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Abstract: Worldwide, the prevalence obesity, diabetes, and chronic kidney disease is increasing
apace. The relationship between obesity and chronic kidney disease is multidimensional, especially
when diabetes is also considered. The optimal treatment of patients with chronic kidney disease
includes the need to consider weight loss as part of the treatment. The exact relationship between
obesity and kidney function before and after transplantation is not as clear as previously imagined.
Historically, patients with obesity had worse outcomes following kidney transplantation and weight
loss before surgery was encouraged. However, recent studies have found less of a correlation between
obesity and transplant outcomes. Transplantation itself is also a risk factor for developing diabetes, a
condition known as post-transplant diabetes mellitus, and is related to the use of immunosuppressive
medications and weight gain following transplantation. Newer classes of anti-diabetic medications,
namely SGLT-2 inhibitors and GLP-1 agonists, are increasingly being recognized, not only for their
ability to control diabetes, but also for their cardio and renoprotective effects. This article reviews the
current state of knowledge on the management of obesity and post-transplant diabetes mellitus for
kidney transplant patients.

Keywords: obesity; kidney transplantation; metabolic syndrome; diabetes mellitus; PTDM; survival;
cardiovascular risk; SGLT-2 inhibitors; GLT-1 receptor agonists

1. Introduction

Obesity, defined by the World Health Organization as a body mass index (BMI) of
>30 kg/m?, is an emerging public health problem [1]. Central obesity is considered an
essential component of the metabolic syndrome, according to the International Diabetes
Federation criteria [2], at the same time being a modifiable risk factor for the onset and
progression of chronic kidney disease (CKD) [3]. Obesity has also traditionally been
considered a relative barrier to kidney transplantation [4] and may influence patient
survival when it persists or develops after transplantation [5]. In addition, obesity plays
a role in the appearance of metabolic syndrome and, especially, post-transplant diabetes
mellitus (PTDM) after kidney transplantation [6]. This form of diabetes increases the
mortality of kidney transplant patients [7]. Novel treatment options for diabetes mellitus,
such as sodium-glucose cotransporter 2 (SGLI-2) inhibitors and glucagon-like peptide
1 receptor (GLP-1) agonists, that have been shown to have cardio and renoprotective effects
in non-transplant patients [8], may have an important role to play in the treatment of
patients following kidney transplantation.

In this review, we study the importance of pre- and post-kidney transplantation
obesity, as well as PTDM. Furthermore, we analyze the different therapeutic approaches
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currently available, including the new anti-diabetic drugs and their role in the treatment
of obesity.

2. Obesity before Kidney Transplantation
2.1. Epidemiology of Obesity in Patients with End-Stage Kidney Disease (ESRD)

Obesity is currently considered an important preventable risk factor for CKD. In the
United States (U.S.), it is estimated that if it were possible to move individuals from the
overweight and obese categories to ideal body weight, kidney disease could be prevented
in 24.2% of men and 33.9% of women [3].

As with the trend for the general population, the incidence of obesity is also increasing
in the dialysis population. Between 1995 and 2002, an increase in the BMI of those patients
with ESRD was observed in the U.S. (from 25.7 to 27.5 kg/m?), with a rate of BMI change
two-times higher than that estimated in the general population for all age groups [9]. The
increased prevalence of obesity in the ESRD population reflects the risk of obesity for
CKD [10].

The burden of CKD is increasing. According to the U.S. Renal Data System, the
prevalence of CKD was 12.3% from 1988 to 1994 and increased to 14% between 2005 and
2010. In a historical cohort that included 320,252 adults, with a total of 1471 cases of ESRD,
elevated BMI remained an independent predictor for ESRD after adjusting for confounding
parameters, such as blood pressure level and presence or absence of diabetes mellitus [11].

It should also be noted that while BMI is almost universally used to study obesity,
it may not be the best tool for understanding the adverse effects of obesity in all popu-
lations [12]. Indeed, waist circumference is highly correlated with the amount of intra-
abdominal fat and has been shown to be more related to cardiovascular disease risk factors
than BMI [13]. Additionally, although assessment of body composition with a device,
e.g., air-displacement plethysmography (BodPod), is not required for the management of
obesity, it may be useful for measuring fat and lean mass [14].

2.2. Morbidity and Mortality in Obese ESRD Patients

The wait time for transplantation in obese patients with ESRD is increasing, which
is compounded by increasing morbidity while on the transplant waiting list compared to
those transplanted [15,16].

These patients may be excluded from transplantation due to concerns about reduced
graft survival and increased risk of side effects, including patient survival after transplan-
tation, owing to the perception that outcomes are worse in patients with ESRD and a high
BMI (>30 kg/m?) [5,17,18].

However, data obtained by the UK National Health Service Blood and Transplant
Registry showed that individuals transplanted during 2004-2010 had a significantly lower
risk of death compared to those who remained on the waiting list in all BMI groups,
including the >35 BMI group [16].

Despite this, an obesity paradox in patients on dialysis has been observed, whereby a
high BMI is associated with better survival, complicating the issue of how much weight
loss should be recommended prior to transplantation [19]. It is also important to consider
that if obesity is associated with type 2 diabetes mellitus, the survival rate described is
lower [20].

2.3. Risks of and Contraindications for Kidney Transplantation

BMI-based cutoffs have been used as part of candidate selection for transplantation
in most centers [21]. Results from a worldwide survey of 399 nephrologists indicated
a reluctance to recommend patients with a BMI higher than 30 or 35 kg/m? for kidney
transplantation, and instead suggested weight loss programs prior to referral [4,22].

To optimize post-transplant outcomes, the existing clinical practice guidelines of the
American Society of Transplantation and the European Renal Association recommend tar-
geting a pre-transplant BMI of <30 kg/m? with diet and exercise under supervision [23,24].
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However, the KDIGO guidelines suggest that transplant candidates should not be excluded
from transplantation because of obesity, although they ought to be offered weight-loss
interventions prior to transplantation [25]. Therefore, recommendations on weight loss
before receiving a kidney transplant remain controversial, as there is no evidence of im-
proved long-term post-transplant outcomes, and that significant weight loss appeared to
be transitory [26]. An older study by Modlin et al. found that cardiac disease was the
main cause of death in obese patients, proposing that it may be particularly important
to set weight targets for obese patients with a history of ischemic heart disease, prior to
consideration for kidney transplantation [27].

2.4. Treatment Options for Overweight in Patients with ESRD
2.4.1. Lifestyle Interventions and Medical Treatment

A very low-calorie diet is difficult to follow in the long-term, especially in dialysis
patients, given the dietary restrictions for CKD and the high protein intake recommended
for these patients. Regular physical activity level should therefore always be considered as
part of weight loss management [28], however regular physical activity for hemodialysis
patients is not always possible because of dialysis associated fatigue.

A study including 80 patients with stage 4-5 CKD and a BMI > 35 kg/m?, in a
weight loss program based on healthy eating habits (maintaining pre-established dietary
restrictions) and higher energy expenditure, showed a modest effect only when a mild
weight loss was required. The main problem described was the length of time required to
reach weight loss goals, along with a frequent rebound weight gain effect [29].

Unfortunately, most drugs utilized for weight loss (e.g., phentermine, diethylpropion,
sibutramine, fluoxetine (high dose), and sertraline (high dose)) are contraindicated for
patients on dialysis [30].

2.4.2. Bariatric Surgery

Lafranca et al. recommended that obese kidney transplant candidates with a
BMI > 40 kg/m?, or >35 kg/m? plus associated comorbidities, should be considered for
bariatric surgery [31]. This procedure has historically been considered as high risk for
kidney transplant candidates, however it has recently been shown to have acceptable
morbidity and mortality in ESRD patients [32].

Several recent studies have reported successful transplant performance after bariatric
surgery. Many of these are series of studies in which 55% to 100% of the patients un-
dergoing bariatric surgery either receive a kidney transplant during follow-up or are
successfully listed for transplantation [33]. Side effects specially related to management of
immunosuppressive medications should be considered, as shown in Table 1 [34].

Table 1. Effect on Drug levels of bariatric surgeries [34].

Type of Surgery Effect on Drug Levels
Gastric bypass Higher doses of immunosuppressive medications
Biliopancreatic diversion Not reported
Laparoscopic gastric banding None reported
Vertical gastroplasty None reported

3. Obesity and PTDM after Kidney Transplantation
3.1. Epidemiology of Obesity after Kidney Transplantation

The prevalence of obesity among kidney transplant recipients in the U.S. had increased
to over 30% (10% with morbid obesity) in 2011, whereas the obesity rate in the 1990s was
less than 20% [15,35]. In comparison, in one study concerning the transplant population in
Australia and New Zealand, 54% of adult kidney recipients were overweight or obese [36].

Obesity is also a frequent complication that develops following kidney transplantation,
especially during the first year. In a retrospective study conducted in Brazil involving
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374 patients, 31.2% and 20.9% gained at least 10% or 5% of baseline weight, respectively,
after the first year of transplantation [37]. According to Clunk et al., the main factors influ-
encing weight gain after kidney transplantation were female sex, low median household
income, and younger age [38].

3.2. Post-Transplant Diabetes Mellitus (PTDM)

The term PTDM defines clinically stable patients who develop persistent post-transplant
hyperglycemia [39]. Its incidence ranges from 2% to 53% [7]. Although the terminology
New Onset Diabetes Mellitus (NODAT) has been commonly used, an International Expert
Panel of clinicians and researchers recommended the term PTDM because it better describes
newly diagnosed diabetes mellitus in the post-transplant period (irrespective of whether it
was present but it had not been detected before transplantation) [39].

PTDM is usually diagnosed at least 45 days post-transplant, using the American
Diabetes Association (ADA) criteria for type 2 diabetes mellitus with the 75 g OGTT, or with
alternative criteria of fasting plasma glucose > 126 mg/dL, or symptomatic hyperglycemia
with a plasma glucose > 200 mg/dL, or a glycated hemoglobin (HbAlc) > 6.5% [40,41].

3.3. Pathophysiology and Risk Factors for PTDM

Although PTDM shares features with type 2 diabetes mellitus, such as insulin resis-
tance and obesity, the underlying processes are thought to be more complex [42]. In general,
the pathophysiological mechanisms responsible for PTDM include lower number and bind-
ing affinity of insulin receptors, impaired glucose absorption in peripheral organs, and
glucose/fatty acid pathway activation. These mechanisms are particularly important for
patients with significant weight gain after transplantation [43]. In addition, concurrent with
reduced insulin secretion, an imbalance in the insulin-glucagon axis during hyperglycemia
with a reduced glucose-induced glucagon suppression has been described in a study that
included Caucasian kidney transplant patients with PTDM. In the same study, Halden et al.
showed that administration of a GLP-1 infusion, an incretin hormone responsible for the
insulin response after glucose ingestion, caused markedly lower glucagon responses, along
with higher insulin responses, compared to saline [44].

The risk factors for developing PTDM (Table 2) include, among others, increasing age,
obesity, viral infections, adverse effects of immunosuppressive drugs, and hypomagne-
semia [41,45].

Table 2. Risk factors for PTDM [41,46-49].

Relative Risk for PTDM

Risk factors (95% CI) p-Value

Old age (>60) 2.60 (2.32-2.92) <0.0001
African-American race 1.68 (1.52-1.85) <0.0001
Hispanic ethnicity 1.35 (1.19-1.54) <0.0001
Obesity 1.73 (1.57-1.90) <0.0001

Family history of DM 3.14 (1.87-5.27) <0.0001
Steroid-containing maintenance regimen 1.42 (1.27-1.58) <0.001
Tacrolimus 1.53 (1.29-1.81) <0.0001

HCYV positive 1.33 (1.15-1.55) <0.0001

Hypomagnesemia 1.58 (1.07-2.34) 0.02

HLA mismatches (6) 1.30 (1.07-1.58) 0.0085
Donor characteristics (male) 1.12 (1.03-1.21) 0.0090

Abbreviations: DM, diabetes mellitus; HCV, hepatitis C virus; HLA, human leukocyte antigen.
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In the context of obesity, an increased fat mass with adipose tissue dysfunction,
characterized by altered lipid storage capacity and low-grade inflammation, favors the
development of insulin resistance and impaired glucose metabolism by promoting an
excess of fat storage in non-adipose tissues, such as the pancreas [50].

Regarding viral infections, a higher incidence of PTDM with cytomegalovirus infec-
tions and hepatitis C has been reported. In the case of cytomegalovirus, one described
mechanism may be due to impaired insulin release [51]. Hepatitis C infection has been
shown to be associated with insulin resistance. A recent study that included liver trans-
plant recipients showed that the eradication of hepatitis C virus with highly effective direct
acting antiviral therapy is associated with a lower incidence of PTDM [52].

Hypomagnesemia was reported to be an independent risk factor for PTDM in a
retrospective study of 948 kidney transplant patients. Magnesium is an intracellular
cofactor necessary for different processes such as intermembrane glucose transport and
glucose oxidation. Additionally, the use of certain drugs can cause hypomagnesemia [46].

Finally, increased odds of developing PTDM among kidney transplant recipients with
autosomal dominant polycystic kidney disease (ADPKD) have also been described [53],
potentially related to polycystin-1 and polycystin-2 expression in organs outside of the
kidney, such as the pancreas [54].

3.4. Effects of Different Immunosuppressants on PTDM

Glucocorticoids cause hyperglycemia by increasing glucose resistance, decreasing
insulin secretion, inducing beta cell apoptosis, and reducing the expression of glucose
transporters [55]. A large retrospective study of more than 25,000 transplant recipients
showed that steroid-free immunosuppression was associated with a lower risk of PTDM
occurrence compared to steroid-containing therapy. The cumulative incidence of PTDM
within 3 years of transplantation was 12.3% and 17.7% for steroid-free therapy and steroid-
containing therapy, respectively [53]. However, in a recent double-blind 5-year study
comparing a group of patients who initially stopped corticosteroids with a group who
reduced corticosteroids to 5 mg/day after 6 months, there was no difference seen in the
rate of PTDM (35.9% in the group that discontinued corticosteroids, and 36.3% in the group
that maintained 5 mg per day after 6 months) [56].

Calcineurin inhibitors (CNIs), both cyclosporine and tacrolimus, increase the risk
of PTDM by reducing insulin secretion with a direct toxic effect on pancreatic beta cells.
This effect has been described to be more significant and in a dose-dependent manner,
with tacrolimus than with cyclosporine [57]. In fact, according to the DIRECT study, the
incidence of PTDM 6 months after transplantation was significantly lower in patients
treated with cyclosporine than in tacrolimus-treated patients [58]. It is also interesting to
note that calcineurin inhibitors cause hypomagnesemia, which as mentioned previously
increases the risk of developing PTDM [59].

Concerning the different tacrolimus formulations, a study including 133 patients
showed no differences in blood glucose levels two years after conversion from tacrolimus
twice-daily to the once-daily extended-release tacrolimus formulation [60]. Furthermore,
Voclosporin, a novel calcineurin inhibitor, does not seem to cause the same level of inhibi-
tion of insulin secretion as tacrolimus does, which may be related to a lower incidence of
PTDM [61,62].

M-TOR inhibitors may influence the PTDM development through different mecha-
nisms, such as impaired insulin secretion and reduced insulin signal transduction [63]. In
one study, the use of an m-TOR (sirolimus) in combination with a CNI (cyclosporine or
tacrolimus), resulted in the highest incidence of PTDM [43]. However, in a recent work,
the combination of everolimus with low-dose tacrolimus, compared to standard-dose
tacrolimus, showed no difference in PTDM rates [64].

Other immunosuppressants, including azathioprine and mycophenolate mofetil
(MMF), have not been shown to induce diabetes. The combination of tacrolimus and
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MMF or cyclosporine and MMF was found to have a lower PTDM rate than tacrolimus
and azathioprine [44].

Moreover, a review of five studies, which included 1535 kidney transplant recipient,
concluded that belatacept-treated kidney transplant recipients had lower PTDM rates
compared to those who received calcineurin inhibitors [65].

Therapeutic options to prevent the risk of PTDM may involve reduced doses of
steroids, minimization of tacrolimus exposure, and conversion from tacrolimus to belata-
cept, although the risk for rejection must be considered. We will have to wait until new
immunosuppressive strategies, such as the use of an anti-CD40 monoclonal antibody that
has shown efficacy in animal models of transplantation, with a significant reduction in the
onset of primary autoimmune diabetes, can be used in humans [66,67].

4. Morbidity and Mortality in Patients with Obesity after Kidney Transplantation
4.1. Patient and Graft Survival

BMI has been shown to be a strong independent risk factor for patient mortality and
graft failure. Meier-Kriesche et al. demonstrated in a study of 51,927 kidney transplant
recipients that the association between BMI and mortality after kidney transplantation
follows a U-shaped pattern, with the lowest risk observed in patients with a BMI between
22 and 32 kg/ m?. The authors also found that increased BMI is a risk factor for death-
censored graft survival, although they were not able to assess whether the risk is mediated
by a higher incidence of comorbidities, such as diabetes and hypertension, or by factors
intrinsic to obesity like hyperfiltration [5]. Indeed, PTDM has been associated with lower
patient survival rates [68].

Data from a French cohort including 4691 kidney transplant patients, 747 of whom
were obese, also showed an increased risk of death in obese patients compared to non-obese
subjects [69].

However, a meta-analysis demonstrated that obesity in kidney recipients who were
transplanted after the year 2000 is not associated with graft failure or greater risk of
death [45], although morbid obesity (BMI > 35 kg/m?) has been consistently associated
with an increase in the risk of death and graft loss [5,17].

Finally, a study showed that BMI and waist circumference were independent predic-
tors of albuminuria, a predictor of allograft failure, cardiovascular disease, and mortal-
ity [70], in the late post-transplant period [71].

4.2. Surgical and Other Complications

Historically, obese kidney transplant recipients have tended to have a higher risk of
delayed transplant function, wound complications, surgical site infection, and long-term
hospitalization [69]. Thus, obesity has become a major economic and health burden for
kidney transplantation, and early studies have shown that post-transplant side effects
increase as BMI increases [5,17,46], although its relevance in recent studies was not so
clear [47].

It has been previously reported that the relative risk of delayed allograft
function increases progressively with increasing BMI, being the highest risk in those with
a BMI > 36 kg/m? [5].

In a series of 2013 transplant recipients, it was found that the most significant risk factor
for a wound infection was obesity (BMI > 30 kg /m?), while age and obesity were significant
risk factors for hernia [48]. A study that compared the use of mycophenolate mofetil with
sirolimus on surgical complications described that 38% of those with a BMI > 30 kg/ m?
suffered wound complications vs. only 20% of those with a BMI < 30 kg/m? (p = 0.029) [72].
Robot-assisted kidney transplantation may become the preferred technique for transplant-
ing morbidly obese recipients, although its availability remains extremely limited, and
abandoning strategies targeting weight loss pre-transplantation would be premature [73].

Finally, in a meta-analysis that included 21 retrospective observational studies with
a patient sample size of 241,381, obese recipients showed a higher risk of having biopsy-
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proven acute rejection and delayed graft function, compared with their healthy BMI
counterparts [49].

4.3. Cardiovascular Outcomes

In one study in the BMI group > 36 kg/m?, there was an exponential increase in the
relative risk for cardiovascular death [5], which has also been described to be the main
cause of death with functioning graft between kidney transplant patients [52]. Worse
outcome differences, described by Modlin et al. in 127 obese kidney transplant patients
(BMI > 30 kg/m?) compared with a matched non-obese control group (BMI < 27 kg/m?),
were primarily due to a higher mortality resulting from cardiac events [27]. In the French
cohort, obese kidney transplant patients were also at a higher risk of cardiac complications
compared to non-obese patients [69].

In a study that included more than 700 kidney transplant patients, the majority
treated with tacrolimus, mycophenolate, and prednisone, pretransplant obesity was one
of the factors that affected early and late PTDM, its reversibility, and its evolution from
prediabetes to PTDM [74].

Furthermore, in a retrospective study including 650 nondiabetic, nor obese patients,
without documented ischemic heart disease, who received living-donor kidney transplants,
the development of obesity at 6 months post-transplantation was associated with an
increased risk of PTDM, hypertension, hyperlipidemia, and decreased patient survival at 5
and 10 years, probably due to greater cardiac morbidity [75].

Regarding PTDM itself, Wauters et al. showed that PTDM increased cardiovascular
risk and major cardiovascular events [76].

5. Treatments for Obesity and PTDM in Kidney Transplant Patients

In a study conducted in a large prospective cohort of 817 kidney transplant recipients,
it was shown that increased daily-life moderate-to-vigorous physical activity was associated
with a reduced risk of PTMD, as well as cardiovascular and all-cause mortality, although the
association with PTDM was not significant after being adjusted for metabolic confounding
factors, such as glucose level. The authors propose embedding physical activity in the
health care management of kidney transplant patients [77].

Concerning lifestyle interventions for the management of obesity and PTDM in kidney
transplant recipients, the joint position statement of the Italian Societies of Nephrology
Organ Transplantation and Diabetes, suggest to follow the nutritional recommendations
developed for the general population with diabetes [78,79]. They also recommend en-
couraging physical exercise and, in overweight/obese patients, weight loss by offering
a weight-reduction program or bariatric surgery if required [79]. In a study comparing
22 morbidly obese kidney transplant patients who underwent bariatric surgery, with
44 moderate to severely obese patients on lifestyle management, significant reductions in
mean BMI at 6 months were observed only in the group with bariatric surgery. However,
the mean tacrolimus dose was significantly lower in the non-bariatric group, reflecting
lower tacrolimus absorption in the bariatric group [80].

In addition to insulin treatment, anti-diabetic drugs for PTDM such as metformin,
sulfonylureas, meglitinides, and dipeptidyl peptidase IV inhibitors (DPP4-i) have been
used in kidney transplant patients according to patient characteristics and renal function as
shown in Table 3 [41,79] with no substantial interaction being seen in terms of the pharma-
cokinetics of tacrolimus, cyclosporine, or m-TOR inhibitors [42]. In a study that included
14,144 kidney transplant patients with type 2 diabetes mellitus, low risk for all-cause
mortality was described in regimens that included metformin compared with those with
insulin [81], something similar to what had been described in the general population [82].
However, the use of metformin, which inhibits the liver mitochondrial glycerophosphate
dehydrogenase involved in gluconeogenesis, is limited due to the risk for lactic acidosis in
advanced CKD, so its use in kidney transplant patients is uncommon [81]. The use of DPP4-
i, a group of drugs that stabilize the GLP-1 hormones, has been shown to be safe and more
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effective that sulfonylureas in improving glycemic control in kidney transplant patients,
but differences in body weight was not observed between both treatments [83]. Finally, the
combination of metformin and the DPP4-i sitagliptin have demonstrated greater weight
reductions than the combination of metformine and insulin glargine in kidney transplant
patients [84].

Table 3. Therapeutic groups for PTDM according to advantages and disadvantages [85].

Type of Anti-Diabetic Drug Advantages Disavantages

Hypoglycaemia

Insulin No dose adjustment in renal impairment Weight gain
Injectable
Contraindicated if eGFR < 30 mL/min/1.73 m?
. No hypoglycaemia Caution if eGFR 30-59 mL/min/1.73 m?
Metformin No weight gain Gastrointestinal side effects,
Risk of lactic acidosis

Hypoglycaemia

Sulfonylurea/glinid Rapid onset of action Weight gain
ulfonylurea/glinides prd onset ot actio Increased CV risk

Dose adjustment required in renal impairment

Weight gain
Thiazolidinediones No dose adjustment in renal impairment Increased fracture risk
Potential risk for CHF
. No hypoglycaemia All but hnaghptm require dose adjustment
DPP4-i . . in renal impairment
No weight gain

Potential risk for CHF (saxagliptin, alogliptin)

Abbreviations: eGFR, estimated glomerular filtration rate; e, congestive heart failure; and DPP4-I, dipeptidyl peptidase-4 inhibitors.

Recent studies have shown the advantages of sodium-glucose cotransporter 2 (SGLT-
2) inhibitors and glucagon-like peptide 1 receptor (GLP-1) agonists on cardiac and renal
outcomes in non-transplant patients.

SGLT-2 inhibitors are novel oral glucose-lowering medications that inhibit glucose and
sodium reabsorption in the proximal tubule. As a result of the increased natriuresis and
concurrent osmotic diuresis due to its glycosuric effects, SGLT-2 inhibitors decrease blood
pressure and increase hematocrit [86]. However, the importance of these drugs is related to
reductions in cardiovascular risk, as well as the strong reductions in risk for heart failure
that was demonstrated in three cardiovascular outcome trials [87-89]. In addition, SGLT-2
inhibitors have shown efficacy in decreasing albuminuria, even in patients using renin-
angiotensin system blockade therapy, suggesting they confer additional renoprotective
effects [59]. Finally, the DAPA-CKD trial concluded that patients with CKD, independent of
the presence or absence of type 2 diabetes, who received dapagliflozin, had a significantly
lower risk of a composite of a sustained decline in the estimated GFR of at least 50%, ESRD,
or death from renal or cardiovascular causes than those who received a placebo [90].

With respect to the use of SGLT-2 inhibitors in kidney transplant patients, a meta-
analysis that included eight studies with a total of 132 patients, one randomized controlled
trial and seven case series, demonstrated that SGLT-2 inhibitors effectively lowered HbAlc
when patients were treated for at least 12 months, and reduced body weight when treated
for at least 6 months. Serum creatinine levels and urine protein-creatinine ratio were stable
throughout the follow-up period. Moreover, canagliflozin showed efficacy in diminishing
systolic blood pressure. Adverse effects of SGLT-2 inhibitors included urinary tract infection
(43.8%), small ulcers in lower extremities (10%), cellulitis (10%), acute kidney injury (3.6%),
and genital fungal infection (1.4%), but no acute rejection events were reported [91]. In
the randomized controlled trial that included 22 kidney transplant recipients treated with
empagliflozin, compared to 22 with placebo, reduced glucose-lowering effect was related
to lower GFR at baseline [92].
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The incretins glucagon-like peptide 1 (GLP-1) are gut-derived hormones that potenti-
ate insulin secretion and contribute to glucose metabolism. As GLP-1 actions are reduced in
type 2 diabetes mellitus, several GLP-1 receptor agonist formulations have been introduced
for glucose lowering in this type of diabetes. Additionally, GLP-1 receptor agonists lead to
reduced body weight, blood pressure, and lipid levels [93], and when compared to insulin
showed a reduced decline in estimated GFR [94]. With respect to its effects in the reduction
in body weight by inhibit feeding, it has been suggested that in the near future the efficacy
gap between these drugs and bariatric surgery will narrow [95], perhaps making GLP-1
receptor agonists the treatment of choice for obese patients.

In a study that included kidney transplant patients, exogenously delivered GLP-1
improved insulin secretion and glucose-induced glucagon suppression in a hyperglycemic
state [44]. With respect to the clinical experience, there are only retrospective studies
regarding the use of GLP-1 receptor agonists in transplant patients that describe a sig-
nificant decrease in weight and insulin requirement [96] without serious adverse de-
fects, gastrointestinal-related being the most frequent, and without significant changes
in tacrolimus level [97,98]. Finally, in a retrospective study that included solid organ
transplant patients with type 2 diabetes mellitus (diagnosed pre- or post-transplant) and
stage 3—4 of CKD in more than 70% of the patients, dulaglutide compared with liraglutide
showed a trend towards improved kidney function over a 24-month follow-up period [96].

The ADA and European Association for the Study of Diabetes (EASD) Consensus
Report recommended GLP-1 receptor agonists or SGLT-2 inhibitors for type 2 diabetics
with established atherosclerotic cardiovascular disease or CKD, if their HbAlc levels were
above 7% under therapy with metformin [99]. More recently, the consensus statement
of the EURECA-m and the DIABESITY working groups of the ERA-EDTA recommend
that GLP-1 receptor agonists should be used in patients with type 2 diabetes mellitus
and CKD immediately after SGLT-2 inhibitors to maximize cardio and renoprotection [8].
According to those recommendations, additional randomized controlled trials, longitudinal
observational studies, and multicenter studies investigating the use of SGLT-2 inhibitors
and GLP-1 agonists in kidney transplant recipients with, and perhaps without diabetes
mellitus, but with other cardiovascular risk factors such as obesity, are urgently needed.

6. Conclusions

While superficially it may seem that weight loss can only be good in patients with
CKD and post-transplantation, the area remains quite challenging. Restrictive diets, the
high prevalence of diabetes, the difficulty of maintaining an active lifestyle, weight loss
goals, as well as the potential side effects of medications and bariatric surgery all compound
the difficulty of managing this patient population. Despite this, newer medications such as
SGLT-2 inhibitors and GLP-1 agonists may offer much needed novel therapeutic approaches
to weight loss, and need to be better studied in the CKD, ESRD, and transplant populations.

Author Contributions: Conceptualization, PL.M.-M.; methodology, PLM.-M., H.-S.S., A.C.; writing—
original draft preparation, PL.M.-M., H.-S.S., A.C.; writing—review and editing, PL.M.-M., A.C.;
visualization, PL.M.-M., H.-S.S., A.C.; supervision, PL.M.-M., A.C. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 2497 10 of 13

References

1.  James, WPT. WHO Recognition of the Global Obesity Epidemic. Int. J. Obes. 2008, 32 (Suppl. 7), S120-5126. [CrossRef] [PubMed]

2. Alberti, KG.M.M.; Zimmet, P.; Shaw, J. Metabolic Syndrome—A New World-Wide Definition. A Consensus Statement from the
International Diabetes Federation. Diabet. Med. 2006, 23, 469—480. [CrossRef]

3. Wang, Y,; Chen, X;; Song, Y.; Caballero, B.; Cheskin, L.J. Association between Obesity and Kidney Disease: A Systematic Review
and Meta-Analysis. Kidney Int. 2008, 73, 19-33. [CrossRef]

4.  Stenvinkel, P; Ikizler, T.A.; Mallamaci, F.; Zoccali, C. Obesity and Nephrology: Results of a Knowledge and Practice Pattern
Survey. Nephrol. Dial. Transplant. 2013, 28 (Suppl. 4), iv99-iv104. [CrossRef] [PubMed]

5. Meier-Kriesche, H.-U.; Arndorfer, ].A.; Kaplan, B. The Impact of Body Mass Index on Renal Transplant Outcomes: A Significant
Independent Risk Factor for Graft Failure and Patient Death. Transplantation 2002, 73, 70-74. [CrossRef] [PubMed]

6.  Armstrong, K.A.; Campbell, S.B.; Hawley, C.M.; Nicol, D.L.; Johnson, D.W.; Isbel, N.M. Obesity is Associated with Worsening
Cardiovascular Risk Factor Profiles and Proteinuria Progression in Renal Transplant Recipients. Am. J. Transplant. 2005, 5,
2710-2718. [CrossRef] [PubMed]

7. Montori, VM,; Basu, A.; Erwin, PJ.; Velosa, J.A.; Gabriel, S.E.; Kudva, Y.C. Posttransplantation Diabetes: A Systematic Review of
the Literature. Diabetes Care 2002, 25, 583-592. [CrossRef] [PubMed]

8.  Sarafidis, P; Ferro, C.J.; Morales, E.; Ortiz, A.; Malyszko, J.; Hojs, R.; Khazim, K.; Ekart, R.; Valdivielso, J.; Fouque, D.; et al.
SGLT-2 Inhibitors and GLP-1 Receptor Agonists for Nephroprotection and Cardioprotection in Patients with Diabetes Mellitus
and Chronic Kidney Disease. A Consensus Statement by the EURECA-m and the DIABESITY Working Groups of the ERA-EDTA.
Nephrol. Dial. Transplant. 2019, 34, 208-230. [CrossRef] [PubMed]

9.  Kramer, H],; Saranathan, A.; Luke, A.; Durazo-Arvizu, R.A.; Guichan, C.; Hou, S.; Cooper, R. Increasing Body Mass Index and
Obesity in the Incident ESRD Population. J. Am. Soc. Nephrol. 2006, 17, 1453-1459. [CrossRef] [PubMed]

10. Imam, T.H.; Coleman, K.J. The Triad of Kidney, Obesity, and Bariatric Surgery. Saudi ]. Kidney Dis. Transplant. 2016, 27,
875-884. [CrossRef]

11. Hsu, C.; McCulloch, C.E;; Iribarren, C.; Darbinian, J.; Go, A.S. Body Mass Index and Risk for End-Stage Renal Disease. Ann.
Intern. Med. 2006, 144, 21-28. [CrossRef] [PubMed]

12.  Browning, L.M.; Hsieh, S.D.; Ashwell, M. A Systematic Review of Waist-to-Height Ratio as a Screening Tool for the Prediction of
Cardiovascular Disease and Diabetes: 05 Could Be a Suitable Global Boundary Value. Nutr. Res. Rev. 2010, 23, 247-269. [CrossRef]

13.  Zhu, SK.; Wang, Z.M.; Heshka, S.; Heo, M.; Faith, M.S.; Heymsfield, S.B. Waist Circumference and Obesity-Associated Risk
Factors among Whites in the Third National Health and Nutrition Examination Survey: Clinical Action Thresholds. Am. J. Clin.
Nutr. 2002, 76, 743-749. [CrossRef]

14.  Yumuk, V,; Tsigos, C.; Fried, M.; Schindler, K.; Busetto, L.; Micic, D.; Toplak, H. European Guidelines for Obesity Management in
Adults. Obes. Facts 2015, 8, 402-424. [CrossRef] [PubMed]

15.  Friedman, A.N.; Miskulin, D.C.; Rosenberg, .H.; Levey, A.S. Demographics and Trends in Overweight and Obesity in Patients at
Time of Kidney Transplantation. Am. J. Kidney Dis. 2003, 41, 480-487. [CrossRef] [PubMed]

16. Krishnan, N.; Higgins, R.; Short, A.; Zehnder, D.; Pitcher, D.; Hudson, A.; Raymond, N.T. Kidney Transplantation Significantly
Improves Patient and Graft Survival Irrespective of BMI: A Cohort Study. Am. J. Transplant. 2015, 15, 2378-2386. [CrossRef]

17. Gore, J.L.; Pham, PT.; Danovitch, G.M.; Wilkinson, A.H.; Rosenthal, ].T.; Lipshutz, G.S.; Singer, ].S. Obesity and Outcome
Following Renal Transplantation. Am. . Transplant. 2006, 6, 357-363. [CrossRef]

18. Hoogeveen, EK,; Aalten, J.; Rothman, K.J.; Roodnat, J.I.; Mallat, M.].K,; Borm, G.; Weimar, W.; Hoitsma, A.].; de Fijter, ].W. Effect
of Obesity on the Outcome of Kidney Transplantation: A 20-Year Follow-Up. Transplantation 2011, 91, 869-874. [CrossRef]

19. Wang, J.; Zhou, Y.; Yuan, W. Relationship between Body Mass Index and Mortality in Hemodialysis Patients: A Meta-Analysis.
Nephron Clin. Pract. 2012, 121, c102—c111.

20. Dolla, C.; Naso, E.; Mella, A.; Allesina, A.; Giraudi, R.; Torazza, M.C.; Vanzino, S.B.; Gallo, E.; Lavacca, A.; Fop, F; et al. Impact of
Type 2 Diabetes Mellitus on Kidney Transplant Rates and Clinical Outcomes among Waitlisted Candidates in a Single Center
European Experience. Sci. Rep. 2020, 10, 1-7. [CrossRef]

21. Pondrom, S. The AJT Report News and Issues That Affect Organ and Tissue Transplantation. Am. . Transplant. 2012, 12,
1359-1360. [CrossRef] [PubMed]

22.  Scandling, ].D. Kidney Transplant Candidate Evaluation. Semin. Dial. 2005, 18, 487-494. [CrossRef] [PubMed]

23. Kasiske, B.L.; Cangro, C.B.; Hariharan, S.; Hricik, D.E.; Kerman, R.H.; Roth, D.; Rush, D.N.; Vazquez, M.A.; Weir, M.R. The Evaluation
of Renal Transplantation Candidates: Clinical Practice Guidelines. Am. . Transplant. 2001, 1 (Suppl. 2), 3-95. [PubMed]

24. Abramowicz, D.; Cochat, P.; Claas, FH.].; Heemann, U.; Pascual, J.; Dudley, C.; Harden, P.; Hourmant, M.; Maggiore, U.; Salvadori,
M.; et al. European Renal Best Practice Guideline on Kidney Donor and Recipient Evaluation and Perioperative Care. Nephrol.
Dial. Transplant. 2015, 30, 1790-1797. [CrossRef] [PubMed]

25. Chadban, S.J.; Ahn, C.; Axelrod, D.A.; Foster, B.].; Kasiske, B.L.; Kher, V.; Kumar, D.; Oberbauer, R.; Pascual, J.; Pilmore, H.L.; et al.
KDIGO Clinical Practice Guideline on the Evaluation and Management of Candidates for Kidney Transplantation. Transplantation
2020, 104 (Suppl. 1), S11-5103. [CrossRef]

26. Schold, ].D.; Srinivas, T.R.; Guerra, G.; Reed, A.L; Johnson, R.J.; Weiner, 1.D.; Oberbauer, R.; Harman, J.S.; Hemming, A.W.;

Meier-Kriesche, H.U. A “Weight-Listing” Paradox for Candidates of Renal Transplantation? Am. ]. Transplant. 2007, 7,
550-559. [CrossRef]


http://doi.org/10.1038/ijo.2008.247
http://www.ncbi.nlm.nih.gov/pubmed/19136980
http://doi.org/10.1111/j.1464-5491.2006.01858.x
http://doi.org/10.1038/sj.ki.5002586
http://doi.org/10.1093/ndt/gft193
http://www.ncbi.nlm.nih.gov/pubmed/23737484
http://doi.org/10.1097/00007890-200201150-00013
http://www.ncbi.nlm.nih.gov/pubmed/11792981
http://doi.org/10.1111/j.1600-6143.2005.01073.x
http://www.ncbi.nlm.nih.gov/pubmed/16212631
http://doi.org/10.2337/diacare.25.3.583
http://www.ncbi.nlm.nih.gov/pubmed/11874952
http://doi.org/10.1093/ndt/gfy407
http://www.ncbi.nlm.nih.gov/pubmed/30753708
http://doi.org/10.1681/ASN.2005111241
http://www.ncbi.nlm.nih.gov/pubmed/16597682
http://doi.org/10.4103/1319-2442.190772
http://doi.org/10.7326/0003-4819-144-1-200601030-00006
http://www.ncbi.nlm.nih.gov/pubmed/16389251
http://doi.org/10.1017/S0954422410000144
http://doi.org/10.1093/ajcn/76.4.743
http://doi.org/10.1159/000442721
http://www.ncbi.nlm.nih.gov/pubmed/26641646
http://doi.org/10.1053/ajkd.2003.50059
http://www.ncbi.nlm.nih.gov/pubmed/12552513
http://doi.org/10.1111/ajt.13363
http://doi.org/10.1111/j.1600-6143.2005.01198.x
http://doi.org/10.1097/TP.0b013e3182100f3a
http://doi.org/10.1038/s41598-020-78938-3
http://doi.org/10.1111/j.1600-6143.2012.04150.x
http://www.ncbi.nlm.nih.gov/pubmed/22642468
http://doi.org/10.1111/j.1525-139X.2005.00094.x
http://www.ncbi.nlm.nih.gov/pubmed/16398711
http://www.ncbi.nlm.nih.gov/pubmed/12108435
http://doi.org/10.1093/ndt/gfu216
http://www.ncbi.nlm.nih.gov/pubmed/25007790
http://doi.org/10.1097/TP.0000000000003136
http://doi.org/10.1111/j.1600-6143.2006.01629.x

J. Clin. Med. 2021, 10, 2497 11 0f 13

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Modlin, C.S.; Flechner, S.M.; Goormastic, M.; Goldfarb, D.A.; Papajcik, D.; Mastroianni, B.; Novick, A.C. Should Obese Patients
Lose Weight before Receiving a Kidney Transplant? Transplantation 1997, 64, 599-604. [CrossRef]

Macdonald, J.H.; Kirkman, D.; Jibani, M. Kidney Transplantation: A Systematic Review of Interventional and Observational
Studies of Physical Activity on Intermediate Outcomes. Adv. Chronic Kidney Dis. 2009, 16, 482-500. [CrossRef]

Hajjar, R.; Dtp, C.M.; Chan, G. Conservative Management of Obesity in Kidney Transplant Candidates. J. Ren. Nutr. 2021,
51051-2276, 00087-X. [CrossRef]

Kramer, H.; Tuttle, K.R.; Leehey, D.; Luke, A.; Durazo-Arvizu, R.; Shoham, D.; Cooper, R.; Beddhu, S. Obesity Management in
Adults with CKD. Am. J. Kidney Dis. 2009, 53, 151-165. [CrossRef]

Lafranca, J.A.; IJermans, ].N.M.; Betjes, M.G.H.; Dor, FJ.M.E. Body Mass Index and Outcome in Renal Transplant Recipients: A
Systematic Review and Meta-Analysis. BMC Med. 2015, 13, 111. [CrossRef]

Friedman, A.N.; Wahed, A.S.; Wang, J.; Courcoulas, A.P.; Dakin, G.; Hinojosa, M.W.; Kimmel, PL.; Mitchell, ].E.; Pomp, A.; Pories,
W.J.; et al. Effect of Bariatric Surgery on CKD Risk. J. Am. Soc. Nephrol. 2018, 29, 1289-1300. [CrossRef]

MacLaughlin, H.L.; Campbell, K.L. Obesity as a Barrier to Kidney Transplantation: Time to Eliminate the Body Weight Bias?
Semin. Dial. 2019, 32, 219-222. [CrossRef] [PubMed]

Potluri, K.; Hou, S. Obesity in Kidney Transplant Recipients and Candidates. Am. |. Kidney Dis. 2010, 56, 143-156. [CrossRef]
Lentine, K.L.; Delos Santos, R.; Axelrod, D.; Schnitzler, M.A.; Brennan, D.C.; Tuttle-Newhall, ].E. Obesity and Kidney Transplant
Candidates: How Big is Too Big for Transplantation? Am. J. Nephrol. 2012, 36, 575-586. [CrossRef] [PubMed]

Chang, S.H.; Coates, PT.H.; McDonald, S.P. Effects of Body Mass Index at Transplant on Outcomes of Kidney Transplantation.
Transplantation 2007, 84, 981-987. [CrossRef] [PubMed]

Forte, C.C.; Pedrollo, E.F.; Nicoletto, B.B.; Lopes, ].B.; Manfro, R.C.; Souza, G.C.; Leitao, C.B. Risk Factors Associated with Weight
Gain after Kidney Transplantation: A Cohort Study. PLoS ONE 2020, 15, 1-11. [CrossRef]

Clunk, J.M.; Lin, C.Y,; Curtis, ].J. Variables Affecting Weight Gain in Renal Transplant Recipients. Am. J. Kidney Dis. 2001, 38,
349-353. [CrossRef]

Sharif, A.; Hecking, M.; de Vries, A.PJ.; Porrini, E.; Hornum, M.; Rasoul-Rockenschaub, S.; Berlakovich, G.; Krebs, M.; Kautzky-
Willer, A.; Schernthaner, G.; et al. Proceedings from an International Consensus Meeting on Posttransplantation Diabetes Mellitus:
Recommendations and Future Directions. Am. J. Transplant. 2014, 14, 1992-2000. [CrossRef] [PubMed]

Care, D.; Suppl, S.S. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2020. Diabetes Care 2020, 43,
S14-S31. [CrossRef]

Ong, S.C.; Rhee, C.M. Novel Management of Diabetes in Kidney Transplantation. Curr. Opin. Nephrol. Hypertens 2021, 30, 5-13.
[CrossRef] [PubMed]

Jenssen, T.; Hartmann, A. Post-Transplant Diabetes Mellitus in Patients with Solid Organ Transplants. Nat. Rev. Endocrinol. 2019,
15, 172-188. [CrossRef]

Nam, J.H.; Mun, J.I; Kim, S.I; Kang, S.W.; Choi, K.H.; Park, K.; Ahn, C.W.,; Cha, B.S.; Song, Y.D.; Lim, S.K; et al. Beta-Cell
Dysfunction Rather than Insulin Resistance is the Main Contributing Factor for the Development of Postrenal Transplantation
Diabetes Mellitus. Transplantation 2001, 71, 1417-1423. [CrossRef]

Halden, T.A.S.; Egeland, E.J.; Asberg, A.; Hartmann, A.; Midtvedt, K.; Khiabani, H.Z.; Holst, ].J.; Knop, EK.; Hornum, M.;
Feldt-Rasmussen, B.; et al. GLP-1 Restores Altered Insulin and Glucagon Secretion in Posttransplantation Diabetes. Diabetes Care
2016, 39, 617-624. [CrossRef]

Nicoletto, B.B.; Fonseca, N.K.O.; Manfro, R.C.; Gongalves, L.ES.; Leitao, C.B.; Souza, G.C. Effects of Obesity on Kidney
Transplantation Outcomes: A Systematic Review and Meta-Analysis. Transplantation 2014, 98, 167-176. [CrossRef] [PubMed]
Huang, J.W.; Famure, O.; Li, Y.; Kim, S.J. Hypomagnesemia and the Risk of New-Onset Diabetes Mellitus after Kidney Transplan-
tation. J. Am. Soc. Nephrol. 2016, 27, 1793-1800. [CrossRef]

Schnitzler, M.; Kasiske, B.L.; Snyder, ].J.; Gilbertson, D.; Matas, A.J. Diabetes Mellitus after Kidney Transplantation in the United
States. Am. |. Transplant. 2003, 3, 1318. [CrossRef]

Luan, EL; Steffick, D.E.; Ojo, A.O. New-Onset Diabetes Mellitus in Kidney Transplant Recipients Discharged on Steroid-Free
Immunosuppression. Transplantation 2011, 91, 334-341. [CrossRef] [PubMed]

Xia, M.; Yang, H.; Tong, X.; Xie, H.; Cui, F; Shuang, W. Risk Factors for New-Onset Diabetes Mellitus after Kidney Transplantation:
A Systematic Review and Meta-Analysis. ]. Diabetes Investig. 2021, 12, 109-122. [CrossRef] [PubMed]

Stinkens, R.; Goossens, G.H.; Jocken, ] W.E.; Blaak, E.E. Targeting Fatty Acid Metabolism to Improve Glucose Metabolism. Obes.
Rev. 2015, 16, 715-757. [CrossRef] [PubMed]

Hjelmeseeth, J.; Sagedal, S.; Hartmann, A.; Rollag, H.; Egeland, T.; Hagen, M.; Nordal, K.P.; Jenssen, T. Asymptomatic Cy-
tomegalovirus Infection is Associated with Increased Risk of New-Onset Diabetes Mellitus and Impaired Insulin Release after
Renal Transplantation. Diabetologia 2004, 47, 1550-1556. [CrossRef] [PubMed]

Roccaro, G.A.; Mitrani, R.; Hwang, W.T.; Forde, K.A.; Reddy, K.R. Sustained Virological Response is Associated with a Decreased
Risk of Posttransplant Diabetes Mellitus in Liver Transplant Recipients with Hepatitis C-Related Liver Disease. Liver Transplant.
2018, 24, 1665-1672. [CrossRef] [PubMed]

Culliford, A.; Phagura, N.; Sharif, A. Autosomal Dominant Polycystic Kidney Disease is a Risk Factor for Posttransplantation
Diabetes Mellitus: An Updated Systematic Review and Meta-Analysis. Transplant. Direct 2020, 6, 553. [CrossRef] [PubMed]


http://doi.org/10.1097/00007890-199708270-00009
http://doi.org/10.1053/j.ackd.2009.07.011
http://doi.org/10.1053/j.jrn.2021.03.005
http://doi.org/10.1053/j.ajkd.2008.10.003
http://doi.org/10.1186/s12916-015-0340-5
http://doi.org/10.1681/ASN.2017060707
http://doi.org/10.1111/sdi.12783
http://www.ncbi.nlm.nih.gov/pubmed/30941820
http://doi.org/10.1053/j.ajkd.2010.01.017
http://doi.org/10.1159/000345476
http://www.ncbi.nlm.nih.gov/pubmed/23221167
http://doi.org/10.1097/01.tp.0000285290.77406.7b
http://www.ncbi.nlm.nih.gov/pubmed/17989603
http://doi.org/10.1371/journal.pone.0243394
http://doi.org/10.1053/ajkd.2001.26100
http://doi.org/10.1111/ajt.12850
http://www.ncbi.nlm.nih.gov/pubmed/25307034
http://doi.org/10.2337/dc20-S002
http://doi.org/10.1097/MNH.0000000000000665
http://www.ncbi.nlm.nih.gov/pubmed/33186216
http://doi.org/10.1038/s41574-018-0137-7
http://doi.org/10.1097/00007890-200105270-00011
http://doi.org/10.2337/dc15-2383
http://doi.org/10.1097/TP.0000000000000028
http://www.ncbi.nlm.nih.gov/pubmed/24911038
http://doi.org/10.1681/ASN.2015040391
http://doi.org/10.1046/j.1600-6143.2003.00228.x
http://doi.org/10.1097/TP.0b013e318203c25f
http://www.ncbi.nlm.nih.gov/pubmed/21242885
http://doi.org/10.1111/jdi.13317
http://www.ncbi.nlm.nih.gov/pubmed/32506801
http://doi.org/10.1111/obr.12298
http://www.ncbi.nlm.nih.gov/pubmed/26179344
http://doi.org/10.1007/s00125-004-1499-z
http://www.ncbi.nlm.nih.gov/pubmed/15338129
http://doi.org/10.1002/lt.25351
http://www.ncbi.nlm.nih.gov/pubmed/30291672
http://doi.org/10.1097/TXD.0000000000000989
http://www.ncbi.nlm.nih.gov/pubmed/32548247

J. Clin. Med. 2021, 10, 2497 12 0f 13

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Ong, A.C.M.; Ward, C.J.; Butler, R.J.; Biddolph, S.; Bowker, C.; Torra, R.; Pei, Y.; Harris, P.C. Coordinate Expression of the
Autosomal Dominant Polycystic Kidney Disease Proteins, Polycystin-2 and Polycystin-1, in Normal and Cystic Tissue. Am. J.
Pathol. 1999, 154, 1721-1729. [CrossRef]

Penfornis, A.; Kury-Paulin, S. Immunosuppressive Drug-Induced Diabetes. Diabetes Metab. 2006, 32, 539-546. [CrossRef]
Pirsch, J.D.; Henning, A.K.; First, M.R.; Fitzsimmons, W.; Gaber, A.O.; Reisfield, R.; Shihab, F.; Woodle, E.S. New-Onset
Diabetes after Transplantation: Results From a Double-Blind Early Corticosteroid Withdrawal Trial. Am. J. Transplant. 2015, 15,
1982-1990. [CrossRef]

Marchetti, P.; Navalesi, R. The Metabolic Effects of Cyclosporin and Tacrolimus. ]. Endocrinol. Investig. 2000, 23,
482-490. [CrossRef]

Vincenti, F; Friman, S.; Scheuermann, E.; Rostaing, L.; Jenssen, T.; Campistol, ].M.; Uchida, K.; Pescovitz, M.D.; Marchetti, P.;
Tuncer, M.; et al. Results of an International, Randomized Trial Comparing Glucose Metabolism Disorders and Outcome with
Cyclosporine versus Tacrolimus. Am. J. Transplant. 2007, 7, 1506-1514. [CrossRef] [PubMed]

Mazzola, B.L.; Vannini, S.D.P; Truttmann, A.C.; Von Vigier, R.O.; Wermuth, B.; Ferrari, P.; Bianchetti, M.G. Long-Term Calcineurin
Inhibition and Magnesium Balance after Renal Transplantation. Transpl. Int. 2003, 16, 76-81. [CrossRef]

Tran, D.; Vallée, M; Collette, S.; Senécal, L.; Lafrance, ].P.; Dandavino, R.; Boucher, A. Conversion from Twice-Daily to Once-Daily
Extended-Release Tacrolimus in Renal Transplant Recipients: 2-Year Results and Review of the Literature. Exp. Clin. Transplant.
2014, 12, 323-327. [CrossRef]

Busque, S.; Cantarovich, M.; Mulgaonkar, S.; Gaston, R.; Gaber, A.O.; Mayo, PR,; Ling, S.; Huizinga, R.B.; Meier-Kriesche,
H.-U. The PROMISE Study: A Phase 2b Multicenter Study of Voclosporin (ISA247) versus Tacrolimus in de Novo Kidney
Transplantation. Am. J. Transplant. 2011, 11, 2675-2684. [CrossRef]

Kolic, J.; Beet, L.; Overby, P.; Cen, H.H.; Panzhinskiy, E.; Ure, D.R.; Cross, ].L.; Huizinga, R.B.; Johnson, ].D. Differential Effects of
Voclosporin and Tacrolimus on Insulin Secretion From Human Islets. Endocrinology 2020, 161. [CrossRef]

Ahmed, S.H.; Biddle, K.; Augustine, T.; Azmi, S. Post-Transplantation Diabetes Mellitus. Diabetes Ther. 2020, 11,
779-801. [CrossRef]

Kim, H.D.; Chang, J.Y.; Chung, B.H.; Kim, C.D.; Lee, S.H.; Kim, Y.H.; Yang, C.W. Effect of Everolimus with Low-Dose Tacrolimus
on Development of New-Onset Diabetes after Transplantation and Allograft Function in Kidney Transplantation: A Multicenter,
Open-Label, Randomized Trial. Ann. Transplant. 2021, 26, 1-12. [CrossRef]

Masson, P.; Henderson, L.; Chapman, J.R.; Craig, ].C.; Webster, A.C. Belatacept for Kidney Transplant Recipients. Cochrane
Database Syst. Rev. 2013, 2013. [CrossRef]

Cordoba, F.; Wieczorek, G.; Audet, M.; Roth, L.; Schneider, M.A.; Kunkler, A.; Stuber, N.; Erard, M.; Ceci, M.; Baumgartner, R.;
et al. A Novel, Blocking, Fc-Silent Anti-CD40 Monoclonal Antibody Prolongs Nonhuman Primate Renal Allograft Survival in the
Absence of B Cell Depletion. Am. J. Transplant. 2015, 15, 2825-2836. [CrossRef] [PubMed]

Nanji, S.A.; Hancock, W.W.; Luo, B.; Schur, C.D.; Pawlick, R.L.; Lin, EZ.; Anderson, C.C.; Shapiro, A.M.J. Costimulation Blockade
of Both Inducible Costimulator and CD40 Ligand Induces Dominant Tolerance to Islet Allografts and Prevents Spontaneous
Autoimmune Diabetes in the NOD Mouse. Diabetes 2006, 55, 27-33. [CrossRef]

Cosio, E.G.; Pesavento, T.E.; Kim, S.; Osei, K.; Henry, M.; Ferguson, R.M. Patient Survival after Renal Transplantation: IV. Impact
of Post-Transplant Diabetes. Kidney Int. 2002, 62, 1440-1446. [CrossRef] [PubMed]

Foucher, Y.; Lorent, M.; Albano, L.; Roux, S.; Pernin, V.; Le Quintrec, M.; Legendre, C.; Buron, F. Renal Transplantation Outcomes
in Obese Patients: A French Cohort-Based Study. BMC. Nephrol. 2021, 22, 79. [CrossRef] [PubMed]

Weiner, D.E.; Park, M.; Tighiouart, H.; Joseph, A.A.; Carpenter, M.A.; Goyal, N.; House, A.A.; Hsu, C.Y,; Ix, ].H.; Jacques, PF; et al.
Albuminuria and Allograft Failure, Cardiovascular Disease Events, and All-Cause Death in Stable Kidney Transplant Recipients:
A Cohort Analysis of the FAVORIT Trial. Am. J. Kidney Dis. 2019, 73, 51-61. [CrossRef]

Zingerman, B.; Erman, A.; Mashraki, T.; Chagnac, A.; Rozen-Zvi, B.; Rahamimov, R. Association of Obesity and Muscle Mass
with Risk of Albuminuria in Renal Transplant Recipients. J. Nephrol. 2020. [CrossRef]

Valente, ].F,; Hricik, D.; Weigel, K; Seaman, D.; Knauss, T.; Siegel, C.T.; Bodziak, K.; Schulak, J].A. Comparison of Sirolimus vs.
Mycophenolate Mofetil on Surgical Complications and Wound Healing in Adult Kidney Transplantation. Am. J. Transplant. 2003,
3,1128-1134. [CrossRef]

Hameed, A.M.; Yao, J.; Allen, R.D.M.; Hawthorne, W.J.; Pleass, H.C.; Lau, H. The Evolution of Kidney Transplantation Surgery
Into the Robotic Era and Its Prospects for Obese Recipients. Transplantation 2018, 102, 1650-1665. [CrossRef] [PubMed]

Porrini, E.L.; Diaz, ].M.; Moreso, E; Delgado Mallén, P.L; Silva Torres, I.; Ibernon, M.; Bayés-Genis, B.; Benitez-Ruiz, R.; Lampreabe,
I; Lauzurrica, R.; et al. Clinical Evolution of Post-Transplant Diabetes Mellitus. Nephrol. Dial. Transplant. 2016, 31, 495-505.
[CrossRef] [PubMed]

el-Agroudy, A.E.; Wafa, EW.; Gheith, O.E.; Shehab el-Dein, A.B.; Ghoneim, M.A. Weight Gain after Renal Transplantation is a
Risk Factor for Patient and Graft Outcome. Transplantation 2004, 77, 1381-1385. [CrossRef] [PubMed]

Wauters, R.P,; Cosio, F.G.; Suarez Fernandez, M.L.; Kudva, Y.; Shah, P; Torres, V.E. Cardiovascular Consequences of New-Onset
Hyperglycemia after Kidney Transplantation. Transplantation 2012, 94, 377-382. [CrossRef] [PubMed]

Byambasukh, O.; Osté, M.C.].; Gomes-Neto, A.W.; van den Berg, E.; Navis, G.; Bakker, S.J.L.; Corpeleijn, E. Physical Activity
and the Development of Post-Transplant Diabetes Mellitus, and Cardiovascular- and All-Cause Mortality in Renal Transplant
Recipients. J. Clin. Med. 2020, 9, 415. [CrossRef]


http://doi.org/10.1016/S0002-9440(10)65428-4
http://doi.org/10.1016/S1262-3636(06)72809-9
http://doi.org/10.1111/ajt.13247
http://doi.org/10.1007/BF03343761
http://doi.org/10.1111/j.1600-6143.2007.01749.x
http://www.ncbi.nlm.nih.gov/pubmed/17359512
http://doi.org/10.1111/j.1432-2277.2003.tb00267.x
http://doi.org/10.6002/ect.2013.0165
http://doi.org/10.1111/j.1600-6143.2011.03763.x
http://doi.org/10.1210/endocr/bqaa162
http://doi.org/10.1007/s13300-020-00790-5
http://doi.org/10.12659/AOT.927984
http://doi.org/10.1002/14651858.CD010699
http://doi.org/10.1111/ajt.13377
http://www.ncbi.nlm.nih.gov/pubmed/26139432
http://doi.org/10.2337/diabetes.55.01.06.db04-1154
http://doi.org/10.1111/j.1523-1755.2002.kid582.x
http://www.ncbi.nlm.nih.gov/pubmed/12234317
http://doi.org/10.1186/s12882-021-02278-1
http://www.ncbi.nlm.nih.gov/pubmed/33673808
http://doi.org/10.1053/j.ajkd.2018.05.015
http://doi.org/10.1007/s40620-020-00883-1
http://doi.org/10.1034/j.1600-6143.2003.00185.x
http://doi.org/10.1097/TP.0000000000002328
http://www.ncbi.nlm.nih.gov/pubmed/29916987
http://doi.org/10.1093/ndt/gfv368
http://www.ncbi.nlm.nih.gov/pubmed/26538615
http://doi.org/10.1097/01.TP.0000120949.86038.62
http://www.ncbi.nlm.nih.gov/pubmed/15167594
http://doi.org/10.1097/TP.0b013e3182584831
http://www.ncbi.nlm.nih.gov/pubmed/22820698
http://doi.org/10.3390/jcm9020415

J. Clin. Med. 2021, 10, 2497 13 0f 13

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Evert, A.B.; Boucher, ].L.; Cypress, M.; Dunbar, S.A.; Franz, M.].; Mayer-Davis, E.J.; Neumiller, J.J.; Nwankwo, R.; Verdi, C.L.;
Urbanski, P.; et al. Nutrition Therapy Recommendations for the Management of Adults with Diabetes. Diabetes Care 2014, 37
(Suppl. 1), 120-143. [CrossRef]

Conte, C.; Maggiore, U.; Cappelli, G.; Ietto, G.; Lai, Q.; Salis, P.; Marchetti, P.; Piemonti, L.; Secchi, A.; Capocasale, E.; et al.
Management of Metabolic Alterations in Adult Kidney Transplant Recipients: A Joint Position Statement of the Italian Society
of Nephrology (SIN), the Italian Society for Organ Transplantation (SITO) and the Italian Diabetes Society (SID). Nutr. Metab.
Cardiovasc. Dis. 2020, 30, 1427-1441. [CrossRef]

Gheith, O.; Al-Otaibi, T.; Halim, M.A.; Mahmoud, T.; Mosaad, A.; Yagan, J.; Zakaria, Z.; Rida, S.; Nair, P.; Hassan, R. Bariatric
Surgery in Renal Transplant Patients. Exp. Clin. Transplant. 2017, 15, 164-169. [CrossRef] [PubMed]

Vest, L.S.; Koraishy, EM.; Zhang, Z.; Lam, N.; Schnitzler, M.A.; Dharnidharka, V.R.; Axelrod, D.; Naik, A.S.; Alhamad, T.A.;
Kasiske, B.L.; et al. Metformin use in the first year after kidney transplant, correlates, and associated outcomes in diabetic
transplant recipients: A retrospective analysis of integrated registry and pharmacy claims data. Clin. Transplant. 2018, 32,
€13302. [CrossRef]

Ekstrom, N.; Schidler, L.; Svensson, A.M.; Eeg-Olofsson, K.; Jonasson, ].M.; Zethelius, B.; Cederholm, J.; Eliasson, B.; Gudbj6rns-
dottir, S. Effectiveness and Safety of Metformin in 51,675 Patients with Type 2 Diabetes and Different Levels of Renal Function: A
Cohort Study from the Swedish National Diabetes Register. BMJ Open 2012, 2. [CrossRef]

Haidinger, M.; Antlanger, M.; Kopecky, C.; Kovarik, J.J.; Séemann, M.D.; Werzowa, ]J. Post-Transplantation Diabetes Mellitus:
Evaluation of Treatment Strategies. Clin. Transplant. 2015, 29, 415-424. [CrossRef] [PubMed]

Soliman, A.R.; Fathy, A.; Khashab, S.; Shaheen, N.; Soliman, M.A. Sitagliptin Might Be a Favorable Antiobesity Drug for New
Onset Diabetes after a Renal Transplant. Exp. Clin. Transplant. 2013, 11, 494-498. [CrossRef] [PubMed]

Conte, C.; Secchi, A. Post-transplantation diabetes in kidney transplant recipients: An update on management and prevention.
Acta Diabetol. 2018, 55, 763-779. [CrossRef]

Heerspink, H.J.L. Sodium Glucose Co-Transporter 2 Inhibition: A New Avenue to Protect the Kidney. Nephrol. Dial. Transplant.
2019, 34, 2015-2017. [CrossRef] [PubMed]

Zinman, B.; Lachin, ].M.; Inzucchi, S.E. Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N. Engl. |.
Med. 2016, 373, 2117-2128. [CrossRef] [PubMed]

Neal, B.; Perkovic, V.; Matthews, D.R. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N. Engl. |. Med.
2017, 377, 644—657. [CrossRef]

Wiviott, S.D.; Raz, I.; Bonaca, M.P.; Mosenzon, O.; Kato, E.T.; Cahn, A ; Silverman, M.G.; Zelniker, T.A.; Kuder, ].E; Murphy, S.A,;
et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N. Engl. J. Med. 2019, 380, 347-357. [CrossRef] [PubMed]
Heerspink, H.J.L.; Stefansson, B.V.; Correa-Rotter, R.; Chertow, G.M.; Greene, T.; Hou, E-F; Mann, J.EE.; McMurray, J.J.V,;
Lindberg, M.; Rossing, P; et al. Dapagliflozin in Patients with Chronic Kidney Disease. N. Engl. ]. Med. 2020, 383, 1436-1446.
[CrossRef] [PubMed]

Chewcharat, A.; Prasittumkum, N.; Thongprayoon, C.; Bathini, T.; Medaura, J.; Vallabhajosyula, S.; Cheungpasitporn, W. Efficacy
and Safety of SGLT-2 Inhibitors for Treatment of Diabetes Mellitus among Kidney Transplant Patients: A Systematic Review and
Meta-Analysis. Med. Sci. 2020, 8, 47. [CrossRef]

Halden, T.A.S; Kvitne, K.E.; Midtvedt, K.; Rajakumar, L.; Robertsen, I.; Brox, J.; Bollerslev, J.; Hartmann, A ; Asberg, A.; Jenssen,
T. Efficacy and Safety of Empagliflozin in Renal Transplant Recipients with Posttransplant Diabetes Mellitus. Diabetes Care 2019,
42,1067-1074. [CrossRef]

Muskiet, M.H.A ; Tonneijck, L.; Smits, M.M.; van Baar, M.].B.; Kramer, M.H.H.; Hoorn, E.J.; Joles, ].A.; van Raalte, D.H. GLP-1
and the Kidney: From Physiology to Pharmacology and Outcomes in Diabetes. Nat. Rev. Nephrol. 2017, 13, 605-628. [CrossRef]
Tuttle, K.R.; Lakshmanan, M.C.; Rayner, B.; Busch, R.S.; Zimmermann, A.G.; Woodward, D.B.; Botros, E.T. Dulaglutide versus
Insulin Glargine in Patients with Type 2 Diabetes and Moderate-to-Severe Chronic Kidney Disease (AWARD-7): A Multicentre,
Open-Label, Randomised Trial. Lancet. Diabetes Endocrinol. 2018, 6, 605-617. [CrossRef]

Grill, H.J. A Role for GLP-1 in Treating Hyperphagia and Obesity. Endocrinology 2021, 161, 1-14. [CrossRef] [PubMed]

Singh, P.; Pesavento, T.E.; Washburn, K.; Walsh, D.; Meng, S. Largest Single-Centre Experience of Dulaglutide for Management of
Diabetes Mellitus in Solid Organ Transplant Recipients. Diabetes Obes. Metab. 2019, 21, 1061-1065. [CrossRef] [PubMed]
Thangavelu, T.; Lyden, E.; Shivaswamy, V. A Retrospective Study of Glucagon-Like Peptide 1 Receptor Agonists for the
Management of Diabetes After Transplantation. Diabetes Ther. 2020, 11, 987-994. [CrossRef]

Pinelli, N.R.; Patel, A.; Salinitri, ED. Coadministration of Liraglutide with Tacrolimus in Kidney Transplant Recipients: A Case
Series. Diabetes Care 2013, 36, e171-e172. [CrossRef] [PubMed]

Davies, M.].; D’Alessio, D.A.; Fradkin, J.; Kernan, W.N.; Mathieu, C.; Mingrone, G.; Rossing, P; Tsapas, A.; Wexler, D.J.; Buse, ].B.
Management of Hyperglycemia in Type 2 Diabetes, 2018. A Consensus Report by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD). Diabetes Care 2018, 41, 2669-2701. [CrossRef]


http://doi.org/10.2337/dc14-S120
http://doi.org/10.1016/j.numecd.2020.05.004
http://doi.org/10.6002/ect.mesot2016.P35
http://www.ncbi.nlm.nih.gov/pubmed/28260459
http://doi.org/10.1111/ctr.13302
http://doi.org/10.1136/bmjopen-2012-001076
http://doi.org/10.1111/ctr.12541
http://www.ncbi.nlm.nih.gov/pubmed/25777150
http://doi.org/10.6002/ect.2013.0018
http://www.ncbi.nlm.nih.gov/pubmed/24344941
http://doi.org/10.1007/s00592-018-1137-8
http://doi.org/10.1093/ndt/gfz033
http://www.ncbi.nlm.nih.gov/pubmed/30789206
http://doi.org/10.1056/NEJMoa1504720
http://www.ncbi.nlm.nih.gov/pubmed/26378978
http://doi.org/10.1056/NEJMoa1611925
http://doi.org/10.1056/NEJMoa1812389
http://www.ncbi.nlm.nih.gov/pubmed/30415602
http://doi.org/10.1056/NEJMoa2024816
http://www.ncbi.nlm.nih.gov/pubmed/32970396
http://doi.org/10.3390/medsci8040047
http://doi.org/10.2337/dc19-0093
http://doi.org/10.1038/nrneph.2017.123
http://doi.org/10.1016/S2213-8587(18)30104-9
http://doi.org/10.1210/endocr/bqaa093
http://www.ncbi.nlm.nih.gov/pubmed/32516384
http://doi.org/10.1111/dom.13619
http://www.ncbi.nlm.nih.gov/pubmed/30565376
http://doi.org/10.1007/s13300-020-00786-1
http://doi.org/10.2337/dc13-1066
http://www.ncbi.nlm.nih.gov/pubmed/24065848
http://doi.org/10.2337/dci18-0033

	Introduction 
	Obesity before Kidney Transplantation 
	Epidemiology of Obesity in Patients with End-Stage Kidney Disease (ESRD) 
	Morbidity and Mortality in Obese ESRD Patients 
	Risks of and Contraindications for Kidney Transplantation 
	Treatment Options for Overweight in Patients with ESRD 
	Lifestyle Interventions and Medical Treatment 
	Bariatric Surgery 


	Obesity and PTDM after Kidney Transplantation 
	Epidemiology of Obesity after Kidney Transplantation 
	Post-Transplant Diabetes Mellitus (PTDM) 
	Pathophysiology and Risk Factors for PTDM 
	Effects of Different Immunosuppressants on PTDM 

	Morbidity and Mortality in Patients with Obesity after Kidney Transplantation 
	Patient and Graft Survival 
	Surgical and Other Complications 
	Cardiovascular Outcomes 

	Treatments for Obesity and PTDM in Kidney Transplant Patients 
	Conclusions 
	References

