
Yang et al. 
European Journal of Medical Research          (2024) 29:621  
https://doi.org/10.1186/s40001-024-02214-7

RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by- nc- nd/4. 0/.

European Journal
of Medical Research

The association between sodium–
glucose cotransporter 2 inhibitors 
and contrast-associated acute kidney injury 
in patients with type 2 diabetes undergoing 
angiography: a propensity-matched study
Hao Yang1†, Lili Yang2†, Meg J. Jardine3,4,5, Clare Arnott3,6, Brendon L. Neuen3, Kexi Xu2, Xiaohui Zhao1, 
Dehui Qian1, Bin Cui1, Youzhu Qiu1, Yuli Huang3,7, Jie Yu3,8,9, Jiang Wang1, Shiyong Yu1, Hu Tan1, Lan Huang1, 
Jing-Wei Li1,3*† and Jun Jin1*† 

Abstract 

Background Sodium–glucose cotransporter-2 inhibitors (SGLT2i) have been proven to prevent decline in kid-
ney function and failure. Whether SGLT2i affect the risk of contrast-associated acute kidney injury (CA-AKI) remains 
uncertain.

Methods Use of SGLT2i was assessed in consecutive diabetics undergoing coronary angiography (CA) or percutane-
ous coronary intervention (PCI) from January 2020 to May 2023 at a tertiary hospital in Chongqing, China. Propensity-
matched analysis was used to adjust for baseline variables. CA-AKI was defined by the Acute Kidney Injury Network 
(AKIN) as creatinine increase ≥ 0.3 mg/dl (26.4 μmol/l), or a percentage increase in the serum creatinine level of ≥ 50%.

Results A total of 604 new users of SGLT2i, and 298 chronic users of SGLT2i were matched with non-users. New 
use of SGLT2i was not associated with an increased incidence of AKIN-defined CA-AKI (OR 1.60; 95% CI 0.97–2.63; 
p = 0.065), in-hospital new-onset dialysis (OR 0.50; 95% CI 0.09–2.73; p = 0.422), or death (OR 0.55; 95% CI 0.18–1.66; 
p = 0.289). However, it was associated with a minor (> 25%) creatinine elevation (OR 1.55; 95% CI 1.04–2.30; p = 0.030), 
a 0.3 mg/dl increase in creatinine (OR 1.66; 95% CI 1.01–2.75; p = 0.048), and CMSC-defined CA-AKI (OR 1.51; 95% 
CI 1.02–2.24; p = 0.039). By 90 days, there was no evidence creatinine elevation differed between the two groups 
(p = 0.590). Chronic use of SGLT2i was not associated with AKIN-defined CA-AKI (OR, 0.92; 95% CI 0.41–2.05; p = 0.838).
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Conclusions New use of SGLT2i during CA or PCI was not associated with an AKIN-defined CA-AKI, and it did 
not translate into new-onset dialysis or death during hospital stay. Chronic usage of SGLT2i did not affect creatinine. 
Further randomized clinical trials are warranted to confirm this finding.

Key learning points 

What was known: Sodium–glucose cotransporter-2 inhibitors (SGLT2i) have a renal protective effect; however, they 
cause an acute increase in the creatinine level and dip in glomerular filtration rate (GFR) upon treatment initiation.

This study adds: New use of SGLT2i during coronary angiography or percutaneous coronary intervention was associ-
ated with an acute increase in the creatinine level, but it did not translate into new-onset dialysis or death during hos-
pital stay, causing a pseudo contrast-associated acute kidney injury, and the creatinine level seemed return to normal 
thereafter. Continuation of SGLT2i did not affect creatinine elevation.

Potential impact: Usage of SGLT2i may be safe during coronary angiography or percutaneous coronary intervention. 
Randomized controlled trials and other observational studies are needed to validate our observation.

Keywords Sodium–glucose cotransporter 2 inhibitor, Contrast-associated acute kidney injury, Diabetes mellitus, 
Coronary angiography, Percutaneous coronary intervention

Introduction
Coronary angiography (CA) and percutaneous coro-
nary intervention (PCI) are widely used for the diag-
nosis and treatment of coronary heart disease (CHD), 
a disease that affects around 126 million individuals 
worldwide [1]. The iodine-based contrast medium used 
in these procedures can cause direct tubular toxicity, 
intra-renal vasoconstriction, and excessive produc-
tion of reactive oxygen species, all of which can lead to 
contrast-associated acute kidney injury (CA-AKI) [2]. 
Between 4 and 10% of patients undergoing CA or PCI 
experience CA-AKI [3, 4]. CA-AKI is associated with 
increased short- and long-term mortality and end-stage 
renal events [5]. Several drugs, such as renin–angioten-
sin–aldosterone system blockers and metformin, may 
increase the incidence of CA-AKI, and some guideline 
recommendations withhold their use at the time of CA 
[6, 7].

Sodium–glucose cotransporter-2 inhibitors (SGLT2i) 
reduce blood glucose by inhibiting its reabsorption in 
proximal tubules and by promoting urinary glucose 
excretion. SGLT2 inhibitors are listed as a first-line 
drug therapy for diabetes complicated with established 
or high risk of atherosclerotic cardiovascular dis-
ease, heart failure (HF), and/or chronic kidney disease 
(CKD) according to the ADA and KDIGO guideline [8, 
9, 10]. In recent landmark trials, SGLT2i were found 
to not only reduce blood glucose, but also significantly 
reduce cardiovascular events, renal failure, and renal 
death in patients with T2D, chronic kidney disease, and 
heart failure [11]. However, SGLT2i inhibition increases 
sodium delivery to the juxtaglomerular apparatus, 

leading to afferent arteriolar vasoconstriction and a 
decrease in intraglomerular pressure, causing an acute 
increase in creatinine and dip in glomerular filtration 
rate (GFR) upon treatment initiation [12]. Whether 
SGLT2i affects the risk of CA-AKI is largely unknown. 
Here, we aimed to explore the effect of SGLT2i on the 
development of CA-AKI in patients with T2D undergo-
ing CA or PCI using propensity score-matched retro-
spective data.

Materials and methods
Participants
All consecutive patients with T2D undergoing CA or 
PCI at Xinqiao Hospital, a tertiary teaching hospital, 
between January 1, 2020, and May 26, 2023, were consid-
ered for inclusion in the study. A total of 4014 patients 
were identified. Patients with lacking periprocedural 
creatinine data (defined as 31 days before the procedure 
and 4  days after the procedure), or with repeat admis-
sion were excluded (n = 1595). A total of 2419 patients 
were included in the final analysis. New use of SGLT2i 
was defined as administration of an oral dose of SGLT2i 
after admission and before the CA procedure, and no 
prior history of SGLT2i use. Chronic use of SGLT2i was 
defined as regular use of SGLT2i before admission and 
not interrupted during hospital stay. The interval from 
new use of SGLT2i to CA is 2.84 (1.77, 4.04) days. The 
interval from chronic use of SGLT2i to CA is not avail-
able. The dose and type of SGLT2i prescribed was at the 
doctor’s discretion. The Institutional Review Board of the 
Xinqiao Hospital approved the research protocol.
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Data collection
Patient demographic, clinical, and laboratory data as well 
as medications used before, during, and after the pro-
cedure and in-hospital outcomes were obtained from 
electronic medical records. These data included age, 
sex, body mass index (BMI), systolic or diastolic blood 
pressure (SBP or DBP), left ventricular ejection frac-
tion (LVEF), and left ventricular end-diastolic diameter 
(LVEDD) from an echocardiogram, comorbid conditions 
(hypertension, previous myocardial infarction, PCI, 
chronic kidney disease, acute myocardial infarction), 
medication use (SGLT2i, ACE inhibitors/ARBs, statins, 
β-blockers, calcium channel blockers, and diuretics), and 
basic information of the PCI procedure (no. of diseased 
vessels, average stent implanted for each patient, left 
main lesion). In new use analysis, the median (IQR) dose 
of loop diuretic for both group is 20.00 (20.00, 20.00) 
mg after propensity matching. There is marginal differ-
ence between the two group (p = 0.049). In chronic use 
analysis, the median (IQR) dose for both group is 20.00 
(20.00, 20.00) mg after propensity matching. There is 
no difference between the two group (p = 0.148). Labo-
ratory data included serum creatinine levels before and 
after CA, as well as hemoglobin, low-density lipoprotein 
(LDL) cholesterol, glycated hemoglobin, fasting blood 
glucose levels, brain natriuretic peptide (BNP) or N-ter-
minal proBNP (NT-proBNP), which were measured in 
the hospital central laboratory on hospital admission and 
follow-up with consistent methodology. The estimated 
GFR (eGFR) was calculated based on the Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equa-
tion. Further, CA or PCI was performed according to the 
local clinical care guidelines [13]. As actual contrast vol-
ume was not routinely recorded in our center, the con-
trast volume category (> 200  ml or ≤ 200  ml) reported 
was based on the number of vials opened (100 ml each). 
As some patients measured BNP and others NT-proBNP, 
abnormal BNP or NT-proBNP were reported according 
to age-stratified cut-off [14]. Mehran 2 CA-AKI risk score 
was calculated using preoperative variables [15].

Outcome endpoint
The primary outcome of this study was serum cre-
atinine elevation, which was defined as an relative 
increase in serum creatinine of > 25% from the baseline 
to peak value within 96 h after exposure to the contrast 
medium [16]. Various definitions, including CA-AKI 
defined by the Contrast Media Safety Committee of 
the European Society of Urogenital Radiology (CMSC) 
[17] and CA-AKI defined later by the Acute Kidney 
Injury Network (AKIN) [6], relative increase of > 25% 
or > 50%, and absolute increase in the serum creati-
nine level > 0.3  mg/dl or > 0.5  mg/dl were included as 

the exploratory endpoint within 96 h after exposure to 
the contrast medium [6]. Sensitivity analysis using 48 
and 72  h definition. Baseline creatinine was collected 
within 1 month before the procedure. In patients who 
had multiple assessments of serum creatinine within 
30  days before the procedure, the value closest to the 
time of the procedure was considered as the baseline 
value. Peak creatinine was defined as the highest value 
of creatinine within 96  h after the procedure, and it 
was used to define events. New-onset dialysis was 
defined as new, unplanned need for hemodialysis dur-
ing the hospital stay of patients, due to worsening of 
renal function after CA or PCI. In-hospital death was 
obtained from the medical records. Creatinine within 
90  days after the procedure was defined as the lowest 
value of creatinine after the measurement of 96-h peak 
creatinine and within 90 days after the procedure.

Statistical analysis
Propensity scoring was used to reduce potential con-
founding and selection bias between study arms. The 
propensity score was calculated for each patient by mod-
eling the probability of receiving a SGLT2i. For new-
onset user analysis, a multivariable logistic regression 
analysis model was generated to predict the probability 
of receiving a SGLT2i given the following set of covari-
ates: age, sex, baseline levels of creatinine and fasting glu-
cose, abnormal BNP/NT-proBNP, baseline systolic blood 
pressure, baseline left ventricular ejection fraction, base-
line use of insulin, ACEI/ARB and diuretics, presence 
or absence of acute myocardial infarction, and contrast 
volume or stent used. For chronic use analysis, a multi-
variable logistic regression analysis model was generated 
to predict the probability of receiving a SGLT2i given 
the following set of covariates: age, sex, baseline levels 
of creatinine and LDL, medical history of hypertension 
PCI, and myocardial infarction, presence or absence of 
acute myocardial infarction, and contrast volume used. 
The values of glycated hemoglobin, although unbal-
anced, were not entered into the propensity model as 
more than half of the values were missing. A propensity 
score was calculated and used to match 604 new users of 
SGLT2i with non-users, and 298 chronic users of SGLT2i 
with non-users, at a ratio of 1:1 using the greedy match-
ing algorithms. Patients without a corresponding match 
were excluded. Sensitivity analysis using inverse prob-
ability of treatment weighting were performed. Matching 
adequacy was confirmed by calculating the standardized 
differences in baseline variables among the matched sub-
set, with a standardized difference of < 25% suggesting 
adequate matching. After all propensity score matches 
were performed, the balance in baseline covariates was 
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assessed through Kruskal–Wallis test, and Chi-square 
tests were performed for continuous and categori-
cal variables. All available data were analyzed without 
imputation of missing values. Categorical variables were 
described as frequencies (percentages), and continuous 
variables were described as means ± SDs, unless skewed, 
as medians (interquartile ranges). The change in con-
tinuous variables over time was determined using lin-
ear mixed models. A logistic regression model was used 
to determine the risk for events. All analyses were per-
formed with the SAS software (Cary, North Carolina, 
SAS Institute, version 9.4). Statistical significance was 
defined as p < 0.05.

Results
Initial start on admission
New-onset use of SGLT2i occurred in 665 patients 
(Fig.  1). Baseline characteristics of SGLT2i users com-
pared with non-users are described in Table  1. New-
onset SGLT2i users had a higher prevalence of New York 
Heart Association (NYHA) IV, more abnormal BNP or 
NT-proBNP, worse cardiac systolic function, and worse 
glucose control; were more likely to use RAASi and 

diuretics, and experience acute myocardial infarction at 
baseline. The overall Mehran 2 score and number of dis-
ease vessels are different between groups.

Using propensity score, 604 SGLT2i users were suc-
cessfully matched to non-users (sFigure 1a). There were 
no statistically significant clinical differences between 
SGLT2i users and non-users (Table  1). As shown in 
Table 2, in the propensity-matched cohort, no differences 
in the incidence of AKIN-defined CA-AKI (7.0% vs. 4.5%, 
odds ratio [OR] 1.60, 95% confidence interval [CI] 0.97 
to 2.63, p = 0.065), severe creatinine elevation (> 50%), 
0.5 mg/dl increase in creatinine, new-onset dialysis, and 
in-hospital death were observed between patients treated 
with SGLT2i and those not. However, patients treated 
with SGLT2i had a significantly higher incidence of cre-
atinine elevation (creatinine increase of > 25%, 11.1% vs. 
7.5%, OR 1.55, 95% CI 1.04 to 2.30, p = 0.030), 0.3  mg/
dl increase in creatinine (OR 1.66, 95% CI 1.01 to 2.75, 
p = 0.048), and CMSC-defined CA-AKI (OR 1.51, 95% 
CI 1.02 to 2.24, p = 0.039). Similar results were found in 
the unadjusted analysis (Table  2), in sensitivity analysis 
using 48 or 72 h definition of CA-AKI (sTable 1), and in 
analysis using inverse probability of treatment weighting 

Fig. 1 Cohort formation
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(sTable 2 and sFigure 2). When we examined the occur-
rence of AKIN-defined CA-AKI in different patient sub-
groups, interaction existed with respect to the baseline 
kidney function (chronic kidney disease and GFR) and 
abnormal BNP/ NT-proBNP. No difference in outcomes 
was observed in any other subgroup (Fig. 2).

The geometric mean of the creatinine level was 
increased by 3.06% (95% CI 1.32 to 4.82%) on average 

within 4  days after the procedure in the SGLT2i group 
(p = 0.001), while the least-squares mean level of eGFR 
was decreased by −  2.02 (95% CI −  3.11 to −  0.93) ml/
min 1.73  m2, p < 0.001 (Fig. 3). Both biomarkers seemed 
return to normal within 90 days (for creatinine, geomet-
ric mean ratio 0.99, 95% CI 0.96 to 1.02, p = 0.569 and 
for eGFR difference between groups, 0.98 (95% − 1.19 to 
2.67), p = 0.452. Full recovery of kidney function within 

Table 1 Baseline characteristics of study participants in new-onset analysis

Bold indicates a p value less than 0.05

AMI: acute myocardial infarction; BMI: body mass index; BP: blood pressure; eGFR: estimated glomerular filtration rate; LVEDD: left ventricular end-diastolic diameter; 
LVEF: left ventricular ejection fraction; MI: myocardial infarction; NYHA: New York Heart Association; PCI: percutaneous coronary intervention

Before matching After matching

SGLT2i (N = 665) Non-users (n = 1449) N.Missing p value SGLT2i (N = 604) Non-users (n = 604) p value

Age (years) 63.48 (10.45) 64.37 (10.65) 0.092 63.56 (10.51) 63.92 (10.89) 0.638

Female (%) 190 (28.57) 441 (30.43) 0.385 175 (28.97) 167 (27.65) 0.609

NYHA IV 26 (3.91) 29 (2.00) 0.010 25 (4.14) 22 (3.64) 0.655

Previous MI (%) 58 (8.72) 105 (7.25) 0.238 52 (8.61) 42 (6.95) 0.283

Previous PCI (%) 161 (24.21) 328 (22.64) 0.425 148 (24.50) 132 (21.85) 0.275

Chronic kidney disease (%) 109 (16.39) 255 (17.60) 0.495 100 (16.56) 89 (14.74) 0.384

Proteinuria (%) 208 (31.28) 458 (31.61) 108 (5.11) 0.624 191 (31.62) 202 (33.44) 0.483

Hypertension (%) 459 (69.02) 1026 (70.81) 0.405 422 (69.87) 437 (72.35) 0.341

Creatinine (μmoI/l) 79.20 (67.00, 97.10) 79.00 (66.40, 98.50) 0.673 78.75 (66.65, 96.40) 78.65 (65.65, 95.65) 0.674

eGFR (ml/min1.73m2) 79.72 (22.14) 76.92 (25.20) 0.091 79.74 (22.13) 79.93 (22.23) 0.851

Fasting blood glucose 
(mmol/l)

8.71 (3.55) 8.24 (3.31) 64 (3.03) < 0.001 8.71 (3.54) 8.64 (3.65) 0.248

LDL (mmol/l) 2.08 (0.73) 2.04 (0.81) 67 (3.17) 0.057 2.09 (0.74) 2.11 (0.86) 0.878

Hemoglobin (g/l) 134.18 (19.73) 132.43 (19.41) 6 (0.28) 0.086 134.20 (19.49) 133.32 (19.14) 0.368

BMI (kg/m2) 25.20 (3.20) 25.15 (3.09) 17 (0.80) 0.616 25.26 (3.25) 25.26 (3.08) 0.954

Systolic BP (mmHg) 128.47 (22.06) 130.50 (21.36) 18 (0.85) 0.045 128.52 (21.81) 128.92 (21.57) 0.697

Diastolic BP (mmHg) 73.96 (13.43) 73.85 (13.54) 24 (1.14) 0.695 73.92 (13.42) 73.97 (14.30) 0.780

Abnormal BNP or NT-proBNP 206 (30.98) 312 (21.53) 54 (2.55) < 0.001 188 (31.13) 181 (29.97) 0.662

Mehran 2 score 3.00 (2.00, 5.00) 3.00 (1.00, 4.00) 138 (6.53) < 0.001 3.00 (2.00, 5.00) 3.00 (2.00, 5.00) 0.193

Echocardiography

 LVEF (%) 57.88 (11.47) 60.71 (9.51) 76 (3.60) < 0.001 57.76 (11.57) 57.95 (11.04) 0.925

 LVEDD (mm) 47.86 (6.92) 46.68 (5.34) 30 (1.42) 0.007 47.85 (6.93) 47.96 (6.25) 0.291

Medication (%)

 Insulin 311 (46.77) 634 (43.75) 0.196 283 (46.85) 278 (46.03) 0.773

 RAASi 426 (64.06) 824 (56.87) < 0.001 393 (65.07) 384 (63.58) 0.589

 Diuretics 215 (32.33) 323 (22.29) < 0.001 197 (32.62) 205 (33.94) 0.625

 β-blocker 471 (70.83) 1023 (70.60) 0.915 432 (71.52) 438 (72.52) 0.701

Current hospitalization (%)

 AMI 150 (22.56) 254 (17.53) 0.006 128 (21.19) 128 (21.19) 1.000

 Contrast volume > 200 ml 249 (37.44) 483 (33.33) 14 (0.66) 0.078 224 (37.09) 227 (37.58) 0.858

 Left main 37 (5.56) 97 (6.69) 0.322 35 (5.79) 42 (6.95) 0.410

 No. of diseased vessels 0.020 0.378

  1 115 (17.29) 331 (22.84) 105 (17.38) 124 (20.53)

  2 199 (29.92) 438 (30.23) 178 (29.47) 184 (30.46)

  3 324 (48.72) 628 (43.34) 295 (48.84) 276 (45.70)

 Stent implanted 1.00 (1.23) 0.96 (1.11) 0.987 0.99 (1.26) 1.01 (1.10) 0.193
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90 days after the procedure was similar between the two 
groups (55.3% vs 50.5%; overall p = 0.590) (Table 3).

Chronic users of SGLT2i
A total of 305 patients were taking SGLT2i prior to hospi-
tal admission. Characteristics of the study population are 
listed in Table  4. Compared to non-users, patients with 
chronic SGLT2i treatment were younger; had a higher 
prevalence of previous MI and PCI; were less likely to use 
insulin at baseline and be current MI patients; and had 
better glucose control, higher hemoglobin and eGFR, 
less proteinuria, and lower SBP, BMI, LDL and Mehran 
2 score. The propensity-matched cohorts showed an 
improved balance. The factors, blood glucose, hemo-
globin, proteinuria, BMI, BP and insulin usage were 
not entered into the model as they reflected the effect 
of SGLT2i rather than bias between groups [18, 19]. 
Patients with prior SGLT2i treatment had a similar inci-
dence of AKIN-defined CA-AKI (4.0% vs. 4.4%, OR 0.92, 
95% CI 0.41 to 2.05, p = 0.838); and no differences in the 
incidence of CMSC-defined CA-AKI, creatinine eleva-
tion, severe creatinine elevation (> 50%), 0.3 or 0.5 mg/dl 
increase in creatinine, new-onset dialysis, and in-hospital 
death were observed between the two groups. Similar 
results were found in the unadjusted analysis (Table 5).

Discussion
In the present study, we evaluated administration and 
continuation of SGLT2i in diabetic patients hospitalized 
for CA or PCI. Administration of these drugs on admis-
sion was associated with a spike in creatinine and a dip 
in eGFR, leading to a pseudo CA-AKI that did not sat-
isfy more rigorous definitions, and the creatinine level 
returned to the pre-procedure level within 3  months. 

Continuation of SGLT2i did not affect CA-AKI. These 
findings are particularly important to provide safety evi-
dence of administration and continuation of SGLT2i 
around the time of contrast exposure.

In 1999, CA-AKI was first defined by the Contrast 
Media Safety Committee of the European Society of 
Urogenital Radiology, as an increase in serum creati-
nine by more than 25% or 0.5 mg/dl (44 μmol/l) within 
3 days following intravascular administration of a con-
trast medium [17]. Later, the Acute Kidney Injury Net-
work suggested using ≥ 0.3  mg/dl (26.4  μmol/l), or a 
percentage increase in serum creatinine level of ≥ 50% 
(1.5-fold from baseline) [6]. More recent studies sug-
gested that an absolute increase in serum creatinine 
from 0.5 to 0.75  mg/dl is a better threshold than a 
relative increase in serum creatinine for the diagnosis 
of CA-AKI [20, 21]. When initial SGLT2i just before 
contrast exposure, our results support the latter that 
a more rigid definition should be used for clinically 
meaningful CA-AKI, as an increase in creatinine is a 
mix of true AKI and the drug effect. In fact, the acute 
and reversible dip in eGFR observed soon after SGLT2i 
administration most likely reflects their action of pro-
tective mechanism. SGLT2i causes glucosuria, inhibits 
sodium reabsorption in the proximal tubule, leads to 
afferent arteriolar vasoconstriction, and causes reduc-
tion in glomerular hyperperfusion and hyperfiltration 
[22]. SGLT2i also improve tubular oxygenation and 
metabolism and reduce renal inflammation and fibro-
sis [23]. Other beneficial effects of SGLT2i include less 
intra-renal congestion-tamponade [24], and reduced 
venous congestion and increased renal blood flow [25]. 
Post hoc analysis of large clinical trials has shown that 
such an eGFR dip did not modify the benefit to the 

Table 2 Unmatched and propensity-matched in-hospital outcome of patients in new-onset analysis

CA-AKICMSC: contrast-associated acute kidney injury was defined by the Contrast Media Safety Committee of the European Society of Urogenital Radiology as an 
increase in serum creatinine by more than 25% or 0.5 mg/dl (44 μmol/l). CA-AKIAKIN: contrast-associated acute kidney injury was defined by the Acute Kidney Injury 
Network using ≥ 0.3 mg/dl (26.4 μmol/l), or a percentage increase in the serum creatinine level of ≥ 50% (1.5-fold from baseline)

Unmatched outcome Propensity-matched outcome

SGLT2i (N = 665) Non-users 
(n = 1449)

OR (95% CI) p value SGLT2i (N = 604) Non-users 
(n = 604)

OR (95% CI) p value

Serum creatinine change within 96 h

 CA-AKIAKIN 49 (7.4) 78 (5.4) 1.40 (0.97, 2.02) 0.075 42 (7.0) 27 (4.5) 1.60 (0.97, 2.63) 0.065

 > 50% ↑ 13 (2.0) 23 (1.6) 1.24 (0.62, 2.46) 0.545 11 (1.8) 11 (1.8) 1.00 (0.43, 2.32) 1.000

 > 25% ↑ 76 (11.4) 85 (5.9) 2.07 (1.50, 2.86)  < 0.001 67 (11.1) 45 (7.5) 1.55 (1.04, 2.30) 0.030

 > 0.5 mg/dl ↑ 114 (2.1) 42 (2.9) 0.72 (0.39, 1.33) 0.294 11 (1.8) 12 (2.0) 0.92 (0.40, 2.09) 0.833

 > 0.3 mg/dl ↑ 49 (7.4) 75 (5.2) 1.46 (1.00, 2.12) 0.048 42 (7.0) 26 (4.3) 1.66 (1.01, 2.75) 0.048

 CA-AKICMSC 76 (11.4) 94 (6.5) 1.86 (1.35, 2.56) < 0.001 67 (11.1) 46 (7.6) 1.51 (1.02, 2.24) 0.039

New-onset dialysis 2 (0.3) 19 (1.3) 0.23 (0.05, 0.98) 0.047 2 (0.3) 4 (0.7) 0.50 (0.09, 2.73) 0.422

In-hospital death 6 (0.9) 19 (1.3) 0.69 (0.27, 1.72) 0.422 5 (0.8) 9 (1.5) 0.55 (0.18, 1.66) 0.289
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cardiovascular system and kidneys [26, 27]. Moreover, 
full recovery of kidney function within 30 days after an 
AKI event occurred more frequently after treatment 
with SGLT2i [28]. It should be mentioned that a large 

eGFR dip (> 30%), although a very rare event, slightly 
increases the risk for kidney-related adverse events 
[29].

Fig. 2 Subgroup analysis in new-onset analysis
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CA-AKI is considered an important cause of hospi-
tal-acquired renal failure [30]. However, in most cases, 
CA-AKI manifests as mild transient impairment of 
renal function; creatinine typically rises within the first 
48  h after contrast medium administration, peaks at 
3–5 days, and returns near to baseline or to a new base-
line within 1–3  weeks [31]. Although irreversible loss 
of renal function occurs in rare cases, it subsequently 
progresses to chronic kidney disease and dialysis [32]. 
Our results showed that the creatinine level might 
return to baseline within 3 months, reflecting that non-
nephrotoxicity drives this process.

Currently, very few studies are focusing on the rela-
tion between SGLT2i with CA-AKI; one abstract 
including 52 patients in each group reported that 
chronic treatment with SGLT2i induced an improve-
ment in diabetic patients undergoing PCI [33]. In our 
population, most patients were new users of SGLT2i. 
Among the 298 chronic users, SGLT2i was not associ-
ated with an increase in CA-AKI.

Although the subgroup analysis lost the power to 
detect the true difference and may be influenced by 
multiple comparisons, we observed that SGLT2i was 
associated with less risk of CA-AKI in patients with 
impaired renal function compared with those who had 
relatively better renal function. This was not caused 
by less contrast use in these patients; the contrast vol-
ume was similar between CKD and non-CKD (data not 
shown). Previous study found the eGFR dip caused by 
SGLT2i was milder when baseline eGFR was lower [34]. 
Our study showed similar results, as the spike in creati-
nine was milder when renal function was worse. In sub-
group analysis, the interaction between SGLT2i usage 
and baseline creatinine/ GFR were similar to that of 
CKD, although not significantly different. We observed 
that SGLT2i was not associated with an increased risk 
of CA-AKI in patients with abnormal BNP/NT-proBNP 
levels. BNP/NT-proBNP levels are influenced by other 
conditions such as CKD [35]. The eGFR dip was deeper 
in heart failure patients [36]. Our analysis showed that 
SGLT2i may not cause CA-AKI in heart failure patients.

However, there are some limitations to this study. 
First, this was a single-centre post hoc analysis of medi-
cal record data. Although propensity score matching 
was used to minimize the differences in baseline char-
acteristics, it was an observational study rather than a 
randomized controlled interventional trial; thus, the 
results must be regarded as hypothesis generation and 
exploration and require validation in other studies. 
Some important data, such as the exact volume of con-
trast used, are missing. The contrast volume category 
was based on the number of vials opened, which was 
not associated with contrast volume in some situation. 

Fig. 3 Effects on creatinine and estimated gfr in new-onset analysis. A shows the effects of SGLT2i and non-users on the creatinine level. B shows 
the estimated GFR level. The I bars indicate the 95% confidence interval in (A) and the standard error in (B)

Table 3 Long-term kidney function in new-onset analysis. 
Change in the creatinine level from pre-procedure to within 
90 days postangiography

SGLT2i Non-users p value

 > 25% (no recovery) 15/217 (6.9) 16/220 (7.3) 0.590

0 to 25% (partial recovery) 82/217 (37.8) 93/220 (42.3)

 ≤ 0% (full recovery) 120/217 (55.3) 111/220 (50.5)
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Other data; for example, serum creatinine was not 
checked in a systematic fashion, and not all patients 
had their serum creatinine level checked before and 
within the 96-h window that corresponded with peak 

serum creatinine elevation in patients with CA-AKI. 
The upcoming clinical trial of dapagliflozin to prevent 
the incidence of contrast-induced nephropathy after 
heart catheterization and PCI (NCT04806633) will 

Table 4 Baseline characteristics of study participants in chronic use analysis

Bold indicates a p value less than 0.05

AMI: acute myocardial infarction; BMI: body mass index; eGFR: estimated glomerular filtration rate; MI: myocardial infarction; NYHA: New York Heart Association; PCI: 
percutaneous coronary intervention

Before matching After matching

SGLT2i (N = 305) Non-users (n = 1449) N.Missing p value SGLT2i (N = 298) Non-users (n = 298) p value

Age (years) 61.04 (10.71) 64.37 (10.65) < 0.001 60.86 (10.67) 60.60 (11.39) 0.672

Female (%) 81 (26.56) 441 (30.43) 0.178 79 (26.51) 74 (24.83) 0.639

NYHA IV 6 (1.97) 29 (2.00) 0.969 6 (2.01) 4 (1.34) 0.524

Previous MI (%) 41 (13.44) 105 (7.25) < 0.001 40 (13.42) 47 (15.77) 0.417

Previous PCI (%) 99 (32.46) 328 (22.64) < 0.001 96 (32.21) 82 (27.52) 0.210

Chronic kidney disease (%) 48 (15.74) 255 (17.60) 0.435 48 (16.11) 32 (10.74) 0.055

Proteinuria (%) 65 (21.31) 458 (31.61) 90 (5.13) < 0.001 64 (21.48) 79 (26.51) 0.118

Hypertension (%) 212 (69.51) 1026 (70.81) 0.651 206 (69.13) 211 (70.81) 0.655

Creatinine (μmoI/l) 78.10 (65.40, 95.90) 79.00 (66.40, 98.50) 0.228 77.80 (64.90, 95.90) 75.75 (63.60, 91.20) 0.185

eGFR 82.46 (21.46) 76.92 (25.20) 0.002 82.72 (21.55) 85.34 (21.45) 0.145

Fasting blood glucose 
(mmol/l)

7.23 (2.59) 8.24 (3.31) 59 (3.36) < 0.001 7.26 (2.61) 8.05 (3.01) 0.001

LDL (mmol/l) 1.96 (0.79) 2.04 (0.81) 63 (3.59) < 0.001 1.96 (0.78) 2.03 (0.81) 0.340

Hemoglobin (g/l) 138.67 (17.34) 132.43 (19.41) 5 (0.29) < 0.001 138.65 (17.38) 135.79 (18.94) 0.082

BMI 24.72 (2.97) 25.15 (3.09) 16 (0.91) 0.024 24.73 (2.98) 25.33 (2.88) 0.006
Systolic BP (mmHg) 122.87 (19.62) 130.50 (21.36) 17 (0.97) < 0.001 123.09 (19.57) 129.41 (19.69)  < 0.001
Diastolic BP (mmHg) 72.91 (13.25) 73.85 (13.54) 22 (1.25) 0.131 73.13 (13.27) 75.33 (13.51) 0.031
Abnormal BNP or NT-proBNP 63 (20.66) 312 (21.53) 49 (2.79) 0.720 61 (20.47) 53 (17.79) 0.415

mehran 2 score 2.00 (1.00, 3.00) 3.00 (1.00, 4.00) 114 (6.50) < 0.001 2.00 (1.00, 3.00) 2.00 (1.00, 4.00) 0.004

Echocardiography

 LVEF (%) 59.80 (9.76) 60.71 (9.51) 59 (3.36) 0.209 59.87 (9.80) 60.84 (9.83) 0.332

 LVEDD (mm) 46.98 (6.13) 46.68 (5.34) 26 (1.48) 0.829 46.89 (6.09) 46.53 (4.93) 0.980

Medication (%)

 Insulin 96 (31.48) 634 (43.75) < 0.001 94 (31.54) 124 (41.61) 0.011
 ACEI/ARB 174 (57.05) 824 (56.87) 0.953 168 (56.38) 176 (59.06) 0.507

 Diuretics 74 (24.26) 323 (22.29) 0.455 72 (24.16) 55 (18.46) 0.089

 β-blocker 219 (71.80) 1023 (70.60) 0.675 213 (71.48) 227 (76.17) 0.192

 Current hospitalization (%)

 AMI 37 (12.13) 254 (17.53) 0.021 35 (11.74) 48 (16.11) 0.124

 Contrast volume > 200 ml 113 (37.05) 483 (33.33) 12 (0.68) 0.250 109 (36.58) 113 (37.92) 0.735

 Left main 15 (4.92) 97 (6.69) 0.249 14 (4.70) 17 (5.70) 0.580

 No. of diseased vessels 0.220 0.378

  1 55 (18.03) 331 (22.84) 54 (18.12) 68 (22.82)

  2 93 (30.49) 438 (30.23) 92 (30.87) 94 (31.54)

  3 142 (46.56) 628 (43.34) 137 (45.97) 126 (42.28)

 Stent implanted 0.98 (1.53) 0.96 (1.11) 0.220 0.98 (1.54) 0.90 (1.01) 0.638
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provide relevant evidence. Second, administrative iden-
tification of new SGLT2i use may not be reflected in the 
electronic medical record (EMR), thus being wrongly 
diagnosed as a new SGLT2i user when the patient was 
actually a chronic SGLT2i user, as a chronic SGLT2i 
user showed neutral effect for CA-AKI from our analy-
sis; the “true” effect of new SGLT2i on creatinine spike 
could be even larger. Third, we could not measure 
kidney injury biomarkers, such as neutrophil gelati-
nase-associated lipocalin, kidney injury molecule-1, 
and monocyte chemoattractant protein‐1, which may 
provide an extra tool to judge real CA-AKI besides 
creatinine [37, 38]. Finally, we could not measure the 
long-term cardiovascular and renal outcomes, which 
may provide evidence to prove the effect of SGLT2i 
administration based on a long-term follow-up.

Our data provide evidence that as to CA-AKI risk, 
administration of SGLT2i is safe just before the time of 
contrast exposure, and in  situation when SGLT2i has 
been already used before hospitalization, it should not 
be routinely withheld when contrast use is needed.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40001- 024- 02214-7.

Supplementary Material 1.

Acknowledgements
None.

Author contributions
J.L, B.N, M.J, and J.J. contributed to the design and conduct of the study 
and interpretation of the data. J.L. and H.Y. contributed to the analysis and 
interpretation of data. J.L., C.A., M.J, and B.N drafted the manuscript. All authors 
critically revised the manuscript and gave their final approval. J.J. and J.L. had 

full access to all data in the study and take responsibility for the integrity of the 
data and accuracy of data analysis.

Funding
This work is supported by innovation leading talents of Chongqing talent plan 
(J.J), university seeding foundation (JW L), and excellent talent program of 
Xinqiao hospital (2023XKYC011, JW L).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The Institutional Review Board of the Xinqiao Hospital approved the research 
protocol. The study was performed in accordance with Declaration of Helsinki.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Cardiology, Xinqiao Hospital, Army Military Medical University, 
No. 83 Xinqiao Street, Shapingba District, Chongqing 400037, China. 2 Depart-
ment of Information, Xinqiao Hospital, Army Medical University, Chongqing, 
China. 3 The George Institute for Global Health, University of New South Wales, 
Sydney, NSW, Australia. 4 Trials Centre, NHMRC Clinical, University of Sydney, 
Sydney, NSW, Australia. 5 Department of Renal Medicine, Concord Repatriation 
General Hospital, Sydney, NSW, Australia. 6 Department of Cardiology, Royal 
Prince Alfred Hospital, Sydney, Australia. 7 Department of Cardiology, Shunde 
Hospital, Southern Medical University, Foshan, China. 8 Cardiovascular Depart-
ment, John Hunter Hospital, Newcastle, NSW, Australia. 9 Hunter Medical 
Research Institute, University of Newcastle, Newcastle, NSW, Australia. 

Received: 3 March 2024   Accepted: 9 December 2024

References
 1. Khan MA, Hashim MJ, Mustafa H, et al. Global epidemiology of 

ischemic heart disease: results from the global burden of disease study. 
Cureus. 2020;12(7):e9349–e9349.

 2. Kusirisin P, Chattipakorn SC, Chattipakorn N. Contrast-induced 
nephropathy and oxidative stress: mechanistic insights for better 
interventional approaches. J Transl Med. 2020;18(1):400.

Table 5 Unmatched and propensity-matched in-hospital outcome of patients in chronic use analysis

CA-AKICMSC: contrast-associated acute kidney injury was defined by the Contrast Media Safety Committee of the European Society of Urogenital Radiology as an 
increase in serum creatinine by more than 25% or 0.5 mg/dl (44 μmol/l). CA-AKIAKIN: Contrast-associated acute kidney injury was defined by the Acute Kidney Injury 
Network using ≥ 0.3 mg/dl (26.4 μmol/l), or a percentage increase in the serum creatinine level of ≥ 50% (1.5-fold from baseline)

Unmatched outcome Propensity-matched outcome

SGLT2i (N = 305) Non-users 
(n = 1449)

OR (95 CI) p value SGLT2i (N = 298) Non-users 
(n = 298)

OR (95 CI) p value

Serum creatinine change within 96 h

 CA-AKIAKIN 12 (3.9) 78 (5.4) 0.72 (0.39, 1.34) 0.300 12 (4.0) 13 (4.4) 0.92 (0.41, 2.05) 0.838

 > 50% ↑ 3 (1.0) 23 (1.6) 0.62 (0.18, 2.06) 0.432 3 (1.0) 5 (1.7) 0.60 (0.14, 2.52) 0.481

 > 25% ↑ 14 (4.6) 85 (5.9) 0.77 (0.43, 1.38) 0.382 14 (4.7) 18 (6.0) 0.77 (0.37, 1.57) 0.468

 > 0.5 mg/dl ↑ 4 (1.3) 42 (2.9) 0.45 (0.16, 1.25) 0.125 4 (1.3) 5 (1.7) 0.80 (0.21, 3.00) 0.738

 > 0.3 mg/dl ↑ 11 (3.6) 75 (5.2) 0.69 (0.36, 1.31) 0.251 11 (3.7) 11 (3.7) 1.00 (0.43, 2.34) 1.000

 CA-AKICMSC 14 (4.6) 94 (6.5) 0.69 (0.39, 1.23) 0.213 14 (4.7) 19 (6.4) 0.72 (0.36, 1.47) 0.372

New-onset dialysis 0 (0) 19 (1.3) 0 (0) 3 (1.0)

In-hospital death 3 (1.0) 19 (1.3) 0.75 (0.22, 2.54) 0.642 3 (1.0) 0 (0)

https://doi.org/10.1186/s40001-024-02214-7
https://doi.org/10.1186/s40001-024-02214-7


Page 11 of 11Yang et al. European Journal of Medical Research          (2024) 29:621  

 3. Mehran R, Dangas GD, Weisbord SD. Contrast-associated acute kidney 
injury. N Engl J Med. 2019;380(22):2146–55.

 4. Azzalini L, Candilio L, McCullough PA, et al. Current risk of contrast-
induced acute kidney injury after coronary angiography and interven-
tion: a reappraisal of the literature. Can J Cardiol. 2017;33(10):1225–8.

 5. James MT, Ghali WA, Knudtson ML, et al. Associations between acute 
kidney injury and cardiovascular and renal outcomes after coronary 
angiography. Circulation. 2011;123(4):409–16.

 6. Stacul F, van der Molen AJ, Reimer P, et al. Contrast induced nephropa-
thy: updated ESUR contrast media safety committee guidelines. Eur 
Radiol. 2011;21(12):2527–41.

 7. Rim MY, Ro H, Kang WC, et al. The effect of renin–angiotensin–aldos-
terone system blockade on contrast-induced acute kidney injury: a 
propensity-matched study. Am J Kidney Dis. 2012;60(4):576–82.

 8. McGuire H, Longson D, Adler A, et al. Management of type 2 diabetes 
in adults: summary of updated NICE guidance. BMJ. 2016;353: i1575.

 9. Rossing P, Caramori ML, Chan JC, Heerspink HJ, Hurst C, Khunti K, Liew 
A, Michos ED, Navaneethan SD, Olowu WA, Sadusky T. KDIGO 2022 
clinical practice guideline for diabetes management in chronic kidney 
disease. Kidney Int. 2022;102(5s):S1-s127.

 10. Committee ADAPP. Pharmacologic approaches to glycemic treatment: 
standards of care in diabetes—2024. Diabetes Care. 2023;47(Suppleme
nt_1):S158–78.

 11. Young TK, Li J-W, Kang A, et al. Effects of canagliflozin compared with 
placebo on major adverse cardiovascular and kidney events in patient 
groups with different baseline levels of HbA1c, disease duration and 
treatment intensity: results from the CANVAS Program. Diabetologia. 
2021;64(11):2402–14.

 12. Neuen BL, Cherney DZ, Jardine MJ, et al. Sodium–glucose cotrans-
porter inhibitors in type 2 diabetes: thinking beyond glucose lowering. 
CMAJ. 2019;191(41):E1128–35.

 13. Zheng X, Curtis JP, Hu S, et al. Coronary catheterization and per-
cutaneous coronary intervention in China: 10-year results from 
the China PEACE-retrospective CathPCI study. JAMA Intern Med. 
2016;176(4):512–21.

 14. Januzzi JL, Chen-Tournoux AA, Christenson RH, et al. N-terminal pro–B-
type natriuretic peptide in the emergency department: the ICON-
RELOADED study. J Am Coll Cardiol. 2018;71(11):1191–200.

 15. Mehran R, Owen R, Chiarito M, et al. A contemporary simple risk 
score for prediction of contrast-associated acute kidney injury after 
percutaneous coronary intervention: derivation and validation from an 
observational registry. Lancet. 2021;398(10315):1974–83.

 16. Stone GW, McCullough PA, Tumlin JA, et al. Fenoldopam mesylate for the 
prevention of contrast-induced nephropathy: a randomized controlled 
trial. JAMA. 2003;290(17):2284–91.

 17. Morcos SK, Thomsen HS, Webb JAW, et al. Contrast-media-induced 
nephrotoxicity: a consensus report. Eur Radiol. 1999;9(8):1602–13.

 18. Li J, Woodward M, Perkovic V, et al. Mediators of the effects of canagli-
flozin on heart failure in patients with type 2 diabetes. JACC Heart Fail. 
2020;8(1):57–66.

 19. Li J, Neal B, Perkovic V, et al. Mediators of the effects of canagliflozin 
on kidney protection in patients with type 2 diabetes. Kidney Int. 
2020;98(3):769–77.

 20. Thomsen HS, Morcos SK. Risk of contrast-medium-induced nephropathy 
in high-risk patients undergoing MDCT–a pooled analysis of two rand-
omized trials. Eur Radiol. 2009;19(4):891–7.

 21. Reddan D, Laville M, Garovic VD. Contrast-induced nephropathy and its 
prevention: what do we really know from evidence-based findings? J 
Nephrol. 2009;22(3):333–51.

 22. Kidokoro K, Cherney DZI, Bozovic A, et al. Evaluation of glomerular 
hemodynamic function by empagliflozin in diabetic mice using in vivo 
imaging. Circulation. 2019;140(4):303–15.

 23. Bailey CJ, Day C, Bellary S. Renal protection with SGLT2 inhibitors: effects 
in acute and chronic kidney disease. Curr Diabetes Rep. 2022;22(1):39–52.

 24. Boorsma EM, Ter Maaten JM, Voors AA, et al. Renal compression 
in heart failure: the renal tamponade hypothesis. JACC Heart Fail. 
2022;10(3):175–83.

 25. Santos-Gallego CG, Vargas-Delgado AP, Requena-Ibanez JA, et al. Rand-
omized trial of empagliflozin in nondiabetic patients with heart failure 
and reduced ejection fraction. J Am Coll Cardiol. 2021;77(3):243–55.

 26. Kraus BJ, Weir MR, Bakris GL, et al. Characterization and implications of 
the initial estimated glomerular filtration rate ‘dip’ upon sodium–glucose 
cotransporter-2 inhibition with empagliflozin in the EMPA-REG OUTCOME 
trial. Kidney Int. 2021;99(3):750–62.

 27. Oshima M, Jardine MJ, Agarwal R, et al. Insights from CREDENCE trial 
indicate an acute drop in estimated glomerular filtration rate during 
treatment with canagliflozin with implications for clinical practice. Kidney 
Int. 2021;99(4):999–1009.

 28. Heerspink HJL, Oshima M, Zhang H, et al. Canagliflozin and kidney-
related adverse events in type 2 diabetes and CKD: findings from the 
randomized CREDENCE Trial. Am J kidney Dis. 2022;79(2):244-256.e241.

 29. Heerspink HJL, Cherney DZI. Clinical implications of an acute Dip 
in eGFR after SGLT2 inhibitor initiation. Clin J Am Soc Nephrol. 
2021;16(8):1278–80.

 30. McCullough PA. Contrast-induced acute kidney injury. J Am Coll Cardiol. 
2008;51(15):1419–28.

 31. McCullough PA, Sandberg KR. Epidemiology of contrast-induced 
nephropathy. Rev Cardiovasc Med. 2003;4(Suppl 5):S3-9.

 32. Weisbord SD, Palevsky PM. Contrast-induced acute kidney injury: short- 
and long-term implications. Semin Nephrol. 2011;31(3):300–9.

 33. Santos-Gallego CG, Palamara G, Requena-Ibanez JA, et al. Pretreatment 
With SGLT2 inhibitors ameliorates contrast-induced nephropathy. J Am 
Coll Cardiol. 2020;75(11_Suppl_1):1405–1405.

 34. Jardine MJ, Zhou Z, Mahaffey KW, et al. Renal, cardiovascular, and safety 
outcomes of canagliflozin by baseline kidney function: a second-
ary analysis of the CREDENCE randomized trial. J Am Soc Nephrol. 
2020;31(5):1128–39.

 35. Tsai SH, Lin YY, Chu SJ, et al. Interpretation and use of natriuretic peptides 
in non-congestive heart failure settings. Yonsei Med J. 2010;51(2):151–63.

 36. Umanath K, Testani JM, Lewis JB. “Dip” in eGFR: stay the course with 
SGLT-2 inhibition. Circulation. 2022;146(6):463–5.

 37. Sen T, Koshino A, Neal B, et al. Mechanisms of action of the sodium–glu-
cose cotransporter-2 (SGLT2) inhibitor canagliflozin on tubular inflam-
mation and damage: a post hoc mediation analysis of the CANVAS trial. 
Diabetes Obes Metab. 2022;24(10):1950–6.

 38. Sen T, Li J, Neuen BL, et al. Effects of the SGLT2 inhibitor canagliflozin on 
plasma biomarkers TNFR-1, TNFR-2 and KIM-1 in the CANVAS trial. Diabe-
tologia. 2021;64(10):2147–58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The association between sodium–glucose cotransporter 2 inhibitors and contrast-associated acute kidney injury in patients with type 2 diabetes undergoing angiography: a propensity-matched study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key learning points 
	Introduction
	Materials and methods
	Participants
	Data collection
	Outcome endpoint
	Statistical analysis

	Results
	Initial start on admission
	Chronic users of SGLT2i

	Discussion
	Acknowledgements
	References


