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ABSTRACT 

Kidney transplantation is the therapy of choice for patients with end-stage renal disease. 

Preexisting diabetes mellitus is highly prevalent in kidney transplant recipients (KTR), and the 

development of posttransplant diabetes mellitus is common due to a number of transplant-

specific risk factors such as the use of diabetogenic immunosuppressive medications and 

posttransplant weight gain.  The presence of pretransplant and posttransplant diabetes in KTR 

significantly and variably affect the risk of graft failure, cardiovascular disease (CVD) and death. 

Among the many available therapies for diabetes, there is little data to determine the glucose-

lowering agent(s) of choice in KTR. Furthermore, despite the high burden of graft loss and CVD 

among KTR with diabetes, evidence for strategies offering cardiovascular and kidney protection 

is lacking. Recent accumulating evidence convincingly shows glucose-independent cardiorenal 

protective effects in non-KTR with glucose lowering agents, such as sodium glucose 

cotransporter-2 inhibitors and glucagon-like peptide-1 receptor agonists. Therefore, our aim is to 

review cardiorenal protective strategies, including the evidence, mechanisms and rationale for 

the use of these glucose lowering agents in KTR with diabetes mellitus. 
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INTRODUCTION 

Diabetes mellitus (DM) is a significant comorbidity in kidney transplant recipients (KTR).1 

Approximately one quarter of KTR have preexisting DM as the cause of end-stage kidney disease 

(ESKD).2 The incidence of posttransplantation diabetes mellitus (PTDM) in KTR varies from 2 to 

53% 3,4 depending on the definition used, diagnostic method, testing frequency, transplant era, 

immunosuppression, and recipient risk profile.5,6 The largest cohort studied was from a US registry 

where the cumulative incidence of PTDM in 11 659 KTR was 16% by 12 months and 24% by 36 

months posttransplant.7 In addition to traditional risk factors, transplant-specific factors such as 

the use of immunosuppression which can induce gene-level changes in insulin signaling, viral 

infections including hepatitis C and potentially cytomegalovirus (CMV), as well as 

hypomagnesemia contribute to development of DM in the kidney transplant recipient population.8-

10 Possibly due to increased awareness, changes in immunosuppression practices, rejection rates 

and/or changing testing patterns, the incidence of PTDM may be declining. Valderhaug and 

colleagues reported a significant decrease in the incidence of PTDM 10 weeks posttransplant from 

20% to 13% in 2004-2005 compared to 1995-1996, accompanied by lower rates of impaired 

fasting glucose, mean daily oral prednisolone use and allograft rejection.11  

Although evidence is conflicting regarding the acceleration of microvascular 

complications in the setting of PTDM,12 preexisting DM and PTDM have been shown to increase 

the risk of cardiovascular events including heart failure (HF) in several observational studies.13,14 

Furthermore, DM also adversely affects kidney transplant outcomes such as graft failure, patient 

survival, and death with a functioning graft, highlighting the need for disease modifying 

therapies.15-18 Pharmacological treatment for DM in KTR is influenced by several factors including 

kidney function and immunosuppression, with limited data on efficacy and safety, and few 
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comparative trials to guide therapeutic approaches. 3,19,20 In nontransplant patients with DM (and 

without DM), sodium glucose cotransporter-2 (SGLT2) inhibitors represent an important 

therapeutic advancement, with multiple trials demonstrating significant cardiovascular (CV) 

and/or kidney benefits.21-28 Glucose-independent CV benefits have also been demonstrated with 

glucagon-like peptide-1 (GLP-1) receptor agonists.29,30 These novel glycemic agents with glucose-

independent cardiorenal effects have the potential to yield analogous benefits in KTR. In this 

review, we discuss the evidence surrounding cardiorenal protective strategies and the potential for 

glucose-lowering agents in modifying diabetes related outcomes in KTR (Figure 1). 

CLINICAL OUTCOMES AND NATURAL HISTORY OF DIABETES IN KIDNEY 

TRANSPLANT RECIPIENTS 

 Diabetes in KTR is associated with several adverse outcomes. In a study by Kuo and 

colleagues of 37 000 KTR with a functioning transplant for more than a year, pretransplant DM 

but not PTDM was associated with a significantly increased risk of all-cause mortality and 

cardiovascular mortality, though with a median follow up of only 548 days.31 Lim et al. conducted 

a population cohort study of over 10 000 KTR from Australia and New Zealand with a median 

follow up of 6.5 years which showed that all-cause mortality and death with a functioning graft 

was significantly higher in KTR with pretransplant DM as compared to KTR without DM, and 

recipients <40 years of age were at the highest risk of these adverse events.32 In another registry 

study by Kasiske et al, an adjusted model showed that PTDM was associated with increased 

mortality in KTR, though this was not adjusted for acute rejection.7  Several studies have also 

demonstrated that both PTDM and pretransplant diabetes in KTR are associated with significantly 

increased rates of CV events.33,34 The link between diabetes and graft survival in KTR requires a 

closer look. In the previously mentioned study by Kuo et al, pretransplant DM was associated with 
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worse total graft survival. Similar findings were also noted by Cole and Dienemann, where PTDM 

was associated with an increased risk of death with a functioning graft, but not death-censored 

graft failure.35,36  

It is important to acknowledge the potential regional differences in disease incidences and 

outcomes, as well as the importance of transplant era on clinical outcomes in KTR. Many large 

registry studies in KTR are conducted using US data and therefore, the results may not be 

generalizable to transplant populations in different parts of the world.37 Furthermore, in some 

populations, transplant outcomes have changed over time. As an example, in an ANZDATA 

registry analysis of KTR in 2010, a significant fall in CV death rates from 1980 to 2007 was 

observed despite rising rates of DM as a cause of ESKD during this period.38 A more recent cohort 

study of 23 000 KTR, which also used the ANZDATA registry, demonstrated reductions in death 

with a functioning graft over 40 years at both early and late time points posttransplant.39 These 

geographical and chronological differences are important considerations when reviewing clinical 

outcome data in KTR. 

 The natural disease course of diabetic nephropathy (DN) involves glomerular 

hemodynamic changes including hyperfiltration and glomerular hypertension, followed by 

structural changes such as glomerular basement membrane thickening and mesangial expansion, 

eventually leading to clinical manifestations such as albuminuria and decreased kidney function. 

In this review diabetic kidney disease (DKD) is clinically defined by the presence of chronic 

kidney disease (CKD) and/or albuminuria in the presence of DM, with the recognition that DKD 

may or may not include DN.40 The role of hyperfiltration injury in KTR with diabetes is unclear, 

particularly considering the vasoconstrictive effects of calcineurin inhibitors widely used for 

immunosuppression. In a multicenter cohort study of 202 KTR without diabetes classified as 
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normo-insulinemic or hyperinsulinemic, Porrini demonstrated increases in estimated glomerular 

filtration rates (eGFR) from 3 to 12 months among KTR with persistent hyperinsulinemia.41 

Hyperinsulinemia, accompanying metabolic syndrome and diabetes, may thus predispose to future 

graft dysfunction and hyperfiltration injury in KTR. Signs of hyperfiltration were not observed in 

a clinical and biopsy cohort study involving 953 KTR with and without pretransplant diabetes.42 

In this study involving serial protocol biopsies, the rate of mesangial expansion started to differ 

between KTR with and without diabetes as early as 2 years after transplantation. By 5 years, the 

cumulative incidence of mesangial expansion was 47.7% among KTR with diabetes and, 

surprisingly, 27.1% among those without. However, the pathological finding of mesangial 

expansion was not associated with eGFR at any posttransplant period and was only positively 

correlated with proteinuria at 24 and 36 months. In an abstract presented at the 2020 American 

Transplant Congress, mesangial expansion detected at 5 years posttransplant was most frequent in 

KTR with diabetes and obesity, and was highly correlated with mortality, but not death-censored 

graft loss.43  

 An important consideration when extrapolating the use of novel cardiorenal strategies to 

KTR is the outcome studied in the general population. In addition to hard outcomes like major 

adverse cardiac events (MACE) or the development of ESKD, kidney outcome trials in 

nontransplant populations also use defined percentage change in eGFR, eGFR slope, and/or 

albuminuria as part of primary composite outcomes or secondary outcomes. In a series of studies 

of KTR with and without diabetes, Lam et al demonstrated that lower eGFR and higher proteinuria 

are independently associated with death-censored graft loss, CV disease, and all-cause 

mortality.44,45 Similarly, in a post hoc analysis of the FAVORIT trial involving diabetic and 

nondiabetic KTR, Weiner and colleagues demonstrated independent associations between 
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increased baseline albuminuria and graft failure, CV events, and all-cause mortality.46 In this 

analysis, diabetes status was an effect modifier such that albuminuria conferred greater risk of graft 

failure or all-cause mortality among KTR without diabetes versus those with diabetes. With respect 

to the ability of a specified percentage change in eGFR to predict hard kidney outcomes in KTR, 

Clayton et al performed a survival analysis demonstrating that a ≥30% decline in eGFR was 

associated with a 2.2-fold increase in death, 3.5-fold increase in graft failure and 5-fold increase 

in death-censored graft failure.47 Sensitivity analyses demonstrated consistent results when the 

cohort was stratified by diabetes status and cause of graft failure. It remains to be seen whether 

strategies proven to improve these outcome measures in the general population may be translated 

to KTR.  

OVERVIEW OF CONSENSUS GUIDELINES FOR THE TREATMENT OF PTDM IN 

KIDNEY TRANSPLANT RECIPIENTS 

The most recent consensus guideline on DM in the posttransplant setting was published in 

2014 based on a meeting of experts in Vienna in 2013.48 An important consensus emerging from 

this conference was the recognition that DM is often present in potential recipients but undetected 

prior to transplantation. This led to the recommendation to move away from the term ‘new onset 

diabetes after transplantation’, in favor of ‘PTDM’. This guideline acknowledged the lack of high-

quality evidence and inadequate data to recommend 1 glucose-lowering agent over another in KTR 

with PTDM.   

The consensus guideline also recommended identifying patients at increased risk of PTDM 

prior to transplantation. This recommendation is also supported by the 2020 KDIGO Clinical 

Practice Guideline on the Evaluation and Management of Candidates for Kidney Transplantation, 

which suggests the use of oral glucose tolerance testing in kidney transplant candidates to inform 
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risk and management.49 Although lifestyle modifications, glucose-lowering therapies and insulin 

are all included in the consensus guideline on DM in the posttransplant setting, a therapeutic 

hierarchy in PTDM is lacking. Insulin was recommended in the acute posttransplant setting due to 

its safety and efficacy with rapidly changing glucocorticoid dosing regimens and alterations in 

graft function. Immunosuppressive regimens associated with the best patient and graft outcomes 

continue to be suggested regardless of the risks related to the development of PTDM. With respect 

to glycemic control in KTR with DM, the 2009 KDIGO guidelines suggest an HbA1c target of 

7.0-7.5% and avoidance of a HbA1c target <6.0% in an ungraded recommendation.50  

General population guidelines on the management of DM have historically prioritized 

microvascular and macrovascular protection by targeting blood pressure control, renin angiotensin 

aldosterone system (RAAS) blockade, and treatment of dyslipidemia.51 In the following section, 

we discuss the evidence surrounding the implementation of such strategies in KTR. 

CURRENT CARDIORENAL PROTECTIVE STRATEGIES UTILIZED IN KTR 

KTR face a three- to five-fold increased risk of CV disease compared to their age-matched 

counterparts.52 In the US, CV disease remains the leading cause of death in KTR.17 As discussed 

above, KTR with diabetes are disproportionately affected by CV disease. CV disease is often 

subclinical at the time of transplantation, and angiographic screening in pretransplant candidates 

remains controversial.53 In some populations, cardiac mortality in KTR has decreased over time, 

but women continue to bear an excess relative risk of cardiac death.54,55 Existing cardiorenal 

protective strategies in KTR revolve around the modification of CV risk factors. We highlight 

below 5 strategies in the management of posttransplant CV risk in KTR with and without DM – 

hypertension, RAAS blockade, dyslipidemia, antiplatelet and immunosuppression modification.  
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Hypertension 

 The prevalence of hypertension is estimated to be greater than 70% in KTR and is often 

suboptimally controlled.56,57 Posttransplant hypertension is a well-established CV risk factor and 

is associated with an increased risk of graft failure and mortality.56 The Collaborative Transplant 

Study was one of the earlier studies to demonstrate that systolic blood pressures (SBP) as low as 

120 mmHg 1-year post transplant were associated with improved long term graft outcomes,58 with 

a lower risk of CV mortality when SBP was maintained at <140 mmHg at 3 years posttransplant.59 

However, large clinical trials in KTR are lacking and BP targets in KTR are largely extrapolated 

from nontransplant populations. The most recent KDIGO guidelines for the care of KTRs suggest 

a BP target of <130/80 mmHg.50,60 

 Given the absence of specific guideline recommendations, the choice of antihypertensive 

agents is individualized and on the basis of clinical circumstances: diuretics with volume overload 

or hyperkalemia, RAAS blockade with proteinuria or posttransplant erythrocytosis, calcium 

channel blockers (CCB) with borderline allograft function or hypertension attributed to calcineurin 

inhibitors (CNI). The first Cochrane review on antihypertensive treatment for KTR included 60 

studies with 3802 participants, primarily looking at CCBs and angiotensin converting enzyme 

inhibitor (ACEi) versus placebo or each other.61 Compared to placebo, CCBs reduced graft loss 

and improved GFR. Based on 7 studies included in their meta-analysis comparing ACEi vs CCBs, 

ACEi decreased GFR, proteinuria, hemoglobin and increased hyperkalemia. Data were, however, 

inconclusive for graft loss. Acknowledging the presence of publication bias in the literature 

reviewed, authors of this systematic review suggested that CCBs could be considered as a first line 

agent in KTR, with the role of RAAS blockade in KTR remaining controversial due to lack of 

clear supportive data. 
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RAAS blockade 

RAAS blockade is ubiquitous in CKD, largely driven by a series of randomized control 

trials (RCTs) including the Collaborative Group studies, RENAAL study, IDNT and ACEI in 

Progressive Renal Insufficiency Study.62-65 These studies demonstrated kidney benefits 

independent of BP reduction, and the results are often generalized to KTR. Despite the equipoise 

on RAAS blockade presented by the aforementioned Cochrane review,61 the 2009 KDIGO 

guideline recommends the use of ACEi/ARB when urine protein excretion is >1g/day.50  

However, newer evidence questions these recommendations. In a 2016 RCT by Knoll et 

al, 213 KTR with proteinuria were randomized to ramipril versus placebo. Although the study may 

have been underpowered, no benefit was seen in the primary composite outcome of doubling of 

creatinine, ESKD or death, or the secondary outcome of a change in measure GFR.66  A follow up 

systematic review in 2017 with 8 trials and 1502 KTR was similarly negative, with no benefit from 

RAAS blockade in terms of all-cause mortality or graft survival, with increased hyperkalemia 

observed.67 However, this analysis was limited by a relatively small number of events and short 

follow up. 

Dyslipidemia and antiplatelet therapy 

Dyslipidemia affects an estimated 60% of KTR,68 with CNIs, glucocorticoids and 

mammalian target of rapamycin inhibitors (mTORi) contributing to this disease burden.69 

KDIGO recommends early posttransplant screening for dyslipidemia within 2-3 months of 

transplantation and annually.  The use of statins as the first line therapy is recommended when 

LDL-C ≥100 mg/dL.68,70 In the ALERT extension study, fluvastatin was well tolerated in KTR 

and lowered LDL-cholesterol by 36%, and MACE by 21% in the fluvastatin group as compared 

to control over a mean follow-up of 6.7 years.71,72 Early introduction of statins 
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posttransplantation was associated with the greatest benefit with respect to the MACE outcome. 

A smaller observational study in KTR demonstrated higher eGFR and less interstitial fibrosis at 

1 year in statin uses compared to nonusers.73 Beyond statins, the literature regarding the use of 

PCSK9 inhibitors in KTR is currently limited to case reports and series, and larger trials in this 

population are still needed.74-76  

The use of aspirin (ASA) to reduce CV risk in KTR also remains incompletely understood. 

In a post hoc analysis of the Folic Acid for Vascular Outcomes Reduction Trial (FAVORIT), 

propensity-based matching of 981 ASA users with 981 nonusers did not reveal any significant 

differences in CV events, all-cause mortality, or allograft failure over 4 years.77 KDIGO 

recommends the use of ASA in KTR with atherosclerotic CV disease, as well as for primary 

prevention in those with DM if no contraindications exist,50 although the latter is not universally 

supported.78  

Modification of immunosuppression  

Management of immunosuppression in transplantation remains a complex clinical issue 

and an individualized approach continues to be recommended.31,50,79  

Glucocorticoids 

Minimization or avoidance of glucocorticoids to mitigate CV risks as well as other adverse 

effects of these drugs in KTR has been previously examined. Two meta-analyses published in 

2009 and 2010 explored steroid minimization strategies, each including approximately 30 studies 

and 5000 participants.80,81 Both demonstrated that steroid sparing strategies were associated with 

reduced incidence of hypertension, dyslipidemia, and PTDM, with the former showing a reduction 

in CV events with steroid avoidance. However, steroid sparing strategies were associated with an 

increased risk of acute rejection, particularly when cyclosporine was used. Despite this potential 
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risk, steroid avoidance and withdrawal strategies were not associated with increased mortality or 

graft loss. In an updated Cochrane review published in 2016, steroid avoidance and withdrawal 

were again associated with an increased risk of acute rejection with no significant difference in 

patient mortality or graft loss at 5 years post transplantation.82 The impact of steroid sparing 

strategies on longer-term mortality and graft survival remains poorly understood.    

Calcineurin Inhibitors  

 CNIs are associated with the development of PTDM83 and promote hypertension through 

several proposed mechanisms.84 As such, CNI withdrawal/minimization strategies may reduce CV 

risk in KTR. A Cochrane review in 2017 examined various CNI regimens in 83 studies and 16 156 

participants.85 CNI avoidance and withdrawal were found to increase allograft rejection while 

possibly reducing the risk of graft loss, with overall low quality of evidence. CNI withdrawal 

regimens were associated with a lower incidence of hypertension while DM, dyslipidemia and 

CMV infections were not different between groups. Firm conclusions are limited by the small 

sample size of included studies and the absence of long-term data. The use of cyclosporine instead 

of tacrolimus in high vascular risk patients has also been proposed as a CV/PTDM risk 

management strategy.19,48 In 2007, Vincenti et al. published the DIRECT study which randomized 

KTR to tacrolimus or cyclosporine. Both groups received basiliximab induction as well as 

mycophenolic acid and steroids. The incidence of new onset diabetes after transplantation as well 

as impaired fasting glucose at 6 months was significantly higher in the tacrolimus group as 

compared to the cyclosporine group. However, it is important to mention that tacrolimus trough 

levels in this study were maintained at 10-15 ng/ml during months 1-3, levels that are significantly 

greater than contemporary targets. There was a trend towards more acute rejection, graft loss or 

death in the cyclosporine group (12.8% vs 9.8% in the tacrolimus group; p=0.21).86 The use of 
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cyclosporine versus tacrolimus was further explored by Wissing in a 12-month study of 87 KTR 

with PTDM randomized to tacrolimus replacement with cyclosporine versus continuation of 

tacrolimus. Participants switched to cyclosporine had lower HbA1c levels, were more likely to be 

off glucose-lowering medications and free of DM.87 

In another ongoing study exploring the relationships between RAAS blockage, BP control 

and tacrolimus dosing, results at 24-months demonstrated an interactive effect of combining of 

low dose tacrolimus (5 ± 1 ng/mL) and RAAS blockade, resulting in less progression of allograft 

fibrosis and risk of T cell-mediated rejection.88 It remains to be seen if this translates to improved 

graft and CV outcomes.  

Belatacept 

A 2014 Cochrane review compared belatacept with cyclosporine demonstrating similar rates of 

death, graft loss and rejection, with less PTDM, graft fibrosis, and improved BP and lipid 

profiles.89 The 7-year follow up of the BENEFIT trial, also comparing belatacept with 

cyclosporine, demonstrated superiority with respect to the composite outcome of death or graft 

loss despite higher rates of acute rejection.90 A subsequent propensity score matched cohort study 

compared belatacept with tacrolimus and reported similar rates of death and allograft loss with an 

increased risk of rejection in the first year with belatacept as previously observed.91 Adams et al. 

were able to lower rates of acute rejection with belatacept with a transient course of tacrolimus 

tapered off by 5 months after transplantation.92 While the strengths and limitations of the belatacept 

trials are beyond the scope of this review, it is important to note that the patients included in these 

trials were at low immunological risk. As such, belatacept may be a useful strategy to improve CV 

risk in a subset of well-selected KTR. 
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POTENTIAL TREATMENT STRATEGIES FOR DM IN KTR 

Several glucose lowering strategies in the general population have been considered in KTR. 

We discuss the rationale, safety, and effectiveness of these agents in KTR in the following sections 

(Table 1).  

Lifestyle intervention and insulin therapy 

Lifestyle interventions have been studied in the KTR. In a single-center study of stable 

KTR without preexisting diabetes, 130 participants were randomized to a 6-month active lifestyle 

intervention consisting of personalized dietary advice and encouragement of a graded exercise 

program, versus a passive control arm.93 While there were no differences in metabolic parameters 

including insulin secretion, insulin sensitivity, fasting and postprandial glucose levels over the 6-

month period of follow up, the active intervention was associated with significant reductions in fat 

mass and weight, as well as reductions in PTDM that did not reach statistical significance. It 

remains to be seen if longer term implementation of such interventions may have positive benefits 

on preventing PTDM.  

Insulin therapy is currently considered the first line treatment of immediate posttransplant 

hyperglycemia4,48 given rapidly changing doses of glucocorticoids and fluctuating allograft 

function. Longer term benefits were demonstrated in a small RCT of 50 KTR by Hecking and 

colleagues, where insulin therapy for early posttransplant hyperglycemia reduced the odds of 

developing PTDM by 73%, possibly via reducing the impact of glucose toxicity in the pancreas.94 

It should be pointed out that this strategy of intensive insulin therapy required on average 22 days 

of hospitalization postsurgery. A follow up clinical trial (NCT03507829) is currently under 

consideration for publication. In a 2017 Cochrane systematic review, 3 studies including 242 KTR 

with preexisting type 1 and 2 DM compared more intensive with standard insulin therapy.95 One 
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study reported no difference in graft survival at 3 to 5 years follow-up while another reported 

increased rejection with the intensive insulin regimen after 3 years. All studies reported increased 

hypoglycemic episodes with the intensive regimen.  Longer term insulin use, whether intensive or 

standard, is also often associated with weight gain.  

SGLT2 Inhibitors  

SGLT2 inhibitors are highly effective in the treatment of type 2 DM (T2D), promoting 

glycemic control, weight loss, and reductions in BP and albuminuria.96,97  SGLT2 inhibitors block 

glucose reabsorption in renal proximal tubule epithelial cells (PTEC) causing glucosuria and 

reducing blood glucose levels without risk of hypoglycemia.97,98 There are significant CV and 

kidney benefits of SGLT2 inhibitors in nontransplant populations as demonstrated in several CV 

outcome trials (CVOT). The EMPA-REG OUTCOME trial demonstrated that participants with 

T2D and established CV disease randomized to empagliflozin had significant reductions in 

MACE, CV and all-cause mortality, and HF hospitalizations (HHF).99 The CANVAS Program 

trial randomized participants with T2D at high CV risk with and without established CV disease 

and demonstrated a 14% reduction in MACE, a 22% reduction in CV death or HHF, and significant 

HHF benefits with canagliflozin.100 The DECLARE TIMI-58 study examined the effects of 

dapagliflozin on the lowest CV risk cohort of the 3 CVOTs and reported a 17% relative risk 

reduction in the co-primary composite endpoint of CV death or HHF.  All 3 CVOTs reported 

significant reductions in secondary or exploratory kidney composite endpoints. More recently, 

VERTIS-CV compared ertugliflozin with placebo showing noninferiority for its primary MACE 

outcome, as well as a 30% reduction in HHF.101 For the key composite kidney endpoint, doubling 

of serum creatinine, the impact of ertugliflozin was neutral. However, a HR of 0.66 was observed 

(95% CI 0.50-0.88) with a composite kidney endpoint including a sustained 40% eGFR decline.102   
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CREDENCE, the first dedicated kidney outcome trial, randomized >4000 participants with 

T2D, eGFR 30-90 ml/min/1.73m2, and macroalbuminuria to canagliflozin vs. placebo.103 It was 

stopped early due to a 30% relative risk reduction in the primary outcome of ESKD, serum 

creatinine doubling, or renal or CV death.97  Shortly after in 2019, DAPA-HF, conducted in 

diabetic and nondiabetic participants with HF and reduced ejection fraction, demonstrated that 

dapagliflozin was associated with a lower rate of worsening HF or CV death.26 Most recently, 

DAPA-CKD, studying CKD patients with an eGFR as low as 25 ml/min/1.73m2 with albuminuria 

of at least 200 mg/g with or without DM, demonstrated overwhelming benefit with respect to the 

primary outcome of a sustained decline in the eGFR of at least 50%, ESKD, or death from renal 

causes with a hazard ratio of 0.56 and number needed to treat to prevent 1 primary outcome event 

of 19.27 Impressively, a reduction in all-cause mortality was also noted in the treatment arm. The 

EMPA-KIDNEY trial (NCT03594110) underway and recruiting participants with eGFRs as low 

as 20 ml/min/1.73m2 without albuminuria. Importantly, KTR were consistently excluded from 

these studies.  

These kidney and CV benefits of SGLT2 inhibitors have largely been attributed to several 

glucose-independent effects. From a kidney perspective, hyperglycemia increases tubular 

reabsorption of glucose and sodium. This activates tubuloglomerular feedback (TGF) where a 

decrease in sodium delivery to the macula densa, leads to afferent arteriolar vasodilation and 

hyperfiltration.104 SGLT2 inhibitors increases sodium delivery to the macula densa resulting in 

afferent arteriolar vasoconstriction, and reductions in intraglomerular hypertension, GFR and 

albuminuria.105 The SGLT2 inhibitor induced natriuresis may also explain observed reductions in 

systolic and diastolic blood pressures, and arterial stiffness.97,106-108 These changes may in turn be 

responsible for observed decreases in albuminuria and DKD progression.97,109 Importantly, 
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natriuresis-related reductions in BP and albuminuria persist with reductions in GFR.110 From a 

cardiac perspective, natriuresis-induced decreases in intravascular volume and arterial stiffness is 

one of many factors that may be cardioprotective by decreasing cardiac preload and afterload, 

thereby mitigating HF risk.105,111  

Aside from hemodynamic factors, improved energy balance at the organ level may 

contribute to heart112 and kidney113 protection with SGLT2 inhibitors, discussed in greater detail 

in the cited reviews. Increases in metabolic demands with hyperglycemia-induced sodium and 

glucose reabsorption predispose PTECs to hypoxia, thereby promoting fibrosis and kidney 

injury.114-116 Increased glucose reabsorption also results in advanced glycation end-product 

generation, which have been shown to trigger reactive oxygen species generation as well as pro-

fibrotic and pro-inflammatory pathways, ultimately leading to progressive DKD.117,118 Increased 

proximal albumin reabsorption in DKD also contributes to PTEC toxicity and tubulointerstitial 

injury.117-119  By blocking glucose transit across PTECs, experimental studies have demonstrated 

reductions in pro-fibrotic and pro-inflammatory mediators with SGLT2 inhibition,120-124 and 

preliminary studies in humans have shown similar potential benefits on these pathways.105,125-127 

Post hoc mediation analyses of CVOT and kidney outcome trials have suggested that clinically 

observed CV and kidney benefits of SGLT2 inhibitors may be partially mediated by improvements 

in hematocrit and hemoglobin concentrations.128-130 One secondary analysis of CREDENCE 

reported that canagliflozin reduced the risk of anemia or treatment initiation for anemia.131 

Explanations for SGLT2 inhibitor associated increases in hemoglobin range from simple 

natriuresis-associated hemoconcentration132 to alterations in erythropoietin (EPO) and reticulocyte 

counts133,134 with potential improvements in hypoxia within different nephron compartments 
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and/or energy dynamics at cellular and tissue level.113,135 To date, the literature is inconsistent with 

respect to the effects of SGLT2 inhibition on EPO. 

Based on this data in nontransplant cohorts, SGLT2 inhibition in KTR is potentially 

attractive considering the high burden of vascular comorbidities, premature death and graft loss. 

SGLT2 inhibition therapies are safe over a wide range of kidney function in non-KTR and have 

even been shown to reduce acute kidney injury (AKI) risk.136 The use of SGLT2 inhibitors in KTR 

has been described in a number of smaller cases series and observational studies. In 10 KTR and 

simultaneous pancreas-KTR with preserved eGFR, our group previously demonstrated that 

canagliflozin was associated with improvements in HbA1c, weight, and BP, in similar magnitudes 

as nontransplant cohorts (Table 2).137 No episodes of ketoacidosis, AKI, acute rejection, 

urinary/mycotic infections, or clinically significant changes in CNI levels were observed during 

treatment. Mahling et al and AlKindi et al similarly published case series of 10 and 8 KTR 

respectively, treated with SGLT2 inhibitors, which showed similar findings over a short duration 

of follow-up.138,139  

In a single-arm study of 14 KTR, Schwaiger and colleagues reported that although  

glycemic control with empagliflozin was inferior to insulin, the SGLT2 inhibitor group exhibited 

significant improvements in body weight and bioimpedance (as a measure of volume status) after 

only 4 weeks.140 In a retrospective study of 50 KTR by Song et al., the use of a variety of SGLT2 

inhibitors was safe, resulting in weight loss and reductions in insulin requirements.141 A 2019 

Australian study retrospectively compared the use of empagliflozin in 22 heart transplant 

recipients with DM to 79 heart transplant recipients with DM receiving alternate agents.142 Similar 

to KTR, the use of empagliflozin over 12 months in this study was associated with HbA1c, weight, 

and furosemide dose reductions, without significant changes in kidney function or clinically 
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apparent drug interactions. Halden et al. recently published in 2019 the only RCT in this 

population, where 49 KTR with PTDM were randomized to empagliflozin 10mg versus placebo.143 

Over a 24-week period, empagliflozin improved glycemic control and body weight, without 

differences in blood pressure, eGFR, immunosuppressive drug levels, or adverse events. Finally, 

Beshyah and colleagues conducted a mixed method analysis of case reports and physician surveys 

to highlight the safety of SGLT2 inhibitors in KTR.144  

While existing SGLT2 inhibitor studies in KTR focus on glycemic control, the glucose-

independent benefits of SGLT2 inhibitors are likely to be of greatest significance in KTR 

populations with high CKD prevalence.145 In a biopsy cohort study, Coemans et al demonstrated 

an apparent independence of glycemic control in developing mesangial matrix expansion and 

interstitial fibrosis among KTR with pretransplant DM, highlighting the need for pharmacologic 

kidney protective therapies that act beyond simply targeting improvements in glycemic control.42 

SGLT2 inhibitor related improvements in hemoglobin and hematocrit are also particularly relevant 

considering high rates of anemia in KTR. Furthermore, kidney transplant candidates with DM 

frequently receive kidneys from more ‘marginal’ deceased donors given their high mortality on 

the transplant waiting list.146 Although this strategy may be beneficial from a patient survival 

perspective (vs. chronic dialysis), KTR with DM are more likely to have allografts with reduced 

kidney function.147 While HbA1c lowering with SGLT2 inhibitors is attenuated as eGFR declines, 

the glucose-independent effects persist across the range of eGFR.110 In KTR, the most clinically 

relevant effects may be mediated via SGLT2 inhibition-induced natriuresis, with associated 

reductions in blood pressure and other glucose-independent cardiorenal protective pathways.  
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GLP-1 Receptor Agonists  

Glucagon-like peptide-1 (GLP-1) reduces postprandial glucose levels by stimulating 

insulin secretion, reducing glucagon release, slowing gastric emptying and reducing hepatic 

gluconeogenesis.148 GLP-1 receptor agonists (GLP-1RA) lower HbA1c levels by about 1-1.5%, 

BP by 2-3 mmHg, body weight by 3 kg, and improve lipid profiles – all contributors to CV and 

kidney disease.149  A meta-analysis including liraglutide, semaglutide, lixisenatide and exenatide 

demonstrated significant reductions in all-cause and CV mortality, and 3-point MACE compared 

to placebo.150 Secondary renal analyses of ELIXA (lixisenatide),151 LEADER (liraglutide),30,152 

SUSTAIN-6 (semaglutide),29 and EXSCEL (exenatide)150 showed decreases in urinary albumin 

excretion and new onset or persistent macroalbuminuria. Similarly, the AWARD-7 trial with 

dulaglutide in patients with CKD stages 3 and 4 showed important anti-albuminuric effects 

independent of glycemic lowering, and a modest attenuation of eGFR decline over 1 year.153 In 

the REWIND study (dulaglutide), the secondary nephropathy composite endpoint of new 

macroalbuminuria, 30% fall in eGFR, or renal replacement therapy was reduced by 15%, though 

this was driven by a significant decline in macroalbuminuria.154  

While GLP-1RA seem to consistently lower albuminuria, clinical trials have not yet 

demonstrated significant improvement in harder kidney outcomes, except for modest eGFR 

preservation in LEADER and AWARD-7, and in post hoc analysis of the SUSTAIN 6 and 

PIONEER 6 trials.152,155-159 Decreased urine albumin excretion may be due to direct GLP-1 effects 

in the human kidney, including the afferent arteriole.155,160 This is thought to be independent of 

natriuresis and TGF, though GLP-1RA may also induce natriuresis by acutely inhibiting the 

sodium hydrogen antiporter NHE3 in the proximal tubule.155,161,162 Other potential kidney-

protective mechanisms include inflammation and oxidative stress reduction, improvement of 
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insulin sensitivity which may be particularly relevant in PTDM, and mitochondrial dysfunction. 

Regardless of the principal mechanisms, current evidence supports the concept that clinical 

benefits are largely based on preventing albuminuria progression rather than harder kidney 

outcomes.163 Ongoing trials, such as FLOW (Semaglutide on the Progression of Renal Impairment 

in Subjects With Type 2 Diabetes and Chronic Kidney Disease; NCT03819153) will help 

determine if GLP-1RA can improve primary renal outcomes in non-KTR participants with DKD.  

GLP-1RA have been safely tolerated in KTR with DM based on smaller case series, though 

studies in larger groups of patients are lacking.164-167 From a mechanistic standpoint, Halden et al 

demonstrated in 24 KTR that PTDM was characterized by reduced hyperglycemia induced insulin 

secretion and glucagon suppression.168 Intravenous infusions of  GLP-1 were subsequently able to 

increase insulin secretion and reduce glucagon concentration in these patients.168 Four case series 

involving 92 participants treated with GLP-1RA demonstrated improved glycemic control and 

weight loss, without significant CNI interactions.164-167 In all cases, eGFR was stable if not 

improved in the months following GLP-1RA initiation. A small percentage of participants 

discontinued the medication mainly due to gastrointestinal intolerance. Longer term studies are 

needed to evaluate CV and kidney benefits among KTR, particularly those with DM.  

Combination therapies 

The kidney protective benefits of glycemic control, BP control, RAAS blockade, and 

recently SGLT2 inhibition are established in the general DKD population and could be expected 

to have additive or synergistic effects in KTR.22,169 The safety and efficacy of SGLT2 inhibitors 

in DKD has largely been demonstrated as an add-on therapy to RAAS blockade. The synergistic 

effects of SGLT2 inhibitors and RAAS blockers are currently being explored in mechanistic 

studies in individuals with preserved kidney function (NCT02632747). Additionally, SGLT2 
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inhibitors and GLP-1RA appear to ameliorate proteinuria and cause natriuresis through different 

mechanisms.170 Combined use of these 2 classes yields greater glycemic control, weight loss and 

BP reduction (DURATION-8 and AWARD10).171,172 Renal and CV mechanisms behind these 

benefits are currently being studied (NCT03878706). The extent to which benefits of these 

combination therapies translate to KTR remains to be determined.  

NOVEL CARDIORENAL PROTECTIVE STRATEGIES IN KTR 

DKD often progresses and CV risk persists despite existing heart and kidney protective 

strategies, highlighting a need for ongoing research into alternative mechanisms and targets in high 

risk populations.173 Here we highlight a number of promising therapies in clinical development, 

targeting diverse pathways in the pathophysiology of DKD and HF including anti-inflammatory 

agents, endothelin-1 antagonism, additional RAAS blockade, and neprilysin inhibition.  

Anti-inflammatory therapies 

Regarding anti-inflammatory therapies, it has been proposed that the innate immune 

system and other inflammatory pathways are activated by hyperglycemia and RAAS, promoting 

DKD progression.174,175 In the CANTOS study, use of the anti-inflammatory agent canakinumab 

(IL-1 antagonist) was associated with modest CV benefits, even in patients with moderate CKD. 

While it failed to attenuate CKD progression, it is important to note that patients with significant 

kidney involvement were excluded from this trial.176,177  

Endothelin-1 antagonism 

Another promising target for kidney protection is endothelin-1 (ET-1) receptor 

antagonism, which has been studied more extensively in nontransplant patients with more 

advanced CKD.178 Avosentan, a nonspecific ET-1 antagonist, markedly reduced proteinuria in 

DKD but was limited by sodium and fluid retention.179,180 However, positive results from the 
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SONAR trial demonstrated that use of the more selective ET-1 antagonist atrasentan in DKD 

reduced the risk of the primary composite endpoint of doubling of serum creatinine or ESKD 

without significant adverse effects.178,181 Combination use with SGLT2 inhibitors or GLP-1RA 

therapies may be another strategy to avoid sodium and fluid retention with these therapies, 

although this has not yet been studied in humans. ET-1 antagonists have yet to be studied in KTR 

and are not yet approved for use as therapies for DKD.  

Additional RAAS blockade 

Given the importance of RAAS activation to the pathogenesis of cardiorenal disease in 

diabetes, as well as the lack of benefit with traditional dual RAAS blockers (ACEi, ARBs, renin 

inhibitors),170 alternative strategies to safely block the RAAS and prevent progression of cardiac 

and renal disease are still being investigated. Novel mineralocorticoid receptor antagonists (MRA) 

have anti-inflammatory/anti-fibrotic effects with the potential to attenuate aldosterone escape in 

patients taking ACEi/ARBs.182 While older MRAs such as spironolactone and eplerenone have 

been demonstrated to reduce proteinuria, adverse events including hyperkalemia could limit their 

use in the CKD and KTR populations.170 This had led to growing interest in more selective 

nonsteroidal MRAs such as finerenone as cardiorenal protective agents. Finerenone reduces 

albuminuria in the setting of DKD with T2D and has a lower risk of hyperkalemia compared to 

existing MRAs.183 The FIDELIO-DKD trial recently demonstrated that in patients with CKD and 

T2D, finerenone was associated with a lower risk of new onset ESKD, sustained decline in eGFR 

of  40% or renal death as compared to placebo.184 With only top line results available to date, the 

FIGARO trial (NCT02545049), studying the impact of finerenone vs placebo in patients with T2D 

and DKD, met its primary endpoint of significantly reducing CV death and nonfatal CV events. 

The role of additional RAAS blockade with MRAs in KTR with or without DM will need to be 
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well-studied before clinical use, particularly given existing equipoise on the use of ACEi/ARB in 

KTR.  

Management of Heart Failure and CKD in KTR 

KTR have high rates of DM, CKD and HF. Older studies reported 3-year cumulative 

incidences of postkidney transplant HF ranging from 18 to 27%, with HF diagnoses conferring 

increased risks of death and graft loss.185 A more recent analysis demonstrated significant 

reductions in the rates of HF from 1998 to 2010, though failed to observe improvements in 

mortality following de novo HF diagnosis.185 The management of HF has dramatically changed 

over the last decade, particularly in patients with reduced ejection (HFrEF) with the advent of 

neprilysin inhibitors, ivabradine and SGLT2i inhibitors. Increasing use of these agents in KTR 

with HFrEF is expected. 

Neprilysin inhibitors in combination with ARBs (ARNi) may be beneficial in CKD, with 

and without HFrEF. Neprilysin or neutral endopeptidase (NEP) breaks down natriuretic and 

vasodilating peptide – NEP inhibitors in combination with RAAS blockade promotes natriuresis, 

BP reductions, RAAS and sympathetic inhibition, and vasodilation.186 Secondary analysis of the 

general population in the PARADIGM-HF trial in HFrEF demonstrated a slower rate of eGFR 

decline with the NEP inhibitor sacubitril plus valsartan compared to enalapril alone – a benefit that 

was greater in participants with DM.187 In the 12-month UK-HARP-III trial comparing 

sacubutril/valsartan with irbesartan in nontransplant CKD patients with eGFR as low as 20 

ml/min/1.73m2, there was no benefit observed with respect to the primary outcome of eGFR 

change.188 Use of sacubitril/valsartan in this population was associated with significant reductions 

in BP and cardiac biomarkers, though it remains unclear if there will ever be a longer-term kidney 

outcome study in this population. The potential renal vasodilatory effects of ARNi may be 
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particularly relevant in KTR considering the chronic vasoconstrictive effects of CNIs, though long-

term outcomes with sacubitril/valsartan in KTR are lacking. The use of NEP inhibitors in KTR to 

manage CNI toxicity is not a novel concept as evidenced by several animal and human studies 

with older NEP inhibitors.189,190 One such study by Lipkin et al demonstrated increased natriuresis, 

GFR, renal blood flow, and decreased renal vascular resistance with the NEP inhibitor 

candoxatrilat.191 There are other agents with demonstrated benefits in the HF population with and 

without DM – ivabradine, a sinus node inhibitor, and vericiguat, a novel oral soluble guanylate 

cyclase inhibitors, are 2 recent examples.192,193 As demonstrated in a 2020 Cochrane review of 

pharmacological interventions for HF in CKD, there is a paucity of data to guide which 

interventions are effective in patients with HF and CKD (this review preceded the EMPEROR-

Reduced and DAPA-HF trials).194 This knowledge gap persists when considering the narrower 

intersection of KTR with HF and CKD. 

TREATMENT OF DM/PTDM IN KTR: SPECIAL CONSIDERATIONS 

There are several unique aspects of KTR that are important to consider when using agents 

with cardiorenal benefits, including the immunosuppressed state of KTR, the impact on denervated 

kidneys, as well as drug-drug interactions (DDI) particularly with concomitant use of CNIs. Given 

the susceptibility of KTR to infectious complications due to immunosuppression, there is the 

potential for concern regarding safety of these agents in this population. For example, mycotic 

infections are well described with SGLT2 inhibitors,195 and urinary tract infections are one of the 

most common infectious complications in KTR.196 In addition, transplanted kidneys are 

denervated and therefore the autoregulation of renal blood flow, particularly under conditions of 

hypotension, may be altered.197 Importantly, in CVOTs, CREDENCE and DAPA-CKD, SGLT2 

inhibition has not been associated with AKI, and may in fact reduce its incidence.136 Transplant 
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nephrologists should expect an acute and reversible decline in GFR when starting SGLT2 

inhibitors, as observed in the general population and with RAAS blockade.  Additional work is 

required to prove the safety and efficacy of these therapies under conditions of single kidney 

physiology and with altered autoregulatory conditions – such as with KTR.  

DDI between glucose-lowering and immunosuppressive agents are another important 

consideration, given the narrow therapeutic window of immunosuppression in organ 

transplantation.198 Drug elimination of CNIs and mTORi are mainly controlled by the cytochrome 

P450 (CYP) enzymes CYP3A4 and CYP3A5, and the efflux pump P-glycoprotein (P-gp).199  

Drugs that affect these enzymes may increase or decrease immunosuppression exposure. 

Metformin and insulin have low potential for DDI with immunosuppressive agents.199 DPP4 

inhibitors also likely have no significant DDI, with the possible exception of sitagliptin with 

cyclosporine and vildagliptin and tacrolimus.199 GLP-1RA do not affect CYP or P-gp metabolism. 

They do however slow gastric emptying, which may impact immunosuppressant absorption and 

should prompt additional CNI level monitoring after therapy initiation.199 Regarding SGLT2 

inhibitors, canagliflozin weakly inhibits several CYP enzymes and P-gp. It remains to be seen 

whether this increases exposure to CNIs and mTORi.199 Few studies have primarily tried to assess 

DDIs, though small clinical trials have not disclosed any signals of DDI.143,200,201 CNIs also cause 

renal vasoconstriction, and result in tubular toxicity and transport alterations.84,202 The 

effectiveness of agents with tubular effects including SGLT2 inhibitors and GLP-1RA with 

concomitant use of CNIs merits further exploration. 
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CONCLUSIONS 

DM in KTR contributes to an increase in allograft failure, CV disease, and mortality. Given 

the glucose-dependent and independent effects of newer diabetes agents like SGLT2 inhibitors 

and GLP-1RA, as well as the accumulating evidence demonstrating their cardiorenal protection in 

the general diabetes population, the use of these agents in KTR is attractive. This is especially 

relevant considering the lack of proven efficacy with traditional RAAS inhibitors in this 

population. While the safety of these agents in KTR has been shown mostly in smaller case series 

and observational studies, larger clinical and mechanistic trials are required to confirm the 

cardiorenal benefits and safety of these agents in KTR with preexisting and PTDM.  
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FIGURE TITLE AND LEGEND 

Figure 1. Pharmacologic agents, their mechanisms of action, and potential clinical impact in 

kidney transplant recipients. CCB, calcium channel blocker; CNI, calcineurin inhibitor; DBP, 

diastolic blood pressure; DPP4i, dipeptidyl peptidase-4 inhibitor; ET-1R, endothelin-1 receptor; 

GFR, glomerular filtration rate; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, 

hemoglobin A1c; mTORi, mammalian target of rapamycin inhibitor; MRA, mineralocorticoid 

receptor antagonist; PCSK9, proprotein convertase subtilisin/kexin type 9; RAASi, renin 

angiotensin aldosterone system inhibitor; SBP, systolic blood pressure; SGLT2i, sodium-glucose 

cotransporter 2 inhibitor.   
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Table 1. Summary of the benefits and risks observed with potential glucose-lowering strategies 

in studies with KTRs. 

AKI, acute kidney injury; CNI, calcineurin inhibitor; DPP-4, dipeptidyl peptidase-4 inhibitor; 

eGFR, estimated glomerular filtration rate; GI, gastrointestinal; GLP-1R, glucagon-like peptide-1 

receptor; HbA1c, hemoglobin A1c; KTR, kidney transplant recipient; NPH, neutral protamine 

Hagedorn; PTDM, posttransplantation diabetes mellitus; SGLT2i, sodium-glucose cotransporter 

2 inhibitor; UTI, urinary tract infections.    

  

 Potential benefits Benefits studied in KTR Risks 

Insulin 

therapy 
 risk of developing PTDM 

Used across a wide eGFR 

range 

 risk of developing PTDM by 

73% in KTR with hyperglycemia 

NPH insulin well-suited to diurnal 

effect of prednisone 

 

 risk of hypoglycemia 

Neutral or  graft survival with 

intensive insulin therapy 

weight 

Metformin  insulin resistance 

 risk of hypoglycemia 

Weight neutral 

Favorable safety profile 

Low risk of drug-drug interactions 

GFR cut off for KTR use is 

unknown 

GI side effects 

SGLT2i  HbA1c 

 risk of hypoglycemia 

 weight 

 blood pressure 

 

 major adverse cardiac 

events 

 albuminuria 

 decline in eGFR 

 

 HbA1c 

  weight 

 blood pressure 

No significant side effects 

observed (ketoacidosis, AKI, 

acute rejection, urinary/mycotic 

infections, or clinically significant 

changes in CNI levels) 

GFR cut off for KTR use is 

unknown 

Small sample size and few 

short-term studies available 

Risk of UTIs 

Heart and kidney benefits have 

yet to be demonstrated in this 

population 

GLP-1R 

agonists 
 HbA1c 

  weight 

 blood pressure 

Improved lipid profiles 

 albuminuria 

 decline in eGFR 

 

Safely tolerated 

 insulin secretion 

 glucagon concentration 

 HbA1c 

  weight 

No CNI interactions 

Stable or improved eGFR 

Only data from small, short-

term case studies available 

GI intolerance. Effect of 

delayed gastric emptying on 

drug disposition unknown. 

Heart and kidney benefits have 

yet to be demonstrated in this 

population 

DPP-4 

inhibitors 
 HbA1c 

 albuminuria 

 glomerulosclerosis 

Weight neutral 

Safely tolerated 

 HbA1c 

Used across a wide eGFR range 

Only data from small short-

term studies available 

No evidence of renal 

protection 

ACCEPTED

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited



56 

 

 

Table 2. Summary of studies of SGLT2i’s in kidney transplant recipients. 

Observational studies 

Author, 

year 

Participants Design Treatment Results 

Rajasekeran 

et al,137 

2017  

N = 10 KTR & 

SPKTR with 

PTDM or T2D 

 

 

Observational 

cohort study,  

80.5 person-

months follow-

up 

Canagliflozin  Weight, kg: -2.14 (SD 2.8)  

Systolic blood pressure, mmHg: -

6.5 (SD 10.8) 

Diastolic blood pressure, mmHg: -

4.8 (SD 12)  

Serum creatinine, mmol/L: 9.7 

(SD 14.6); eGFR, mL/min/1.73m2 

: -4.3 (SD 12.2)  

No urinary/mycotic infections, 

AKI or acute rejection 

Mahling et 

al,138 2019 

N = 10 KTR 

with PTDM or 

T2D 

 

Observational 

study, 6.3 

person-years 

Empagliflozin Weight, kg: -1.9 (-1.9 to 0.1)  

Systolic blood pressure, mmHg: -

2.5 (-36.3 to 0.8) 

Diastolic blood pressure, mmHg: -

0.5 (-9.5 to 7.5)  

2 episodes of UTI, 1 episode of 

AKI 

Alkindi et 

al,139 2020 

N = 8 KTR with 

PTDM or T2D 

Retrospective 

chart review 

Empagliflozin 

(6 patients), 

dapagliflozin 

(2 patients) 

 

BMI, kg/m2, 32.7±7.2 to 27.4±4.2 

after 12 months (P <0.05) 

Systolic blood pressure, mmHg: 

135±9.6 to 126.4±11.5 after 12 

months (P >0.05) 

Diastolic blood pressure, mmHg: 

80.6±10 to 74.5±7.3 after 12 

months (P >0.05) 

eGFR, no significant change 

1 episode of UTI, no AKI, 

ketoacidosis, acute rejection 

Schwaiger 

et al,140 

2019 

N = 14 KTR 

with PTDM, 6 

months 

posttransplant, 

eGFR ≥ 

30ml/min/1.73

m2, stable on 

insulin therapy 

Open-label, 

single-arm, 

noninferiority 

study 

Single-center 

study 

Treatment with 

empagliflozin  

10 mg after 

discontinuation 

of insulin 

therapy, 4 

weeks 

Change in baseline to 4 week 

OGTT - fasting and 2‐ hour 

glucose levels increased to 144 ± 

45 mg/dL (P = 0.005) and 273 ± 

116 mg/dL (P = 0.06), 

respectively 

Avg body weight: -1.6kg; 

Bioimpedance volume status: 

fluid overload decreased from 2.7 

± 2.1 (baseline) to 1.8 ± 1.8L (P = 

0.006) 

5 episodes of urinary tract 
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infection 

Song et 

al,141 2021 

N = 50 KTR 

with T2D or 

PTDM, no UTI 

in 6 months 

prior to SGLT2i 

initiation, eGFR 

≥ 

30ml/min/1.73

m2 

Retrospective, 

observational 

study 

Varying 

SGLT2i’s 

based on 

patients’ 

insurance 

coverage 

Weight loss: −2.95 kg [(SD 3.54, 

P = <0.0001 (CI: 3.53, 1.50)]; 

Increase in magnesium: 0.13 [(SD 

1.73, P = 0.0004 (CI: 0.06, 0.20)]; 

eGFR, no significant change 

7 (14%) cases of treated urinary 

tract infections; No episodes of 

DKA, amputation, AKI. 

RCT 

Author, 

year 

Participants Design Treatment Results 

Halden et 

al,143 2019 

N = 49 KTR 

with PTDM, 1 

year 

posttransplant, 

eGFR 

≥30m/min/1.73

m2 

Double-blind 

RCT 

Single-center 

study 

1:1  

empagliflozin 

10mg vs placebo, 

24 weeks 

Secondary outcomes 

Change in median HbA1c (%): 

-0.2 (-0.6 to -0.1) with 

empagliflozin vs +0.1 (-0.1 to 

0.4); P = 0.025 

Body weight: -2.5 kg (-4.0 to -

0.05) with empagliflozin vs 

+1.0 kg (0.0 to 2.0); P = 0.014 

24hr blood pressure – no 

difference in blood pressure 

between groups 

Safety outcomes – no 

significant between group 

differences 

 

AKI, acute kidney injury; BMI, body mass index; CI, confidence interval; DKA, diabetic 

ketoacidosis; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; KTR, kidney 

transplant recipient; OGTT, Oral Glucose Tolerance Test; PTDM, posttransplant diabetes 

mellitus; RCT, randomized controlled trial; SGLT2i, sodium-glucose cotransporter 2 inhibitor; 

SPKTR, simultaneous pancreas-kidney transplant recipient; T2D, type 2 diabetes; UTI, urinary 

tract infection. 
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