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Clinical challenges

Can I prevent PTDM in my 

high cardio-metabolic risk 

kidney transplant 

candidate?

Can I use SGLT2i for my 

kidney transplant patient 

with PTDM?

How should I manage a 

new kidney transplant 

patient who develops post-

op PTDM?

Can I use GLP-1 agonists 

for my kidney transplant 

patient with PTDM?



Why PTDM is common after transplantation

Sharif A, Baboolal K. Nat Rev Nephrol 2010; 6: 415-423
Sharif A. Curr Opin Nephrol Hypertens 2012; 21: 574-9

Non-modifiable

• Age

• Male sex?

• Deceased-donor kidney?

• Genetic

• HLA matching/type

• Non-Caucasian ethnicity

• Family history of diabetes

• Gestational diabetes

• ADPKD

• Hepatitis C

Modifiable

• Obesity

• Rejection episodes

• Metabolic syndrome

• Serum uric acid level?

• Low androgen levels in males

• CMV infection post-transplant

• Glucose intolerance

• Anti-hypertensives

• Uric acid/Mg abnormality post-
transplant

• Immunosuppression
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Guthoff et al. Kidney Blood Pres Res 2017

Dynamic and bimodal nature of post-transplant glucose metabolism

Porrini et al. NDT 2016 

PTDM

Time from transplant



Sharif A, Baboolal K. Nat Rev Nephrol 2012

PTDM

PTDM is associated with inferior post-transplant outcomes

Howell et al. AJKD 2012
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Burgeoning armamentarium of immunosuppression
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Oliveras et al. Transplant Rev 2024
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PTDM in the context of competing risks after kidney transplantation

Sharif A, Cohney S. Lancet Diab Endocrinol 2016



Are there any ways to mitigate PTDM?

Treat 
hypomagnesaemia

Prevent CMV 
viraemia or disease

Living > deceased 
donor

HLA 
matching

Management 
of obesity
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Hecking et al. Diabetes Care 2013



Therapeutic options based upon underlying PTDM characteristics

Insulin secretory

Insulin sensitizing

Early post-op

≥ 1-year

3-6 months

TIMING POST-TRANSPLANT PRIMARY PATHOPHYSIOLOGY CLINICAL PHENOTYPE

Beta cell dysfunction

Insulin resistance
Metabolic syndrome

Sharif et al. Transplantation 2022



TIP: Study Design

2 x 25 patients, Randomisation into 2 Study Arms

Inclusion: NTX, Tacrolimus, No history of DM, Informed Consent

Treat-to-target trial of Basal Insulin in Post Transplant Hyperglycemia
Efficacy and Safety of a Novel Protocol in Renal Transplant Recipients Receiving a 

Tacrolimus-based Immunosuppression

Daily Measurements of Blood Glucose

(At least): Fasting, pre-lunch, pre-supper, post-supper

Arm B (control):

- Corrections at the latest when BG 
> 250 mg/dl
- BG target level: none, but 250 
mg/dl not accepted
- Conventional BG lowering therapy, 
according to decisions of the ward

Arm A (treatment):

- Treatment starts when evening
BG ≥140 mg/dl
- BG target level: 110-120 mg/dl
- Treatment with long acting insulin
(Insulatard®)

Hecking et al. J Am Soc Nephrol 2012



Early insulin for post-op hyperglycaemia prevents PTDM at 1-year

Hecking et al. J Am Soc Nephrol 2012



Benefit in treatment group due to improved beta-cell function

Hecking et al. J Am Soc Nephrol 2012

Multi-centre study demonstrated no significant

difference in ITT analysis but some efficacy in per

protocol analysis (significant protocol violations

which limits interpretation).

Schwaiger et al. JASN 2021



Glucose-Lowering Treatment for Post-Transplant Hyperglycaemia

Postoperative Hyperglycaemia

General recommendation
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Obesity and/or established 
ASCVD

Instability (graft function, 
overall condition)

Insulin / (DPP4i)

CKD, heart failure

+ Insulin
(if necessary)

Personalize glucose-
lowering treatment

Persistent hyperglycaemia and 
stable immunosuppressive 

regimen

Insulin
(NPH +/- short acting insulin)
Daily glucose measurements:

afternoon/evening for detection 
of maximal  hyperglycaemia

fasting/noon for safety

DPP4i
(currently no studies for other 

glucose-lowering agents, 
although potentially possible)

Metformin* / SGLT2i* / GLP-1RA* / DPP4i 

SGLT2i*

GLP1-RA*

*Standard ‘sick day’ rules apply: advise patients to temporarily stop therapy in 
acute intercurrent illness until medical consult

Outpatient Hyperglycaemia

Sharif et al. NDT 2024
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SGLT-2 inhibitors = cardio-renal benefits

GLP-1 receptor agonists = cardio-renal benefits

Everything else = majority have no cardio-renal 

benefits

Shi et al. BMJ 2023
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Prospective post-transplant SGLT-2 inhibitor studies

Study Study size and 
design

Duration Intervention/
Comparator

Primary outcome / 
Main outcome

Primary outcome results / Outcome results

Schwaiger et al. JASN 
2019

N=14,
N=24 matched 
reference patients with 
PTDM; prospective, 
observational 
(interventional)

4 weeks run in, 4 weeks 
empagliflozin 
monotherapy, 12 months 
follow up

Empagliflozin monotherapy, 
followed by empagliflozin as 
add on 

Intra‐individual difference in 
the 2hPG between the baseline 
OGTT and the OGTT after 4 
weeks: non-inferiority design

Glucose tolerance test (OGTT)–derived 2hPG increased during 4 
weeks of empagliflozin treatment (p=ns), demonstrating clinically 
inferiority.

Halden et al. Diabetes 
Care 2019

N=44; double-blind RCT 24 weeks Empagliflozin / placebo Change in weighted mean 
glucose estimated with 
continuous glucose monitoring 
from iPro2

Primary endpoint not evaluated (technical error), median change 
in HbA1c significantly reduced after 24 weeks of empagliflozin 
treatment compared with placebo

Mahling et al. Kidney 
Blood Pres Res 2019

N=10;
prospective, 
observational 
(interventional) (case 
series)

12.0 (5.3–12.0) months Empagliflozin as add on 
therapy

Changes in median eGFR, 
median HbA1c from baseline to 
end of follow up

Median eGFR remained stable, median HbA1c decreased 

Shah et al. Indian J 
Nephrol 2019

N=24; prospective, 
observational 
(interventional)

6 months Canagliflozin Not specified Reduction in weight, blood pressure and HbA1c, tacrolimus 
trough levels unchanged 

Sanchez Fructuoso et 
al. CKJ 2023

N=339 (N=204 with 
PTDM, N=134 with 
T2DM; multicenter, 
prospective, 
observational 
(interventional)

6 months Canagliflozin, Empagliflozin, 
Dapagliflozin, Ertugliflozin

Assess adverse events, 
especially urinary tract 
infections (UTIs) and/or 
mycoses in diabetic kidney 
transplant recipients (DKTRs) 
placed on SGLT2i treatment.

26% patients had an adverse event over 6 months, the most 
frequent being a UTI (14% patients). In 10% patients, SGLT2i were 
suspended (mostly because of UTI). However, in a post-hoc 
subgroup analysis, UTIs were similar between DKTRs treated with 
SGLT2i over 12 months, compared with non-DKTRs (17.9% versus 
16.7%).
Body weight, blood pressure, fasting glycemia, HbA1c uric acid, 
urinary protein/creatinine ratio lower after SGLT2i treatment; 
magnesium and hemoglobin levels higher.

Sharif et al. NDT 2024

Nat Commun 15, 10043 (2024).



SGLT-2 inhibitor studies in progress (1)

https://renal-lifecycle.com/en/home-en/

Three strata of patients will be included:

1. Patients with an eGFR ≤25 mL/min/1.73m2 (non-dialysis or living with a kidney transplant);

2. Dialysis patients with residual diuresis ≥500 mL/24 h (including haemodialysis and peritoneal dialysis);

3. Renal transplant recipients with an eGFR ≤45 mL/min/1.73m2.

Expectation

Dapagliflozin reduces clinical end points (all-cause mortality, renal failure, and heart failure-related

hospitalizations) in patients with stage 4 or 5 CKD, dialysis patients, and renal transplant recipients with

and without type 2 diabetes.

Number of participants

1500 (total study total study duration 48 months but trial is endpoint-driven and will be terminated when

468 primary composite endpoints have occurred).

Clinicaltrials.org; NCT05374291



https://renal-lifecycle.com/en/home-en/Clinicaltrials.org; NCT05374291

SGLT-2 inhibitor studies in progress (1)



SGLT-2 inhibitor studies in progress (2)

Aim 1 - To determine efficacy of SGLT2i to reduce a hierarchical composite defined in hierarchical order as: (1) all-

cause mortality, (2) kidney transplant loss (chronic dialysis >90 days, retransplant or sustained eGFR 

≤15ml/min/1.73m2 for >3 months), (3) stroke or non-fatal MI, (4) sustained 40% decline of eGFR, (5) HF events 

(hospitalization or urgent treatment), and (6) eGFR slope (ml/min/1.73 m2/year). 

Aim 2: To determine SGLT2i safety in KTRs. The primary safety outcome will include all SAEs and items of interest 

(mycotic infections and UTIs; all other infections requiring ER visit or hospitalization; amputation, bone fracture, 

diabetic ketoacidosis, episodes of AKI, hypotension, hypoglycemic episodes, and biopsy-proven acute transplant 

rejection).

“We hypothesize that for adult KTRs who are ≥6 months posttransplant, use of SGLT2i

compared with placebo will be safe, well tolerated, and associated with significant 

reductions in death, deterioration of transplant kidney function and major adverse 

cardiovascular events (myocardial infarction [MI], stroke and HF). We plan a 

randomized trial (n=900) to assess the efficacy and safety of SGLT2i for adult KTRs.” 

Renal And Cardiovascular Protection With Sglt2 Inhibition In Kidney Transplant Recipients

(RENAISSANCE)

In submission: NIH
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Study Study size and 
design

Duration Intervention/
Comparator

Primary outcome / 
Main outcome

Primary outcome results / Outcome results

Pinelli et al. Diabetes 
Care 2013

N=5;
prospective, 
observational 
(interventional) 
(case series)

3 weeks Liragutide Tacrolimus AUC0–12h Tac-AUC reduced, Tac trough levels unaltered,
reduction of postprandial glucose and body 
weight 

Halden et al Diabetes 
Care 2016

N=24; RCT 4 weeks GLP-1 infusion / 
0.9% saline. 
Hyperglycemic 
clamp

Fasting levels of 
plasma glucose, 
glucagon, and insulin, 
Area under the curve 
concentrations

Patients with PTDM showed a reduced ability 
to suppress circulating glucagon levels during 
the hyperglycemic clamp. First and second-
phase insulin secretion was lower compared 
to the control group

Prospective post-transplant GLP-1 receptor agonist studies

Sharif et al. NDT 2024



Safety and Efficacy of Tirzepatide in Patients with Solid-Organ 
Transplant

Abstract presentation at American Diabetes Association 2024

DOWLATSHAHI et al. Diabetes 2024;73(Supplement_1):13-PUB



Clinical challenges – summary/conclusions

Can I prevent PTDM in my 

high cardio-metabolic risk 

kidney transplant 

candidate?

Can I use SGLT2i for my 

kidney transplant patient 

with PTDM?

How should I manage a 

new kidney transplant 

patient who develops post-

op PTDM?

Can I use GLP-1 agonists 

for my kidney transplant 

patient with PTDM?

• Risk can be mitigated but not 

eliminated.

• Targeting obesity would help.

• Modification of 

immunosuppression needs 

balancing against competing 

risks.

• Go in quick with insulin but safety 

netting needed for outpatient 

management.

• Do not alter immunosuppression 

unless critical need.

• Good short-term safety and 

efficacy data for SGLT2i use.

• Risk for UTIs probably not any 

different.

• Two large RCTs either in progress 

or hopefully soon to start.

• Good short-term safety and 

efficacy data for GLP-1 agonist 

use.

• Weight loss benefits are observed 

post-transplantation.

• No large RCTs in progress.



PTDM society guidelines/consensus statements

Chowdhury et al. Diabetic Med 2021
Sharif et al. NDT 2024



Thank you for you attention
Adnan.Sharif@uhb.nhs.uk

@AdnanSharif1979; @adnan-sharif.bsky.social

mailto:Adnan.Sharif@uhb.nhs.uk

