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Abstract


Objective: The aim was to characterize the real-world use of GLP-1 receptor agonists (GLP-1 RAs) and/or SGLT2 inhibitors in kidney transplant recipients (KTRs) with diabetes and to compare the clinical management, safety, and effectiveness between patients with type 2 diabetes mellitus (T2DM) and post-transplant diabetes mellitus (PTDM). Methods: This retrospective longitudinal cohort study included 141 adult KTRs (T2DM: 52; PTDM: 89) who initiated GLP-1 RA and/or SGLT2 inhibitor (SGLT2i) therapy between August 2013 and April 2024. Metabolic control, medication use, and safety outcomes were assessed from baseline to end follow-up, with a mean treatment exposure of 2.4 years. Results: Overall, 69% were treated with an SGLT2i and 59% with a GLP-1 RA; because the groups were not mutually exclusive, 28% received both agents. Treatment was associated with significant reductions in body weight (−3.38 kg; p < 0.001) and BMI (−1.28 kg/m2; p < 0.001) in both subgroups. HbA1c showed a non-significant overall decline (−0.31%; p = 0.21), with a greater reduction in the T2DM subgroup (−0.50%; p < 0.01). Significant improvements were also observed in lipid profile and blood pressure. Renal allograft function remained stable in both groups. The overall safety profile of the therapies was favorable, with mild urinary tract infections (18%) and manageable nausea (6%) reported in the entire cohort. No episodes of acute rejection or severe hypoglycemia occurred during the study period. Conclusions: In real-world practice, GLP-1 RAs and SGLT2is were associated with improved cardiometabolic parameters and stable renal function in KTRs, with a manageable safety profile. Similar effectiveness and safety across T2DM and PTDM support the use of these agents throughout the spectrum of diabetes in transplant recipients.
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1. Introduction


Kidney transplantation (KT) is widely regarded as the most effective renal replacement therapy for end-stage renal disease (ESRD), offering significant advantages over dialysis—including lower cardiovascular risk, reduced all-cause mortality, improved quality of life, greater life expectancy, and superior cost-effectiveness [1,2,3,4,5]. Since the first successful kidney transplant, the transplant community has systematically evaluated outcomes through rigorous global monitoring, informing clinical guidelines and practice and yielding notable gains in short-term graft survival largely attributable to advances in surgical technique and refinements in immunosuppressive regimens [4,5]. As these early outcomes have improved, attention has shifted to long-term complications driven by chronic immunosuppression and metabolic injury [6,7]. Among these, post-transplant diabetes mellitus (PTDM) is common and clinically consequential, adversely affecting graft function and patient survival [8,9,10]. PTDM reflects the convergence of peri-transplant factors (immunosuppressive therapy, surgical stress, hypomagnesemia, viral infections) with pre-transplant risks (older age, adiposity, male sex, genetic predisposition), many of which overlap with type 2 diabetes mellitus (T2DM), suggesting shared pathophysiology [11,12,13].



Over the past decade, two therapeutic classes have redefined diabetes care beyond glucose lowering: glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and sodium–glucose cotransporter-2 (SGLT2) inhibitors. In large outcome trials, these agents have been associated with reductions in major cardiovascular events, heart-failure hospitalization, and chronic kidney disease progression, with benefits that extend beyond glycemic control [14,15,16,17,18,19,20]. Mechanistically, GLP-1 RAs promote weight loss and improve cardiometabolic risk through effects on appetite, gastric emptying, and insulin–glucagon dynamics, while SGLT2is provide hemodynamic and renal benefits via natriuresis, restoration of tubuloglomerular feedback, and attenuation of glomerular hyperfiltration—complementary profiles that are particularly attractive for cardio-renal risk reduction.



Despite this rationale, translation to the transplant setting has been cautious. Kidney transplant recipients (KTRs)—especially those with PTDM—have been systematically excluded from most pivotal randomized trials, leaving clinicians reliant on limited real-world evidence. Moreover, the transplant milieu introduces concerns not prominent in native CKD or general T2DM populations: heightened susceptibility to genitourinary infections in immunocompromised hosts, potential perturbations of volume status and electrolytes, drug–drug interactions within calcineurin-based regimens, and the background risks of acute rejection, chronic allograft injury, and drug nephrotoxicity. These features complicate direct extrapolation from non-transplant trials and underscore the need for pragmatic data specific to KTRs.



Despite the promise of GLP-1 RAs and SGLT2is in cardiometabolic and renal protection, the evidence base in KTRs with diabetes remains limited, and direct extrapolation from non-transplant populations is imperfect given the heightened cardiovascular risk and transplant-specific vulnerabilities (immunosuppression, infection susceptibility, and drug–drug interactions). A deeper understanding of the long-term safety, effectiveness, and patterns of use of these agents in this setting is therefore needed to inform practice and refine post-transplant management.




2. Objectives


To characterize the real-world use of GLP-1 RAs and/or SGLT2is in kidney transplant recipients (KTRs) with diabetes and to compare the clinical management, safety, and effectiveness between patients with T2DM and PTDM.




3. Material and Methods


3.1. Ethical Considerations


The study protocol was approved by the Institutional Review Board of the Department of Education, Training and Research (DEFI)—Clinical Research Service (Reference No. 2022.264 [209-DEFI/224-CE]) on 19 April 2023. Owing to the retrospective, non-interventional design and the exclusive use of fully anonymized clinical data, the requirement for individual informed consent was formally waived by the Ethics Committee on 15 June 2023. The waiver was justified by the impracticability of contacting a large, high-risk cohort, including patients who might have been deceased at the time of analysis. All data handling followed institutional anonymization protocols to safeguard confidentiality, and the study was conducted in accordance with the principles of the Declaration of Helsinki and applicable local regulations.




3.2. Study Design


This was a single-center, retrospective longitudinal cohort study. The primary analysis was a within-person (paired) comparison of outcomes before and after the initiation of GLP-1 RAs and/or SGLT2is. The study period spanned from August 2013 to April 2024. The index date for each patient was defined as the date of initiation of GLP-1 RA and/or SGLT2i therapy. Data collection concluded in April 2024, which served as the study’s endpoint. The final follow-up date for each patient corresponded to their most recent clinical encounter on or before this cutoff date.




3.3. Study Participants


This study screened all adult KTRs who initiated treatment with GLP-1 RAs and/or SGLT2is at the Kidney Transplant Unit of a university hospital during the study period. Eligible participants were aged ≥18 years at the time of transplantation and had a confirmed diagnosis of diabetes, classified as either T2DM or PTDM. All included patients were required to be actively receiving a GLP-1 RA and/or SGLT2i at their most recent follow-up visit.



Exclusion criteria comprised: (1) multi-organ transplantation, (2) incomplete medical records, and (3) discontinuation of both GLP-1 RA and SGLT2i therapies before the final follow-up. Notably, a history of macrovascular events—such as myocardial infarction or stroke—was not considered an exclusion criterion. This decision was informed by the recognized differences in diabetes-related complication profiles between T2DM and PTDM, where T2DM patients often present with a higher burden of microvascular and macrovascular disease due to longer pre-transplant exposure. To maintain real-world applicability and reflect clinical practice in a high-risk population, these patients were retained in the cohort. Their baseline prevalence was systematically recorded, and pre-specified sensitivity analyses excluding participants with prior macrovascular events were conducted to assess the robustness of the primary findings.



The final cohort was analyzed overall and stratified by diabetes type (T2DM vs. PTDM).




3.4. Clinical and Demographic Variables


Clinical and demographic data were collected from institutional records. Baseline characteristics included age, sex, race/ethnicity, dialysis history, donor type (living or deceased), and serologic status for cytomegalovirus (CMV) and hepatitis C virus (HCV). Transplant-specific variables comprised primary cause of end-stage kidney disease, time since transplantation, and the maintenance immunosuppressive regimen. Metabolic and cardiovascular variables included diabetes type (T2DM or PTDM) and duration, office blood pressure, use of antihypertensive and lipid-lowering agents, and a detailed history of antidiabetic therapies. Laboratory and anthropometric measures—weight, body mass index (BMI), serum creatinine, estimated glomerular filtration rate (eGFR), serum urea, lipid profile (total cholesterol, LDL-c, HDL-c, triglycerides), serum uric acid, urinary protein-to-creatinine ratio (uPCR), urinary albumin-to-creatinine ratio (uACR), fasting plasma glucose (FPG), glycated hemoglobin (HbA1c), and standard electrolytes—were collected at two time points: initiation of GLP-1 RA and/or SGLT2i therapy (baseline) and the most recent follow-up visit (April 2024).




3.5. Definitions


Diabetes. T2DM and PTDM were diagnosed according to American Diabetes Association (ADA) criteria [21]: ≥1 of the following—FPG ≥ 126 mg/dL; 2 h plasma glucose ≥ 200 mg/dL during a 75 g oral glucose tolerance test; HbA1c ≥ 6.5%; or random plasma glucose ≥ 200 mg/dL with classic hyperglycemic symptoms. PTDM applied the same ADA criteria but required that they be met ≥3 months post-transplant, in the absence of acute infection, unstable graft function, or recent changes in immunosuppression, consistent with international consensus recommendations [22].



Other clinical conditions. Hypertension and dyslipidemia were classified per KDIGO guidelines [23]. Targets were BP < 130/80 mmHg and LDL-c < 55 mg/dL (or ≥50% reduction from baseline), reflecting very high cardiovascular risk. Anemia was defined as hemoglobin < 11 g/dL or use of recombinant human erythropoietin.




3.6. Metabolic Targets for Diabetes Mellitus Control


Glycemic targets for both T2DM and PTDM followed ADA recommendations: HbA1c < 7.0%, pre-/fasting capillary glucose 80–130 mg/dL, and peak postprandial capillary glucose < 180 mg/dL. Targets were individualized based on comorbidities, hypoglycemia risk, and transplant-specific considerations, balancing metabolic control with patient safety.




3.7. Outcome Measures


Primary outcomes were prespecified changes from baseline to the most recent follow-up in metabolic control (HbA1c, FPG, lipid profile, blood pressure, body weight, and BMI) and in transplant-specific renal indicators, primarily graft function assessed by eGFR and serum creatinine. Secondary outcomes included use of antidiabetic, lipid-lowering, and antihypertensive medications; incidence of diabetes-related microvascular and macrovascular complications; and overall patient survival.




3.8. Statistical Analysis


Data management was performed using Microsoft Excel (version 2108), and statistical analyses were conducted with SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA). Demographic and clinical characteristics were summarized using descriptive statistics. Categorical variables were reported as absolute frequencies and percentages, and continuous variables as mean ± standard deviation or median with interquartile range (IQR), based on their distribution.



Between-group comparisons (T2DM vs. PTDM) for baseline characteristics were performed using Chi-square or Fisher’s exact tests for categorical variables and Student’s t-test or Mann–Whitney U test for continuous variables. Longitudinal changes in metabolic parameters (ΔHbA1c, ΔeGFR, Δweight) were analyzed using paired t-tests or Wilcoxon signed-rank test. Mean differences (MD) with 95% confidence intervals were calculated for continuous outcomes.



To strengthen causal inference and adjust for potential confounders as suggested in peer review, we performed supplementary analyses using linear mixed-effects models (LMMs) for key continuous outcomes (ΔHbA1c, ΔeGFR, and Δbody weight). These models adjusted for baseline values, diabetes type (T2DM vs. PTDM), age, sex, time since transplantation, and baseline eGFR. The results of these models were consistent with the primary paired analyses and are presented in detail in the Appendix A (Appendix A.1).



A two-sided p-value < 0.05 was considered statistically significant.





4. Results


4.1. Sample Composition


This study screened 183 KTRs who initiated treatment with GLP-1 RAs and/or SGLT2is between August 2013 and April 2024 (a 10.8-year window). After applying the exclusion criteria, 42 patients were excluded, primarily due to incomplete medical records. The final analytic cohort comprised 141 KTRs, stratified into two groups: 52 (36.9%) with pre-existing T2DM and 89 (63.1%) with PTDM. The participant selection flow is detailed in Figure 1.




4.2. Baseline Patient Characteristics


The final cohort comprised 141 KTRs with a mean age of 61.20 ± 10.69 years (range: 25–81), predominantly male (66%) and Caucasian (99%). Most grafts were from deceased donors (81%). Cardiometabolic comorbidities were highly prevalent, with hypertension in 98.5% and dyslipidemia in 99%; obesity was documented in 11%.



Comparative analysis between the T2DM (n = 52) and PTDM (n = 89) subgroups showed several distinctions. T2DM patients were significantly older (63.4 vs. 60.0 years, p < 0.05) and had a longer diabetes duration (13.8 vs. 9.3 years, p < 0.001). The mean time from transplantation to study inclusion was shorter in the T2DM group (6.1 vs. 9.7 years, p < 0.001). A family history of diabetes was more common in T2DM (67% vs. 54%, p = 0.14), and cytomegalovirus (CMV) seropositivity was higher in T2DM (79% vs. 57%, p < 0.01). The prevalence of hypertension, dyslipidemia, and obesity did not differ significantly between groups.



Immunosuppression was predominantly triple therapy. Corticosteroids (94%), tacrolimus (84%), and mycophenolate mofetil (89%) were the most frequently used agents. Use of cyclosporine (13% overall) and mTOR inhibitors (23% overall) did not differ significantly between T2DM and PTDM groups. The most common regimen was prednisone, tacrolimus, and mycophenolate mofetil.



In terms of glucose-lowering therapy patterns, SGLT2 inhibitors were used by 41.1% of the overall cohort, with comparable prevalence between T2DM (38.5%) and PTDM (42.7%) patients (p = 0.612). GLP-1 receptor agonists were used by 31.2% of patients, showing a non-significant trend toward higher use in T2DM (38.5%) versus PTDM (27.0%, p = 0.154). Combination therapy with both drug classes was employed by 27.7% of patients, with no significant difference between groups (T2DM 23.1% vs. PTDM 30.3%, p = 0.358). The median treatment duration was approximately 1.6–2.1 years across all therapeutic strategies, with most initiations occurring in 2022, reflecting recent incorporation of these cardiorenal protective agents into clinical practice. No statistically significant differences in treatment duration were observed between T2DM and PTDM patients for SGLT2 inhibitors (p = 0.536), GLP-1 receptor agonists (p = 0.623), or combination therapy (p = 0.714).



Comprehensive baseline characteristics are presented in Table 1.




4.3. Cardiometabolic and Kidney Function Parameters


Glycemic control exhibited distinct patterns between subgroups. In the T2DM group, HbA1c decreased significantly from 7.60% to 7.10% (p < 0.01), whereas the reduction in the PTDM group (7.22% to 7.01%) was not statistically significant. Conversely, FPG increased significantly in the PTDM subgroup (112.62 to 125.01 mg/dL, p = 0.03) but remained stable in the T2DM group, suggesting differences in short-term glucose variability.



The lipid profile improved uniformly across the cohort. Significant reductions were observed in total cholesterol (p = 0.02) and LDL-c in the overall population and within both subgroups. Triglycerides also decreased, reaching significance in the T2DM group (p = 0.02), while HDL-c levels remained stable.



Anthropometric and hemodynamic parameters also improved. Body weight and BMI decreased significantly in the total cohort (p < 0.001) and in both subgroups. Blood pressure control improved, with a significant reduction in systolic blood pressure observed in both the T2DM and PTDM groups (p < 0.01).



Renal allograft function remained stable throughout follow-up. Serum creatinine, urea, and eGFR showed no significant changes in either diabetic subgroup.



Longitudinal changes in cardiometabolic and renal parameters for the entire cohort are summarized in Table 2, with detailed trajectories for the T2DM and PTDM subgroups provided in Appendix A.1.




4.4. Pharmacologic Therapies


At baseline, 30% of the cohort (43/141) were on insulin monotherapy. Among the remaining 98 patients, all used oral antidiabetic agents, predominantly dipeptidyl peptidase-4 inhibitors (DPP-4i, 35% [49/141]) and metformin (29% [41/141]). After the introduction of GLP-1 RAs and/or SGLT2is, prescribing patterns shifted: 69% (98/141) received an SGLT2i and 59% (83/141) a GLP-1 RA; these categories overlapped, with 28% (39/141) treated with both. Conventional oral agents declined, whereas insulin use remained essentially unchanged (76/141 to 75/141), indicating therapy intensification rather than replacement. These changes are shown in Figure 2.



Beyond glucose-lowering therapy, cardioprotective regimens were universal. All patients received lipid-lowering treatment, mainly statins—atorvastatin in 60% (85/141) and rosuvastatin in 25% (35/141)—with ezetimibe co-prescribed in 42% (59/141). Most required combination antihypertensive therapy (82%, 116/141), with beta-blockers (79%, 111/141) and calcium-channel blockers (72%, 101/141) most frequently used. Patterns were similar across the T2DM and PTDM subgroups.




4.5. Diabetes-Related Complications


The analysis revealed a significantly higher burden of pre-existing diabetes-related complications in the T2DM subgroup compared to the PTDM group, consistent with their longer duration of diabetes prior to transplantation.



Microvascular complications were substantially more prevalent among T2DM patients. Diabetic retinopathy affected 56% (29/52) of the T2DM group versus 21% (19/89) of the PTDM group, while neuropathy was present in 31% (16/52) versus 10% (9/89), respectively. A notable co-occurrence of both retinopathy and neuropathy was observed in 21% (11/52) of T2DM patients, compared to only 3% (3/89) in the PTDM group. A particularly notable finding was the complete absence of diabetic foot complications in the PTDM group (0/89) compared to their presence in 19% (10/52) of T2DM patients (p < 0.001).



Although macrovascular complications showed consistently higher prevalence in the T2DM subgroup, these differences did not reach statistical significance. Ischemic heart disease was documented in 23% (12/52) of T2DM versus 15% (13/89) of PTDM patients (p = 0.262), heart failure in 33% (17/52) versus 26% (23/89, p = 0.443), myocardial infarction in 13% (7/52) versus 8% (7/89, p = 0.387), and stroke in 17% (9/52) versus 10% (9/89, p = 0.303), as assessed by Fisher’s exact test.



Collectively, these findings underscore a distinct complication profile between groups, with the T2DM cohort exhibiting more advanced microvascular damage and a consistent, though non-significant, trend toward higher macrovascular disease burden—patterns likely reflecting the cumulative impact of diabetes duration prior to transplantation.




4.6. Adverse Effects


The safety profile of SGLT2is and GLP-1 RAs in this transplant cohort was manageable, with no reported cases of urosepsis, severe hypoglycemia, or mortality.



Urinary tract infections (UTIs) were the most common adverse event associated with SGLT2is, occurring in 18% (26/141) of the cohort, with a similar incidence between the T2DM (12/52) and PTDM (14/89) groups. The vast majority of UTIs were asymptomatic (13/26) or mild (12/26), with only a single moderate case leading to drug discontinuation. One genital infection was documented, which resolved without treatment interruption.



For GLP-1 RAs, nausea was the predominant adverse event, affecting 6% (9/141) of patients. Most episodes were mild to moderate and transient, though treatment was discontinued in 7 cases due to concerns about potential drug–drug interactions with concomitant therapies.



Hypoglycemia was documented in 9% (12/141) of patients, with events evenly distributed between subgroups. All episodes were either asymptomatic (7/12) or mild (5/12), with no severe cases reported.





5. Discussion


This real-world study demonstrates that GLP-1 RAs and SGLT2is provide a safe and effective therapeutic strategy for KTRs with diabetes. The cornerstone finding was the preservation of allograft function, evidenced by stable eGFR and serum creatinine levels throughout the mean active treatment period of 2.4 years. This renal safety aligns with the growing transplant-specific evidence, beginning with the placebo-controlled findings of Halden et al. [24] and further reinforced by the larger real-world experience of Fructuoso et al. [25], collectively supporting the renal safety of these agents in single-kidney physiology [26,27,28].



However, translating the robust renoprotection of SGLT2is from the chronic kidney disease (CKD) population to KTRs requires careful consideration of a distinct clinical landscape. While in native CKD the primary threat is a slow, progressive decline in function, the transplanted kidney faces the added perils of acute rejection, drug toxicity, and chronic allograft injury. The stable renal function we and others observed [24,25] is therefore particularly significant; it suggests that in a setting of heightened vulnerability, SGLT2is do not introduce additional harm and may indeed help mitigate the metabolic drivers of chronic graft damage, offering a protective effect that is contextually different from—yet complementary to—their established role in non-transplanted CKD.



Beyond this foundational renal safety, our cohort demonstrated substantial metabolic benefits. The significant weight loss observed corroborates the findings of Vigara et al. [29] and Mallik et al. [30] in transplant cohorts, underscoring a potent effect in a population prone to corticosteroid-induced weight gain. This was complemented by significant improvements in lipid profile and blood pressure, creating a synergistic cardiometabolic benefit. Glycemic control showed a consistent trend toward HbA1c improvement, though the distinct FPG profile in PTDM patients hints at a unique pathophysiology requiring further study.



The safety profile was manageable and reassuring. Urinary tract infection rates associated with SGLT2i were low and generally mild, aligning with Fructuoso et al. [25] and contrasting with higher rates reported by Lemke et al. [31]. Gastrointestinal intolerance to GLP-1 RAs, while the most common adverse effect, infrequently led to discontinuation, an experience shared across several smaller cohorts [32,33,34]. Critically, the distinct complication profiles of our subgroups—with the T2DM group bearing a significantly higher burden of microvascular disease, consistent with González et al. [35]—powerfully illustrate the cumulative toll of diabetes and underscore the imperative for early, effective intervention in all KTRs with diabetes.



This stability aligns with a growing body of evidence from transplant-specific cohorts. Our findings are consistent with the controlled setting of Halden et al. [24], who observed no significant eGFR decline with empagliflozin compared to placebo, and are further reinforced by the larger real-world experience of Fructuoso et al. [25], who reported preserved renal function alongside reduced proteinuria.



However, a direct translation of the renoprotective benefits of SGLT2is from the chronic kidney disease (CKD) population to KTRs requires navigating a fundamentally distinct clinical paradigm. In the general CKD population, the threat is a slow, progressive decline in function, and SGLT2is have proven highly effective in attenuating this trajectory. In the transplant recipient, the kidney allograft exists in a state of heightened vulnerability, facing unique insults such as acute and chronic rejection, calcineurin inhibitor nephrotoxicity, and recurrent disease. The stable renal function we observed, therefore, carries a different yet equally critical implication: in this complex setting, SGLT2i therapy does not introduce harm and may help mitigate metabolic drivers of graft injury, offering a form of protection that is contextual and complementary to their established role in native CKD.



This foundational renal safety enables the pursuit of substantial metabolic benefits, which were clearly demonstrated in our cohort.



Building on this reassuring safety profile in the complex transplant setting, we observed substantial metabolic benefits that extend the therapeutic value of these agents. The most prominent finding was a clinically meaningful reduction in body weight—particularly relevant in a population prone to corticosteroid-induced weight gain. This consistent weight loss corroborates the findings of Vigara et al. [29] and Mallik et al. [30] in transplant cohorts and is especially notable given the high utilization of SGLT2is, a class with a more modest weight effect, thereby underscoring the significant contribution of GLP-1 RAs to this aggregate outcome. The weight-lowering effect of SGLT2i in KTRs, albeit milder, has also been consistently reported by Halden et al. [24] and Fructuoso et al. [25], confirming the reproducibility of this benefit across different transplant populations.



These anthropometric improvements were accompanied by parallel enhancements in key cardiovascular risk parameters. The significant improvement in the lipid profile aligns with the observations of Attallah et al. [27], who also reported favorable lipid changes with SGLT2i use in KTRs. Furthermore, the blood-pressure reduction we observed is consistent with the established hemodynamic effects of SGLT2is and adds to the findings of Schwaiger et al. [36], who documented similar improvements in transplant recipients. This combination of effects—weight loss, improved lipid metabolism, and better blood-pressure control—likely acts synergistically to reduce global cardiovascular risk in this vulnerable population, offering a benefit that transcends glycemic control alone.



In the glycemic domain, however, our results reveal a critical nuance that aligns with a broader discussion in the literature. While HbA1c showed a consistent trend toward improvement in both subgroups, the magnitude of this effect places our findings between the modest 0.2% reduction reported by Halden et al. [24] with empagliflozin and the more pronounced 1.3% decrease observed by Mallik et al. [30] with GLP-1 RAs. The significant rise in FPG observed specifically in the PTDM subgroup introduces complexity, suggesting distinct pathophysiological mechanisms that may necessitate more tailored management strategies compared with pre-existing T2DM.



Despite these significant metabolic benefits, ultimate adoption of any therapy in transplant recipients hinges on its safety profile. In this regard, our findings are highly reassuring. The incidence of urinary tract infections (UTIs) associated with SGLT2is was manageable, occurring in 18% of our cohort. This rate is consistent with the 14% reported by Fructuoso et al. [25] and aligns with the low incidence described by AlKindi et al. [26], yet remains lower than the 25% observed by Lemke et al. [31]. The vast majority of events were asymptomatic or mild, a finding echoed by Rajasekeran et al. [37], who reported no UTIs in their smaller cohort. Genital infections were rare, with a single case mirroring isolated instances reported by Fructuoso et al. [25] and Schwaiger et al. [36]. Critically, no cases of urosepsis or euglycemic ketoacidosis were observed, reinforcing the overall safety of this drug class in an immunocompromised population.



The safety profile for GLP-1 RAs was similarly favorable. Gastrointestinal events, predominantly nausea, were the most common reason for adjustment but led to discontinuation in only a small subset of patients. This experience of manageable gastrointestinal intolerance is shared by other real-world studies in KTRs, including Kukla et al. [32] and Liou et al. [34], and contrasts with the higher discontinuation rates often reported in the general population [38]. Furthermore, the absence of severe hypoglycemia in our cohort—consistent with Halden et al. [24]—and the lack of any documented episodes of acute rejection or pancreatitis provide a solid foundation for secure use of GLP-1 RAs in this setting.



Strengths and Limitations


These real-world findings provide timely, practical insights for a high-risk population systematically excluded from major clinical trials, offering a crucial clinical bridge until prospective data become available.



It is important to acknowledge the study’s inherent limitations. Its observational, retrospective design precludes causal inference and is susceptible to unmeasured confounding. The absence of randomization, control groups, and blinding, along with the lack of dose–response analyses, must be considered. Furthermore, the reasons for prescribing these agents were not solely diabetes-related—some were likely initiated for cardiovascular indications—which may have influenced treatment persistence and outcomes.



Notwithstanding these limitations, the study possesses considerable strengths that bolster the validity of its observations. Our decision to include patients with prevalent macrovascular disease—despite its potential influence on outcomes—was intentional, aimed at reflecting real-world clinical practice where SGLT2is and GLP-1 RA are increasingly used in high-risk patients with established cardiovascular disease. This approach, combined with the inclusion of a heterogeneous cohort encompassing both pre-existing and post-transplant diabetes, enhances the generalizability of the findings. Furthermore, the extended duration of the study, providing over a decade of longitudinal follow-up, along with a substantial mean treatment duration of 2.4 years, offers robust long-term data rarely available in this field.



By demonstrating both metabolic efficacy and a manageable safety profile, this study provides a compelling rationale for the safe integration of GLP-1 RAs and SGLT2is into the long-term management of KTRs with diabetes, thereby addressing a significant evidence gap.





6. Conclusions


This real-world cohort study shows that SGLT2is and GLP-1 RAs are associated with a favorable safety profile and potential cardiometabolic benefits in KTRs with diabetes. The findings support the feasibility of integrating these agents into post-transplant clinical practice. Prospective, controlled trials are warranted to confirm these observations and to definitively establish their role in improving long-term graft and patient survival.
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Appendix A.1


Longitudinal Trajectories of Cardiometabolic and Renal Parameters Appendix A.1. Longitudinal Trajectories of Cardiometabolic and Renal Parameters.



	
Cardiometabolic and Renal Parameters

	
Diabetes Mellitus




	
All Patients (n = 141)

	
T2DM (n = 52)

	
PTDM (n = 89)




	
Baseline

	
Follow-Up

	
p *

	
Baseline

	
Follow-Up

	
p *

	
Baseline

	
Follow-Up

	
p *




	
Glucose Metabolism and Lipid Profile




	
Hb, g/dL

	
13.15 ± 1.81

	
13.45 ± 1.77

	
0.65

	
13.29 ± 1.93

	
13.61 ± 1.69

	
0.06

	
13.07 ± 1.74

	
13.36 ± 1.81

	
0.02




	
FPG, mg/dL (mean ± SD)

	
122.22 ± 35.78

	
129.77 ± 36.64

	
0.68

	
139.77 ± 43.93

	
138.21 ± 44.52

	
0.46

	
112.62 ± 26.03

	
125.01 ± 30.60

	
0.03




	
Hb A1c, % (mean ± SD)

	
7.35 ± 1.20

	
7.04 ± 0.90

	
0.21

	
7.60 ± 1.20

	
7.10 ± 0.86

	
<0.01

	
7.22 ± 1.18

	
7.01 ± 0.93

	
0.60




	
TC, mg/dL (mean ± SD)

	
175.87 ± 41.40

	
161.05 ± 40.41

	
0.02

	
176.47 ± 43.38

	
158.16 ± 39.24

	
<0.01

	
175.53 ± 40.49

	
162.46 ± 41.14

	
<0.01




	
HDL-c, mg/dL (mean ± SD)

	
49.10 ± 13.04

	
49.55 ± 12.20

	
0.17

	
49.82 ± 12.42

	
48.10 ± 10.95

	
0.13

	
48.69 ± 13.42

	
50.33 ± 12.84

	
0.07




	
LDL-c, mg/dL (mean ± SD)

	
89.68 ± 36.38

	
79.46 ± 33.33

	
<0.001

	
94.04 ± 34.77

	
76.32 ± 29.68

	
<0.001

	
87.23 ± 37.22

	
80.92 ± 35.00

	
0.02




	
TG, mg/dL (mean ± SD)

	
187.32 ± 99.86

	
175.09 ± 131.60

	
0.07

	
186.71 ± 92.98

	
166.08 ± 71.17

	
0.02

	
187.67 ± 104.03

	
179.72 ± 153.96

	
0.45




	
Anthropometric Measurement




	
Weight, kg (mean ± SD)

	
75.36 ± 14.22

	
71.98 ± 12.81

	
<0.001

	
77.89 ± 12.70

	
74.66 ± 10.73

	
0.70

	
73.95 ± 14.89

	
70.48 ± 13.67

	
0.03




	
BMI, kg/m2 (mean ± SD)

	
27.65 ± 4.63

	
26.37 ± 4.00

	
<0.001

	
28.34 ± 4.14

	
27.14 ± 3.63

	
<0.001

	
27.27 ± 4.86

	
25.95 ± 4.15

	
<0.001




	
Blood pressure status




	
SBP, mmHg (mean ± SD)

	
143.97 ± 17.69

	
137.85 ± 12.95

	
<0.001

	
145.34 ± 18.43

	
139.06 ± 12.12

	
<0.01

	
143.21 ± 17.31

	
137.18 ± 13.40

	
<0.01




	
DBP, mmHg (mean ± SD)

	
76.06 ± 14.65

	
74.37 ± 10.02

	
<0.001

	
75.68 ± 11.59

	
74.66 ± 9.39

	
0.58

	
76.27 ± 16.16

	
74.21 ± 10.41

	
0.08




	
Renal function parameters




	
Creatinine, mg/dL (mean ± SD)

	
1.55 ± 0.55

	
1.58 ± 0.88

	
0.58

	
1.47 ± 0.49

	
1.61 ± 1.22

	
0.26

	
1.59 ± 0.58

	
1.57 ± 0.60

	
0.68




	
Urea, mg/dL (mean ± SD)

	
70.92 ± 27.81

	
69.45 ± 29.52

	
0.55

	
63.87 ± 24.22

	
66.24 ± 29.87

	
0.47

	
74.94 ± 29.03

	
71.19 ± 29.34

	
0.14




	
eGFR, ml/min (mean ± SD)

	
53.60 ± 21.71

	
54.38 ± 21.91

	
0.53

	
55.15 ± 23.70

	
53.57 ± 23.09

	
0.42

	
52.74 ± 20.61

	
54.81 ± 21.37

	
0.11




	

	
* Significant p-values (p < 0.05) are highlighted in bold. Abbreviations: Hb, Hemoglobin; FPG, Fasting Plasma Glucose; Hb A1c, Glycated Hemoglobin; TC, Total Cholesterol; HDL-c, High-Density Lipoprotein Cholesterol; LDL-c, Low-Density Lipoprotein Cholesterol; TG, Triglycerides; BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; eGFR, Estimated Glomerular Filtration Rate.










Appendix A.2


Use of Concomitant Cardio-Metabolic Medications.



	
Pharmacological Treatment Distribution

	
Diabetes Mellitus




	
All Patients (n = 141)

	
T2DM (n = 52)

	
PTDM (n = 89)




	
Baseline

	
Follow-Up

	
Baseline

	
Follow-Up

	
Baseline

	
Follow-Up




	
Antidiabetic Therapy *




	
BG (MTF), n (%)

	
41/141 (29%)

	
33/141(23%)

	
12/52 (23%)

	
9/52 (17%)

	
29/89 (33%)

	
24/89 (27%)




	
SU, n (%)

	
12/141 (9%)

	
9/141 (6%)

	
2/52 (4%)

	
0/52 (0%)

	
10/89 (11%)

	
9/89 (10%)




	
DPP-4i, n (%)

	
50/141 (35%)

	
38/141 (27%)

	
15/52 (29%)

	
13/52 (25%)

	
35/89 (39%)

	
25/89 (28%)




	
SGLT-2i **, n (%)

	
------

	
97/141 (69%)

	
------

	
32/52 (62%)

	
------

	
65/89 (73%)




	
GLP-1 RA **, n (%)

	
------

	
83/141 (59%)

	
------

	
32/52 (62%)

	
------

	
51/89 (57%)




	
TZD/AGI/MG, n (%)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Insulin Therapy ***, n (%)

	
76/141 (54%)

	
75/141 (53%)

	
33/52 (63%)

	
33/52 (63%)

	
43/89 (48%)

	
42/89 (47%)




	
Lipid-Lowering Agents




	
Statins

	

	

	

	

	

	




	
Atorvastatin (ATV)

	
84/141 (60%)

	
84/141 (60%)

	
33/52 (63%)

	
33/52 (63%)

	
51/89 (57%)

	
51/89 (57%)




	
Rosuvastatin (RSV)

	
35/141 (25%)

	
35/141 (25%)

	
13/52 (25%)

	
13/52 (25%)

	
22/89 (25%)

	
22/89 (25%)




	
Simvastatin (SV)

	
22/141 (15%)

	
22/141 (15%)

	
6/52 (12%)

	
6/52 (12%)

	
16/89 (18%)

	
16/89 (18%)




	
Pravastatin (PV)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Lovastatin (LV)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Fluvastatin (FV)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Pitavastatin (PTV)

	
NR

	
NR

	
NR

	
NR

	
NR

	
NR




	
Ezetimibe added to statin therapy

	
58/141 (41%)

	
58/141 (41%)

	
21/52 (40%)

	
21/52 (40%)

	
37/89 (41%)

	
37/89 (41%)




	
Antihypertensive Agents ****




	
ACEi, n (%)

	
82/141 (58%)

	
82/141 (58%)

	
28/52 (54%)

	
28/52 (54%)

	
54/89 (61%)

	
54/89 (61%)




	
ARB, n (%)

	
28/141 (20%)

	
28/141 (20%)

	
8/52 (15%)

	
8/52 (15%)

	
20/89 (22%)

	
20/89 (22%)




	
CCB, n (%)

	
102/141 (72%)

	
102/141 (72%)

	
37/52 (71%)

	
37/52 (71%)

	
65/89 (73%)

	
65/89 (73%)




	
BB, n (%)

	
111/141 (79%)

	
111/141 (79%)

	
45/52 (87%)

	
45/52 (87%)

	
66/89 (74%)

	
66/89 (74%)




	
Diuretics, n (%)

	
55/141 (39%)

	
55/141 (39%)

	
24/52 (46%)

	
24/52 (46%)

	
31/89 (35%)

	
31/89 (35%)




	
CAA, n (%)

	
23/141 (16%)

	
23/141 (16%)

	
12/52 (23%)

	
12/52 (23%)

	
11/89 (12%)

	
11/89 (12%)




	

	
* The classes of oral antidiabetic agents are not mutually exclusive and are often used in combination to achieve optimal glycemic control. ** SGLT2-i and GLP-1 RA were excluded from baseline analysis, as the study focuses on their introduction during treatment. *** Insulin can be used alone or combined with other antidiabetic drugs, tailored to the patient’s needs and glycemic control goals. **** The classes of antihypertensive agents are not mutually exclusive and are often used in combination to achieve optimal blood pressure control. NR: Not Reported. Abbreviations: ACEi: Angiotensin-Converting Enzyme Inhibitors; AGI: Alpha-Glucosidase Inhibitors; ARB: Angiotensin II Receptor Blockers; BB: Beta-Blockers; BG: Biguanides; CAA: Central Acting Agents; CCB: Calcium Channel Blockers; DPP-4i: Dipeptidyl Peptidase-4 Inhibitors; GLP-1 RA: Glucagon-Like Peptide-1 Receptor Agonists; MG: Meglitinides; SGLT-2i: Sodium-Glucose Cotransporter-2 Inhibitors; STAT: Statins (HMG-CoA Reductase Inhibitors); SU: Sulfonylureas; TZD: Thiazolidinediones.
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Figure 1. Flowchart of Patient Selection in the Study Cohort. Abbreviations: GLP-1 RA: GLP-1 Receptor Agonists; IFG: Impaired Fasting Glucose; KT: Kidney Transplantation; MODY8/CEL-MODY: [Maturity-Onset Diabetes of the Young type 8 caused by mutations in the carboxyl ester lipase (CEL) gene]. MOT: Multiple Organ Transplant; ND: Nondiabetics; PTDM: Post-Transplant Diabetes Mellitus; SGLT2-i: Sodium-Glucose Co-Transporter 2 Inhibitors; T1DM: Type 1 Diabetes Mellitus; T2DM: Type 2 Diabetes Mellitus; TH: Transient Hyperglycemia. 
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Figure 2. Evolution of Antidiabetic Therapy Following GLP-1 RA and/or SGLT2i Initiation. The classes of oral antidiabetic agents are not mutually exclusive and are often used in combination to achieve optimal glycemic control. Abbreviations: BG: Biguanides; DPP-4i: Dipeptidyl Peptidase-4 Inhibitors; GLP-1 RA: Glucagon-Like Peptide-1 Receptor Agonists; MTF: Metformin; SGLT2i: Sodium-Glucose Cotransporter-2 Inhibitors; SU: Sulfonylureas. Note: SGLT2-i and GLP-1 RA were excluded from baseline analysis, as the study focuses on their introduction during treatment. 
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Table 1. Baseline Characteristics of the Study Cohort (Overall and by Diabetes Type).






Table 1. Baseline Characteristics of the Study Cohort (Overall and by Diabetes Type).





	

	
Diabetes Mellitus

	




	
Parameters

	
Total Cohort

(n = 141)

	
T2DM Group

(n = 52)

	
PTDM Group

(n = 89)

	
p-Value *






	
Clinical Profile




	
Recipient male gender, n (%)

	
93 (66%)

	
36 (69%)

	
57 (64%)

	
0.530




	
Age, years (mean ± SD)

	
61.20 ± 10.69

	
63.43 ± 9.96

	
59.95 ± 10.92

	
0.056




	
Duration of DM, years (mean ± SD)

	
10.94 ± 10.44

	
13.77 ± 14.50

	
9.29 ± 6.64

	
0.039




	
Time since KT until study inclusion, years

	
10.8 ± 6.2

	
6.12 ± 4.89

	
9.67 ± 6.28

	
<0.001




	
Family history of diabetes, n (%)

	
83 (59%)

	
35 (67%)

	
48 (54%)

	
0.140




	
Renal replacement therapy **




	
Hemodialysis, n (%)

	
112 (80%)

	
44 (85%)

	
68 (76%)

	
0.350




	
Peritoneal dialysis, n (%)

	
20 (14%)

	
6 (12%)

	
14 (16%)

	
0.440




	
None, n (%)

	
9 (6%)

	
2 (4%)

	
7 (8%)

	
0.320




	
Viral Serostatus




	
Hepatitis C positive, n (%)

	
5 (4%)

	
3 (6%)

	
2 (2%)

	
0.280




	
CMV antibody positive recipient, n (%)

	
92 (65%)

	
41 (79%)

	
51 (57%)

	
<0.010




	
Primary kidney disease




	
Diabetic kidney disease (DKD), n (%)

	
28 (20%)

	
28 (54%)

	
NR

	
---




	
Glomerular disease, n (%)

	
30 (21%)

	
6 (12%)

	
24 (27%)

	
0.05




	
Polycystic disease, n (%)

	
20 (14%)

	
2 (4%)

	
18 (20%)

	
<0.010




	
Tubulointerstitial disease, n (%)

	
12 (9%)

	
3 (6%)

	
9 (10%)

	
0.420




	
Other causes, n (%)

	
14 (10%)

	
3 (6%)

	
11 (12%)

	
0.250




	
Unknown, n (%)

	
37 (26%)

	
10 (18%)

	
27 (31%)

	
0.720




	
Transplantation information




	
Deceased donor, n (%)

	
114 (81%)

	
45 (87%)

	
69 (78%)

	
0.190




	
Graft number

	




	
First, n (%)

	
116 (82%)

	
43 (83%)

	
73 (82%)

	
0.860




	
Second, n (%)

	
21 (15%)

	
7 (13%)

	
14 (16%)

	
0.970




	
More than two, n (%)

	
4 (3%)

	
2 (4%)

	
2 (2%)

	
0.730




	
Immunosuppressive Therapy




	
Prednisone (PDN)

	
132 (94%)

	
48 (92%)

	
84 (94%)

	
0.260




	
Mycophenolate Mofetil (MMF)

	
125 (89%)

	
48 (92%)

	
77 (87%)

	
0.730




	
Azathioprine (AZA)

	
9 (6%)

	
1 (2%)

	
8 (9%)

	
0.990




	
Tacrolimus (TAC)

	
119 (84%)

	
44 (85%)

	
75 (84%)

	
0.300




	
Cyclosporine (CsA)

	
19 (13%)

	
6 (12%)

	
13 (15%)

	
0.300




	
mTOR Inhibitors (mTORi)

	
33 (23%)

	
14 (27%)

	
19 (21%)

	
0.250




	
Treatment Exposure

	

	

	

	




	
SGLT2 inhibitor use, n (%)

	
58 (41.13%)

	
20 (38.46%)

	
38 (42.69%)

	
0.612




	
SGLT2i treatment duration, years

	

	

	

	
0.412




	
(mean ± SD)

	
1.97 ± 2.36

	
1.73 ± 0.89

	
1.94 ± 1.37




	
median [IQR]

	
1.59 [1.07–2.18]

	
1.76 [1.24–2.18]

	
1.59 [1.07–2.18]




	
SGLT2i initiation year

	
2022 [2018–2023]

	
2022 [2019–2023]

	
2022 [2018–2023]

	




	
SGLT2i person-time, years

	
114.2

	
55.4

	
120.3

	




	
GLP-1 RA use, n (%)

	
44 (31.20%)

	
20 (38.46%)

	
24 (26.96%)

	
0.154




	
GLP-1 RA treatment duration, years

	

	

	

	
0.487




	
(mean ± SD)

	
2.12 ± 1.35

	
1.97 ± 0.89

	
2.21 ± 1.53




	
median [IQR]

	
1.85 [1.18–2.80]

	
1.93 [1.35–2.55]

	
1.85 [1.18–2.80]




	
GLP-1 RA initiation year

	
2022 [2013–2023]

	
2022 [2019–2023]

	
2022 [2013–2023]

	




	
GLP-1 RA person-time, years

	
93.3

	
39.4

	
53.04

	




	
Combination Therapy

	

	

	

	




	
Concurrent use, n (%)

	
39 (27.65%)

	
12 (23.07%)

	
27 (30.33%)

	
0.358




	
Combination therapy duration, years

	

	

	

	
0.589




	
(mean ± SD)

	
1.95 ± 0.99

	
2.08 ± 1.07

	
1.90 ± 0.96




	
median [IQR]

	
1.85 [1.18–2.55]

	
1.93 [1.35–2.55]

	
1.76 [1.18–2.55]




	
Combination initiation year

	
2022 [2019–2023]

	
2022 [2019–2023]

	
2022 [2019–2023]

	




	
Combination therapy person-time, years

	
76.05

	
24.96

	
51.3

	








Note: * Statistically significant p-values are highlighted in bold. ** The dialysis modalities are not mutually exclusive. Abbreviations: CMV: Cytomegalovirus; CsA: Cyclosporine A; DM: Diabetes Mellitus; MMF: Mycophenolate Mofetil; mTORi: Mammalian Target of Rapamycin Inhibitor; PDN: Prednisone; SD: Standard Deviation; TAC: Tacrolimus.













 





Table 2. Changes in Cardiometabolic and Renal Allograft Function Parameters After Initiation of GLP-1 RA and/or SGLT2 Inhibitor Therapy.






Table 2. Changes in Cardiometabolic and Renal Allograft Function Parameters After Initiation of GLP-1 RA and/or SGLT2 Inhibitor Therapy.





	

	
Diabetes Mellitus

Total Cohort (n = 141)

	




	
Parameters

	
Baseline

	
Follow-Up

	
p-Value *






	
Glucose Metabolism and Lipid Profile

	

	

	




	
Hb, g/dL

	
13.15 ± 1.81

	
13.45 ± 1.77

	
0.65




	
FPG, mg/dL (mean ± SD)

	
122.22 ± 35.78

	
129.77 ± 36.64

	
0.68




	
Hb A1c, % (mean ± SD)

	
7.35 ± 1.20

	
7.04 ± 0.90

	
0.21




	
TC, mg/dL (mean ± SD)

	
175.87 ± 41.40

	
161.05 ± 40.41

	
0.02




	
HDL-c, mg/dL (mean ± SD)

	
49.10 ± 13.04

	
49.55 ± 12.20

	
0.17




	
LDL-c, mg/dL(mean ± SD)

	
89.68 ± 36.38

	
79.46 ± 33.33

	
<0.001




	
TG, mg/dL (mean ± SD)

	
187.32 ± 99.86

	
175.09 ± 131.60

	
0.07




	
Anthropometric Measurement

	

	

	




	
Weight, kg (mean ± SD)

	
75.36 ± 14.22

	
71.98 ± 12.81

	
<0.001




	
BMI, kg/m2 (mean ± SD)

	
27.65 ± 4.63

	
26.37 ± 4.00

	
<0.001




	
Blood pressure status

	

	

	




	
SBP, mmHg (mean ± SD)

	
143.97 ± 17.69

	
137.85 ± 12.95

	
<0.001




	
DBP, mmHg (mean ± SD)

	
76.06 ± 14.65

	
74.37 ± 10.02

	
<0.001




	
Renal function parameters

	

	

	




	
Creatinine, mg/dL (mean ± SD)

	
1.55 ± 0.55

	
1.58 ± 0.88

	
0.58




	
Urea, mg/dL (mean ± SD)

	
70.92 ± 27.81

	
69.45 ± 29.52

	
0.55




	
eGFR, ml/min (mean ± SD)

	
53.60 ± 21.71

	
54.38 ± 21.91

	
0.53








* Significant p-values (p < 0.05) are highlighted in bold. Abbreviations: Hb, Hemoglobin; FPG, Fasting Plasma Glucose; Hb A1c, Glycated Hemoglobin; TC, Total Cholesterol; HDL-c, High-Density Lipoprotein Cholesterol; LDL-c, Low-Density Lipoprotein Cholesterol; TG, Triglycerides; BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; eGFR, Estimated Glomerular Filtration Rate.
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