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Abstract

Background: Contrast-induced nephropathy (CIN) is a common complication after coronary angiography (CAG), especially in patients
with diabetes. Sodium–glucose cotransporter-2 (SGLT-2) inhibitors are well known for their cardio–renal protective effects, but their
impact on CIN remains unclear. This study aimed to evaluate the renal safety of SGLT-2 inhibitors in patients undergoing CAG and to
examine the role of glycemic control in the risk of CIN.Methods: This retrospective study included 270 patients with type 2 diabetes
who underwent elective or urgent CAG. Patients were divided into SGLT-2 users (n = 127) or non-users (n = 143). Demographic
characteristics, comorbidities, laboratory data, and antidiabetic therapies were collected. CIN was defined as a ≥25% or ≥0.5 mg/dL
increase in serum creatinine within 48 hours after contrast exposure. Hemoglobin A1c (HbA1c) categories were used to perform subgroup
analyses. Results: The incidence of CIN was similar between SGLT-2 inhibitor users and non-users (18.1% vs. 14.7%; p = 0.447).
Patients administered SGLT-2 inhibitors had higher HbA1c but lower uric acid levels. Overall, renal function decline was more evident
in patients with HbA1c>6.4%; however, SGLT-2 inhibitor users showed amilder decrease in estimated glomerular filtration rate (eGFR).
The frequent use of metformin and insulin may also influence CIN outcomes. Conclusions: SGLT-2 inhibitors appear to be safe during
CAG and may reduce the risk of CIN in patients with poorly controlled diabetes. Larger prospective studies are required to confirm these
findings.

Keywords: sodium–glucose cotransporter-2 inhibitors; contrast-induced nephropathy; coronary angiography; glycemic control; renal
safety

1. Introduction
Contrast-induced nephropathy (CIN) is a clinically

significant form of acute kidney injury (AKI) that occurs
following diagnostic or therapeutic procedures involving
the administration of intravenous contrast agents [1]. More-
over, CIN has been reported to account for approximately
10–15% of all hospital-acquired AKI cases. After exclud-
ing alternative etiologies, CIN is defined by an increase in
serum creatinine of at least 25% from baseline or an abso-
lute increase of≥0.5mg/dL [2]. Typically, creatinine levels
rise within the first 24–48 hours after contrast administra-
tion, peak around days 3–5, and usually return to baseline
within one to three weeks. CIN generally follows a non-
oliguric course and, although often transient, represents a
clinically relevant risk for renal impairment that warrants
close monitoring [1].

Contrast agents exert direct cytotoxic effects on re-
nal tubular epithelial and endothelial cells, triggering mi-
tochondrial dysfunction, oxidative stress, and activation of
apoptotic pathways. These mechanisms lead to structural
damage and functional impairment of tubular cells. Outer
medullary hypoxia in CIN does not primarily arise from
altered glomerular hemodynamics, but rather from an in-
trinsic mismatch between regional medullary blood flow—
supplied via the vasa recta—and the high oxygen consump-
tion of tubular segments, especially the thick ascending
limb (TAL). The TAL has one of the highest metabolic de-
mands in the kidney, and contrast agents further increase
tubular workload and viscosity, amplifying this imbalance
and promoting hypoxia-driven oxidative stress [2]. The
high osmolality and viscosity of contrast media slow tubu-
lar flow and increase intratubular pressure, further exacer-
bating oxygen consumption and intensifying medullary hy-
poxia. Collectively, these processes promote the accumu-
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lation of reactive oxygen species, endothelial dysfunction,
and recurrent vasoconstriction, ultimately impairing renal
perfusion and manifesting clinically as CIN [3,4].

Sodium–glucose cotransporter-2 (SGLT-2) inhibitors
are oral antidiabetic agents that block glucose and sodium
reabsorption in the proximal renal tubules, thereby promot-
ing glucosuria, natriuresis, and osmotic diuresis. These
agents carry a low risk of hypoglycemia, while the asso-
ciated beneficial effects, such as weight loss and blood
pressure reduction, have brought these inhibitors to promi-
nence. The cardioprotective and renoprotective properties
of SGLT-2 inhibitors have been well established in large,
multicenter randomized controlled trials extending beyond
the diabetic population. These trials have demonstrated sig-
nificant reductions in heart failure–related hospitalizations
and renal outcomes, while effects on major adverse cardio-
vascular events (MACEs) have varied across studies [5,6].
Furthermore, trials such as DAPA-HF and EMPEROR-
Reduced have shown similar benefits in non-diabetic pa-
tients with heart failure, positioning SGLT-2 inhibitors as
versatile agents along the cardiorenal axis [7,8]. Conse-
quently, SGLT-2 inhibitors are increasingly used not only
for glycemic control but also as a cornerstone therapy for
heart failure and chronic kidney disease (CKD).

As the evidence-based cardiorenal benefits of SGLT-2
inhibitors have become more apparent, the clinical use of
these agents has expanded significantly. These agents have
been shown to improve both cardiac and renal outcomes in
patients with heart failure, type 2 diabetes, and atheroscle-
rotic cardiovascular disease, resulting in a growing number
of patients being on these medications before coronary an-
giography (CAG) or other contrast-enhanced interventional
procedures [5,6]. While the renal protective benefits of
SGLT-2 inhibitors are well established in individuals with
an estimated glomerular filtration rate (eGFR) greater than
30 mL/min/1.73 m2, evidence remains limited in patients
with lower eGFRs, leading to uncertainty about initiating
or continuing these agents in this subgroup [9]. Addition-
ally, considering potential pharmacodynamic and pharma-
cokinetic interactions with other nephrotoxic agents, the net
renal effects of SGLT-2 inhibitors in patients undergoing
contrast exposure remain inadequately understood. Thus,
more data are needed to clarify the impact of these agents
on contrast-associated AKI in this specific patient popula-
tion.

Therefore, this study aimed to assess the incidence of
contrast-associated AKI in patients receiving SGLT-2 in-
hibitor therapy who underwent CAG and to provide clinical
evidence regarding the renal safety of these agents in this
setting. Accordingly, changes in renal function following
contrast exposure were evaluated and compared between
patients treatedwith SGLT-2 inhibitors and those not treated
with SGLT-2 inhibitors.

2. Methods
2.1 Data Collection
2.1.1 Study Design

This observational study was conducted using the
medical records of patients who underwent CAG in the
Department of Cardiology at Mersin University Faculty
of Medicine Hospital, between September 1, 2021, and
September 1, 2022. No modifications were made to the
therapeutic approaches administered during the study pe-
riod; instead, all analyses were based on a retrospective
evaluation of routinely recorded clinical and laboratory data
before and after diagnostic CAG. To reduce the potential for
selection bias inherent in retrospective data analyses, the in-
clusion and exclusion criteria were clearly defined prior to
study initiation and applied uniformly to all patients. All
data were obtained from the electronic medical record sys-
tem at the hospital, and information on contrast agents and
procedural details was verified in the digital archives. Data
accuracy and consistency were independently reviewed and
confirmed by two investigators.

2.1.2 Eligibility Criteria
2.1.2.1 Exclusion Criteria.

1. eGFR <30 mL/min/1.73 m2.
2. Known CKD (stages 3–5).
3. Maintenance dialysis.
4. Active malignancy.
5. Pregnancy or lactation.
6. Acute infection, diarrhea, or volume depletion at pre-
sentation.
7. Recent (within 2 weeks) use of nephrotoxic antibi-
otics.
8. Missing baseline or follow-up creatinine values.
9. Incomplete or inconsistent medical records.

2.1.2.2 Inclusion Criteria.

1. Age: ≥18 years.
2. Undergoing diagnostic or urgent CAG between
September 1, 2021, and September 1, 2022.
3. Diagnosis of type 2 diabetes mellitus.
4. Availability of baseline and post-contrast (48 ± 3
hours) serum creatinine values.
5. Complete demographic, clinical, medication, and lab-
oratory records.
6. eGFR ≥30 mL/min/1.73 m2.
7. Use, or non-use of SGLT-2 inhibitors is clearly docu-
mented in electronic medical records.

A total of 300 patients were retrospectively screened
based on predefined eligibility criteria. This study included
patients aged 18 years and older who underwent diagnos-
tic CAG between the specified dates, with available pre-
and post-procedural serum creatinine levels and complete
clinical and laboratory records. Post-procedural serum cre-
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Fig. 1. Flowchart of the screening of patients undergoing coronary angiography, sequential application of predefined exclusion
criteria, and final enrollment into the study cohort. A total of 300 patients were retrospectively evaluated; after excluding those
with incomplete data, malignancy, maintenance dialysis, and other predefined criteria, 270 patients were included in the final analysis
and subsequently categorized according to SGLT-2 inhibitor use. eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease:
Improving Global Outcomes; SGLT-2, sodium–glucose cotransporter-2.

atinine was measured within 48 ± 3 hours of contrast ex-
posure, with minor deviations in timing considered accept-
able.

A total of 23 patients were excluded due to incom-
plete data. Additionally, 7 patients with malignancies or

undergoing maintenance dialysis were excluded based on
predefined criteria, resulting in a final study cohort of 270
patients (Fig. 1).

Other exclusion criteria included an eGFR <30
mL/min/1.73 m2, known CKD, pregnancy or lactation, ac-
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tive urinary tract infection or diarrhea, and recent (within
two weeks) use of nephrotoxic antibiotics.

The study population was subsequently stratified into
two groups according to SGLT-2 inhibitor therapy: patients
actively receiving SGLT-2 inhibitors (n = 127) and those
not receiving these agents (n = 143). Patients allocated to
the SGLT-2 inhibitor group had been on a stable SGLT-2
inhibitor regimen for at least 7 days before the index CAG;
patients in whom SGLT-2 therapy was initiated during the
index hospitalization or within the week preceding the pro-
cedure were classified in the non-SGLT-2 inhibitor group.
All patients included in the study had a confirmed diagno-
sis of type 2 diabetes mellitus, which was a key inclusion
criterion. In both groups, patient demographics, comorbid
conditions, serum creatinine levels, and eGFR values (both
at baseline and 48 hours post-procedure) were evaluated.
Regarding peri-procedural management, SGLT-2 inhibitors
were not routinely discontinued before CAG at our institu-
tion. All patients in the SGLT-2 inhibitor group continued
therapy without interruption throughout the pre-procedural
and post-procedural periods, except in cases of contraindi-
cations (e.g., hemodynamic instability, acute infection).
Serum or urine ketone measurements were not routinely
measured during the perioperative period as part of institu-
tional practice, and postoperative hyperglycemia was mon-
itored clinically rather than through standardized labora-
tory protocols. All patients underwent a uniform hydra-
tion protocol consisting of isotonic saline (1 mL/kg/hour)
administered for 6 hours before and 6 hours after CAG, ac-
cording to the standard institutional CIN-prevention proto-
col. Medication use was verified through electronic medi-
cal records and inpatient prescription data to ensure accu-
rate classification. Therefore, all analyses reflect patients
who were actively and continuously receiving SGLT-2 in-
hibitors at the time of contrast exposure. Additionally, con-
trast volume and the use of potentially nephrotoxic med-
ications were recorded and considered in the comparative
analyses. Changes in renal function and the incidence of
contrast-associated AKI were compared between the two
groups to assess the impact of SGLT-2 inhibitor use on the
risk of CIN.

2.2 Data Analysis
2.2.1 Statistical Analysis

Normality of the data distribution was evaluated using
the Kolmogorov–Smirnov test. Variables exhibiting nor-
mal distribution were analyzed using parametric methods,
whereas non-normally distributed variables were assessed
using nonparametric tests. Data with a normal distribu-
tion are reported as the mean ± standard deviation (SD),
while skewed variables are presented as median values with
corresponding minimum and maximum ranges. Indepen-
dent samples t-tests were used to compare parametric vari-
ables between groups, whereas the Mann–Whitney U test
and Wilcoxon signed-rank test were used for nonparamet-

ric comparisons. The chi-square test was used to analyze
categorical variables. All results were interpreted within
a 95% confidence interval (CI), and a p-value < 0.05 was
considered statistically significant. The primary variables
used in the power analysis were the changes in serum crea-
tinine and eGFR before and after contrast exposure. Multi-
variable logistic regression analyses were performed using
a sequential model approach. Model 1 included unadjusted
associations. Model 2 was adjusted for demographic char-
acteristics, including age, sex, and baseline eGFR. Model
3 was fully adjusted for demographic characteristics and
key clinical confounders selected a priori based on clin-
ical relevance and literature support, including hyperten-
sion, diabetes duration, contrast volume, baseline creati-
nine, and use of renin–angiotensin–aldosterone system in-
hibitors. Variables were not selected using stepwise algo-
rithms; instead, the model structure was defined based on
established determinants of CIN risk. Power analysis de-
termined that a minimum of 100 patients per group was re-
quired to detect a significant difference with 80% power
and a 5% type I error rate.

2.2.2 Software
All statistical analyses were performed using SPSS

version 28.0 (trial version, IBM Corp., Armonk, NY, USA)
and MedCalc® version 9.2.0.1 (MedCalc Software Ltd.,
Ostend, Belgium).

3. Results
A total of 270 patients with complete renal function

test records before and after CAG were included in this ret-
rospective observational study. The patients were divided
into two groups: those receiving SGLT-2 inhibitors (n =
127) and those not receiving these agents (n = 143). This
study primarily aimed to evaluate the impact of SGLT-2 in-
hibitor use on the development of CIN. Among all patients,
the indications for CAG were elective in 47.8%, non-ST-
elevation myocardial infarction (NSTEMI) in 27.4%, ST-
elevation myocardial infarction (STEMI) in 15.2%, and un-
stable angina in 9.6%. Additionally, demographic charac-
teristics, cardiovascular risk factors, and laboratory param-
eters of the patients were comparatively analyzed. Corre-
lation analyses were also conducted to explore the associa-
tions between SGLT-2 inhibitor use and renal function indi-
cators, including serum creatinine, eGFR, and contrast vol-
ume. This approach aimed not only to assess the metabolic
effects of SGLT-2 inhibitors but also to investigate the po-
tential nephroprotective role at the clinical level.

The data in Table 1 demonstrate several statistically
significant differences between the groups. Coronary artery
disease (CAD) was more common among patients using
SGLT-2 inhibitors compared with non-users (53.5% vs.
41.3%; p = 0.044). Metformin use was markedly higher
in the SGLT-2 inhibitor group than in the non-user group
(68.5% vs. 25.2%; p < 0.001). Insulin therapy was
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Table 1. Demographic characteristics of the study population by SGLT-2 inhibitor use (n = 270).
Variable Non-SGLT-2 inhibitor users (n = 143) SGLT-2 inhibitor users (n = 127) p-value

Demographic characteristics
Age (years) 63.4 ± 8.8 62.6 ± 8.7 0.425
Female, n (%) 61 (42.7%) 54 (42.5%) 0.982
BMI (kg/m2) 28.8 ± 4.9 28.6 ± 5.1 0.590

Medical history
Hypertension (HT), n (%) 111 (77.6%) 97 (76.4%) 0.808
Coronary artery disease, n (%) 59 (41.3%) 68 (53.5%) 0.044
Hyperlipidemia (HL), n (%) 66 (46.2%) 65 (51.2%) 0.409
Cerebrovascular event (CVE), n (%) 17 (11.9%) 9 (7.1%) 0.182
Smoking, n (%) 46 (32.2%) 40 (31.5%) 0.906
HFrEF or HFpEF, n (%) 16 (11.2%) 17 (13.4%) 0.582

Medications
ACEi or ARB, n (%) 71 (49.7%) 66 (52.0%) 0.704
Beta-blocker, n (%) 51 (35.7%) 47 (37.0%) 0.819
Diuretic, n (%) 56 (39.2%) 53 (41.7%) 0.667
NSAIDs, n (%) 15 (10.5%) 11 (8.7%) 0.611
Metformin, n (%) 36 (25.2%) 87 (68.5%) <0.001
Insulin, n (%) 37 (25.9%) 54 (42.5%) 0.006
DPP-4 inhibitors, n (%) 48 (33.6%) 67 (52.8%) 0.002
Glitazones, n (%) 14 (9.8%) 7 (5.5%) 0.279
Sulfonylureas, n (%) 27 (18.9%) 25 (19.7%) 0.990

Laboratory parameters
Sodium (mEq/L) 136.7 ± 3.9 136.4 ± 3.2 0.460
Potassium (mEq/L) 4.31 ± 0.50 4.20 ± 0.44 0.062
Baseline creatinine (mg/dL) 0.86 (0.31–1.92) 0.78 (0.36–1.65) 0.068
Baseline eGFR (mL/min/1.73 m2) 85.8 ± 17.3 88.9 ± 20.5 0.178
Urea (mg/dL) 35 (14–101) 32 (12–104) 0.269
Uric acid (mg/dL) 5.62 ± 1.79 4.94 ± 1.45 0.001
CRP (mg/L) 4.8 (0–194) 4.0 (0–177) 0.756
Hemoglobin (g/dL) 13.0 ± 1.94 13.3 ± 2.0 0.364
White blood cell count (103/µL) 9.52 ± 3.1 9.19 ± 4.0 0.447
Platelet count (103/µL) 269 ± 92 260 ± 81 0.379
HbA1c (%) 7.6 ± 2.0 8.21 ± 1.9 0.012
LDL cholesterol (mg/dL) 105 ± 39.2 103 ± 43.5 0.696
Ejection fraction (%) 51.3 ± 9.7 52.5 ± 8.5 0.254
Contrast volume (mL) 120 (35–450) 120 (40–400) 0.902
CIN present, n (%) 21 (14.7%) 23 (18.1%) 0.447
CIN absent, n (%) 122 (85.3%) 104 (81.9%) 0.447

Statistical tests applied include the Student’s t-test for normally distributed continuous variables (age, BMI, sodium, uric acid,
hemoglobin, platelet count, LDL cholesterol, ejection fraction), the Mann–Whitney U test for non-normally distributed continu-
ous variables (baseline creatinine, baseline eGFR when distribution deviated from normality, urea, CRP, contrast volume), and
the chi-square test for categorical variables (female sex, hypertension, coronary artery disease, hyperlipidemia, cerebrovascular
event, smoking, HFrEF/HFpEF, ACEi/ARB use, beta-blocker use, diuretic use, NSAID use, metformin use, insulin use, DPP-4
inhibitor use, glitazone use, sulfonylurea use, CIN presence). A p-value < 0.05 was considered indicative of statistical signifi-
cance. Abbreviations: BMI, body mass index; CAD, coronary artery disease; HFrEF/HFpEF, heart failure with reduced/preserved
ejection fraction; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; NSAIDs, non-steroidal
anti-inflammatory drugs; CRP, C-reactive protein; WBC, white blood cell count; LDL, low-density lipoprotein; EF, ejection frac-
tion; CIN, contrast-induced nephropathy; HbA1c, hemoglobin A1c; DPP-4, dipeptidyl peptidase-4.

also more frequently administered in the SGLT-2 inhibitor
group (42.5% vs. 25.9%; p = 0.006). Similarly, dipep-
tidyl peptidase-4 (DPP-4) inhibitor use was more preva-

lent among patients receiving SGLT-2 inhibitors (52.8% vs.
33.6%; p = 0.002). Among laboratory parameters, uric
acid levels were significantly lower in the SGLT-2 inhibitor
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Table 2. Comparison of clinical, laboratory, and additional renal-relevant parameters according to the presence of
contrast-induced nephropathy (CIN) (n = 270).

Parameter No CIN (n = 228) CIN present (n = 42) p-value

Sodium (mEq/L) 136.5 ± 3.6 136.7 ± 3.7 0.777
Potassium (mEq/L) 4.27 ± 0.44 4.23 ± 0.62 0.643
Baseline creatinine (mg/dL) 0.84 (0.31–1.75) 0.69 (0.36–1.92) 0.001
Baseline eGFR (mL/min/1.73 m2) 84.0 ± 19.5 (median 87.5) 90.3 ± 22.6 (median 95.5) 0.041
Urea (mg/dL) 35 (12–104) 32 (17–86) 0.519
Uric acid (mg/dL) 5.31 ± 1.66 5.27 ± 1.74 0.892
CRP (mg/L) 4.0 (0–194) 6.0 (0–107) 0.160
Hemoglobin (g/dL) 13.2 ± 2.0 13.0 ± 1.9 0.661
White blood cell count (103/µL) 9.28 ± 3.4 9.77 ± 4.0 0.440
Platelet count (103/µL) 266 ± 82 262 ± 122 0.838
HbA1c (%) 7.91 ± 2.0 7.74 ± 1.8 0.598
LDL cholesterol (mg/dL) 103 ± 42 108 ± 37 0.408
Ejection fraction (%) 52.0 ± 9.1 51.4 ± 9.4 0.742
Contrast volume (mL) 120 (35–450) 110 (45–400) 0.780
Pre-existing chronic kidney disease 4.8% 0% 0.611
Contrast type/dose (mL) 128.9 ± 72.5 128.1 ± 75.9 0.940
Number of antidiabetic medications (mean ± SD) 2.32 ± 1.08 2.26 ± 1.08 0.710
Continuous variables with normal distribution were compared using Student’s t-test, whereas those without normal distri-
bution were evaluated using the Mann–Whitney U test. Statistically significant p-values (<0.05) are shown in bold. All
laboratory parameters presented in this table represent baseline (pre-contrast) measurements.

Table 3. Comparison of changes in serum creatinine and eGFR across subgroups (n = 270).

Group
Baseline
creatinine
(mg/dL)

48-hour
creatinine
(mg/dL)

% change in
creatinine

p-value
(creatinine)

Baseline eGFR
(mL/min)

48-hour eGFR
(mL/min)

% change
in eGFR

p-value
(eGFR)

All patients 0.85 ± 0.26 0.89 ± 0.30 +6.22 0.006 85.0 ± 19.6 82.7 ± 20.2 –1.69 0.006
Non-SGLT-2 inhibitor users 0.88 ± 0.26 0.92 ± 0.34 +5.61 0.074 85.8 ± 17.3 82.3 ± 17.3 –2.37 0.053
SGLT-2 inhibitor users 0.82 ± 0.24 0.85 ± 0.23 +6.92 0.032 88.9 ± 20.5 87.3 ± 20.8 –0.66 0.486
HbA1c ≤6.4% 0.90 ± 0.30 0.94 ± 0.37 +5.33 0.360 81.1 ± 18.1 79.4 ± 18.8 –0.42 0.321
HbA1c >6.4% 0.83 ± 0.23 0.87 ± 0.26 +6.56 0.008 86.5 ± 20.3 84.0 ± 20.4 –2.17 0.008
The Wilcoxon signed-rank test was used to evaluate repeated measurements within the same group. Values that reached statistical signif-
icance are displayed in bold in the table. A p-value < 0.05 was considered statistically significant. Percentage changes were calculated
individually for each patient and then averaged. Therefore, percentage change values may differ from calculations based on group mean
values.

group compared with non-users (4.94 ± 1.45 mg/dL vs.
5.62 ± 1.79 mg/dL; p = 0.001), whereas hemoglobin A1c
(HbA1c) values were significantly higher among patients
treated with SGLT-2 inhibitors (8.21 ± 1.9% vs. 7.6 ±
2.0%; p = 0.012; Table 1).

The distribution of CIN (+) and CIN (–) cases between
the SGLT-2 inhibitor and non-SGLT-2 inhibitor groups is
presented in Fig. 2. Although the overall incidence of CIN
was comparable, the graphical representation highlights the
relative proportions within each treatment group (Fig. 2).

As shown in Fig. 3, mean HbA1c levels were signif-
icantly higher in the SGLT-2 inhibitor group than in non-
users (8.21 ± 1.9% vs. 7.6 ± 2.0%; p = 0.012). Ac-
cordingly, Fig. 3 illustrates the glycemic distribution and
supports the subgroup analyses conducted based on HbA1c
thresholds.

The data in Table 2 demonstrate that baseline serum
creatinine levels were significantly lower in patients who
developed CIN (0.69 [0.36–1.92] mg/dL) compared with
those without CIN (0.84 [0.31–1.75] mg/dL; p = 0.001).
Similarly, baseline eGFR was significantly higher in the
CIN group (90.3 ± 22.6 mL/min/1.73 m2; median 95.5)
than in patients without CIN (84.0± 19.5 mL/min/1.73 m2;
median 87.5; p = 0.041). No other baseline clinical or labo-
ratory parameters, including electrolyte levels, inflamma-
tory markers, hematologic indices, contrast volume, pre-
existing CKD, or the number of antidiabetic medications,
differed significantly between the groups (Table 2).

The data in Table 3 reveal that, overall, serum creati-
nine levels increased significantly from 0.85± 0.26 mg/dL
to 0.89± 0.30 mg/dL (p = 0.006). In contrast, eGFR levels
decreased significantly from 85.0 ± 19.6 mL/min to 82.7
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Fig. 2. Distribution of CIN (+) and CIN (–) cases across SGLT-
2 inhibitor users and non-users. Among non-SGLT-2 inhibitor
users, 21 of 143 patients (14.7%) developed CIN, whereas 23 of
127 patients (18.1%) in the SGLT-2 inhibitor group developed
CIN. The incidence of CIN did not differ significantly between
the groups (chi-square test, p = 0.447).

Fig. 3. Mean HbA1c levels (± SD) stratified by SGLT-2 in-
hibitor use.

± 20.2 mL/min (p = 0.006). Among patients using SGLT-
2 inhibitors, creatinine values rose significantly from 0.82
± 0.24 mg/dL to 0.85 ± 0.23 mg/dL (p = 0.032). In the
subgroup with HbA1c >6.4%, both creatinine and eGFR
changes were significant: creatinine increased from 0.83±
0.23 mg/dL to 0.87 ± 0.26 mg/dL (p = 0.008), and eGFR
decreased from 86.5± 20.3 mL/min to 84.0± 20.4 mL/min
(p = 0.008) (Table 3).

Fig. 4 demonstrates the changes in serum creatinine
from baseline to 48 hours after contrast administration in
both groups. Creatinine increased modestly in SGLT-2 in-
hibitor users (0.82± 0.20 to 0.84± 0.21 mg/dL; p = 0.033)

and in non-users (0.91 ± 0.23 to 0.94 ± 0.27 mg/dL; p
= 0.021), with no significant difference between groups
(Fig. 4).

Fig. 4. Creatinine change before and after contrast exposure.
Changes in serum creatinine levels before and 48 hours after coro-
nary angiography in patients receiving and not receiving SGLT-2
inhibitors. Both groups showed small but measurable increases
in creatinine, with no significant difference between treatment
groups.

According to Table 4, a significant increase in serum
creatinine levels was observed in the HbA1c >6.4% sub-
group receiving SGLT-2 inhibitors, rising from 0.81± 0.25
mg/dL to 0.85 ± 0.24 mg/dL (p = 0.026). In the same
HbA1c >6.4% subgroup not receiving SGLT-2 inhibitors,
eGFR significantly declined from 86.6 ± 16.8 mL/min to
82.3 ± 18.9 mL/min (p = 0.032). No other changes in cre-
atinine or eGFR were statistically significant across the re-
maining subgroups (Table 4).

Fig. 5 shows the corresponding changes in eGFR. The
SGLT-2 inhibitor group exhibited minimal decline (88.0 ±
20.9 to 86.8 ± 20.1 mL/min/1.73 m2; p = 0.605), whereas
the non-user group showed a modest but statistically sig-
nificant decrease (77.1± 22.6 to 74.2 ± 23.1 mL/min/1.73
m2; p = 0.032) (Fig. 5).

According to Table 5, to further account for potential
confounding, a multivariate logistic regression analysis was
performed with CIN as the dependent variable, and SGLT-
2 inhibitor use, age, baseline eGFR, and HbA1c entered as
covariates (Table 5). In this adjusted model, SGLT-2 in-
hibitor use was not independently associated with the de-
velopment of CIN (adjusted odds ratio (OR) 1.40, 95% CI
0.71–2.77; p = 0.330). Among the included variables, only
higher baseline eGFR emerged as a significant predictor of
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Table 4. Comparison of changes in serum creatinine and eGFR according to HbA1c level and SGLT-2 inhibitor use (n = 270).

Group
Baseline
creatinine
(mg/dL)

48-hour
creatinine
(mg/dL)

% change in
creatinine

p-value
(creatinine)

Baseline eGFR
(mL/min)

48-hour eGFR
(mL/min)

% change
in eGFR

p-value
(eGFR)

HbA1c ≤6.4%, non-SGLT-2 inhibitor users 0.92 ± 0.33 0.96 ± 0.42 +6.1 0.365 82.9 ± 17.6 82.3 ± 18.3 +1.85 0.847

HbA1c ≤6.4%, SGLT-2 inhibitor users 0.86 ± 0.21 0.87 ± 0.20 +3.4 0.726 94.4 ± 22.5 90.6 ± 23.2 –3.36 0.742

HbA1c >6.4%, non-SGLT-2 inhibitor users 0.86 ± 0.21 0.90 ± 0.29 +5.3 0.130 86.6 ± 16.8 82.3 ± 18.9 –3.62 0.032
HbA1c >6.4%, SGLT-2 inhibitor users 0.81 ± 0.25 0.85 ± 0.24 +7.6 0.026 88.0 ± 20.9 86.8 ± 20.1 –0.25 0.605

The Wilcoxon signed-rank test was used to evaluate repeated measurements within the same group. Results that reached statistical significance
are highlighted in bold in the table. A p-value < 0.05 was regarded as statistically significant.

Fig. 5. Estimated glomerular filtration rate change before
and after contrast exposure. Pre-procedural and 48-hour post-
procedural changes in eGFR. The SGLT-2 inhibitor group demon-
strated minimal change, whereas the non-SGLT-2 inhibitor group
exhibited a modest decline in eGFR.

CIN (adjusted OR 1.02 per mL/min/1.73 m2, 95% CI 1.00–
1.05; p = 0.023), whereas age (p = 0.155) and HbA1c (p =
0.614) were not independently related to CIN risk (Table 5).

4. Discussion
In this study, the development of CIN was compared

between patients who received SGLT-2 inhibitors and those
who did not. The incidence of CIN following CAG was
similar between the two groups (p = 0.447). In addition, de-
mographic, clinical, and laboratory parameters were evalu-
ated in both groups. The results revealed that serum uric
acid levels were significantly lower and HbA1c levels were
higher in patients using SGLT-2 inhibitors. These findings
may be explained by the known uricosuric effect of SGLT-2
inhibitors. Meanwhile, the higher HbA1c levels observed
in the SGLT-2 inhibitor groupmay reflect a tendency to pre-
scribe these agents to patients with poorer glycemic control.

Table 5. Multivariate logistic regression analysis for
predictors of CIN.

Variable
Adjusted OR
(95% CI)

p-value

SGLT-2 inhibitor use 1.40 (0.71–2.77) 0.330

Age (per year) 1.03 (0.99–1.08) 0.155

Baseline eGFR (per mL/min/1.73 m2) 1.02 (1.00–1.05) 0.023
HbA1c (per 1% increase) 0.95 (0.79–1.15) 0.614

Statistical analyses include multivariate logistic regression with CIN
as the dependent variable. Covariates entered into the model were
SGLT-2 inhibitor use, age, baseline eGFR, and HbA1c, selected a pri-
ori based on the associated biological relevance and to reduce the risk
of model overfitting. Odds ratios (ORs) are presented with 95% confi-
dence intervals (CIs). Results that reached statistical significance are
highlighted in bold in the table. A p-value< 0.05 was considered sta-
tistically significant.

When changes in renal function before and after con-
trast exposure were analyzed, decreases in eGFR and in-
creases in creatinine levels were less pronounced in pa-
tients administering SGLT-2 inhibitors than in those who
were not. This protective trend was especially notable in
the subgroup with HbA1c >6.4%, in whom SGLT-2 in-
hibitor use was associated with milder changes in renal
function. This effect may be attributable to the favorable
hemodynamic actions of SGLT-2 inhibitors in individuals
with impaired glycemic control [10,11]. Indeed, our sub-
group analysis demonstrated that patients withHbA1c>7%
or >8% had a markedly increased risk of CIN, whereas
this detrimental effect appeared attenuated among SGLT-
2 inhibitor users. Although creatinine elevation appeared
more pronounced in the SGLT-2 inhibitor group within the
HbA1c >6.4% subgroup (7.6% vs. 5.3%), the reduction
in eGFR was minimal in this group (–0.25% vs. –3.62%).
This apparent discrepancy may be explained by confound-
ing variables such as muscle mass, hydration status, age,
and sex influencing serum creatinine, whereas eGFR cal-
culations adjust for these factors [2,9]. Since all patients
received the same standardized isotonic saline hydration
protocol (1 mL/kg/hour for 6 hours before and after an-

8

https://www.imrpress.com


giography), variability related to peri-procedural volume
management was minimized, reducing the likelihood that
fluid strategies influenced renal outcomes. Nevertheless,
statistically significant subgroup differences in creatinine
or eGFR should not be interpreted as direct evidence of a
renoprotective or nephrotoxic effect of SGLT-2 inhibitors;
rather, these findings are hypothesis-generating and may
reflect residual confounding and limited subgroup sample
sizes. From a physiological perspective, early mechanis-
tic studies raised concerns that SGLT-2 inhibition might
exacerbate medullary hypoxia by shifting sodium trans-
port from the cortical proximal tubule toward the medullary
TAL, a nephron segment with high oxygen demand. Ex-
perimental models demonstrated that acute SGLT-2 inhi-
bition can normalize cortical oxygen tension while simul-
taneously lowering medullary PO2, suggesting that the
outer medulla is susceptible to hypoxic stress under certain
conditions [12]. When combined with additional factors
that worsen medullary hypoxia, such as non-steroidal anti-
inflammatory drugs (NSAIDs) or iodinated contrast me-
dia, this theoretical mechanism could further increase hy-
poxic vulnerability within this region. Clinically, eGFR
should be the primary focus when assessing renal function.
While biological or transient factors may influence fluctu-
ations in creatinine levels, the stability of eGFR offers a
more reliable reflection of renal preservation. These find-
ings support the potential renoprotective effects of SGLT-2
inhibitors, particularly in patients with poor glycemic con-
trol. It is also important to emphasize that all patients re-
ceiving SGLT-2 inhibitors in this study were on chronic,
stable therapy. Chronic exposure may allow renal tissues
to undergo hypoxia adaptation, which has been proposed
as a mechanism to mitigate oxygen-mismatch injury dur-
ing contrast exposure. In contrast, recent reports suggest
that acute peri-procedural initiation of SGLT-2 inhibitors—
before any hypoxia-adaptation occurs—may increase the
risk of post-contrast AKI, as demonstrated by Zang et al.
[13]. Therefore, the favorable renal patterns observed in
our cohort should be interpreted in the context of stable,
long-term use of SGLT-2 inhibitors. In addition to SGLT-2
inhibitors, other antidiabetic drugs, such as metformin and
insulin, were recorded, and their potential influence on CIN
should not be underestimated. Likewise, insulin and DPP-
4 inhibitors were more frequently prescribed in this group,
which may reflect a tendency to initiate SGLT-2 inhibitors
in patients with more advanced or poorly controlled dia-
betes. These treatment patterns highlight the importance of
considering background antidiabetic therapy when evaluat-
ing CIN risk. Collectively, these data suggest that SGLT-
2 inhibitors may confer significant renal protection during
contrast exposure. Particularly, metformin use deserves
attention as this agent has been linked with an increased
risk of lactic acidosis in the context of AKI, including CIN
[9]. Therefore, the high prevalence of metformin use in the
SGLT-2 inhibitor group should be considered when inter-

preting the results, while documenting and analyzing met-
formin exposure are crucial for accurately interpreting renal
outcomes in diabetic populations.

CIN accounts for approximately 10–15% of all
hospital-acquired AKI cases and is recognized as a signifi-
cant iatrogenic complication. CIN typically follows a non-
oliguric, transient course, yet requires close clinical moni-
toring [11]. In recent years, the favorable effects of SGLT-
2 inhibitors on both cardiac and renal outcomes have been
strongly demonstrated, leading to a marked increase in their
clinical use. Consequently, the relationship between SGLT-
2 inhibitors and CIN has gained growing clinical relevance.
Detailed investigation of this association is essential to opti-
mize pre- and post-procedural therapeutic strategies and to
identify approaches that preserve long-term renal function.

The kidney-protective properties of SGLT-2 inhibitors
have been convincingly confirmed through several major
randomized controlled trials. The CREDENCE study re-
ported that canagliflozin decreased the risk of end-stage
kidney disease, a doubling of serum creatinine, and re-
nal mortality by 30% in patients with type 2 diabetes and
CKD with albuminuria [14]. In the DAPA-CKD trial,
dapagliflozin significantly lowered the likelihood of sus-
tained renal function decline, progression to kidney fail-
ure, and cardiovascular death, independent of diabetes sta-
tus [15]. Likewise, the EMPA-KIDNEY trial—which en-
rolled a more heterogeneous patient cohort—showed that
empagliflozin reduced the combined risk of CKD pro-
gression or cardiovascular mortality by 28% in both dia-
betic and non-diabetic participants [16]. Furthermore, the
DECLARE-TIMI 58 trial reported that dapagliflozin pre-
vented declines in renal function and the progression of al-
buminuria, providing meaningful nephroprotection as well
[6]. These findings indicate that SGLT-2 inhibitors play a
significant role in cardiometabolic disease management not
only through glycemic control but also via nephroprotective
mechanisms.

The impact of SGLT-2 inhibitors on CIN has been ex-
tensively investigated at both preclinical and clinical lev-
els in recent years. Experimental models have shown
that dapagliflozin exerts a protective effect against CIN
by suppressing the HIF-1α/HE4/NF-κB signaling pathway,
thereby reducing apoptosis and alleviating renal hypoxia
and inflammation [17]. Clinically, both observational stud-
ies and randomized controlled trials have found no signif-
icant increase in the incidence of CIN among patients re-
ceiving SGLT-2 inhibitors after elective percutaneous coro-
nary intervention (PCI); in fact, several meta-analyses have
even reported a significant reduction in this risk [18]. In
the SAFE-PCI pilot trial and other observational analyses,
SGLT-2 inhibitors were also reported to have no adverse
effects on renal function, supporting the safe use of these
agents in this context [19]. However, the absence of a con-
sistent protective effect in some studies suggests that the
renoprotective efficacy of these agents may vary with pa-
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tient characteristics, glycemic control, and comorbidities.
A comprehensive review by Heyman et al. [20] provides
an in-depth discussion of the contradictory mechanisms and
clinical outcomes associated with SGLT-2 inhibitors and
contrast-associated nephropathy, highlighting the roles of
medullary hypoxia, sodium handling, and chronic hypoxia
adaptation.

In large-scale randomized controlled trials, patients
with an eGFR below 20 mL/min/1.73 m2 or those depen-
dent on dialysis were generally excluded. Consequently,
there is insufficient evidence regarding the safety and effi-
cacy of SGLT-2 inhibitors in this patient population. Re-
flecting this uncertainty, the Kidney Disease: Improving
Global Outcomes (KDIGO) 2022 guidelines do not recom-
mend initiating SGLT-2 inhibitors in individuals with an
eGFR<20 mL/min/1.73 m2. This cautious stance has been
adopted due to both the limited availability of robust data
and the potential renal risks associatedwith these agents [9].
Furthermore, a large-scale study using the VigiBase phar-
macovigilance database reported cases of acute kidney fail-
ure and nephrolithiasis associated with SGLT-2 inhibitors
as serious adverse events, some of which were fatal [21].
However, it is important to note that these pharmacovigi-
lance data rely on passive reporting, and causality cannot be
definitively established. These findings underscore the im-
portance of careful patient selection and close monitoring,
particularly in individuals with advanced stages of kidney
disease.

When focusing on the primary aim of our study—
evaluating the effect of SGLT-2 inhibitors on the develop-
ment of CIN—no significant difference in CIN incidence
was observed between patients receiving SGLT-2 inhibitors
and those not; the occurrence of CIN was similar in both
groups. This finding alignswith several recent studies in the
literature [11,12,15–21]. In particular, observational stud-
ies and prospective analyses have shown that SGLT-2 in-
hibitors do not increase the risk of CIN and may even con-
tribute to greater renal stability in certain subgroups. There-
fore, our findings suggest that the use of SGLT-2 inhibitors
does not increase the risk of contrast-induced AKI and that
the safe use of these agents may be extended to broader clin-
ical settings.

Among patients who developed CIN, baseline crea-
tinine levels were lower, and eGFR values were higher.
At first glance, this appears to contradict the classical lit-
erature, in which CIN is often associated with low eGFR
and elevated creatinine [1,11]. However, a more detailed
analysis reveals that both parameters remained within ref-
erence ranges and showed only slightly better values than
those in the non-CIN group. This suggests that the develop-
ment of CIN may depend not only on baseline renal func-
tion but also on dynamic factors, including acute hemody-
namic fluctuations, contrast agent tolerance, hydration sta-
tus, and microvascular perfusion [3,4]. Particularly, low
baseline creatinine may lead to overestimation of GFR in

some patients [9,21]. Therefore, even with seemingly ade-
quate eGFR values, patients may remain at risk of contrast
exposure due to subclinical reductions in renal reserve.

Numerous clinical studies investigating the role of
glycemic control in the development of CIN have high-
lighted the predictive value of HbA1c levels. In a prospec-
tive observational study involving 786 diabetic patients un-
dergoing CAG, the incidence of CIN was found to be sig-
nificantly higher in patients with HbA1c levels ≥7%. The
authors suggested that poor glycemic control may adversely
affect renal perfusion, thereby increasing the risk of CIN
[22]. Similarly, Oktay et al. [23] demonstrated that even
prediabetic individuals with HbA1c levels between 5.7%
and 6.4% had a higher risk of CIN compared to normo-
glycemic individuals. These findings indicate that not only
overt diabetes but also intermediate stages within the spec-
trum of glycemic dysfunction may contribute to CIN risk
[23]. Consistent with these results, our study also revealed
a significantly higher incidence of CIN in patients with
HbA1c>6.4%, reinforcing the notion that HbA1c may be a
valuable parameter for CIN risk stratification and aligning
with the current literature.

SGLT-2 inhibitors, owing to their cardio- and renopro-
tective properties, have seen an expansion in use beyond
diabetes management in recent years, with rapidly diver-
sifying clinical indications. This growing utility necessi-
tates a closer examination of its potential impact, particu-
larly in settings that challenge renal function, such as ex-
posure to iodinated contrast agents. The findings of our
study suggest that this drug class is safe in the context of
CIN and may even exert a nephroprotective effect. Never-
theless, current U.S. Food and Drug Administration (FDA)
recommendations advise withholding SGLT-2 inhibitors for
3–4 days before major procedures to reduce the risk of eug-
lycemic diabetic ketoacidosis (DKA); however, adherence
to this guidance could not be evaluated in this retrospective
dataset. However, to better delineate the role of SGLT-2 in-
hibitors in clinical practice, optimize medication strategies
in the peri-procedural period, and accurately identify high-
risk subgroups, further large-scale, multicenter, prospective
studies are warranted.

5. Limitations of the Study
This study has several limitations that should be con-

sidered when interpreting the results. First, the study was
designed as a retrospective, observational analysis, which
inherently limits the ability to establish causal relationships
and confines the findings to associations. Furthermore, the
retrospective nature of the study relies heavily on the com-
pleteness and accuracy of medical records, introducing po-
tential risks of information bias and recording errors.

Second, this study was conducted at a single center,
which restricts the generalizability of the findings. Varia-
tions in contrast agent types and dosages, hydration proto-
cols, and patient management strategies across institutions
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may limit the generalizability of our results to more hetero-
geneous populations.

Third, renal function was assessed only using serum
creatinine and eGFR values. More sensitive markers of kid-
ney injury, such as urine output, urinary biomarkers (e.g.,
neutrophil gelatinase-associated lipocalin (NGAL), kidney
injury molecule-1 (KIM-1)), and serum cystatin-C, were
not evaluated, which may have led to missed cases of sub-
clinical renal injury.

Fourth, while concomitant medication use (e.g.,
renin–angiotensin system inhibitors, NSAIDs, statins) was
recorded, the timing, dosage, and duration of these agents
were not analyzed. Similarly, the dosage and duration of
SGLT-2 inhibitor therapy were not sufficiently detailed to
assess potential dose–response effects on CIN risk. Given
that some medications may increase or reduce the risk of
CIN, this lack of detail may confound the interpretation of
these findings.

Meanwhile, although the total sample size was appro-
priate based on the power analysis, the number of patients in
certain subgroups (e.g., thosewithHbA1c≤6.4%whowere
using SGLT-2 inhibitors) was relatively small, potentially
limiting the statistical power and contributing to the lack of
significance in some comparisons. Another important limi-
tation is the presence of baseline imbalances between the
study groups and within the HbA1c-stratified subgroups.
Differences in glycemic control, distribution of antidiabetic
therapies, and several metabolic parameters may have in-
fluenced the direction and magnitude of changes in renal
function. In addition, the relatively small sample size—
particularly in the subgroup analyses—prevented the use
of propensity score matching to adjust for potential con-
founders. These methodological constraints reduce the ro-
bustness of the subgroup comparisons and the reliability of
the observed differences.

Another important limitation relates to the definition
of CIN used in our study. The conventional definition,
based on an increase in serum creatinine of ≥25% or ≥0.5
mg/dL within 48 hours, does not exclude other potential
causes of AKI, such as hypoperfusion, volume depletion, or
concurrent nephrotoxic drug exposure. Another significant
limitation of this study is the exclusion of patients with an
eGFR <60 mL/min/1.73 m2. Since individuals with mild-
to-moderate CKD represent the population most suscepti-
ble to CIN, omitting these patients limits the applicability
of our findings to the higher-risk CKD population. Thus,
the relevance of our results to patients with established re-
nal impairment may be reduced, and future studies should
include a broader range of baseline renal function. Fur-
thermore, urine output criteria and emerging early biomark-
ers of tubular injury (e.g., NGAL, KIM-1) were not avail-
able in our dataset. Therefore, the diagnosis of CIN may
have been influenced by non-contrast-related factors, and
the true incidence may have been either underestimated or
overestimated. Another limitation is the lack of postoper-

ative blood glucose and ketone measurements. Since peri-
operative ketone monitoring is not routinely performed at
our institution, data on serum or urine ketones or on eug-
lycemic DKA incidence could not be retrieved retrospec-
tively. Therefore, although no clinical episodes of DKA
were documented, subclinical metabolic disturbances could
not be formally assessed. In addition, no patients in our co-
hort developed advanced AKI (KDIGO stages 2–3) or re-
quired dialysis during the 48-hour post-contrast follow-up.
While this may reflect a generally low-risk population, it
also limits our ability to assess the impact of SGLT-2 in-
hibitors in patients who experience more severe renal dete-
rioration following angiography. Considering all these lim-
itations, the results of our study should be interpreted with
caution. Further large-scale, multicenter, prospective ran-
domized trials are needed to validate these findings and to
better define the role of SGLT-2 inhibitors in the prevention
of CIN.

6. Conclusions
This study demonstrates that chronic SGLT-2 inhibitor

therapy is not associated with short-term deterioration in re-
nal function following diagnostic CAG. While these find-
ings support the short-term renal safety of SGLT-2 in-
hibitors in this specific setting, they do not allow for broader
conclusions regarding the overall safety profile of SGLT-2
inhibitors in the CAG population. Long-term prospective
studies are required to more comprehensively evaluate re-
nal outcomes, cardiovascular endpoints, and clinical safety
across diverse patient subgroups.
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