after start of empagliflozin administration

Cr, which was slightly increased. His creatinine level was
1.40 mg/dL, and his eGFR was 39.5 mL/min/1.73 m2, indicating stage G3bA2 CKD. Other laboratory data were
as follows: leukocytes, 8700/μL; erythrocytes, 501 × 104/
μL; hemoglobin, 14.1 g/dL; hematocrit, 42.9%; platelets,
24.1 × 104/μL; blood urea nitrogen, 22.7 mg/dL; uric
acid, 4.2 mg/dL; total protein, 7.2 g/dL; albumin, 4.2 g/
dL; AST, 78 IU/L (normal value, 8–38 IU/L); ALT, 116
IU/L (normal value, 4–40 IU/L); γ-GTP, 112 IU/L

(normal value, < 70 IU/L); total bilirubin, 0.78 mg/dL;
ALP, 420 IU/L (normal value, 100–335 IU/L); total cholesterol, 203 mg/dL; triglyceride, 188 mg/dL; HDLcholesterol, 73 mg/dL; and LDL-cholesterol, 92 mg/dL.
The AUC0-4 for CyA was 1732 h ng/mL, and the trough
value for EVR was 6.3 ng/mL, both of which were reasonable value for post-transplant patients (Table 2). His
body weight decreased by 1.2 kg after empagliflozin administration; however, no other significant changes were

Table 1 Laboratory data on admission for case 1
Biochemical examination
Urinalysis
Protenuria 1 (+)

UPCR 0.40 g/g Cr

UACR

135.7 mg/g Cr

OB (−), glucose (−)

AST

13 IU/L

ALT

8 IU/L

ALP

239 IU/L

γ-GTP

12 IU/L

WBC

9400/μL

LDH

159 IU/L

RBC

507 × 104/μL

CK

74 IU/L

Hb

12.8 g/dL

TP

6.9 g/dL

Ht

40.2%

Alb

4.2 g/dL

PLT

36.2 × 104/μL

T-bilirubin

0.47 mg/dL

Blood count

Serum chemistry

T-Chol

180 mg/dL

16.0 mg/dL

TG

121 mg/dL

Cr

1.69 mg/dL

HDL-C

74 mg/dL

eGFR

32.8 mL/min/1.73 m2

LDL-C

82 mg/dL

UA

5.1 mg/dL

Non-HDL-C

106 mg/dL

Na

133 mEq/L

K

5.2 mEq/L

CyA (AUC0-4)

1169 h ng/mL

Ca

9.2 mg/dL

BUN

OB occult blood, UPCR urine protein to creatinine ratio, UACR urine albumin to creatinine ratio, AUC area under curve
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observed. Figure 2 shows the progress of case 2. His
eGFR prior to and 9 months after empagliflozin administration were 39.5 mL/min/1.73 m2 and 40.8 mL/min/
1.73 m2, respectively, and thus unchanged. His UACR
decreased from 35.8 to 18.4 mg/g Cr, which was close to
normal levels. There were no adverse events related to
empagliflozin administration.

Discussion
Most renal transplant patients have CKD, with 59.7%
having stage 3 CKD [9]. However, thanks to the progress
with immunosuppressive therapy, the survival prognosis
and graft survival of renal transplant patients have
improved. Between 2010 and 2017, the survival and
engraftment rates were 97.1% and 94.1%, respectively,
5 years after living kidney transplantation. In addition,
the 5-year survival and engraftment rate for renal
donor transplants are also favorable at 93.1% and
87.9%, respectively [8]. Notably, Yagisawa et al. reported that the cause of death for 16% of Japanese
transplant recipients was heart disease [9]. According
to the Japan Society for Clinical Renal Transplantation, among functional graft-related deaths, heart
disease was the most common cause at a rate of
11.2–14.3% for all ages. Prior to transplantation, many
renal transplant patients are undernourished due to
pre-transplant diet therapy, renal insufficiency, CAPD,
and hemodialysis [8, 10]. After renal transplantation,
the administration of steroids and immunosuppressants can lead to abnormalities in glucose metabolism.
In recent years, the incidence of diabetes as a primary
disease has increased among kidney transplantation patients [9]. This is especially noteworthy because blood glucose control after transplantation is particularly important
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[8]. Following transplantation, transplant recipients often
lead to overnutrition and weight gain, which becomes a
risk for kidney graft loss [8, 10]. In addition, weight gain is
an exacerbating factor contributing to abnormal glucose
metabolism. In a study of 3899 renal transplant patients
by Chang and McDonald, patient body weight increased
from 73.4 ± 15.3 kg prior to transplantation to 77.8 ± 16.5
kg after transplantation [11].
Glinide drugs such as biguanides, sulfonylureas, thiazolidines, and nateglinide are contraindicated for patients with renal impairment whose eGFR is less than
30 mL/min/1.73 m2. Dipeptidyl peptidase-4 inhibitors
are safer, as they rarely cause hypoglycemia when administered alone, and administration of alogliptin and
sitagliptin requires weight loss in patients with impaired
renal function. Among glucagon-like peptide-1 (GLP-1)
receptor agonists, exenatide is contraindicated for patients with moderate or higher renal impairment, and
there are few reports of other GLP-1 receptor agonists
administered after renal transplantation [12]. The
SGLT2 inhibitor empagliflozin was first shown to offer
cardiorenal protection in a large-scale study (EMPAREG Outcome study [1]) of non-transplant patients.
Similar benefits were observed in the CANVAS [2] and
DECLARE-TIMI58 trials [3]. The CREDENCE trial [4],
which had renal protection as an outcome, also demonstrated the efficacy of empagliflozin. In the DAPA-HF
study [5], the efficacy of another SGLT2 inhibitor, dapagliflozin, was observed in patients with heart failure with
reduced left ventricular ejection fraction, with and without diabetes.
Despite their efficacy in non-transplant patients,
SGLT2 inhibitors are rarely administered to renal transplant patients because of concern about the potential for

Fig. 2 Clinical course of case 2. M, months after the start of empagliflozin administration
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Table 2 Laboratory data on admission for case 2
Biochemical examination
Urinalysis
Protenuria (−)

UPCR 0.22 g/g Cr

UACR

35.8 mg/g Cr

OB (−), glucose (−)

AST

78 IU/L

ALT

116 IU/L

ALP

420 IU/L

γ-GTP

112 IU/L

WBC

8700/μL

LDH

261 IU/L

RBC

501 × 104/μL

CK

187 IU/L

Hb

14.1 g/dL

TP

7.2 g/dL

Ht

42.9%

Alb

4.2 g/dL

PLT

24.1 × 104/μL

T-Bilirubin

0.78 mg/dL

Blood count

Serum chemistry

T-Chol

203 mg/dL

22.7 mg/dL

TG

188 mg/dL

Cr

1.40 mg/dL

HDL-C

73 mg/dL

eGFR

39.5 mL/min/1.73 m2

LDL-C

92 mg/dL

UA

4.2 mg/dL

Non-HDL-C

130 mg/dL

Na

142 mEq/L

K

3.6 mEq/L

CyA (AUC0-4)

1732 h ng/mL

Ca

9.2 mg/dL

EVR (C0)

6.3 ng/mL

BUN

C0 trough level

deterioration of renal function due to dehydration.
There are also concerns regarding uro-genital infections
[12], and the efficacy of SGLT2 inhibitors is thought to
be reduced when there is moderately advanced CKD,
which is common in kidney transplant recipients [13]..
Recently, however, studies have addressed the issue of
SGLT2 inhibitor administration to renal transplant patients [14]. For example, Schwaiger et al. [15] assessed
the impact of replacing insulin with empagliflozin 10
mg/day in 14 stable kidney transplantation patients with
diabetes mellitus. Although the administration of empagliflozin alone decreased glucose and HbA1c levels, the
patients lost an average of 1.6 kg over 4 weeks. Five of
the patients had urinary tract infections, though that rate
was similar to the controls. Four other groups also reported good results for SGLT-2 inhibitors in diabetic
kidney transplant patients [16–19]. Common features
noted in these five reports are that administration of
SGLT2 inhibitors led to weight loss, and there were no
significant changes in eGFR and no serious adverse
events. Although these five studies explored the effects
of SGLT-2 inhibitors in renal transplant recipients with
stage 1–3b CKD, where renal function was relatively
preserved, there are an increasing number of reports
showing the usefulness of SGLT2 inhibitors in patients
with but with more severe renal damage (Table 3), stage
3–4 CKD [20–25].
Although SGLT inhibitors were previously thought to
be ineffective for advanced CKD patients [13], there is

increasing evidence showing their efficacy. Yamout et al.
[20] compared 338 patients receiving canagliflozin at
100 mg/day and 365 patients receiving 300 mg/day with
382 patients receiving placebo. In each group, the eGFR
averaged about 40 mL/min/1.73 m2, and both doses significantly decreased HbA1c, body weight, and systolic
blood pressure as compared to placebo. In five other
studies [21–25], SGLT2 inhibitors were reported to have
similar effects in patients with stage 3–4 CKD.
Another concern about new drug administration to
renal transplant recipients is drug interactions between
the new drug and immunosuppressants. CyA, TAC, and
EVR are mainly metabolized by CYP3A4. SGLT2 inhibitors do not induce or inhibit CYP3A4, or their effects
are slight. To date, there have been no reports of
changes in immunosuppressant doses in cases where an
SGLT2 inhibitor was given to renal transplant patients.
According to Halden et al. [16], blood trough levels of
TAC, CyA, and EVR measured before empagliflozin
were unchanged after 4 weeks of empagliflozin
administration.
In case 1 in the present study, weight loss and decreased HbA1c and UACR were observed after empagliflozin administration. The mechanism is thought to be
osmotic diuresis and caloric loss after empagliflozin administration, similar to its effects in patients with normal
renal function [20]. It is unknown why, despite his renal
impairment, this patient experienced the same metabolic
improvement as patients with normal renal function. In

53.8 ± 7.1

56.8 ± 13.7

24

8

6/2

23/1

5/1

2/2

17/5

7/7

Sex,
male/
female

75.75 ± 13.38; 69.88 ± 14.70

9.34 ± 1.36; 7.41 ± 1.44

8.5 ± 1.5; 7.6 ± 1.0

7.4 ± 1.1; a− 0.84 ± 1.2
8.6 ± 1.4; a− 0.84

60 ± 14; a− 4.3 ± 12.2

78 ± 18.2; a− 4.3 ± 12.2

Ccr 86 ± 20; 83 ± 18

6.9 (6.5–8.2); 6.9 (6.4–7.4)

6.7 ± 0.7; 7.1 ± 0.8

HbA1c (%); baseline changes
after SGLT2 inhibitor

66 (57–68); 59 (52–67)

54.0 ± 23.8; 53.5 ± 13.3

eGFR (mL/min/1.73 m2); baseline
changes after SGLT2 inhibitor

SPKTR simultaneous pancreas-kidney transplant recipients, KTR kidney transplant recipients
a
Amount of change in both the SPKTR and KTR groups; mean ± SD

49.4 ± 8.9

61. ± 12.6

63 (31–72)

22

4 (SPKTR)

56.5 ± 7.9

14

6 (KTR)

Age (years), mean
± SD or (range)

Number
of cases

135 ± 9.59; 126.43 ± 11.46

142 ± 21; 134 ± 17

Not provided; a− 6.5 ± 10.8

Not provided; a− 6.5 ± 10.8

143 (111–176); 140 (100–163)

150 ± 26; 145 ± 20

Systolic blood pressure (mmHg);
baseline changes after SGLT2 inhibitor

Table 3 Summary of reports of SGLT2 inhibitor use in diabetic renal transplant patients

80.63 ± 10.13; 74.75 ± 7.25

81 ± 9; 79 ± 8

Not provided; a− 4.8 ± 12

Not provided; a− 4.8 ± 12

76 (71–82); 80 (74–86)

86 ± 14; 76 ± 11

Diastolic blood pressure (mmHg);
baseline changes after SGLT2 inhibitor

BMI 32.74 ± 7.2; 27.4 ± 4.2

78.6 ± 12.1; 76.2 ± 10.9

Not provided; a− 2.14 ± 2.8

Not provided; a− 2.14 ± 2.8

92.0 (81.8–104.5); 85.0 (79.5–97.5)

83.7 ± 7.6; 78.7 ± 7.7

Body weight (kg); baseline
changes after SGLT2 inhibitor

[19]

[18]

[17]

[16]

[15]
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case 2, weight loss and decreases in UACR, ALT, and γGTP were observed after empagliflozin administration,
but HbA1c remained unchanged. Why HbA1c was not
decreased, despite the weight loss, is unknown, but previous studies reported similar findings in patients with
renal impairment [20–25]. We also suggest that the decrease in ALT and γ-GTP was due to improvement in
this patient’s fatty liver disease [26]. In both cases, renal
function did not decrease and UACR decreased after administration of empagliflozin. Regarding the decrease in
UACR, it is possible that the improvement of tubuloglomerular feedback associated with natriuresis by empagliflozin was involved in the case of also CKD stage3a [15,
20, 22, 25]. The decrease in UACR in both cases may
lead to renal protection.

Conclusion
In this report, we describe the efficacy and adverse effects of empagliflozin administered to two Japanese patients with stage G3b CKD and abnormal glucose
metabolism after renal transplantation. Urinary albumin
levels and body weight decreased in both patients,
whereas HbA1c levels and blood pressure decreased in
case 1, ALT, γ-GTP, and LDL-cholesterol levels decreased in case 2. No adverse events, including deterioration of renal function, were observed in either patient.
Further studies involving a larger patient population will
be required to clarify the efficacy and safety of SGLT2
inhibitors in patients with abnormal glucose metabolism
after renal transplantation.
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