

[image: image1]
Effect of sodium-glucose co-transporter 2 inhibitor on contrast-induced acute kidney injury and prognosis in type 2 diabetes patients undergoing percutaneous coronary intervention
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Introduction: Contrast-induced acute kidney injury (CIAKI) is a common and serious complication following contrast administration in patients undergoing percutaneous coronary intervention (PCI). dapagliflozin, a sodium-glucose co-transporter 2 inhibitor (SGLT2i), has demonstrated renal protective effects in various clinical settings. However, the impact of dapagliflozin on the incidence of CIAKI in patients with type 2 diabetes mellitus (T2DM) undergoing PCI is not yet fully understood.

Objective: To evaluate the impact of dapagliflozin on CIAKI and long-term prognosis in T2DM patients undergoing PCI.

Methods: This retrospective cohort study included T2DM patients who underwent PCI at the Department of Cardiology, Tianjin University Chest Hospital, from January 2022 to June 2023. Patients were grouped based on dapagliflozin use (dapagliflozin vs. no dapagliflozin). Renal function was assessed before PCI, 48 h, and 1 week post-PCI, measuring serum creatinine, estimated glomerular filtration rate, cystatin C, and neutrophil gelatinase-associated lipocalin. All patients were followed for at least 1 year. The primary endpoint was CIAKI incidence, with secondary endpoints including renal function changes and major adverse cardiovascular events (MACE).

Results: CIAKI occurred less frequently in the dapagliflozin group compared to the control group (5.8% vs. 11.7%, χ2 = 4.494, p = 0.033). After adjusting for confounders, dapagliflozin was an independent predictor of reduced CIAKI risk (OR = 0.365, 95% CI: 0.176–0.767, p = 0.008). During a median 15-month follow-up, the dapagliflozin group had a lower incidence of MACE compared to the control group (Log-rank χ2 = 6.719, p = 0.009). Cox regression analysis showed that dapagliflozin reduced the risk of MACE (HR = 0.484, 95% CI: 0.246–0.955, p = 0.036).

Conclusion: Chronic administration of dapagliflozin can reduces the risk of CIAKI and improves long-term cardiovascular outcomes in T2DM patients undergoing PCI. These findings support its potential use as adjunctive therapy to mitigate kidney injury and improve prognosis in this high-risk population.
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Introduction

Contrast-induced acute kidney injury (CIAKI) is a known complication following the use of iodinated contrast agents in procedures like percutaneous coronary intervention (PCI). It is characterized by a sudden decline in renal function, typically within 48 to 72 h of contrast exposure, and is associated with increased morbidity, prolonged hospitalization, and higher mortality (1, 2). Patients with type 2 diabetes mellitus (T2DM) are particularly at risk due to factors such as pre-existing chronic kidney disease (CKD), endothelial dysfunction, and hyperglycemia, which impair renal autoregulation and exacerbate nephrotoxicity (3, 4).

To date, strategies to prevent CIAKI in patients undergoing PCI have focused on reducing contrast volume, optimizing hydration, and adjusting medications. However, no pharmacologic agents have been universally adopted, and many interventions show limited efficacy (5, 6). Recently, sodium-glucose co-transporter 2 inhibitors (SGLT2i), initially developed for managing T2DM, have gained attention for their renal protective and cardiovascular benefits (7, 8). Dapagliflozin, a widely used SGLT2i, has shown promise in slowing CKD progression, reducing heart failure risk, and improving survival in patients with diabetes and cardiovascular comorbidities (9, 10). The renoprotective effects of SGLT2i are thought to stem from mechanisms such as reduced intraglomerular pressure, inflammation, oxidative stress, and fibrosis (11, 12). These benefits, along with improved glycemic control, make SGLT2i a compelling option for patients at high risk of kidney injury.

Despite promising findings, early warnings from the U.S. Food and Drug Administration (FDA) and some studies raised concerns about an increased risk of acute kidney injury (AKI) with SGLT2i use (13, 14). These warnings have affected clinicians’ confidence in the renal safety of SGLT2i, particularly in T2DM patients undergoing contrast administration. Some experts recommend discontinuing SGLT2i before contrast exposure to reduce the risk of CIAKI. However, there is no consensus on whether SGLT2i should be stopped during the perioperative period of PCI, and the impact of dapagliflozin on CIAKI risk in T2DM patients remains unclear. This study aims to assess the effect of dapagliflozin on CIAKI incidence and its impact on the prognosis of T2DM patients undergoing PCI. The results may provide evidence to support the use of dapagliflozin in managing T2DM patients at risk for CIAKI after PCI.



Patients and methods

This study adhered to the ethical guidelines of the Declaration of Helsinki. Informed consent was waived for enrolled participants, and patient confidentiality was strictly maintained. The study was approved by the Medical Ethics Committee of Tianjin University Chest Hospital (Approval no: 2023YS-1215-01). This retrospective cohort study included adult T2DM patients who underwent PCI at the Department of Cardiology, Tianjin University Chest Hospital, between January 2022 and June 2023. Patients were divided into two groups: those who received dapagliflozin and those who did not. Exclusion Criteria: (1) allergy to contrast agents or dapagliflozin, (2) emergency PCI, (3) cardiogenic shock with systolic blood pressure < 90 mmHg, (4) thyroid dysfunction, (5) estimated glomerular filtration rate (eGFR) < 30 mL/(min·1.73m2), (6) repeated contrast use within the past week, (7) malignant tumors, (8) previous kidney transplantation or nephrectomy, (9) incomplete follow-up. A consort flow diagram of the study is shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Consort flow diagram of the study. T2DM, type 2 diabetes mellitus; PCI, percutaneous coronary intervention; eGFR, estimated glomerular filtration rate.


To minimize the risk of CIAKI, all patients received hydration therapy with sodium chloride saline (Shanghai Baxter Medical Products Co., Ltd., Batch No.: H19993745) at a rate of 1 mL/(kg·h) for 6 ~ 12 h before and after PCI. For patients with heart failure or left ventricular ejection fraction (LVEF) < 45%, the hydration rate was reduced to 0.5 mL/(kg·h). All patients were also encouraged to drink plenty of water. Enrolled patients received either iodixanol (Yangtze River Pharmaceutical Group Co., Ltd., Batch No.: H20184002), an isotonic contrast agent, or iopamidol (Jiangsu Hengrui Medicine Co., Ltd., Batch No.: H20067896), a low-osmolar contrast agent. Patients in the dapagliflozin group received 10 mg of dapagliflozin (AstraZeneca Pharmaceuticals Co., Ltd., Batch No.: H20170119) orally once daily for at least 4 weeks prior to contrast administration and continued the same dose post-PCI.

The basic information and medical history of both patient groups were recorded, including medication history, dapagliflozin duration, type and dosage of contrast agent, and hydration volume. Renal function parameters were also assessed before PCI and at 48 h and 1 week post-treatment. These included serum creatinine (Scr), eGFR, serum cystatin C (Cys-C), and neutrophil gelatinase-associated lipocalin (NGAL).

All patients were followed for at least 1 year post-PCI, with follow-up data collected via outpatient visits, hospital records, or telephone interviews. During follow-up, major adverse cardiac events (MACE)—including cardiac death, non-fatal myocardial infarction, non-fatal stroke, unplanned revascularization, and acute heart failure—were recorded. The primary endpoint was the incidence of CIAKI, defined as a Scr increase of >26.5 μmol/L (0.3 mg/dL) or > 50% from baseline within 48 h or 1 week of contrast administration, respectively (1). Secondary endpoints included changes in renal function and the occurrence of MACE during follow-up.

The eGFR was calculated using the formula: eGFR = 186 × Scr (mg/L)−1.154 × age (years)−0.203 × (female × 0.742). T2DM was defined by the presence of diabetes symptoms (e.g., polydipsia, polyphagia, polyuria, weight loss) along with any of the following blood glucose levels: postprandial glucose ≧ 11.1 mmol/L, fasting glucose ≧ 7.0 mmol/L, or glucose ≧ 11.1 mmol/L 2 h after a glucose tolerance test. Anemia was defined as hemoglobin <120 g/L or red blood cell count <4.5 × 1012/L for adult males, and hemoglobin <110 g/L or red blood cell count <4.0 × 1012/L for adult females.


Data analysis

Descriptive statistics summarize baseline characteristics. Continuous variables were expressed as mean ± standard deviation (SD), two-way ANOVA was used for comparing multiple groups, and pairwise comparisons between groups were performed using the SNK-q test. Categorical variables were presented as frequencies and percentages. The differences between the dapagliflozin and control groups were compared using independent t-tests or Mann–Whitney U tests for continuous variables, and chi-square or Fisher’s exact tests for categorical variables. Multivariate logistic regression identified independent predictors of CIAKI, adjusting for potential confounders. The Log-rank test compared MACE occurrence between groups, while Cox regression assessed the effect of dapagliflozin on prognosis. Kaplan–Meier curves were plotted using GraphPad Prism 9.0. A p-value <0.05 was considered statistically significant. All statistical analyses were conducted using SPSS version 22.0 (IBM Corp., Armonk, NY, United States).




Results

A total of 464 T2DM patients undergoing PCI were enrolled, with a mean age of 64.05 ± 15.36 years (340 males and 124 females). The dapagliflozin group included 224 patients, who had an average dapagliflozin treatment duration of 10.56 ± 2.62 weeks prior to PCI. The control group consisted of 240 patients. The dapagliflozin group had a significantly lower LVEF compared to the control group, 53.22% ± 10.24% vs. 55.46% ± 11.18% (p < 0.05). No other baseline characteristics showed significant differences between the groups (p > 0.05). This indicates that the general characteristics between the two groups of patients are comparable. As shown in Table 1. All patients completed the follow-up as scheduled.



TABLE 1 Comparison of baseline characteristics between groups.
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Before PCI, no significant differences were found in Scr, eGFR, Cys-C, or NGAL levels between the two groups (p > 0.05). At 48 h post-PCI, Cys-C and NGAL levels increased in both groups compared to pre-PCI values. However, the dapagliflozin group had significantly lower Cys-C and NGAL levels than the control group (p < 0.05). By 1 week post-PCI, no significant differences in Scr, eGFR, Cys-C, or NGAL were observed between the two groups (p > 0.05), as shown in Table 2.



TABLE 2 Renal function changes pre-PCI, 48 h post-PCI, and 1 week post-PCI.
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A total of 41 cases of CIAKI occurred across both groups, resulting in an overall incidence of 8.8%. In the dapagliflozin group, 13 cases (5.8% incidence) were reported, while the control group had 28 cases (11.7% incidence). The difference in CIAKI incidence between the two groups was statistically significant (5.8% VS. 11.7%, χ2 = 4.494, p = 0.033).Logistic regression analysis identified factors influencing CIAKI, including LVEF, LVEF ≤45%, eGFR <60 mL/(min·1.73m2), contrast agent dosage, iohexol, hydration volume, age > 75 years, anemia, and dapagliflozin. Dapagliflozin was found to be an independent protective factor against CIAKI (OR = 0.365, 95% CI: 0.176–0.767, p = 0.008), as shown in Table 3.



TABLE 3 Logistic regression analysis.
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During a median follow-up of 15 months (range: 12.0–16.8 months), MACE events were recorded in both groups. In the dapagliflozin group, there were 2 cases of recurrent acute myocardial infarction, 3 cases of unplanned revascularization, 5 cases of acute heart failure, and 1 case of stroke. In the control group, 3 cases of recurrent acute myocardial infarction, 12 unplanned revascularizations, 12 acute heart failure cases, 2 strokes, and 1 sudden death occurred. Kaplan–Meier curves showed a significant benefit for dapagliflozin-treated patients (Log-rank χ2 = 6.719, p = 0.009), as shown in Figure 2.
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FIGURE 2
 The Kaplan–Meier survival curve for dapagliflozin group and control group. MACE, major adverse cardiovascular events; CIAKI, contrast-induced acute kidney injury.


Among the CIAKI group, there were 2 cases of recurrent acute myocardial infarction, 1 unplanned revascularization, 3 acute heart failure cases, 1 stroke, and 1 sudden death. In the non-CIAKI group, there were 3 recurrent myocardial infarctions, 14 unplanned revascularizations, 14 acute heart failure cases, 2 strokes, and no sudden deaths. Kaplan–Meier analysis revealed that CIAKI increased the risk of MACE (Log-rank χ2 = 5.804, p = 0.016), as shown in Figure 3.

[image: Figure 3]

FIGURE 3
 The Kaplan–Meier survival curve for CIAKI and Non CIAKI. MACE, major adverse cardiovascular events; CIAKI, contrast-induced acute kidney injury.


Cox regression analysis identified factors influencing MACE occurrence, with MACE as the dependent variable and age > 75, eGFR <60 mL/(min·1.73m2), LVEF ≦ 45%, anemia, AMI, CIAKI, and dapagliflozin as independent variables. The results showed that dapagliflozin improved the prognosis of T2DM patients after PCI (HR = 0.484, 95% CI: 0.246–0.955, p = 0.036), as shown in Table 4.



TABLE 4 COX regression analysis.
[image: Table4]



Discussion

Our study found that dapagliflozin significantly reduced the incidence of CIAKI compared to the control group. Additionally, dapagliflozin was associated with improved long-term outcomes, showing fewer MACE events during at least 1 year of follow-up. Therefore, in T2DM patients on long-term dapagliflozin, clinicians need not worry about an increased risk of CIAKI, and discontinuing dapagliflozin before contrast administration is unnecessary.

Urine output and Scr are commonly used to diagnose acute kidney injury (AKI) (15, 16), but they have limitations. Scr is influenced by factors such as weight, muscle mass, age, diet, and gender, while urine output can be affected by fluid intake, diuretics, and cardiac function, reducing their accuracy for early CIAKI diagnosis. Scr levels typically peak 2–3 days after contrast agent administration and usually return to baseline levels within 7–10 days. In contrast, Cys-C and NGAL are expressed in large amounts and released into the blood and urine within hours after the onset of AKI, significantly increasing within a short time frame (6–12 h), and then gradually decreasing. Cys-C is a more sensitive biomarker for early renal impairment, as it is less influenced by factors like muscle mass, age, and gender (17). NGAL, a protein involved in regulating apoptosis in renal tubular cells, increases rapidly in response to AKI and can be detected in both blood and urine (18). Thus, Cys-C and NGAL are reliable early biomarkers for detecting CIAKI. In this study, there was no statistically significant difference in Scr levels between the two groups 48 h post-PCI. However, 48 h after PCI, the dapagliflozin group had significantly lower levels of Cys-C and NGAL compared to the control group. This difference in the levels of Cys-C and NGAL between the two groups at 48 h after PCI, and the 48-h elevation in scr and 1 week recovery rate were similar in both groups could be related to the sensitivity differences between Scr, Cys-C, and NGAL in the early diagnosis of AKI.

The pathogenesis of CIAKI involves complex physiological and biochemical processes (19, 20). After contrast agent administration, renal vasoconstriction reduces renal perfusion and blood flow, leading to ischemia and hypoxia in renal tissues, most pronounced in the renal medulla. This triggers oxidative stress, characterized by increased production of reactive oxygen species (ROS), which damages renal tubular cells, causing apoptosis and necrosis. Ischemia and oxidative stress also activate inflammatory responses, releasing cytokines and chemokines that further aggravate tubular injury and promote cell death. The combined effects of ischemia, oxidative stress, and inflammation contribute to CIAKI, resulting in elevated serum creatinine levels and reduced urine output post-PCI. Thus, strategies that inhibit inflammation, reduce oxidative stress, and improve renal perfusion are crucial for preventing and treating CIAKI.

In recent years, SGLT2i, particularly dapagliflozin, have emerged as a promising class of medications for managing T2DM, with notable cardiovascular and renal protective effects. Dapagliflozin works by inhibiting glucose reabsorption in the renal tubules, promoting urinary glucose excretion, and effectively controlling blood glucose levels in T2DM patients (21, 22). Beyond glucose control, dapagliflozin improves cardiac energy metabolism, reduces myocardial fibrosis, and mitigates oxidative stress and inflammation. It also lowers blood pressure, reduces body weight, increases urinary sodium excretion, and decreases kidney hyperfiltration (23). Additionally, dapagliflozin can reduce urinary protein, improve renal function in T2DM patients, and delay the progression of chronic kidney disease (24). These combined effects contribute to improved cardiovascular and renal outcomes in T2DM patients.

Although the cardiovascular and renal benefits of dapagliflozin in T2DM are well-established, its effect on CIAKI remains unclear. Some studies suggest that SGLT2i may increase the risk of AKI (25) due to several factors: (1) SGLT2i induce osmotic diuresis by increasing urinary glucose excretion, which can reduce intravascular volume and renal perfusion, especially in vulnerable patients, potentially leading to prerenal AKI in cases of dehydration, low blood pressure, chronic kidney disease, heart failure, or concurrent diuretic use (26); (2) SGLT2i decrease sodium reabsorption in the proximal tubule, raising sodium levels in the macula densa, which constricts afferent arterioles and reduces renal blood flow (27); (3) Elevated glucose concentrations in the renal tubules can alter fructose metabolism, inducing oxidative stress, uric acid production, and the release of inflammatory mediators, leading to tubular damage (28). (4) SGLT-2 inhibitors exacerbate renal medullary ischemia and hypoxia (29). These factors can cause a significant decline in eGFR and increase the risk of AKI. Consequently, some clinicians recommend discontinuing SGLT2i before PCI to minimize the risk of CIAKI.

Recent clinical data suggests that dapagliflozin does not increase the risk of AKI; in fact, it may reduce its incidence and demonstrate favorable renal safety. A study from the Nuffield Department of Population Health, published in The Lancet, found that SGLT2i lower AKI risk by 23% (OR = 0.77, 95% CI: 0.70–0.84) (30). Bailey et al. reported that SGLT2i reduce AKI occurrence by inhibiting oxidative stress responses (31). Additionally, the DECLARE study showed that the dapagliflozin group had a lower incidence of AKI compared to the placebo group (1.5% vs. 2.0%, HR = 0.69, 95% CI: 0.55–0.87) (32).

Clinical data show that eGFR may transiently decline during the first 1–4 weeks of SGLT2i therapy, especially in the first 2 weeks (33–35), likely due to the diuretic effect of SGLT2i, which reduces blood pressure, decreases renal blood volume, and constricts afferent arterioles. However, eGFR typically returns to baseline or normal levels after 4 weeks of treatment. Therefore, in this study, patients were required to take dapagliflozin for at least 4 weeks prior to PCI. In this study, the average duration of dapagliflozin application before PCI in the dapagliflozin group was 10.56 ± 2.62 weeks. Additionally, during the perioperative period, patients received adequate hydration to dilate renal blood vessels, increase renal blood volume, and facilitate contrast agent excretion.

This study found that the incidence of CIAKI was lower in the dapagliflozin group compared to the control group. Logistic regression analysis identified dapagliflozin as an independent protective factor against CIAKI. At 48 h post-PCI, the dapagliflozin group showed lower levels of Cys-C and NGAL than the control group. These results suggest that, with adequate hydration, dapagliflozin does not increase the risk of CIAKI. At the same time, the latest meta-analysis showed that chronic treatment (with a minimum duration of 2 weeks to 6 months) using an SGLT2 inhibitor was associated with a significantly reduced risk of CI-AKI in T2DM patients undergoing coronary procedures, compared with the control group (RR = 0.48,95%CI:0.39–0.59, p < 0.001) (36). Additionally, Huang et al. (37) reported that dapagliflozin may improve CIAKI by inhibiting the HIF-1α/HE4/NF-κB signaling pathway. Yet, lower HIF 1 alpha in tubular cells could simply reflect improved cortical oxygenation, as shown by O’Neill et al. (38), and HIF-mediated gene expression might be renoprotective. Therefore, for T2DM patients on long-term SGLT2i therapy, there is no need to discontinue SGLT2i before angiography, as it is safe. Clinicians need not worry about an increased risk of CIAKI from SGLT2i and can continue its use during the PCI perioperative period.

However, there is some controversy regarding the impact of short-term SGLT2i use on CIAKI. Recently, only one study has reported on the association between short-term SGLT2i use and CIAKI in T2DM patients. This study showed that the incidence of CIAKI in patients using SGLT2i for a short term (1.7 ± 1.4 days) was significantly higher than in those using SGLT2i for a long term (191.5 ± 223.3 days) (20.5% vs. 3.4%, p = 0.018) (39). Therefore, the impact of short-term SGLT2i use on the incidence of CIAKI requires further investigation. And for patients who are planned for angiography and intend to start SGLT2i treatment, it is advisable to delay the initiation of SGLT2i until the contrast agent is fully cleared from the body, to avoid initiating SGLT2i during the PCI perioperative period.

Currently, several clinical trials (40, 41) have shown that long-term use of SGLT2 inhibitors is beneficial for cardiovascular outcomes in T2DM patients. In this study, patients in the dapagliflozin group had better long-term outcomes compared to the control group. Considering the impact of SGLT2i on CIAKI, it may be related to the duration of SGLT2i use and considering that there was no difference in the prevention of AKI or the time of recovery from CIAKI by SGLT2i.The difference in long-term outcomes could be related to the beneficial effects of the SGLT2 inhibitor itself rather than its effects on CIAKI.



Conclusion

Our study provides strong evidence that chronic administration of dapagliflozin significantly reduces the risk of CIAKI and improves prognosis in T2DM patients undergoing PCI. However, several limitations must be considered. First, this retrospective cohort study has a limited sample size and potential selection bias due to the absence of propensity score matching. Second, the non-randomized treatment allocation may have introduced unmeasured factors influencing the decision to prescribe dapagliflozin, which could affect the outcomes. Meanwhile, in this study, we did not measure the proteinuria/albuminuria parameters, and therefore, we were unable to observe changes in proteinuria/albuminuria or assess the impact of dapagliflozin on proteinuria/albuminuria. Third, notably, the lower LVEF in the dapagliflozin group may reflect clinicians’ preference for dapagliflozin in patients with heart failure and reduced LVEF, this selection bias may have a potential impact on the study results. Fourth, as is well known, NGAL can significantly increase 2 h after PCI, peak at 4 h, and then gradually decline (19). Our study only measured NGAL levels at 48 h post-PCI, which may not reflect the early peak levels. Additionally, the study does not assess the impact of short-term dapagliflozin use on CIAKI, and the exact mechanisms by which dapagliflozin reduces CIAKI remain unclear. Finally, since this study excluded high-risk populations for CIAKI, such as those with advanced CKD, hemodynamic instability, and emergent PCI, it cannot assess the impact of SGLT2i on the incidence of CIAKI in these high-risk groups, further research is needed to analyze the effects of SGLT2i on such high-risk populations. Therefore, further prospective studies are needed to confirm these findings and explore the underlying mechanisms.
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