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ABSTRACT

Posttransplantation diabetes mellitus (PTDM), also known as New Onset Diabetes After Transplantation, is a common and important complication following solid organ transplantation.  PTDM may arise from both transplant-related and traditional risk factors and has variably been reported to be associated with decreased patient and graft survival and other adverse outcomes including increased cardiovascular disease risk, infection, and graft rejection. This chapter presents an overview of the nomenclature change for diabetes developing after transplantation, the diagnostic criteria for PTDM, its incidence after solid organ transplantation, risk factors, and its associated adverse effects. Screening for PTDM including pretransplant evaluation and early detection in the posttransplant period, and the unique aspects of diabetes management in the context of organ transplantation are also presented.
 
NOMENCLATURES AND DIAGNOSIS OF POSTTRANSPLANTATION DIABETES MELLITUS: HISTORICAL PERSPECTIVES

Nomenclatures

Posttransplantation diabetes mellitus (PTDM) was first described in kidney transplant recipients in 1964 (1). It was subsequently recognized as a complication of kidney transplantation in the 1970s. Over the years, PTDM has undergone changes in nomenclatures including steroid diabetes, posttransplantation diabetes mellitus (PTDM), new onset diabetes mellitus (NODM), transplant-associated hyperglycemia (TAH), and new onset diabetes after transplantation (NODAT) (2, 3, 4, 5, 6). In 2014, the International Expert Panel consisting of transplant nephrologists, diabetologists, and clinical scientists recommended changing the terminology NODAT back to PTDM, excluding transient posttransplantation hyperglycemia (7). Utilizing the term NODAT is thought to be misleading because it seemingly excludes patients with pretransplant diabetes. Pre-existing diabetes is often undiagnosed because of the effect of chronic kidney disease on insulin metabolism and clearance, and the lack of effective pretransplant screening. The term PTDM will be utilized for the remainder of this chapter. 

Diagnosis

Historically, PTDM has been variably defined as having random glucose levels greater than 200 mg/dL, fasting glucose levels greater than 140 mg/dL, or the need for insulin or oral hypoglycemic agents in the posttransplant period (8). In 2003 the International Expert panel consisting of leaders from both the transplant and diabetes fields suggested that the definition and diagnosis of diabetes and impaired glucose tolerance should be based on the definition and diagnosis described by the World Health Organizations (WHO) (9). In 2011, the American Diabetes Association (ADA) incorporated hemoglobin A1C (HbA1C) > 6.5% as a diagnostic criterion for diabetes mellitus in the general population based on the observed association between HbA1C level and the risk for future development of retinopathy (10). In 2014, the International Expert Panel recommended expanding screening tests for PTDM using postprandial glucose monitoring and HbA1C. However, HbA1C test is not recommended early after transplantation (arbitrarily defined as within 45 days after transplantation) because of potential confounding factors (7). A normal HbA1C does not exclude the diagnosis of PTDM in the presence of early posttransplant anemia and/or dynamic kidney allograft function. Although not widely used in clinical practice, oral glucose tolerance (OGTT) remains the gold standard for diagnosing PTDM. It should be noted that the algorithmic approach to the screening and diagnosis of PTDM is largely based on published kidney transplantation literature. Similar studies in the settings of liver, heart, and lung transplants are lacking. However, it is speculated that the principles are relevant to all forms of solid organ transplantation (7). The ADA criteria for prediabetes and diabetes are shown in Table 1. 
Table 1. The American Diabetes Association diagnostic criteria for prediabetes and diabetes.
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INCIDENCE

[bookmark: _ednref1]PTDM has been reported to occur in 4% to 25% of kidney transplant recipients, 2.5% to 25% of liver transplant recipients, 4% to 40% of heart transplant recipients, and 30% to 35% of lung transplant recipients (9, 11, 12, 13). The variation in the reported incidence may be due in part to the prior lack of a standard definition, duration of follow-up, the presence of both modifiable and non-modifiable risks factors, and the type of organ transplants. The Organ Procurement and Transplantation Network database demonstrated that one-year PTDM rates among kidney transplant recipients have steadily declined for all levels of body mass index (BMI) since 2004 (~8% for BMI > 35 kg/m2, ~5% for BMI 25 to < 35, ~4% for BMI < 25). A decline in the percentage of patients with PTDM at 1-, 3-, and 5 years was observed over the time period from 2005 and 2012. In 2008, approximately 18% developed PTDM at 5 year posttransplant (14). It is speculated that the decrease in the incidence of PTDM was due to adjustment in immunosuppression protocols.

RISK FACTORS FOR PTDM 

[bookmark: _ednref7]PTDM may arise from both transplant-related and traditional risk factors. The diabetogenic effect of various immunosuppressive agents have been well-described. Corticosteroids may reduce peripheral insulin sensitivity, inhibit pancreatic production/secretion, and increase hepatic gluconeogenesis. The calcineurin inhibitors tacrolimus and cyclosporine decrease insulin secretion and synthesis. Sirolimus increases peripheral insulin resistance and impairs pancreatic beta-cell response. Transplant patients may have improved appetite and a more relaxed diet which can lead to obesity. Risk factors for PTDM can be loosely categorized into those that are non-modifiable, potentially modifiable, and modifiable (8, 15, 16, 17, 18). Suggested risk factors for the development of PTDM are presented in Table 2. A more extensive discussion of the studies evaluating PTDM risk factors is beyond the scope of this chapter. Interested readers are referred to reference Pham and colleagues (8). 

Table 2. Risk factors for Posttransplant Diabetes Mellitus. 
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1In appropriate candidates, curative therapy for chronic hepatitis C can now be achieved with the newer interferon-free direct acting antiviral-based regimen.
2Posttransplant CMV prophylactic therapy is preferred over preemptive therapy. 
3Manipulation of immunosuppression should be weighed against the risk of acute rejection.
 
IMPACT OF PTDM ON OUTCOMES AFTER TRANSPLANTATION

[bookmark: _ednref12]Studies evaluating the association between PTDM and morbidity and mortality have yielded mixed results (19, 20, 21, 22, 23, 24,25). In an analysis of the United States Renal Data System consisting of more than 11,000 kidney transplant recipients, Kasiske et al. demonstrated that PTDM was associated with a strong, independent predictor of mortality (p < 0.0001), graft failure (p < 0.0001), and death-censored graft failure (p < 0.0001) (21).  A single-center study consisting of more than 700 kidney transplant recipients similarly demonstrated worse 10-year actuarial patient survival among patients with PTDM compared with those without PTDM (22). In contrast, a retrospective analysis of the UNOS/OPTN database (n > 37,000) failed to demonstrate the negative impact of PTDM on transplant survival or cardiovascular mortality during a median follow up of 548 days (23). However, the study results were considered inconclusive because of the wide confidence intervals and relatively short duration of follow-up. Study with longer-term follow-up demonstrated similar 5- and 10-year graft survival rates among patients with PTDM and those without PTDM (22). Retrospective analysis of the UNOS/OPTN database consisting of > 13,000 liver transplant recipients demonstrated that the presence of both PTDM and acute rejection at 1 year posttransplant but not PTDM alone was associated with higher overall graft failure and mortality risk (25). Although the link between PTDM and decreased patient and/or graft survival has not been consistently demonstrated, patients with PTDM may develop many of the complications associated with diabetes similar to that observed in the general population.  In a study of 4105 patients with PTDM, one or more diabetic complications arose in 58% including ketoacidosis (8%), hyperosmolarity (3%), renal complications (31%), ophthalmic complications (8%), neurological complications (16%), peripheral circulatory disorders (4%), and hypoglycemia/shock (7%).  These complications occurred within a mean of 500-600 days of developing PTDM, indicating an accelerated pace for the development of complications (24). Moreover, PTDM patients had an increased rate of infections and sepsis compared with their non-diabetic counterparts (19).  
 
DETECTION OF PTDM
 
Pretransplant Baseline Evaluation

Pretransplant Evaluation should include history of hyperglycemia, prediabetes, diabetes, and risk factors for PTDM including family history and hepatitis C virus.  The 2004 International Consensus Guidelines suggest that a pretransplant baseline evaluation should include a complete medical and family history, including documentation of glucose history (26). Those with risk factors for metabolic syndrome can be screened further with laboratory testing.  Patients with evidence of risk factors can be counseled of their risk for PTDM.  Those with evidence of prediabetes can be counseled of lifestyle modifications including dietary modifications, thirty minutes of moderate intensity physical activity, and overall five to ten percent weight reduction (27).  Pretransplant treatment of HCV-infected kidney transplant candidates should be considered. With the advent of the interferon-free direct acting antiviral-based regimen, treatment of hepatitis C in the post-transplant period is a reasonable alternative in selected prospective kidney transplant candidates (28). The choice of an immunosuppressive regimen should be tailored to each individual patient, weighing the risk of acute rejection against that for PTDM.
 
Early Detection of PTDM after Transplantation
 
New onset perioperative hyperglycemia is common and may develop in the context of high dose corticosteroid or as a consequence of posttransplant stress hyperglycemia, or both. Limited studies suggest that posttransplant stress hyperglycemia is an independent risk factor for subsequent diabetes (29). There are currently insufficient data to establish effective early screening guidelines for PTDM (30). The 2003 International consensus guidelines recommended weekly fasting plasma glucose the first month after transplantation, then at 3, 6, and 12 months, with OGTT reserved for patients with impaired fasting glucose as defined by the World Health Organization (i.e. FPG > 110 mg/dL and < 126 mg/dL) (9). However, more recent studies have questioned the utility of fasting plasma glucose level in the early posttransplant period. In a small single center prospective cohort study consisting of 26 patients on tacrolimus-based immunosuppression and moderate-dose prednisolone (16 + 4 mg/day), fasting plasma glucose at 6 weeks after transplantation was found to have low sensitivity for detecting PTDM compared with capillary blood glucose, HbA1C and OGTT profiles (p < 0.001). In contrast, afternoon (4:00pm) glucose monitoring outperformed both HbA1C and OGTT during that time period, seemingly because of the diurnal variation of the glycemic profile with morning nadir and afternoon peak (31). The 2014 International Consensus Expert Panel recommended incorporating postprandial glucose and HbA1C levels in the screening and diagnostic framework for PTDM. It is further suggested that the 2003 American Diabetes Association (ADA) criteria be used to define impaired fasting glucose (FPG > 100 mg/dL and < 126 mg/dL), and PTDM should not be diagnosed before 45 days after transplantation. While OGTT remains the gold standard for diagnosing PTDM, there is currently insufficient evidence to recommend OGTT for all kidney transplant recipients (7). 

At the authors’ institution, fasting and postprandial home glucose monitoring is routinely recommended for patients with new-onset posttransplant hyperglycemia particularly those requiring insulin therapy in the immediate posttransplant period. Clinically stable patients with persistent posttransplant hyperglycemia for > 3 months are screened for PTDM using HbA1C test. Although OGTT is widely accepted as gold standard, screening all patients with OGTT may be impractical in clinical practice and should be individualized and reserved for those with multiple risk factors. Similar to the nontransplant setting, HbA1c can be monitored at three to six month intervals depending on the clinical course and individual risk factors (32).   

REVENTION AND MANAGEMENT OF PTDM

Non-pharmacological preventive and management strategies

Studies in the general population demonstrated that lifestyle modification promoting reduced fat/energy diet, daily moderate intensity physical activity, and modest weight loss reduce the incidence of type 2 diabetes (33). Similar studies in the context of solid organ transplantation are lacking. In a small single center study consisting of 25 kidney transplant recipients with impaired glucose tolerance, reversal to normal glucose tolerance with lifestyle modification was observed in 13 patients after a median of 9 months with only one patient progressing to PTDM (34). Small single-center studies showed that posttransplant weight gain is associated with persistent PTDM (35). Pre- and post- transplant lifestyle modification including dietary changes with the guidance of a dietitian and regular moderate cardiovascular activity aiming at increasing muscle mass while decreasing fat mass may decrease the incidence of PTDM and warrants further exploration (29).
 
Pharmacological preventive and management strategies

In the immediate posttransplant period, the pancreatic β-cells are exposed to multiple hyperglycemic stressors including the transplant surgery itself, high-dose corticosteroids, and the introduction of cyclosporine or tacrolimus immunosuppression therapy. In a randomized controlled trial, Hecking et al. demonstrated that early basal insulin therapy following detection of early posttransplant hyperglycemia (defined as < 3 weeks) reduced the subsequent odds of developing PTDM within the first year after transplantation by 73% (35). It is conceivable that early basal insulin therapy decreases PTDM through insulin-mediated protection of pancreatic beta-cells (36, 37). However, the routine recommendation of early insulin therapy in the prevention of PTDM development awaits results of large randomized controlled clinical trials (ITP-NODAT, clinicaltrials.org:NTC01683331). Furthermore, the glucose threshold for starting insulin therapy remains to be defined. 
 
Modification of immunosuppression
 
Although clinical trials comparing the incidence of PTDM in cyclosporine versus tacrolimus-treated patients have yielded variable results, tacrolimus has more consistently been shown to have a greater diabetogenic effect than cyclosporine (38). Modification of immunosuppression including cyclosporine to tacrolimus conversion therapy or steroid avoidance or withdrawal has variably been shown to improve glycemic control (8, 38, 39, 40). However, manipulation of immunosuppression is not without immunological risk. In a meta-analysis of controlled clinical trials to assess the safety and efficacy of early steroid withdrawal or avoidance, Pascual et al. showed that steroid avoidance or steroid withdrawal after a few days reduced PTDM incidence among cyclosporine but not tacrolimus-treated kidney transplant recipients (41). Furthermore, among cyclosporine-treated patients, acute rejection episodes were more frequently observed in steroid avoidance compared with conventional steroid treated groups. The same group of investigators demonstrated no significant beneficial effect of late steroid withdrawal (3 to 6 months after transplantation) on the incidence of PTDM (42). In the current era of immunosuppression, the beneficial effect of steroid avoidance or withdrawal on the incidence of PTDM has been questioned by experts in the field because rapid steroid taper and the use of lower target cyclosporine and tacrolimus levels are now common practice (7). Of interest, in a small single-center study consisting 22 nondiabetic kidney transplant recipients randomized to receive daily or twice daily prednisolone dosing, Yates et al. demonstrated that split corticosteroid dosing reduces glycemic variability and peak hyperglycemia in the early posttransplant period (43). Further studies are needed. The use of tacrolimus and mTOR inhibitor combination therapy may increase PTDM risk and should probably be avoided. Nonetheless, low dose calcineurin inhibitor (cyclosporine or tacrolimus) and mTOR inhibitor combination therapy seems justifiable in transplant recipients who have a history of malignancies (such as skin cancers, renal cell carcinoma, or Kaposi sarcoma). Due to the lack of well-defined guidelines, modification of immunosuppression to alleviate the incidence of PTDM should be tailored to each individual patient. Reduction in immunosuppression should be weighed against the risk of acute rejection.    
  
Management of established PTDM in the late posttransplant period 

Although there may be differences in the pathogenesis and presentation of PTDM compared to type 2 diabetes mellitus, management of established PTDM in the late posttransplant period should follow the conventional approach and clinical guidelines as established by well-recognized organizations.  The American Diabetes Association and European Association for the Study of Diabetes generally recommend a HbA1c target of < 7% (44). Lifestyle modifications including weight reduction, dietary changes, and regular moderate cardiovascular activity should be employed. If glycemic control does not reach therapeutic targets, medical management with oral antidiabetic agents and ultimately insulin can be initiated. Metformin has not been widely used in the setting of transplantation due to the concern for lactic acidosis in the presence of dynamic kidney allograft function particularly in the early posttransplant period. In contrast, the potential beneficial effects of metformin including weight neutral or weight loss, cardioprotection, and lack of significant drug-drug interactions renders metformin an attractive treatment option for solid organ transplant recipients. Further clinical trials to assess the risk and benefit ratio of metformin are needed before it can be endorsed as the antihyperglycemic agent of choice in PTDM (7). Experimental studies suggest that sulfonylureas are associated with β-cell apoptosis and β-cell exhaustion (45), raising theoretical concern about their use in PTDM, particularly in the early posttransplant period. In contrast, the newer anti-hyperglycemic dipeptidyl peptidase-4 inhibitor (DPP-4) inhibitors have been shown to preserve pancreatic beta-cell function in diabetic animal models (46, 47). Limited clinical studies suggest that DPP-4 inhibitors are safe and effective in the treatment of PTDM (48, 49). In a single-center study consisting of 71 stable kidney transplant recipients with PTDM newly diagnosed by an oral glucose tolerance test, Haidinger et al. demonstrated that patients treated with vildagliptin at baseline had significantly reduced HbA1C levels at 3, 6,12, and 18 months, whereas no improvement in glycemic control was observed among their sulfonylurea-treated counterparts (48). In a randomized control trial comparing vildagliptin with placebo in the treatment of PTDM, the same group of investigators demonstrated that treatment with vildagliptin significantly improve A1C levels within 3 months compared with placebo (50). Evidence-based studies recommending one oral antidiabetic agent over the other in the context of transplantation are currently lacking. Hence, the choice of individual agents should be based on the potential advantages and disadvantages of different classes of agents. Failure to achieve glycemic control despite oral antihyperglycemic agent combination therapy necessitates initiation of basal-prandial insulin therapy. The potential advantages and disadvantages of various classes of antihyperglycemic agents are summarized in Table 3. The updated international consensus guidelines on the screening, diagnosis, and management of early posttransplant hyperglycemia and PTDM is shown in Figure 1.

Table 3. The potential advantages and disadvantages of various classes of antihyperglycemic agents
[image: ]
*KDIGO guidelines: Reduce dose if estimated glomerular filtration rate (eGFR) < 45 cc/min/1.73 m2.      Discontinue if eGFR < 30 cc/min/1.73m2  











Figure 1. The 2014 International Consensus Guidelines on the Screening, Diagnosis, and Management of Early Posttransplant Hyperglycemia and PTDM.*
[image: ]* Although recommendations from the Expert Panel are largely based on published kidney transplantation literature, the principles are likely relevant to all forms of solid organ transplantation.
**HbA1C alone < 365 days may underestimate PTDM and require corroborating. 

SUMMARY
PTDM is a common complication after solid organ transplantation and has variably been reported to be associated with increased morbidity and mortality. Risk stratification, intervention to minimize risk and early diagnosis may alleviate the incidence of PTDM and improve outcomes following solid organ transplantation. The 2014 International Consensus Guidelines suggest expanding screening tests for PTDM using postprandial glucose monitoring and HbA1C test. However, the latter should be used with caution in the early posttransplant period. A normal HbA1C does not exclude the diagnosis of PTDM in the presence of early posttransplant anemia and/or dynamic kidney allograft function. Insulin therapy in the immediate or perioperative period may prevent β-cell exhaustion and progression to overt PTDM. Further studies are needed. Management of established late PTDM should follow the conventional approach and guidelines established for the general population. When lifestyle modification fails to achieve glycemic control, medical intervention is often necessary. The choice of one oral antihyperglycemic agent over the other should be based on the potential advantages and disadvantages of individual agents. The use of metformin and incretin-based regimen in the setting of solid organ transplantation warrants further exploration. Similar to the general population, suboptimal glycemic control despite oral antihyperglycemic agent combination therapy necessitates initiation of insulin therapy. 
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+  Fluid retention: worsen CHF, edema (especially with insulin), weight gain, increase

2) Thiazolidinedione derivatives fracture risk

(e.g. Pioglitazone) + Delayed onset of action, low hypoglycemic risk, does not depend on renal excretion
+ Contraindicatedin class I11-IV CHF or hepatic impairment

INSULIN SECRETAGOGS Sulfonylureas

1) Sulfonylureas + Weightgain, edema, hypoglycemia (particularly in elderly & renal impairment)

(e.g. Glipizide, Glyburide) Glinides
+ Weightgain, hypoglycemia (lower risk than sulfonylureas)

2) Glinides + Rapid onset & offset

(e.g. Repaglinide, Nateglinide)

GLUCAGON-LIKE PEPTIDE-|ANALOGS

(e.g. Exenatide, Liraglutide) + Weightloss (delayed gastric emptying, early satiety), low risk of hypoglycemia
* Glintolerance
+ Risk of pancreatitis

DIPEPTIDYLPEPTIDASE-4INHIBITORS
(e.g. Vildagliptin, sitagliptin)

Weight neutral, low risk for hypoglycemia

Possible B-cell preservation

Dose adjustment with renal impairment except linagliptin

Vildagliptin/sitaglipin use: effective and safe in kidney transplant recipients (limited data)




