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SUMMARY

Post-transplant diabetes mellitus (PTDM) shows a relationship with risk
factors including obesity and tacrolimus-based immunosuppression, which
decreases pancreatic insulin secretion. Several of the sodium–glucose-linked
transporter 2 inhibitors (SGLT2is) and glucagon-like peptide 1 receptor
agonists (GLP1-RAs) dramatically improve outcomes of individuals with
type 2 diabetes with and without chronic kidney disease, which is, as heart
failure and atherosclerotic cardiovascular disease, differentially affected by
both drug classes (presumably). Here, we discuss SGLT2is and GLP1-RAs
in context with other PTDM management strategies, including modifica-
tion of immunosuppression, active lifestyle intervention, and early postop-
erative insulin administration. We also review recent studies with SGLT2is
in PTDM, reporting their safety and antihyperglycemic efficacy, which is
moderate to low, depending on kidney function. Finally, we reference ret-
rospective case reports with GLP1-RAs that have not brought forth major
concerns, likely indicating that GLP1-RAs are ideal for PTDM patients suf-
fering from obesity. Although our article encompasses PTDM after solid
organ transplantation in general, data from kidney transplant recipients
constitute the largest proportion. The PTDM research community still
requires data that treating and preventing PTDM will improve clinical con-
ditions beyond hyperglycemia. We therefore suggest that it is time to col-
laborate, in testing novel antidiabetics among patients of all transplant
disciplines.
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Introduction

PTDM incidence; major controversies embedded in

previous consensus recommendations; outcomes
associated with PTDM, as they relate to diagnosis

Post-transplant diabetes mellitus (PTDM) [1,2] is a

common and important complication after solid organ

transplantation. Although the majority of PTDM data

are derived from kidney transplant recipients, PTDM

incidence has been reported as being higher in other

solid organs. Compared to kidney transplant recipients,

whose PTDM incidence ranges between 10% and 20%

[3-5], PTDM occurs in 20% to 30% of heart transplant

recipients [6], 20% to 40% of liver transplant recipients

[7-11], and 20% to 40% of lung transplant recipients

[12,13] (as reviewed in [14] and shown in Fig. 2). It

may seem that PTDM is more common among liver

rather than kidney transplant recipients, as one center,

which reported virtually the same immunosuppressant

use in both types of solid transplant recipients, found

that the incidence of PTDM was much higher in indi-

viduals receiving a liver rather than those receiving a

kidney transplant (30% vs. 19%, respectively [9]). Risk

factors for development of PTDM in liver transplant

recipients are most often reported to be age [8], higher

BMI [8,10,11], and especially hepatitis C virus (HCV)

infection [7,8,10,11] as well as use of tacrolimus

[7,8,15,16]. In one study, the incidence of PTDM was

42% in HCV-positive patients compared to 19% in

HCV-negative patients, and the risk was particularly

enhanced in patients using tacrolimus instead of cyclos-

porine [11].

The pathophysiology of PTDM is of intrinsic interest.

Rather than being simply another form of type 2 dia-

betes, PTDM is a pathophysiological entity in its own

right [17-20]. The American Diabetes Association

(ADA) previously classified PTDM in the category of

“other specific types” of diabetes [21], but has recently

described it as “diabetes after organ transplantation”

[22]. At an expert meeting hosted in Vienna in 2013

[23], the objectives were to update previous consensus

statements [17,24], and secondly to debate deficiencies

in the PTDM clinical evidence base. Discussions that

ensued led to 7 recommendations (box):

1. Change terminology from New-Onset Diabetes

After Transplantation (NODAT) back to post-

transplantation diabetes mellitus (PTDM).

2. Exclude transient post-transplantation hyper-

glycemia from PTDM diagnosis.

3. Expand screening tests for PTDM to incorporate

postprandial (and evening) glucose monitoring

and HbA1c to raise suspicion, while oral glucose

tolerance tests remain the gold standard.

4. Identify patients at risk for PTDM.

5. Choose immunosuppression regimens so as to

achieve the best outcome for patient and graft

survival, irrespective of PTDM risk.

6. Adopt strategies for prevention and treatment

beyond modification of immunosuppressive regi-

mens.

7. Expand basic, translational, and clinical research

in PTDM to address the areas of remaining con-

troversy and speculation.

The previous recommendations 1, 2, and 7, in our

understanding, have been well received and are widely

accepted. The term PTDM, rather than “New-Onset”

Diabetes After Transplantation (NODAT), is an

acknowledgment of the heterogeneity of dysglycemia

within the group, with some patients having undiag-

nosed diabetes pretransplant and others destined to

develop diabetes regardless of any effects associated with

transplantation. Although not specifically mentioned in

the paper [23], pretransplant identification of glucose

disorders in patients on the transplant waitlist was also

encouraged. Such screening efforts would ideally include

an oral glucose tolerance test (OGTT) [25], but even an

HbA1c measurement at time of transplantation, despite

the well-known pitfalls of the HbA1c arising, for exam-

ple, from (changes in) erythropoiesis-stimulating agents

and the uremic state of patients with kidney disease

[26], might be helpful for differentiating between

PTDM and true NODAT, and also to clinically judge

the course of hyperglycemia post-transplantation.

However, there is still significant insecurity with

respect to all other recommendations. Recommenda-

tions 3 and 4 deal with post-transplant screening, diag-

nosis, and PTDM risk, and respective to these issues, it

again has to be emphasized that PTDM and type 2 dia-

betes are not “one and the same.” Glycemic thresholds

for diagnosis of type 2 diabetes have been thoroughly

validated for the general population, based on microvas-

cular complications (retinopathy) [27]. Only one study,

from a single center, however, has specifically addressed

retinopathy in transplanted individuals [28]. Therefore,

it is currently unclear whether glycemic thresholds from
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the general population can be used in transplanted

patients, due to their different pathophysiology for

developing hyperglycemia. In the general population,

diabetic complications may take years to manifest (for

diabetic retinopathy, please refer to reference [29]), sug-

gesting that studies in transplanted populations may

require similarly long periods of time to be able to pre-

sent diabetic secondary manifestations. Consistent with

this assumption, an earlier registry study found only

8.3% ophthalmic complications among 4,105 patients

with “new-onset” diabetes over their 3-year follow-up

(out of a total population of 21,489 primary kidney

transplant recipients identified through the USRDS,

1995-2001 [30]).

Based on the available evidence, the major concern

with PTDM is not the risk of developing microvascular

disease such as retinopathy (although data are scarce),

but rather the increased risk of cardiovascular disease

and death. For example, a study from the Oslo trans-

plant center showed for the 10-week post-transplant

time point that repeatedly elevated fasting plasma glu-

cose ≥ 126 mg/dL and OGTT-derived hyperglycemia at

thresholds ≥ 200 mg/dL (diabetes) as well as ≥ 140 mg/

dL (impaired glucose tolerance) were all associated with

mortality in kidney transplant recipients, while HbA1c

levels ≥ 6.5% were not associated with mortality [4]. In

an earlier analysis, the same group has also shown a

very similar mortality association for PTDM

(“manifest” and diagnosed by OGTT-derived 2-hour

plasma glucose) and impaired glucose tolerance [3].

The fact that the risk associated with hyperglycemia

extends from PTDM to prediabetes was reaffirmed in a

study from Spain where impaired glucose tolerance plus

impaired fasting glucose, as well as PTDM itself, diag-

nosed at 12-months post-transplant, were associated

with cardiovascular events in kidney transplanted

patients [31]. How and when to screen for hyper-

glycemia during the unstable post-transplant phase

[32,33], and the best way to identify patients at risk

(previous recommendations 3 and 4) are therefore not

trivial issues. However, the fact that there truly is an

increased risk of mortality in kidney transplant recipi-

ents [34], especially if they have treated PTDM [35,36],

and that this mortality risk is most likely due to cardio-

vascular causes [3-5,31,37,38], is by now well estab-

lished.

Among solid organ transplant recipients other than

kidney, analyzed together, PTDM based on HbA1c at

3 months post-transplantation was recently reported to

be prognostically relevant [39]. One study which

involved nearly 1.000 liver transplant recipients found

that PTDM persisting over 5-10 years was associated

with increased number of cardiovascular events [40],

whereas 12-yr survival was not affected in another study

[15]. In a very detailed review from the year 2016 which

also addressed this particular question, Shivaswamy

et al. arrived at the conclusion that PTDM may only

reduce short-term survival after liver transplant, while

the impact of PTDM on survival after lung transplant is

unclear and PTDM after heart transplantation does not

affect survival [1].

Understanding and further addressing the relation-

ship between PTDM and outcomes will be important,

as PTDM stands out as a potentially modifiable com-

plication [41-43], but to date, there are no studies

showing that treatment of PTDM actually positively

modifies outcomes, other than glycemia [38]. One of

the central debates in PTDM research related to this

issue is the relative importance of the metabolic syn-

drome [20], and the question has been asked whether

patients with morbid obesity should be transplanted at

all, or whether the metabolic syndrome should come

into control before transplant. Metabolic syndrome is

prevalent among dialysis patients and, in the complex

post-transplant interplay between weight gain, exacer-

bation of underlying metabolic syndrome and

increased diabetogenicity from immunosuppression

can lead to increased risk for PTDM [44]. Pretrans-

plantation weight is a risk factor for PTDM [45] and

weight loss before kidney transplantation can success-

fully reduce the odds of developing PTDM [46]. This

raises the question whether modifiable pretransplanta-

tion risk factors such as obesity should be targeted to

reduce post-transplant complications like PTDM.

While no study has explored pharmacological inter-

ventions to target obesity pretransplantation, the strat-

egy of surgical interventions has some limited

evidence base. For example, in one published report

bariatric surgery was shown to improve access to kid-

ney transplantation while achieving measurable

improvements in pretransplantation cardio-metabolic

profiles including weight loss and reduction in dia-

betes rates (albeit defined inadequately by need for

glucose-lowering therapy) [47]. In another small pre-

liminary report, bariatric surgery was shown to

improve pretransplant diabetes rates and PTDM was

not observed in the 9/25 kidney transplant patients

without pretransplant diabetes [48]. However, more

definitive data are required concerning attenuation of

post-transplant cardio-metabolic risks and long-term

safety profiles before surgical intervention can be

advocated for eligible obese candidates.
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The present review will not answer the specific ques-

tion of obesity, but addresses the issue of tackling obe-

sity and PTDM by lifestyle modification and using

novel antidiabetic drugs. Our work to a large extent

represents the experience and reading of all co-authors,

which encompasses the limitation that a predefined lit-

erature search was not formally performed. The text

was inspired by the realization that management of

PTDM, as would be embedded in the previous consen-

sus recommendations 5 and 6, is still among the most

controversial issues, as of today, and that the reason is

lack of evidence. Thus, we believe that there is a press-

ing need to discuss here and subsequently collaborate

on PTDM management.

Management of PTDM: immunosuppression

Immunosuppression remains the major modifiable risk

factor for development of PTDM [49]. The transplant

community by now has a common understanding of

the diabetogenicity of commonly used immunosuppres-

sants, and again most studies have been conducted after

kidney transplantation rather than other solid organs.

Calcineurin inhibitors are the mainstay of immunosup-

pression and decrease insulin release from pancreatic

beta cells [50-54]. A randomized controlled study

(“DIRECT”) [55] confirmed an earlier meta-analysis on

the increased diabetogenicity of tacrolimus compared to

cyclosporine post kidney transplantation [56]. However,

this study had limitations including short follow-up

(6 months) and tacrolimus trough levels above those

now targeted by many transplant centers. Indeed, strate-

gies to minimize or avoid calcineurin inhibitor exposure

have been shown to reduce the odds of developing

PTDM in a meta-analysis of 56 randomized controlled

trials (with concomitant superior overall graft survival)

[57]. Torres et al. randomized de novo kidney trans-

plant recipients without previous diabetes history but

high PTDM risk into a tacrolimus versus a cyclosporine

group (with and without early corticosteroid withdrawal

in the tacrolimus group). Participants in the cyclospor-

ine group had a lower 1-year PTDM incidence that

failed to reach statistical significance, but also an

increased probability of acute rejection [58].

Conversion of tacrolimus to cyclosporine for

improvement of the glucose metabolism in stable kid-

ney transplant recipients has been suggested, both from

previous literature [59] and one randomized controlled

trial [60], where replacement of tacrolimus by cyclos-

porine in patients with PTDM resulted in diabetes

reversal. In this trial [60], concomitant changes in

insulin secretion and/or sensitivity were unfortunately

not reported, but a study from Vienna suggested that

the balance between these two entities might be

deranged in kidney transplant recipients, compared with

general population subjects as controls [61]. Recently,

M€uller et al. analyzed belatacept-treated kidney trans-

plant recipients as yet another control group, in com-

parison to tacrolimus-treated kidney transplant

recipients [62]. The tacrolimus-treated kidney transplant

recipients had lower insulin release in the presence of

higher insulin sensitivity, when compared to belatacept-

treated kidney transplant recipients. The study also con-

firmed a lower PTDM rate with belatacept, compared

to tacrolimus [62], which has recently been observed in

another retrospective study [63]. The tacrolimus-belata-

cept comparison represents new information, as the

available literature had previously only suggested superi-

ority of belatacept, in terms of a reduced PTDM inci-

dence [64,65], when this immunosuppressive agent was

compared to cyclosporine. Additional insight is pro-

vided by a study showing that patients receiving tacroli-

mus, but not those receiving cyclosporine after kidney

transplantation had a higher risk of developing PTDM,

if they also had high triglycerides levels (i.e., metabolic

syndrome) pretransplant [66]. Furthermore, from a

mechanistic point of view, tacrolimus seems to interact

with free fatty acids to impair beta cell function [67].

The recent re-classification of individuals from the gen-

eral population with type 1 diabetes, type 2 diabetes,

and late autoimmune diabetes in adults into 5 novel

categories (clusters), by their degree of insulin defi-

ciency, respective to insulin resistance [68] may help the

PTDM community in solving the conflict whether it is

impaired insulin secretion [61,62,69] or higher insulin

resistance that dominates the pathophysiology of PTDM

patients [70]. As in the general population, there may

be individual differences in PTDM patients, which are

further modified by the type of immunosuppression

that these individuals are receiving after solid organ

transplantation.

Present knowledge indicates that mammalian target

of rapamycin (mTOR) inhibitors can no longer be con-

sidered inert for development of PTDM. For example,

registry data demonstrated an increased risk of PTDM

in association with use of sirolimus [71], though

patients in this study may have been exposed to levels

higher than currently used in some centers. In the Sym-

phony study where target levels of sirolimus were 3 to

7 ng/mL, sirolimus-treated patients developed PTDM at

a rate in-between cyclosporine and tacrolimus [72].

While at least one report has reported no increase in
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PTDM in patients converted to an mTOR inhibitor

[73], and a retrospective study suggested potential bene-

fit for patients with established PTDM converting to an

mTOR inhibitor [74], there are insufficient data to rec-

ommend this practice, especially in view of increased

noncancer mortality risk associated with sirolimus

[75,76]. Mechanistically, Teutonico et al. have shown

that both a decrease in beta cell function and a decrease

in insulin sensitivity occurs when patients are switched

from either cyclosporine A or tacrolimus to sirolimus,

suggesting that mTOR inhibitors actually do not ame-

liorate the glycometabolic profile of kidney transplant

recipients [77].

In contrast to calcineurin inhibitors and mTOR inhi-

bitors, no link has been established between use of anti-

proliferative agents such as mycophenolate mofetil or

azathioprine and the risk of PTDM. However, contro-

versy remains within the transplant community with

regards to corticosteroid avoidance (defined as complete

avoidance or withdrawal within the first days kidney

transplantation [78]) or corticosteroid withdrawal (de-

fined as discontinuation at a certain time point in the

later post-transplant phase [78]), as potential strategies

to attenuate the risk of PTDM. Despite the known con-

tribution of corticosteroids to hyperglycemia and dia-

betes in general [79], a clear long-term benefit from

corticosteroid-sparing strategies has not been demon-

strated [80]. A meta-analysis of corticosteroid with-

drawal between 3 and 6 months after transplantation

found no meaningful effect on PTDM incidence [81].

Early corticosteroid withdrawal within the first-week

post-transplant has shown decreased PTDM incidence,

but only in the context of cyclosporine use [82]. The

caveat to this approach is the higher risk of acute rejec-

tion, which may counteract the beneficial glycemic

effects [81]. Withdrawal of corticosteroids to prevent

PTDM is not supported in the study by Woodle et al.

[80]. Furthermore, when insulin sensitivity was assessed

by a state-of-the-art euglycemic, hyperglycemic clamp

technique in kidney transplant recipients, insulin action

did not improve when prednisolone was withdrawn

from a 5 mg daily dose [83]. In the most recent

Cochrane review on the use of prednisolone in kidney

transplanted patients, published in 2016, no significant

difference in PTDM risk was found comparing corticos-

teroid withdrawal versus maintenance (relative

risk = 0.77, 95% confidence interval 0.49 to 1.21), and

there was also no evidence to suggest a difference in

patient mortality or graft loss up to five years after

transplantation [78], while the risk of acute rejection

was significantly increased [78]. However, in the more

recently published HARMONY trial (which was not

included in the Cochrane review [78]), rapid corticos-

teroid withdrawal, again, was associated with reduced

PTDM incidence, which in this study was defined as a

secondary endpoint [84]. As a side note, with high

doses of prednisolone (20 mg per day), split dosing can

reduce glycemic variability and peak hyperglycemia

[85], and may be an interesting, but understudied

option to potentially reduce PTDM risk.

Finally, with respect to induction therapy, one study

reported a reduction in PTDM incidence with alem-

tuzumab compared to IL2 receptor antagonists [86],

which was suggested to be related to a reduction in cal-

cineurin inhibitor and corticosteroid dosing with alem-

tuzumab use. Another single-center retrospective study

of 264 renal transplant recipients suggested that basilix-

imab provides an intrinsic diabetogenic risk [87], with

PTDM occurring at 10-week post-transplantation in

51.5% of patients receiving basiliximab versus 36.9%

who did not receive induction, P = 0.017) [87]. In the

absence of other studies, the significance of these results

remains unclear.

In summary, 6 years after the consensus recommen-

dations [23], there is no clear evidence that risk of

PTDM can be decreased (e.g., by use of cyclosporine

instead of tacrolimus or steroid avoidance/withdrawal),

without increasing the risk of rejection. Therefore, the

previous recommendation, which the immunosuppres-

sive regimen should maximize patient and allograft sur-

vival, regardless of whether this increases the risk of

PTDM [23], still appears sensible. Importantly, this view

still acknowledges a generally recognized reduction in

cardiovascular mortality [88], primarily due to the

restoration of renal function. The long-term success of

the graft is of paramount importance for the outcome,

which is assured by effective immunosuppression. As a

consequence, tacrolimus has been the recommended

calcineurin inhibitor since the 2009 KDIGO guidelines

[89], and it seems reasonable that immunosuppression

should be given primarily according to recommended

guidelines [89].

Management of PTDM: early prevention—
lifestyle and early insulin

While some debate may continue with respect to

immunosuppressant modification, there appears to be

agreement that prevention strategies to reduce risk for

PTDM should be more actively encouraged. Lifestyle

modification (dietary advice, physical activity, and

weight loss encouragement) in kidney allograft
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recipients was reported to facilitate reversal of impaired

glucose tolerance to normal glucose tolerance within 6-

months in a nonrandomized study [90]. In support of

this concept, central obesity rather than body mass

index is associated with development of PTDM [91]. A

randomized controlled trial (CAVIAR) comparing active

versus passive lifestyle intervention postkidney trans-

plantation [92] demonstrated improvements in sec-

ondary clinical endpoints including weight loss, reduced

fat mass, and a suggestion of reduced PTDM incidence

(7.6% versus 15.6% respectively, P = 0.123). A multi-

center study with reduction in PTDM as the primary

outcome is being planned, powered by the empirical

data obtained from the CAVIAR study.

A step-wise approach to management of established

PTDM has much earlier been advocated [17], but with

hyperglycemia arising in the immediate post-transplant

period, the reverse was subsequently recommended [23].

Insulin is the safest, most effective agent in the early

post-transplant period with possibly enduring benefits:

In a randomized controlled proof-of-concept study,

institution of basal insulin following detection of early

post-transplant hyperglycemia (<3 weeks) reduced sub-

sequent odds of persistent PTDM in the first-year post-

transplantation by 73% [41]. The results of a larger ran-

domized controlled clinical trial (ITP-NODAT,

NCT03507829) have recently been submitted. Although

PTDM incidence in the subsequent trial was dramati-

cally smaller than in the previous proof-of-concept

study, early intervention against post-transplant hyper-

glycaemia by capillary blood glucose monitoring and

basal insulin treatment, again, was safe and prevented

overt PTDM onset. However, the primary endpoint (in-

cidence of PTDM at 1 year) was only reached in the

per-protocol analysis which excluded some severe pro-

tocol violations resulting in diabetes misclassification

[93], and additional analyses showed that the results

depend on protocol adherence [94]. Of note, data from

the previous proof-of-concept trial showed that this

strategy, albeit decreasing the incidence of PTDM, may

not improve cardiovascular complications [38].

If management of post-transplant hyperglycemia is

placed in context with treatment of postoperative

hyperglycemia, then insulin will remain first choice

[95,96]. However, there are also advantages for postop-

erative initiation of antihyperglycemic therapy other

than insulin, especially if postoperative hyperglycemia is

mild. Recently issued guidelines on the Detection and

Management of Diabetes post-Solid Organ Transplanta-

tion by the Association of British Clinical Diabetologists

(ABCD) and by the British Renal Association (RA)

aimed to stratify a hierarchy of pharmacological therapy

and encouraged metformin as first-line oral therapy for

suitable kidney transplant recipients, defined as eGFR

of ≥ 30 ml/min/1.73m2 and BMI ≥ 25 kg/m2 [97]. The

writing group, however, emphasized additional ABCD/

RA guidance, clearly suggesting the use of metformin

“sick day rules” whereby metformin therapy should be

temporarily stopped when there is a risk of hypov-

olemia [98]. Among oral agents, some therapies like sul-

fonylureas, meglitinides, and thiazolidinediones were

suggested with significant caveats in mind due to lack

of evidence regarding efficacy and potential for signifi-

cant side effects [97]. Therefore, the use of novel anti-

diabetics for management of PTDM is of increased

interest, while glucose-lowering therapies in the context

of PTDM treatment also include dipeptidylpeptidase-4

inhibitors and have been summarized in several reviews

prior to the year 2018, by us and others [1,99-101].

Management of PTDM: novel antidiabetics

The landscape of diabetes therapy in the general popula-

tion has changed dramatically since the success of novel

antidiabetic agents inhibiting sodium–glucose linked

transporter 2 (SGLT2i), and acting as agonists of the glu-

cagon-like peptide 1 receptor (GLP1-RA). Among several

medical societies that have by now endorsed the SGLT2is

and GLP1-RAs in their guidelines are the American Dia-

betes Association (ADA) and the European Association

for the Study of Diabetes (EASD). Specifically, an ADA/

EASD Consensus Report from the year 2018 recom-

mended GLP1-RAs or SGLT2is for type 2 diabetics with

established atherosclerotic cardiovascular disease

(ASCVD) or chronic kidney disease (CKD), if their gly-

cated hemoglobin (HbA1c) levels under therapy with

metformin and lifestyle modification were above 7%, the

recommended target for nonpregnant adults [102]. The

choice of using either SGLT2i or a GLP1-RA should

depend on the predominance of CKD, ASCVD, or heart

failure: Patients with a predominance of ASCVD should

receive a GLP1-RA, while patients with a predominance

of heart failure patients or CKD should receive an SGLT2i

with proven benefit in the respective conditions.

Only a few months after the publication of the ADA/

EASD recommendations, the European Renal Associa-

tion—European Dialysis and Transplant Association

(ERA-EDTA) working groups “DIABESITY” and

“EUropean REnal and CArdiovascular Medicine” (EUR-

ECA-m) published their consensus statement on

nephroprotection and cardioprotection with SGLT2is

and GLP1-RAs in patients with diabetes mellitus and
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CKD [103]. An important update to the ADA/EASD

Consensus Report [104] rendered the treatment less glu-

cose-centered, as was also stated in the most recent

ADA document [105]: “Among patients with type 2

diabetes who have established atherosclerotic cardiovas-

cular disease or indicators of high risk, established kid-

ney disease, or heart failure, a sodium–glucose
cotransporter 2 inhibitor or glucagon-like peptide 1

receptor agonist with demonstrated cardiovascular dis-

ease benefit is recommended as part of the glucose-lower-

ing regimen independent of A1C and in consideration of

patient-specific factors.” Thus, metformin is still first

choice when the patient does not have ASCVD, heart

failure, or CKD. However, if one or more of the two

comorbidities are present, metformin, and an SGLT2i,

alternatively a GLP-1RA (always with proven benefit)

should be started together with metformin. And if a

patient is on metformin and develops one such comor-

bidity, an SGLT2i or GLP-1RA should be started

regardless of HbA1c.

Recapitulating the highlights of the previous ADA/

EASD guidelines [102,104] and of the subsequent con-

sensus statement by DIABESITY and EURECA-m [103]

is beyond the scope of this review, as they both focus

on the general population with type 2 diabetes. How-

ever, we have summarized the results of the recent,

major trials using SGLT2is and GLP1-RAs in Table 1

(in the first row and third row, for the general popula-

tion with T2DM). One trial that is not mentioned in

Table 1 is Vertis (studying the SLGT2i ertugliflozin),

which was presented at the ADA in June 2020. This trial

found no significant superiority of the treatment versus

placebo group, with respect to the primary outcome,

although the numerical signal was in the same favorable

direction as seen for the other SGLT2is. Among the

explanations for this puzzling result, seemingly subtle

differences in eligibility criteria have been put forth, as

Vertis, when compared to EMPA-REG-OUTCOME,

recruited patients above 40 years (versus any age in

EMPA-REG-OUTCOME) [106]. Vertis moreover

included only 6.4% and 8.4% participants of Asian and

South American origin, respectively (versus 19% and

15% in EMPA-REG-OUTCOME, respectively) [106].

Despite the fact that both study populations had estab-

lished cardiovascular disease, the existence of a class

effect among the SGLT2is might not have to be ques-

tioned altogether.

Besides Vertis, the most recent developments (DAPA-

heart failure; DAPA-CKD and EMPEROR) were also

beyond the scope of this review. However, it is worth

mentioning here that the 2020 Clinical Practice

Guideline for Diabetes Management in Chronic Kidney

Disease by the Kidney Disease: Improving Global Out-

comes (KDIGO) initiative provides perhaps the most

detailed overview for the general population, now

emphasizing comprehensive care with risk factor man-

agement and antihyperglycemic therapy individualiza-

tion in individuals with CKD and diabetes mellitus

[107]. We strongly recommend this excellent and timely

KDIGO publication as an important source of informa-

tion and guidance, acknowledging, however, that the

guideline is not specific in the setting of solid organ

transplantation, where the target population does not

consist 100% of individuals with CKD, and where

patients also receive immunosuppressive therapy.

Mechanistic considerations

Although the mechanisms of action differ completely

between SGLT2is that lead to excretion of glucose into

the urine [108] and GLP1-RAs which enhance the

incretin effect [109], their effects on the primary end-

point (usually cardiovascular death, nonfatal myocardial

infarction, and nonfatal stroke) shown in most trials

seem amazingly similar between both drug classes

(Table 1). However, when both drug classes are consid-

ered at detail, their impact on the kidney and heart is

meaningfully different (e.g., GLP1-RAs affect protein-

uria but do not slow CKD progression and do not

improve heart failure [110]). Some of the postulated

mechanisms known form the general population are

summarized with respective references in Table 2. These

mechanisms of nephroprotection and cardioprotection

have been thoroughly discussed and reviewed in the

EURECA-m and DIABESITY consensus statements

[103].

SGLT2is

Metabolic and cardiovascular effects of empagliflozin shown in

published PTDM studies

Based on the rationale that novel antidiabetic agents

have been shown to be immensely beneficial in the gen-

eral population with T2DM, the SGLT2i empagliflozin

was used at the Vienna transplant center in patients

with PTDM after kidney transplantation, in a study

which resulted in the formally first publication on this

subject (the EMpagliflozin in Post-TRAnsplant Diabetes

Mellitus [EMPTRA-DM] pilot study [111]). Only a few

months later, the transplant center in Oslo also pub-

lished a randomized controlled study on empagliflozin
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administration after kidney transplantation (EMPA-

Renal Tx [112]), and several other studies have followed

on kidney [113-115] and heart [116,117] transplant

patients.

EMPTRA-DM: The Vienna study [111] aimed at

obtaining data on glycemic control in post-transplant

diabetics under empagliflozin. Therefore, participants

with pre-existing insulin therapy were initially given

empagliflozin (10 mg) as monotherapy over a period of

4 weeks. Oral glucose tolerance tests (OGTTs) before

and after the 4-week empagliflozin monotherapy, as well

as the evaluated glucose profiles showed that empagli-

flozin monotherapy yielded inferior glucose control, in

comparison to the pre-existing insulin therapy [111].

The average 2-hour plasma glucose value from the

OGTT (primary endpoint), however, barely missed the

limit of significance to show inferiority of empagliflozin,

compared to previous insulin therapy (P = 0.06) [111].

To include the relatively small number of participants

studied in EMPTRA-DM (n = 14, per prespecified sam-

ple size calculation), markedly more patients had to be

screened from 1120 outpatients. After the 4-week empa-

gliflozin monotherapy, the EMPTRA-DM study was

continued for 11 months further, but 6 participants

withdrew, due to poor glycemic control, urinary tract

infections, and worsened eGFR. Of the 8 participants

remaining in the study, 3 had to be placed back on

insulin therapy.

EMPA-Renal Tx: The study in Oslo by Halden et al.

was a randomized controlled double-blind study [112].

Only patients with stable PTDM and transplant dura-

tion of at least 1 year were included. These patients

were identified during their extensive post-transplant

visit at year 1, where all patients receive an OGTT. The

EMPA-Renal Tx study examined the efficacy and safety

of empagliflozin (10 mg) as monotherapy or add-on

therapy in a total of 24 patients, against 25 placebo

patients. Two participants did not complete the entire

24-week study period. Two participants were able to

reduce their pre-existing insulin therapy, but no patient

was able to completely omit the pre-existing antidiabetic

medication. An OGTT, a 24-hour blood pressure mea-

surement, and a body composition measurement (dual

X-ray) were also carried out at the beginning of the

study and after 24 weeks. In addition, the study

included a 24-hour urine collection to evaluate gluco-

suria.

Considering the hierarchy inherent in the different

study designs, the randomized, placebo-controlled study

from Oslo is clearly to be preferred over the Vienna

study, which had only one study arm, so that eachT
a
b
le

2
.
C
o
n
ti
n
u
e
d
.

D
ru
g
C
la
ss

B
en

efi
t

O
b
se
rv
at
io
n
s

Fi
rs
t
sh
o
w
n
fo
r
..
.
in

M
ec
h
an

is
m

D
et
ai
ls

re
d
u
ce
d
;
A
lb
u
m
in
u
ri
a
w
as

re
d
u
ce
d
.

m
o
d
el

[1
4
3
];
lo
w
er

in
fl
am

m
at
o
ry

b
io
m
ar
ke
rs

in
R
C
T
[1
8
1
];
su
g
g
es
te
d
b
en

efi
t
fo
r
a
va
ri
et
y

o
f
in
fl
am

m
at
o
ry

d
is
ea
se
s
(r
ev
ie
w
ed

in
[1
4
4
])
.

C
ar
d
io
p
ro
te
ct
io
n

C
V
ev
en

ts
in
cl
u
d
in
g
M
C
Is

w
er
e
re
d
u
ce
d
.

Li
ra
g
lu
ti
d
e,

LE
A
D
ER

[1
5
4
];

si
m
u
lt
an

eo
u
sl
y
fo
r

Se
m
ag

lu
ti
d
e,

SU
ST

A
IN
-6

[1
3
5
]

G
en

er
al

im
p
ro
ve
m
en

t
in

C
V
ri
sk

p
ro
fi
le

R
ed

u
ct
io
n
o
f
b
o
d
y
w
ei
g
h
t
an

d
b
lo
o
d
lip
id
s

[1
8
2
,1
8
3
];
ev
en

fo
r
al
b
ig
lu
ti
d
e
(u
n
lik
el
y
to

cr
o
ss

th
e
b
lo
o
d
-b
ra
in

b
ar
ri
er
),
a
re
d
u
ct
io
n
in

C
V
ev
en

ts
h
as

b
ee

n
sh
o
w
n
[1
5
7
],
su
g
g
es
ti
n
g

th
at

G
LP
1
-R
A
s
ex
er
t
im

p
o
rt
an

t
p
er
ip
h
er
al

ef
fe
ct
s
o
n
th
e
ca
rd
io
va
sc
u
la
r
sy
st
em

(s
u
m
m
ar
iz
ed

h
er
e:

[1
8
4
])
.

A
n
ti
-a
th
er
o
sc
le
ro
ti
c

Sh
o
w
n
in

A
p
o
E
d
efi

ci
en

t
m
ic
e
[1
8
5
];
re
d
u
ce
d

in
ta
ke

o
f
o
xi
d
iz
ed

LD
L
ch
o
le
st
er
o
l
in
to

fo
am

ce
lls

[1
8
6
];
G
LP
1
-R
A
s
w
er
e
sh
o
w
n
to

b
e

an
ti
-i
n
fl
am

m
at
o
ry

[1
8
6
,1
8
7
].

38 Transplant International 2021; 34: 27–48

ª 2020 The Authors. Transplant International published by John Wiley & Sons Ltd on behalf of Steunstichting ESOT

Hecking et al.



study participant served as his own control. Despite

these differences in design, both studies arrived at

remarkably similar conclusions:

i) Weak antihyperglycemic action of empagliflozin:

The antihyperglycemic effect of empagliflozin was

weak in both studies (HbA1c decrease of 0.2% at

week 24 in Oslo compared to a slight HbA1c increase

[+ 0.1%] in the placebo group; HbA1c increase of

0.4% in Vienna at the end of the study [with fewer

cases]). The Oslo results also showed that HbA1c

decrease depended on kidney function, based on the

fact that the increase in renal glucose excretion by

SGLT2 inhibition is strongly GFR-dependent: at an

eGFR < 50 mL/min/1.73m2 empagliflozin-induced

glucosuria and HbA1c reduction were virtually

absent (Fig. 1a) [112].

ii) Kidney function under empagliflozin: In both

studies (from Vienna and Oslo), the eGFR initially

dropped, but then stabilized, indicating perhaps that

one of the principal mechanisms of action of the

SGLT2is (the hemodynamic effect [see Table 2])

took place in the study patients.

iii) Decrease in body weight but unaltered body

composition: Empagliflozin led to a decrease in body

weight in the Oslo study (3.5 kg compared to pla-

cebo in week 24; �5 kg in Vienna in month 12), but

neither study noted a significant change in body

composition (examined by bioimpedance spec-

troscopy [Vienna] or DXA [Oslo]) at study termina-

tion.

iv) Metabolism: Empagliflozin led to a decrease in

uric acid concentration in both studies. In Oslo, the

OGTTs (in contrast to Vienna, where glucose control

became significantly worse) showed no group differ-

ence in insulin secretion or insulin sensitivity.

v) Urinary tract infections: Symptomatic bacterial

urinary tract infections (UTIs) occurred in 2 drop-

outs and in 3 participants who completed the EMP-

TRA-DM study [111]. UTIs were initially perceived

as an important side effect of the empagliflozin ther-

apy. However, the analysis of a suitable reference

population (n = 24), matched at a 2:1 ratio to the

EMPTRA-DM participants over the same treatment

period showed that 9 matched patients also suffered

from a symptomatic UTI (P = 0.81, compared to

empagliflozin patients, Fig. 1b). Not only 5 study

participants in Vienna, but also 3 patients from the

Oslo empagliflozin group and 3 patients from the

An�hyperglycemic effect 
HbA1c reduc�on of 0.2 % in Oslo at week 24, compared to a slight increase in the placebo group. 
Clinically relevant rise in 2-hour glucose and SMBG at week 4 in Vienna, and  a sta�s�cally significant increase in HbA1c by 0.4 % at month 12 in Vienna. 
 

Kidney Func�on 
Ini�al drop in eGFR a�er therapy start (-8.1 mL/min/1.73m2 in Vienna at week 4; -4 mL/min/1.73m2 in Oslo at week 8), but kidney func�on then stabilizes. 
 

Body weight 
-2.5 kg in Oslo at week 24, compared to an increase in the placebo group; -5 kg in Vienna at month 12. 
 

Metabolism 
Decrease in uric acid, increase in LDL cholesterol, decrease in oral glucose insulin sensi�vity. 

(a) (b) URINARY TRACT INFECTIONS RENAL GLUCOSE EXCRETION 

Figure 1 Messages derived from two prospective SGLT2 inhibitor studies in PTDM patients. EMPA-Renal Tx study (Oslo, a = left panel [112])

and EMPTRA-DM study (Vienna, b = right panel [111]). Abbreviations: LDL = low-density lipoprotein, SMBG = self-monitored blood glucose
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Oslo placebo group suffered from urinary tract infec-

tions during the course of the respective studies.

However, 2 participants of the Oslo empagliflozin

group with urinary tract infections had to prema-

turely drop out of the EMPA-Renal Tx study (due to

urosepsis and recurrent UTI, which was already

known in the latter case [112]).

Mechanistic considerations

The high number of dropouts in the EMPTRA-DM

study [111] and also the need for close monitoring,

which was a primary finding from both the EMPTRA-

DM and the EMPA-Renal Tx studies [112], demonstrate

clearly that the antidiabetic agent empagliflozin and pre-

sumably also other SGLT2is can only be given with cau-

tion in PTDM patients. Mechanistically, kidney

function is the primary limiting obstacle for glucose

lowering. As the drug loses its glucose-lowering effects

[112,118,119], it might be reasonable to argue that pre-

scribing SGLT2is in PTDM should be limited by eGFR,

at least as long as a long-term protective effect on the

kidney graft (or cardiovascular outcomes) has not been

proven for PTDM patients (in contrast to the general

population with type 2 diabetes).

Another mechanistic aspect with SGLT2i that may

often be overlooked (which is positive) and therefore

deserves mentioning is the indirect organ protection

(including cardioprotection), mediated by a mild

increase of ketones observed under SGLT2 inhibition.

With excess glucose leaving the human body through

the urine, the ketone b-hydroxybutyrate is freely taken

up by various organs and oxidized to fatty acids. Such

a fuel selection improves the transduction of oxygen

into work efficiency at the mitochondrial level,

through increased energy supply, and may thus also

improve the metabolic status and function of heart,

kidney, and possibly also other organs [120] (Fig. 2).

Furthermore, this change in metabolism might also

directly influence immune cells since these cells espe-

cially T-cell subpopulations have a different metabolic

profile [121,122]. Thereby, ketosis might limit immune

activation, which stops the development of fibrosis.

Still, these effects could not only have a beneficial

effect in CKD, but also in the post-transplant situa-

tion. An additional, fascinating question is whether

SGLT2 inhibitors GLP1R agonists
DIRECT EFFECTS ON ORGANS

SGLT2 inhibitors GLP1R agonists
INDIRECT EFFECTS ON ORGANS

HEART TRANSPLANT RECIPIENTS
PTDM risk: 20-30% [REF 6]. 
Increased risk of mortality.
Opinion: Safety suggested from 
retrospec�ve studies. SGLT2is and GLP1-
RAs could be even more a�rac�ve than 
for kidney transplant recipients (be�er 
eGFR; UTIs no major concern, poten�al 
CV risk reduc�on). ↑BMI pa�ents: 
GLP1-RAs first. Study prospec�vely!

KIDNEY TRANSPLANT RECIPIENTS
PTDM risk: 10-20% [REFs 3-5]. 
Increased risk of mortality. Gra� 
loss is a challenge. Opinion: Use 
SGLT2i as add-on, monitor glucosuria
ketonuria, UTI by urinary dips�ck tests. 
GLP1-RA for ↑BMI pa�ents, ideal in poor 
glycemic control. Study monotherapy!

LUNG TRANSPLANT RECIPIENTS
PTDM risk: 20-40% [REFs 12, 13]. 
Increased risk of mortality. Opinion: 
A�rac�ve, study prospec�vely! (no data)

LIVER TRANSPLANT PATIENTS
PTDM risk: 20-40% [REFs 7-11]. 
Increased risk of mortality.
Opinion: No data available for SGLT2is, 
but SGLT2is & GLP1-RAs very a�rac�ve. 
Study prospec�vely!

POTENTIAL BENEFITS OF SGLT2 INHIBITORS AND GLP1-RAs IN SOLID ORGAN TRANSPLANT PATIENTS

Specula�ve. (SGLT2 is 
not expressed in the 
heart [only SGLT1.]) 
However, direct 
effects of SGLT2is on 
the heart have been 
described [REF 123]

↑ natriuresis
� restora�on of TGF
� intraglomerular

pressure ↓
� albuminuria ↓

↑ natriuresis
(poten�ally similar as with SGLT2i, but 
less potent, [renal endpoints in 
studies all driven by albuminuria])

↓ glomerular pressure
↓ inflamma�on
↓ albuminuria

↓ glucose
↑ ketones (↑ glucagon)
↓ vascular rigidity
↓ uric acid
↑ HIF-1

↓ glucose
↑ ketones (↑ glucagon)
↓ insulin resistance 
↓ uric acid
↓ weight & BP
↓ visceral fat
↓ arterial s�ffness
↓ plasma volume

↑ u�liza�on of glucose 
(and poten�ally of other 
macronutrients, prandially) 

↓ weight
↓ blood pressure
↑ cardiac output
↑ vasodila�on
↓ fa�y acid metabolism

↑ heart rate
(but does not appear 
to increase 
cardiovascular risk 
[REF 141]) 

↓ glucose
↑ glucagon
↑ hepa�c glucose 
produc�on
(↑ SNS)

↓ steatosis
↓ VLDL (ApoB100)
↓ glucose produc�on
↓ inflamma�on
Direct benefit? [REF 144]

Specula�ve. (SGLT2 is 
not expressed in the 
liver; direct effects of 
SGLT2is have not 
been described.)

Specula�ve. (SGLT2 is 
not expressed in the 
lung. See also above.)

↓ inflamma�on
Direct benefit? [REF 
144]

↓ glucose
↑ ketones (↑ glucagon)

↑ u�liza�on of glucose
(and poten�ally of other 
macronutrients, prandially)

↑ u�liza�on of glucose
(and poten�ally of other 
macronutrients, prandially)

↑ u�liza�on of glucose
(and poten�ally of other 
macronutrients, prandially)

KIDNEY

HEART & CV-SYSTEM

LIVER

LUNG

KIDNEY TRANSPLANT RECIPIENTS

HEART TRANSPLANT RECIPIENTS

LIVER TRANSPLANT RECIPIENTS

LUNG TRANSPLANT RECIPIENTS

Figure 2 Potential benefits of SGLT2 inhibitors and GLP1R agonists in solid organ transplant patients. Abbreviations: PTDM = post-transplanta-

tion diabetes mellitus, SGLT2i = sodium–glucose-linked transporter 2 inhibitor, GLP1-RA = glucagon-like 1 receptor agonist, LDL = low-density

lipoprotein, TGF = tubuloglomerular feedback, SNS = sympathetic nervous system
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SGLT2is may exert a direct effect on the human heart

(reviewed in [123]).

In summary, these data from Vienna and Oslo sug-

gest that empagliflozin should primarily be used as add-

on therapy in PTDM due to its weak antihyperglycemic

effect. Patients receiving empagliflozin should be closely

monitored for kidney function, ketoacidosis, and uri-

nary tract infections [111,112]. Urinary dipstick tests,

preferably performed by the patients themselves, while

taking empagliflozin, may be particularly advisable. In

support of these data from Vienna and Oslo, 5 addi-

tional publications, all case series and retrospective

studies [113-117], have been subsequently published for

the SGLT2is so far (summarized in Table 1, second

row). Two of these publications reported on empagliflo-

zin in heart transplant patients [116,117].

GLP1-RAs

Metabolic and cardiovascular effects of GLP1-RAs shown in

published studies

Compared to SGLT2is, the clinical experience of GLP1-

RAs in PTDM is entirely limited to case series and ret-

rospective studies [124-129]. The largest study, from

Singh and colleagues, investigated the use of dulaglutide

in 63 solid organ transplant recipients with diabetes (of

whom 20 had PTDM compared to 43 with pre-existing

type 2 diabetes) [126]. At 12 months, a significant

decrease was observed in weight and insulin require-

ment but not in HbA1c or survival outcome measures.

Due to the retrospective nature of this and all other

studies on GLP1-RAs, changes in HbA1c could be a

consequence of concomitant adoptions of the additional

antihypergylcemic therapy (mostly insulin dosage).

HbA1c reduction with GLP1-RAs, when compared to

the SGLT2is, does not depend on kidney function and

has been clinically meaningful (from 10.0% to 8.1% in

average) in 7 diabetic patients with poor glycemic con-

trol [125] (this study unfortunately did not explicitly

state that these were PTDM patients, as opposed to

T2DM patients after kidney transplantation). However,

weight reduction was observed in all of these studies

[124-129] (Kukla et al. reporting a nonsignificant P-

value of 0.2 [128]).

Mechanistic considerations

From a mechanistic perspective, Halden and colleagues,

using the hyperglycemic clamp, have shown PTDM

patients in general have impaired insulin release and

high glucagon levels which could partly be normalized

with GLP-1 infusion [130]. This study demonstrating

the potential benefit of GLP1-RAs in correcting patho-

physiological defects in glucose metabolism suggests that

further investigation of the benefits of GLP1-RAs for

PTDM is warranted.

Among GLP1-RAs, the dosing of liraglutide does not

require to be adjusted to impaired kidney function.

However, liraglutide administration bares the risk of

gastrointestinal side effects with reduced volume intake

and consequently worsening eGFR [131]. Liraglutide

should therefore no longer be used for the indication

“weight regulation,” if the eGFR < 30 mL/min/1.73m2.

For the indication diabetes mellitus, the only con-

traindication exists for actual end-stage kidney failure

[131], although liraglutide has been safely used in

hemodialysis patients without increments in plasma

levels of the drug [132]. Dulaglutide and semaglutide

need to be injected only once weekly and can also be

used in patients with impaired kidney function, down

to an eGFR of 15 mL/min/1.73m2 (dulaglutide), and

without contraindication except terminal kidney failure

(semaglutide) [133]. The positive results from REWIND

[134] and SUSTAIN-6 [135] with regard to the primary

endpoint (see Table 1) render dulaglutide and semaglu-

tide attractive agents for patients with diabetes after kid-

ney transplantation. The significant HbA1c reduction

observed with dulaglutide [136] argues in favor of its

use in patients with “derailed” type 2 diabetes after kid-

ney transplantation and patients with “severe” PTDM,

especially if obese [137]. Due to the gastrointestinal side

effects, it may be necessary to monitor the calcineurin

inhibitor trough levels (tacrolimus and cyclosporine).

Although a recently published retrospective analysis on

the use of dulaglutide after solid organ transplantation

does not provide details about calcineurin inhibitor

levels [126], a very recent study showed that endoge-

nous incretin levels vary according to the type of cal-

cineurin inhibitor used [138]. One of the primary tasks

while performing outcome studies with GLP1-RAs

would therefore be to confirm the data on immunosup-

pressant blood levels, for example, tacrolimus area

under the curve, during its use, which were previously

published for a case series [124].

Several mechanisms have been proposed how GLP1-

RAs exert their cardio- but also nephroprotective effects

(partly summarized in Table 2, illustrated in Fig. 2 and

reviewed in [139] and [140]). Direct effects of GLP1-

RAs on the heart may to our knowledge not play a

major role and include a small but significant rise in

heart rate [141]. Indirect effects might be more
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important. Specifically, vasodilation through mecha-

nisms that include blockade of atrial natriuretic pep-

tide, endothelin-1, the renin–angiotensin–aldosterone
system, and sodium reabsorption in the proximal

tubular system may play a central role [139]. Interest-

ingly, a gut–renal axis may also be of note and involves

both neural and non-neural pathways [140]. One

hypothesis that may not be well known is that by

reducing prandial intraglomerular pressure, macronu-

trient loss into the glomerular filtrate may be prohib-

ited [140]. Reduction in intraglomerular pressure and

a subsequent antiproteinuric affect in the diabetic kid-

ney, however, are also a consequence of GLP1-RA

induced natriuresis and subsequent increase in tubu-

loglomerular feedback, which most likely originates

from GLP1-RA-induced inhibition of the sodium

hydrogen exchanger 3 [140]. Besides inhibition of

reactive oxygen species, GLP1-RAs have also been

shown to exert immunomodulatory properties [142].

The latter seem to be of utmost interest in the setting

of organ transplantation, since recent murine data

point toward a T-cell anti-proliferative capacity of

GLP1-RAs by changing glucose metabolism in T cells

[143]. Based on previous literature, an earlier review

also suggested a role for GLP1-RAs in diseases of liver

and lung, such as nonalcoholic steatohepatitis, asthma,

and psoriasis [144]. Future studies, especially in

humans, are needed to evaluate the effect of GLP1-RAs

on T-cell proliferation and their potential role in the

transplantation of these solid organs.

Summary and outlook

Management of PTDM remains the most controversial

issue since the 2013 consensus recommendations [23].

In the most recent ADA document [105] following the

2018 ADA/EASD consensus report [102] and its update

[104] on management of hyperglycemia in type 2 dia-

betes, an SGLT2i or GLP1-RA was recommended for

individuals with type 2 diabetes and established ASCVD,

CKD, or heart failure as part of the glucose-lowering

regimen. The choice of using either SGLT2i or a GLP1-

RA should depend on the predominance of CKD,

ASCVD, or heart failure: Patients with a predominance

of ASCVD should receive a GLP1-RA, while patients

with a predominance of heart failure patients or CKD

should receive an SGLT2i with proven benefit in the

respective conditions. The mechanisms by which these

novel antidiabetics may protect the kidney and the car-

diovascular system are both complex and interesting,

and they are currently being researched intensively.

Individuals with PTDM after kidney and other solid

organ transplantation, and even more so those with

type 2 diabetes who have a known pretransplant history

of hyperglycemia, are particularly affected by CKD and

ASCVD. In consequence, it is sensible to implement

recommendations for novel antidiabetics in the solid

organ post-transplant setting, as has already been pro-

posed for liver [145] and heart transplant patients

[146]. To date, there are, however, no studies showing

that treatment of PTDM actually positively modifies

outcomes, other than glycemia. It would therefore be

trend-setting to be able to demonstrate for SGLT2is

and/or GLP1-RAs in PTDM patients after solid organ

transplantation that they modify progression of kidney

disease, cardiovascular disease, and heart failure, per-

haps translating into improved clinical outcomes,

including mortality. In the case of the SGLT2is, several

small studies have been conducted after transplantation,

two of them prospective [111-117]. These studies show

that SGLT2is can potentially be used in post-transplant

diabetes, but the patients should undergo close moni-

toring. In the case of the GLP1-RAs, only retrospective

case reports for PTDM patients are available [124-

128,130], wherein no serious safety concerns have arisen

so far. Eight years after the initial call for clinical trials

on PTDM treatment, it is therefore once again “time to

collaborate” [147].
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