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Abstract

Background: Kidney transplant recipients (KTRs) with diabetes mellitus (DM) are at high
cardiovascular risk, and heart failure (HF) is a major concern. Dapagliflozin has proven
benefits in HF, but data in KTRs are scarce. Methods: Retrospective analysis of adult KTRs
with DM and HF who received dapagliflozin. Data were collected at baseline, defined as
dapagliflozin initiation, and at the most recent follow-up (April 2024). Outcomes included
changes in LVEEF, renal function, metabolic and hemodynamic parameters, hospitalizations,
and adverse events. Results: In 32 KTRs (median age 60.5 years, 66% male), after a
median follow-up of 2.2 years, left ventricular ejection fraction (LVEF) did not change
significantly (60% to 58%, p = 0.28). Systolic BP decreased by 5 mmHg (p < 0.001) and
diastolic BP by 3 mmHg (p = 0.034). HbAlc decreased from 7.3 [6.6-8.1] to 6.8 [6.3-7.7]%
(p = 0.034), while LDL-c and triglycerides decreased (p = 0.013 and p < 0.001). Body weight
and BMI also decreased (both p < 0.001). Renal function, as assessed by eGFR, remained
stable (p = 0.633), with no major renal safety signals. No deaths, severe hypoglycemia, or
ketoacidosis occurred; urinary tract infections in 12%. Conclusions: In this exploratory
cohort, dapagliflozin use was followed by stable graft function and changes in metabolic
and hemodynamic parameters. No significant change in LVEF was observed. Given the
observational design, small sample size, limited echocardiographic data, and absence of
a control group, causal inference is not possible. These hypothesis-generating findings
require confirmation in prospective controlled trials of KTRs with diabetes and heart failure.
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1. Introduction

Kidney transplant recipients (KTRs) remain at high cardiovascular risk despite the
survival advantage conferred by transplantation. Cardiovascular disease is still a leading
cause of death after kidney transplantation, and this excess risk reflects the combined
burden of traditional risk factors, chronic kidney dysfunction, transplant-related metabolic
complications, and long-term exposure to immunosuppressive therapy [1-3].
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Diabetes mellitus (DM) further amplifies this risk in KTRs. Both pre-existing type 2
diabetes mellitus (I2DM) and post-transplant diabetes mellitus (PTDM) are associated with
adverse cardiovascular outcomes after transplantation, and heart failure (HF) represents a
particularly relevant clinical concern in this setting because of the frequent coexistence of
hypertension, persistent renal dysfunction, and other cardiorenal risk factors [3-6].

Dapagliflozin has shown clinical benefit in HF, reducing worsening HF and cardiovas-
cular death irrespective of diabetes status. In the DAPA-HF trial, dapagliflozin reduced
the composite of worsening HF or cardiovascular death in patients with HF with reduced
ejection fraction receiving guideline-directed medical therapy, and was also associated with
lower rates of HF hospitalization and improved quality of life [7,8].

Despite robust evidence supporting SGLT2 inhibitors in non-transplant populations
with diabetes, chronic kidney disease, and HF, KTRs have been largely excluded from major
randomized trials. Therefore, the applicability of these benefits to KTRs remains uncertain.
This uncertainty is particularly relevant in patients with concomitant DM and HF, in whom
potential cardiorenal and metabolic benefits must be balanced against transplant-specific
safety concerns, including urinary tract infections, volume depletion, acute kidney injury,
graft dysfunction, and possible interactions with immunosuppressive therapy [9].

These considerations are particularly relevant in KTRs with DM and HEF, a population
at high cardiovascular risk in whom strategies able to reduce HF decompensation without
compromising graft function are of special interest. Real-world data on dapagliflozin use
in this setting may help inform clinical discussion and generate hypotheses for future
controlled studies. Therefore, this study aimed to describe cardiac, renal, metabolic, hemo-
dynamic, and safety outcomes after dapagliflozin initiation in KTRs with DM and HF in a
real-world clinical setting.

2. Material and Methods
2.1. Study Design, Setting and Participants

This was a retrospective, single-center, exploratory subgroup analysis derived from a
previously described real-world cohort of KTRs treated with SGLT2 inhibitors and/or GLP-
1 receptor agonists between August 2013 and April 2024 [10]. The present analysis focused
on adult KTRs with T2DM or PTDM and a documented diagnosis of HF who initiated
dapagliflozin during routine clinical care. Given the observational and uncontrolled design,
the study was intended to describe clinical trajectories after dapagliflozin initiation and
to generate hypotheses for future prospective studies, rather than to establish causal
treatment effects.

2.2. Inclusion and Exclusion Criteria

The present analysis was derived from a previously described cohort of KITRs with
T2DM or PTDM. Eligibility required both dapagliflozin exposure and a diagnosis of HF.
Patients without dapagliflozin exposure (n = 62) or without HF diagnosis (n = 47) were
excluded, resulting in a final cohort of 32 KTRs with DM and HF treated with dapagliflozin.
Paired LVEF data were available for 17 patients. A flow diagram detailing patient selection
is provided in [Figure 1].
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Previously described cohort of KTRs with
T2DM or PTDM (n = 141)

Eligibility criteria for the present analysis:

dapagliflozin exposure + HF diagnosis

Excluded from the present analysis:
No dapagliflozin exposure: n= 62 <«
No HF diagnosis: n= 47

v

Final study cohort:
KTRs with DM and HF treated with dapagliflozin (n = 32)

Paired LVEF data available: n =17
Paired LVEF data unavailable: n=15

Figure 1. Flowchart of Cohort Selection and Final Sample Composition.

2.3. Heart Failure Diagnostic Criteria

Heart failure (HF) was identified from electronic medical records using explicit clinical
and/or echocardiographic criteria. A diagnosis of HF was considered if records docu-
mented at least one of the following: (i) a formal HF diagnosis by a cardiologist or nephrol-
ogist; (ii) typical symptoms (e.g., dyspnea on exertion, orthopnea, fatigue) combined with
>two signs (e.g., peripheral edema, jugular distention, crackles, S3); (iii) elevated natriuretic
peptides (BNP > 35 pg/mL or NT-proBNP > 125 pg/mL) in a suggestive clinical context; or
(iv) echocardiographic evidence of structural/functional cardiac abnormality (e.g., reduced
or preserved LVEF, diastolic dysfunction) accompanied by a clinical HF diagnosis. All cases
were independently reviewed by two investigators (R.N., ].E); discrepancies were resolved
by consensus.

2.4. Ethical Approval

The study was reviewed and approved by the Institutional Review Board of the De-
partment of Education, Training and Research (DEFI)—Clinical Research Service (Reference
No. 2022.264 [209-DEF1/224-CE]; approval date: 19 April 2023). Given the retrospective
and non-interventional nature of the study, and because the analysis relied exclusively on
anonymized clinical records, the Ethics Committee formally waived the requirement for
individual informed consent on 15 June 2023. This waiver was granted considering the
impracticability of recontacting participants from a clinically complex transplant cohort,
in which multiple comorbidities, high cardiovascular risk, and mortality during the ob-
servation period were anticipated. No identifiable patient information, images, or videos
were used. Data were processed according to institutional anonymization procedures, and
the study was conducted in accordance with the Declaration of Helsinki and applicable
local regulations.
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2.5. Data Collection

Relevant clinical data were extracted from institutional electronic medical records.
Collected variables included demographic characteristics, anthropometric measures, co-
morbidities, immunosuppressive regimens, antidiabetic treatment history, cardiac and
hemodynamic parameters, and laboratory data, including glycemic variables, lipid profile,
renal function, microalbuminuria, serum electrolytes, and uric acid. Data were recorded
using a pre-designed case report form. All parameters were assessed at baseline, defined
as dapagliflozin initiation, and at the most recent follow-up (April 2024). Data extraction
was performed using a standardized data collection form. When inconsistencies or missing
values were identified, electronic records were reviewed again to confirm data accuracy. Be-
cause of the retrospective nature of the study, the number of available paired observations
varied across outcomes; therefore, analyses were performed using available paired data for
each variable, and the corresponding number of patients was reported when applicable.

2.6. Study Outcomes

The main cardiac outcome was the change in LVEF from baseline to the most recent
available follow-up among patients with paired echocardiographic data. Other cardiac
outcomes included changes in NYHA functional class, when available. Renal outcomes
included eGFR and UACR. Metabolic, hemodynamic, anthropometric, and laboratory
outcomes included HbAlc, lipid profile, blood pressure, body weight, BMI, serum elec-
trolytes, and uric acid. Clinical events and safety outcomes included HF hospitalizations,
cardiovascular mortality, adverse events, and treatment discontinuation.

2.7. Definitions

Diabetes mellitus included both T2DM and PTDM, the latter diagnosed according to
American Diabetes Association criteria at least 3 months after transplantation in clinically
stable patients [11,12]. Heart Failure was defined as a clinical syndrome with symp-
toms and/or signs caused by a structural and/or functional cardiac abnormality [13,14];
left ventricular ejection fraction (LVEF) was assessed by echocardiography and catego-
rized according to current guideline-based criteria [15]. The operational criteria used to
identify HF patients for this study are detailed in the Inclusion Criteria. Hypertension
was defined as systolic BP > 130 mmHg and/or diastolic BP > 80 mmHg on repeated
measurements [16]. Microalbuminuria was defined as a urinary albumin-to-creatinine
ratio (UACR) > 30 mg/g [16]. Renal function was assessed using the CKD-EPI 2021 equa-
tion for estimated glomerular filtration rate (eGFR) [17].

2.8. Statistical Analysis

Descriptive statistics were used to summarize baseline characteristics and study out-
comes. Continuous variables were expressed as mean =+ standard deviation (SD) for
normally distributed data and as median with interquartile range (IQR) for non-normally
distributed data. Normality was assessed using the Shapiro-Wilk test. Categorical variables
were presented as counts and percentages. Within-group comparisons between baseline
and the most recent follow-up were performed using paired t-tests for normally distributed
continuous variables and Wilcoxon signed-rank tests for non-normally distributed vari-
ables. Clinical events and safety outcomes were analyzed descriptively. All statistical
analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC,
USA), and a two-sided p value < 0.05 was considered statistically significant. Because
of the retrospective and exploratory nature of the study, no formal a priori sample size
calculation was performed. The final sample size reflected all eligible KTRs with DM
and HF who received dapagliflozin during the study period. Given the small cohort size
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and the limited number of patients with paired echocardiographic data, the study was
underpowered for confirmatory analyses, particularly for cardiac outcomes. Therefore, all
statistical comparisons were interpreted as exploratory.

3. Results

3.1. Patients Characteristics and Demographics

At baseline, the final cohort comprised 32 KTRs with DM and HF treated with da-
pagliflozin. Median age was 60.5 [57.0-69.0] years, 66% were male, and 66% had received a
deceased-donor transplant. The median time from kidney transplantation to study inclu-
sion was 6.7 [3.5-12.6] years, and maintenance immunosuppression was predominantly
based on corticosteroids (100%), tacrolimus (78%), and mycophenolate mofetil (88%). Pre-
existing T2DM was present in 44% of patients and PTDM in 56%, with a median baseline
HbAlc of 7.3 [6.6-8.1]%.

Baseline cardiovascular burden was substantial, with a median LVEF of 60.0
[52.0-64.0]%, prior HF hospitalization in 63%, ischemic heart disease in 34%, and previous
myocardial infarction in 16% of patients. Median systolic and diastolic blood pressure were
142 [132-154] mmHg and 77 [68-89] mmHg, respectively, and most patients were receiving
beta-blockers (78%), renin—angiotensin system blockers (ACE inhibitors 59%/ARBs 31%),
and diuretics (44%). Baseline renal function was characterized by a median serum creatinine
of 1.33 [1.04-1.75] mg/dL and eGFR of 54.0 [36.5-65.0] mL/min/1.73 m?2. Median body
weight and BMI were 76.0 [65.8-85.0] kg and 27.6 [24.8-31.0] kg/m?, respectively. These
baseline characteristics highlight a high-risk population with substantial cardiovascular
and metabolic burden, in which dapagliflozin was initiated as part of real-world clinical
practice. Additional baseline characteristics are summarized in Table 1.

Table 1. Baseline demographic and clinical characteristics of the study cohort.

Value

Variables Median [IQR] or n
(%)

Demographic and transplant characteristics
Age, years 60.5 [57.0-69.0]
Male sex, n (%) 21 (66%)
White ethnicity, n (%) 32 (100%)
Time from KT to study inclusion, years 6.7 [3.5-12.6]
Deceased donor, 1 (%) 21 (66%)
Maintenance immunosuppression
Corticosteroids 32 (100%)
Tacrolimus 25 (78%)
Mycophenolate mofetil 28 (88%)
mTOR inhibitors 10 (31%)
Cyclosporine 7 (22%)
Diabetes-related characteristics
Pre-KT T2DM, n (%) 14 (44%)
Pre-KT T2DM duration, years 10.0 [4.0-19.0]
PTDM, n (%) 18 (56%)
PTDM duration, years 8.0 [2.0-14.0]
HbAlc, % 7.3[6.6-8.1]
Long-acting insulin, n (%) 19 (59%)
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Value

Variables Median [IQR] or n
(%)

Short-acting insulin, n (%) 7 (22%)
Metformin, n (%) 12 (38%)
DPP-4i, n (%) 13 (40%)
GLP-1RA, 1 (%) 16 (50%)
Other glucose-lowering agents 2 (6%)
Duration of dapagliflozin therapy, years 2.2 [1.7-3.0]

Heart failure and cardiovascular characteristics

LVEF ?, %

HF phenotype according to available baseline LVEF, n1/N (%) P

Preserved EF, LVEF > 50%

LVEF < 50%

Echocardiographic phenotype not available
Systolic blood pressure, mmHg

Diastolic blood pressure, mmHg

Beta-blockers

ACE inhibitors

ARBs

Diuretics

MRA (spironolactone/eplerenone/finerenone)

60.0 [52.0-64.0]
17/32 (53.1)
15/17 (88.2)
2/17 (11.8)
15/32 (46.9)

142 [132-154]
77 [68-89]
25 (78%)
19 (59%)
10 (31%)
14 (44%)

8 (25%)

Renal and laboratory characteristics

Serum creatinine, mg/dL
eGFR, mL/min/1.73 m?
UACR, mg/g

1.33[1.04-1.75]
54.0 [36.5-65.0]
61.1 [19.7-386.2]

Anthropometric and lipid profile

Body weight, kg 76.0 [65.8-85.0]
BMI, kg/m? 27.6 [24.8-31.0]
Statins, 11 (%) 32 (100%)
Ezetimibe, 1 (%) 10 (31%)

Abbreviations: ACE—angiotensin-converting enzyme; ARBs—angiotensin II receptor blockers; BMI—body mass
index; DPP-4i—dipeptidyl peptidase-4 inhibitors; EF—ejection fraction; eGFR—estimated glomerular filtration
rate; GLP-1 RA—glucagon-like peptide-1 receptor agonists; HbAlc—glycated hemoglobin; KT—kidney transplant;
LVEF—left ventricular ejection fraction; MRA—mineralocorticoid receptor antagonist; mMTOR—mechanistic target
of rapamycin; PTDM—post-transplant diabetes mellitus; T2DM—type 2 diabetes mellitus; UACR—urinary
albumin-to-creatinine ratio. * LVEF (1 = 17). ® HF phenotype was classified only among patients with available
baseline LVEF data (1 = 17). Percentages for preserved EF and LVEF < 50% therefore use 17 as the denominator,
whereas unavailable phenotype uses the total cohort (n = 32).

3.2. Cardiovascular and Hemodynamic Outcomes

In our cohort, echocardiographic assessment of left ventricular function was available
for approximately half of the patients. Paired left ventricular ejection fraction (LVEF) and
NYHA data were available for 17 of 32 patients. In these patients, mean LVEF changed from
57.1 £ 11.2% at baseline to 58.3 £ 9.3% at follow-up; median LVEF was 60% [52-64] and
58% [55-66], respectively, with no significant change over time (Wilcoxon signed-rank test,
p = 0.276), as illustrated in [Figure 2]. Among patients with available echocardiographic
data, preserved EF predominated at baseline, whereas only 2 of 17 patients had LVEF < 50%.
All patients with available NYHA data were classified as NYHA class II. Because echocar-
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diographic data were not available for all patients, HF phenotype classification could not
be consistently assigned across the entire cohort.

70 -

60 -

50

LVEF (%)

401

30 1

20 T .
Baseline Follow-up
Median 60% [52-64] Median 58% [55-66]

Wilcoxon p = 0.276

Figure 2. Individual paired changes in LVEF from baseline to the most recent follow-up among
patients with available paired echocardiographic data (n = 17). Each line represents one patient. No
statistically significant change in LVEF was observed during follow-up.

Alongside the neutral LVEF findings, we observed consistent reductions in both
systolic and diastolic blood pressure throughout follow-up. In the overall cohort (n = 32),
median systolic BP decreased from 142 [132-154] to 138 [129-147] mmHg (p < 0.001), and
median diastolic BP decreased from 77 [68-89] to 75 [68-82] mmHg (p = 0.034). No major
changes were made to background antihypertensive therapy.

3.3. Metabolic and Anthropometric Outcomes

Regarding glycemic control, our data show a modest but statistically significant
improvement. A reduction in median HbA1lc was observed, decreasing from 7.3 [6.6-8.1]
to 6.8 [6.3-7.7]% (p = 0.034). Similarly, LDL-c significantly decreased from 91 [71-117] to
78 [55-108] mg/dL (p = 0.013), as did triglycerides (161 [113-241] to 138 [99-182] mg/dL;
p < 0.001). These findings were observed with background statin (100%) and ezetimibe
(31%) use. Body weight (76.0 [65.8-85.0] vs. 71.7 [61.0-81.7] kg; p < 0.001) and BMI (27.6
[24.8-31.0] vs. 26.5 [23.7-29.6] kg / m?; p < 0.001) also significantly decreased.
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3.4. Renal and Laboratory Outcomes

Median serum creatinine remained stable from baseline to follow-up (1.33 [1.04-1.75]
vs. 1.26 [1.10-1.55] mg/dL; p = 0.150). Serum urea also did not change significantly (65.0
[51.0-87.0] vs. 63.5 [48.0-82.0] mg/dL; p = 0.521). Median eGFR remained stable (54.0
[36.5-65.0] vs. 50.0 [36.0-68.0] mL/min/1.73 mZ; p = 0.633). Among patients with available
paired UACR data (n = 21), an exploratory reduction in median UACR was observed, from
61.1[19.7-386.2] to 54.6 [20.1-284.3] mg/g (p = 0.033). Median serum sodium (141 [139-143]
vs. 141 [139-143] mmol/L; p = 0.345) and potassium (4.4 [4.0-4.9] vs. 4.4 [4.1-4.8] mmol/L;
p = 0.478) remained stable, while median uric acid significantly decreased from 6.2 [5.1-7.5]
to 6.2 [4.9-7.2] mg/dL (p = 0.006). A comprehensive summary is presented in [Table 2].

Table 2. Metabolic, hemodynamic, renal, and laboratory variables at baseline and end of follow-up.

Variables n Paired Baseline Follow-Up p-Value t
Hemoglobin, g/dL 32 13.0 [11.9-14.4] 13.2[11.8-14.3] 0.164
HbAlc, % 32 7.3[6.6-8.1] 6.8 [6.3-7.7] 0.034
FPG, mg/dL 32 139 [109-163] 122 [97-143] <0.001
TC, mg/dL 32 173 [149-204] 163 [129-193] 0.020
HDL-c, mg/dL 32 49 [39-58] 52 [42-60] 0.107
LDL-c, mg/dL 32 91 [71-117] 78 [55-108] 0.013
TG, mg/dL 32 161 [113-241] 138 [99-182] <0.001
Body weight, kg 32 76.0 [65.8-85.0] 71.7 [61.0-81.7] <0.001
BMI, kg/m? 32 27.6 [24.8-31.0] 26.5 [23.7-29.6] <0.001
SBP, mmHg 32 142 [132-154] 138 [129-147] <0.001
DBP, mmHg 32 77 [68-89] 75.0 [68-82] 0.034
Serum Creatinine, mg/dL 32 1.33 [1.04-1.75] 1.26 [1.10-1.55] 0.150
Serum Urea, mg/dL 32 65.0 [51.0-87.0] 63.5 [48.0-82.0] 0.521
eGFR, mL/min/1.73 m? 32 54.0 [36.5-65.0] 50.0 [36.0-68.0] 0.633
UACR, mg/g 21 61.1[19.7-386.2]  54.6 [20.1-284.3] 0.033
Uric Acid, mg/dL 32 6.2 [5.1-7.5] 6.2 [4.9-7.2] 0.006
Sodium, mmol/L 32 141 [139-143] 141 [139-143] 0.345
Potassium, mmol/L 32 4.4 [4.0-4.9] 4.41[4.1-4.8] 0.478

t Wilcoxon signed-rank test for paired samples. Statistically significant p-values are highlighted in bold. Abbre-
viations: BMI—body mass index; DBP—diastolic blood pressure; eGFR—estimated glomerular filtration rate;
FPG—fasting plasma glucose; HbAlc—glycated hemoglobin; HDL-C—high-density lipoprotein cholesterol; LDL-
C—low-density lipoprotein cholesterol; SBP—systolic blood pressure; TC—total cholesterol; TG—triglycerides;
UACR—urinary albumin-to-creatinine ratio. Data are presented as median [IQR] or mean + SD, as appropriate.
p values refer to paired comparisons between baseline and end of follow-up using available paired data. The
number of paired observations varied according to data availability.

3.5. Clinical Events and Safety

The overall safety and tolerability profile of dapagliflozin was acceptable during
follow-up. HF hospitalization occurred in 9 patients, while no cardiovascular or all-
cause deaths were observed. Adverse events included urinary tract infections (UTIs),
genital infections, hypoglycemia, volume depletion-related events, electrolyte disturbances,
and treatment discontinuation. UTIs occurred in 4 patients (12%) and were managed
according to routine clinical practice, including antimicrobial therapy when clinically
indicated. These episodes did not result in graft dysfunction, hospitalization, or urosepsis.
Overall, dapagliflozin was discontinued in 1 patient because of moderate symptoms.
No genital infections were documented. Three isolated mild hypoglycemic episodes
were recorded and were managed with simple carbohydrate intake, without the need for
adjustment of concomitant glucose-lowering therapy. No cases of severe hypoglycemia,
diabetic ketoacidosis, acute rejection, clinically significant dehydration, or major electrolyte
abnormalities were observed during follow-up.

https://doi.org/10.3390/diabetology7060110


https://doi.org/10.3390/diabetology7060110

Diabetology 2026, 7, 110

9of 12

4. Discussion

In this exploratory retrospective cohort of 32 KTRs with DM and HF, dapagliflozin
use was associated with stable graft function and favorable metabolic and hemodynamic
changes, with no major safety signals observed. An exploratory reduction in UACR was
observed among patients with available paired data. However, no significant change in
LVEF was detected, and the uncontrolled design precludes causal inference. These findings
are clinically relevant, as KTRs with DM and HF remain a high-risk and understudied
population in major randomized trials.

Despite prolonged dapagliflozin use, with a median follow-up of 2.2 years, no modifi-
cation in NYHA functional class was reported and no significant improvement in LVEF
was observed among patients with available paired echocardiographic data. This finding
is particularly relevant because the cohort was predominantly composed of patients with
preserved ejection fraction, whereas only 2 of 17 patients with available echocardiographic
data had LVEF < 50% at baseline. Therefore, the present study should not be interpreted as
demonstrating improved cardiac function or cardiovascular efficacy. Rather, these results
describe real-world clinical trajectories after dapagliflozin initiation in a selected high-risk
transplant population. The reductions in systolic and diastolic blood pressure observed dur-
ing follow-up are consistent with the known hemodynamic profile of SGLT2 inhibitors [18];
however, in the absence of a comparator group, these changes cannot be attributed solely
to dapagliflozin and should be interpreted as exploratory associations.

HF hospitalizations were difficult to interpret in this uncontrolled retrospective cohort.
Among the 9 patients with HF hospitalization, dapagliflozin was initiated shortly after
an acute coronary syndrome event in 8, in the setting of poor glycemic control and after
hemodynamic stabilization. Therefore, hospitalization outcomes in this subgroup are likely
influenced by acute cardiovascular events, baseline clinical severity, and optimization of
background therapy, and should not be interpreted as evidence of dapagliflozin-related
cardiovascular benefit.

A central finding of our study was the stability of graft function during follow-up, with
no significant change in serum creatinine or median eGFR. This finding is clinically reassur-
ing in the context of a broader renal safety concern when introducing SGLT2 inhibitors in
KTRs, particularly because of the potential for volume depletion, acute kidney injury, and
drug-drug interactions with calcineurin inhibitors. In the non-transplant setting, DAPA-
CKD demonstrated that dapagliflozin reduced the risk of sustained eGFR decline, end-stage
kidney disease, and renal or cardiovascular death in patients with chronic kidney disease,
with or without type 2 diabetes [19]. However, these results cannot be directly extrapolated
to KTRs, who were not represented in this trial and who have transplant-specific risks
related to immunosuppression, graft function, and infectious complications [20]. There-
fore, the reduction in UACR observed in our cohort should be interpreted as a possible
antiproteinuric signal rather than definitive evidence of nephroprotection.

Our findings are also corroborated by previous transplant-specific studies. Halden
et al. [21] reported stable eGFR after 24 weeks of empagliflozin in KTRs, and Lemke
et al. [22] observed no significant decline in graft function with dapagliflozin or em-
pagliflozin over a 12-month period. Fructuoso et al. [23] similarly reported that SGLT2
inhibitor use was not associated with an increased risk of graft dysfunction. Taken to-
gether, these observational data, including our own, support the short-term renal safety
of SGLT2 inhibitor use in selected KTRs and suggest a possible antiproteinuric signal.
However, the present study should be interpreted as an incremental contribution to the
transplant-specific SGLT2 inhibitor literature, rather than as evidence of superiority or
definitive nephroprotective benefit. Its main contribution lies in the focus on KTRs with
concomitant DM and HF and the relatively long real-world follow-up. These observations
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remain hypothesis-generating, and further prospective controlled studies are needed to
clarify whether dapagliflozin confers clinically meaningful renal or graft-related benefits in
the transplant population.

Beyond renal safety, the metabolic effects observed in our cohort were modest and
consistent with the known profile of dapagliflozin. We observed reductions in HbAlc, body
weight, BMI, LDL cholesterol, and triglycerides. In DECLARE-TIMI 58 [24], dapagliflozin
was associated with modest reductions in body weight, systolic blood pressure, and HbAlc
in patients with T2DM. Although these findings provide useful clinical context, they
cannot be directly extrapolated to KTRs. In our cohort, the observed metabolic changes
should also be interpreted cautiously because approximately half of the patients were
receiving GLP-1 RAs, which may have contributed to changes in body weight, BMI, HbAlc,
and lipid parameters. Therefore, these improvements cannot be attributed exclusively
to dapagliflozin.

The absence of severe hypoglycemia, significant hyperkalemia, or acute kidney injury
is consistent with safety observations reported in transplant-specific studies. Mahling
et al. [25] and Schwaiger et al. [26] similarly reported low rates of adverse events in
KTRs treated with SGLT2 inhibitors. Although mild genitourinary infections and volume
depletion remain potential concerns, available transplant-specific data suggest that SGLT2
inhibitors are generally well tolerated in selected KTRs.

Potential interactions between dapagliflozin and immunosuppressive therapy are
clinically relevant in transplant medicine. Previous transplant-specific data have not
suggested major effects of SGLT2 inhibitors on immunosuppressive drug levels, although
the available evidence remains limited [20,21]. In this cohort, no acute rejection episodes
or major graft dysfunction events were observed during follow-up. However, systematic
pharmacokinetic assessment of tacrolimus or mTOR inhibitor levels was not available,
precluding formal interaction analysis.

Strengths and Limitations

Our study has several strengths, including the use of a well-characterized cohort from
a high-volume tertiary transplant center, the focus on a clinically relevant and underex-
plored population of KTRs with DM and HF, and a median follow-up of 2.2 years after
dapagliflozin initiation. Nevertheless, important limitations must be acknowledged. First,
the retrospective, single-center design and the absence of a comparator group preclude
causal inference; therefore, observed changes cannot be attributed solely to dapagliflozin
and may have been influenced by concomitant therapies, optimization of diabetes or HF
care, lifestyle changes, natural disease fluctuation, or regression to the mean. Second, the
small sample size limits statistical power and external validity, particularly for cardiac
outcomes, as paired echocardiographic data were available for only 17 patients. Third, HF
phenotype and cardiac remodeling could not be fully characterized because echocardio-
graphic assessments were performed as part of routine care and detailed parameters such
as LV mass, left atrial volume, diastolic function, global longitudinal strain, and pulmonary
artery pressure were not consistently available. Finally, concomitant GLP-1 receptor agonist
use and the lack of systematic pharmacokinetic assessment of immunosuppressive drug
levels may have confounded metabolic and transplant-related safety interpretations.

Despite these limitations, the study provides clinically relevant real-world data on the
feasibility, tolerability, renal stability, and metabolic/hemodynamic trajectories observed
after dapagliflozin initiation in a high-risk transplant population that remains underrepre-
sented in clinical trials. Accordingly, any implication regarding heart failure benefit should
remain cautious and hypothesis-generating, particularly because LVEF did not significantly
improve and no comparator group was available.
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5. Conclusions

In this exploratory retrospective cohort, dapagliflozin use was followed by stable graft
function and changes in metabolic and hemodynamic parameters, without major safety
signals. An exploratory reduction in UACR was observed among patients with available
paired data. No significant change in LVEF was detected. Given the small sample size,
limited paired echocardiographic data, and absence of a control group, these findings
should be interpreted as hypothesis-generating and cannot establish cardiovascular or
renal efficacy. Prospective controlled studies are needed to clarify the role of dapagliflozin
in this high-risk transplant population.
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