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ABSTRACT
Aims: Contrast-induced nephropathy (CIN) is a significant cause of hospital-acquired acute kidney injury, particularly in 
patients with diabetes mellitus undergoing coronary angiography. Although metformin is a widely prescribed antidiabetic 
agent, its role in CIN prevention remains controversial. This study aimed to investigate the impact of metformin use on the 
development of CIN in diabetic patients undergoing coronary angiography.
Methods: This retrospective cohort study included 398 diabetic patients undergoing coronary angiography with a diagnosis 
of acute coronary syndrome between November 2022 and December 2024. Patients were classified into two groups based on 
metformin use (metformin group, n=122; non-metformin group, n=276). CIN was defined as a ≥25% or ≥0.5 mg/dl increase 
in serum creatinine within 48 hours post-procedure. Demographic, clinical, laboratory, and procedural data were analyzed. 
Multivariate logistic regression was used to identify independent predictors of CIN. 
Results: CIN occurred in 6.6% of patients in the metformin group and 20.3% in the non-metformin group (p=0.001). 
Metformin use was independently associated with a lower risk of CIN (OR: 0.31; 95% CI: 0.14–0.69; p=0.004) in the multivariate 
logistic regression analysis. Other independent predictors of CIN included age >65 years, chronic kidney disease, high glucose, 
hemoglobin, CRP, smoking, and contrast volume. 
Conclusion: Metformin use is does not increase the risk of CIN in diabetic patients undergoing coronary angiography. These 
findings support the potential renoprotective effect of metformin and question the necessity of routinely discontinuing it before 
contrast administration in patients with preserved renal function.
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INTRODUCTION
Contrast-induced nephropathy (CIN) is a serious clinical 
condition that accounts for approximately 11% of all hospital-
acquired acute kidney injuries, primarily resulting from the 
use of iodinated contrast agents during coronary angiography. 
The in-hospital mortality rate in patients who develop CIN 
may reach up to 22%, and the five-year mortality rate has been 
reported as high as 44.6%.1 Major risk factors for CIN include 
advanced age, diabetes mellitus, chronic kidney disease 
(CKD) (estimated glomerular filtration rate (eGFR) <60 ml/
min/1.73 m²), high contrast volume, and cardiogenic shock. 
In elderly individuals, physiological decline in renal function 
increases susceptibility to contrast agents.2 The nephrotoxic 
effects of contrast media are attributed to increased oxygen 
consumption in the renal medulla leading to hypoxia, along 
with direct tubular toxicity.3 Moreover, low hematocrit levels 
(<36.8%) have been shown to significantly increase the risk of 
CIN, with a combined risk of up to 28.8% when accompanied 
by low eGFR.4

Metformin, a biguanide-class oral antidiabetic agent, has 
traditionally been restricted in patients with CKD due to 
concerns about lactic acidosis. However, recent evidence 
suggests that the association between metformin and lactic 
acidosis is weaker than previously believed. The incidence of 
metformin-associated lactic acidosis appears to be very rare, 
with no significant difference observed in lactic acidosis rates 
between users and non-users. For instance, the incidence was 
reported as 8.1 per 100.000 patient-years among metformin 
users compared to 9.9 among non-users.5,6 Furthermore, 
meta-analyses have demonstrated that in patients with 
early-stage CKD (eGFR ≥30 ml/min/1.73 m²), metformin 
reduces all-cause mortality by 29% and cardiovascular 
events by 24%.7 Its mechanisms of action include inhibition 
of hepatic gluconeogenesis, favorable modulation of gut 
microbiota, and notable anti-inflammatory effects.8 Recent 
studies have shown that metformin significantly decreases 
markers of renal injury and inflammation—such as BUN, 
creatinine, C-reactive protein (CRP), TNF-α, and IL-6—while 
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improving left ventricular ejection fraction.9 Due to the risk 
of lactic acidosis associated with metformin, it was previously 
recommended that the drug be discontinued prior to contrast 
administration in patients with CKD (eGFR <60 ml/min). 
However, recent studies have led to guidelines being updated 
to indicate that metformin can be used safely in patients with 
an eGFR >30 ml/min.10

However, the potential effect of metformin on CIN remains 
insufficiently elucidated. Therefore, the present study aimed to 
investigate the impact of metformin use on the development 
of CIN in patients with type 2 diabetes mellitus undergoing 
coronary angiography an area with limited and conflicting 
evidence to date.

METHODS
The study was carried out with the permission of Ankara Etlik 
City Hospital Clinical Researches Ethics Committee (Date: 
29.04.2025, Decision No: AEŞH-BADEK2-2025-012). Since 
it is a retrospective study, no consent was obtained from the 
patients. To ensure data confidentiality, all personal identifiers 
were removed and anonymized data were stored in secure, 
password-protected electronic databases accessible only to the 
study team. The study was conducted in accordance with the 
principles of the Declaration of Helsinki and Good Clinical 
Practice guidelines.

This retrospective cohort study was conducted between 
November 2022 and December 2024 among patients diagnosed 
with acute coronary syndrome (ACS) who were admitted to 
the emergency department of our hospital and subsequently 
underwent coronary angiography. The sample size was 
calculated based on previously reported CIN incidence rates 
(10–20%) and the anticipated protective effect of metformin 
(30–40% reduction), yielding a minimum of 380 patients with 
80% power and a 5% type I error. A total of 398 patients were 
ultimately included in the analysis. Inclusion criteria were: 
age over 18 years, a diagnosis of type 2 diabetes mellitus, 
and an indication for coronary angiography due to ACS. All 
patients were on a diabetic diet and receiving insulin therapy 
and/or oral antidiabetic medication. However, patients using 
sodium-glucose cotransporter-2 inhibitors (SGLT2) were not 
included in the study due to its effect on the development 
of CIN. Exclusion criteria; known CKD (eGFR <30 ml/
min/1.73 m²), acute kidney injury, active infection, history of 
malignancy, patients with congestive heart failure (EF<40%), 
patients with cardiogenic shock, autoimmune disease, severe 
anemia, patients using chronic antiinflammatory drugs and 
use of nephrotoxic drugs, known allergy to contrast media 
were excluded from the study to ensure study standardization. 
CIN was defined as an increase in serum creatinine ≥25% or 
an absolute rise of ≥0.5 mg/dl within 48 hours after contrast 
exposure.11

Demographic data, clinical characteristics, and laboratory 
parameters were retrospectively collected from hospital 
records using standardized data collection forms. Laboratory 
values including serum creatinine, urea, electrolytes, complete 
blood count, liver function tests, and CRP were obtained both 
prior to the procedure and at 48 hours post-procedure. All 
laboratory analyses were performed using standard methods 

in the hospital’s central laboratory. eGFR was calculated using 
the modification of diet in renal disease (MDRD) formula. 
All patients received oral hydration prior to the procedure 
(minimum 100 ml fluid intake per hour) and intravenous 
isotonic fluid post-procedure (1 ml/kg/hour for at least 12 
hours). Patients were monitored for at least 48 hours after 
coronary angiography for renal function and clinical course.

Clinically meaningful and widely accepted threshold values 
in the literature were selected for the dichotomization of 
continuous variables. CRP >10 mg/L was selected to indicate 
the presence of acute inflammation and its association with 
systemic inflammatory processes that may increase the risk of 
CIN. This threshold has been defined by Pearson et al.12 as a 
threshold with high prognostic value in ACSs. Glucose >200 
mg/dlrepresents uncontrolled hyperglycemia in accordance 
with American Diabetes Association guidelines and is 
clinically meaningful in assessing CIN risk. Hemoglobin 
<12 g/dl is consistent with the World Health Organization's 
definition of anemia and was selected to assess CIN risk 
associated with renal hypoxia. eGFR <60 ml/min/1.73 m² has 
been identified as an indicator of CKD according to KDIGO 
guidelines. Finally, contrast medium volume >300 ml has been 
defined in the literature as a threshold at which the risk of 
CIN increases significantly. The selection of these thresholds 
was made to ensure both clinical significance and consistency 
with the literature.11-14

The 398 patients were divided into two groups based on their 
treatment regimen at the time of hospital admission: those 
who were taking metformin (n=122) and those who were not 
(n=276). Patients using metformin were not randomly selected. 
Patients in the metformin group continued the medication on 
the day of the procedure and thereafter. Coronary angiography 
was performed in all patients using the Judkins technique via 
either the femoral or radial artery approach. A low-osmolar, 
non-ionic contrast agent (iopromide, 370 mg I/ml) was used. 
The total volume of contrast administered was determined by 
the operator based on clinical and angiographic findings.

Statistical Analysis
All data analyses were conducted using SPSS version 25.0 
(IBM Corp., Armonk, NY, USA). The Kolmogorov–Smirnov 
test was used to assess the normality of continuous variables. 
Non-normally distributed variables were expressed as 
median and interquartile range (IQR), and categorical 
variables were presented as numbers and percentages (%). 
Comparisons between groups were made using the Mann–
Whitney U test for continuous variables and the chi-square 
or Fisher’s exact test for categorical variables, as appropriate. 
Laboratory parameters were also compared between patients 
who developed CIN and those who did not, and results 
were tabulated as "CIN (+) vs. CIN (–)." To identify clinical 
predictors of CIN, threshold values were used for several 
parameters: CRP >10 mg/L, hemoglobin <12 g/dl, glucose >200 
mg/dl, eGFR <60 ml/min/1.73 m², age >65 years, and contrast 
volume >300 ml. Univariate logistic regression was initially 
performed, and all variables with significant associations were 
included in the multivariate model to identify independent 
predictors of CIN. Statistical significance was defined as 
p<0.05. p-values ≥0.01 were reported to two decimal places, 
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while values <0.01 were reported to three decimal places. For 
results with p<0.001, this threshold was used instead of the 
exact value. Of the initial 415 patients, 398 with complete data 
were included in the final analysis.

RESULTS
A total of 398 diabetic patients were included in the study; 
among them, 122 (30.7%) were on metformin therapy, while 
276 (69.3%) were not. There were no statistically significant 
differences between the metformin and non-metformin 
groups in terms of age (61.5 [52.0–69.0] vs. 59.0 [52.0–66.0] 
years, p=0.193) or sex distribution (68.0% vs. 71.0% male, 
p=0.631). However, the duration of diabetes was significantly 
longer in the metformin group (8.5 [5.0–12.8] vs. 6.0 [3.0–
9.0] years, p=0.013). The prevalence of hypertension and 
hyperlipidemia was similar between the groups, whereas 
smoking was significantly more frequent in the non-
metformin group (33.3% vs. 55.4%, p<0.001). Serum glucose 
levels were significantly higher in patients using metformin 
(239.0 [175.5–297.0] vs. 127.0 [105.5–177.0] mg/dl, p<0.001). 

There was no significant difference in hemoglobin levels 
(p=0.211); however, CRP levels were significantly higherin 
the metformin group (13.3 [6.6–21.2] vs. 10.1 [5.6–17.1]mg/L, 
p=0.010). Left ventricular ejection fraction, total number 
of stents, and contrast agent volume were comparable 
between the two groups (all p>0.05). Additionally, the 
use of cardiovascular medications such as aspirin (ASA), 
angiotensin-converting enzyme (ACE) inhibitors, statins, and 
beta-blockers was similar across groups—for instance, beta-
blocker usage was 68.0% in the metformin group and 69.9% 
in the non-metformin group (p=0.868). These findings are 
summarized in Table 1.

When renal function was assessed, baseline eGFR values were 
similar between the groups (78.0 [60.0–98.0] vs. 84.0 [66.8–
102.0] ml/min/1.73 m², p=0.069); however, post-procedural 
GFR was significantly higher in the non-metformin group 
(80.0 [63.0–98.0] vs. 73.0 [56.0–94.0], p=0.037). There was 
no significant difference between the groups in terms of 
percentage change in GFR (p=0.822). The most striking finding 
was the significantly lower incidence of CIN in the metformin 

Table 1. Demographic and clinical characteristics

Metformin (+) (n=122) Metformin (-) (n=276) p value

Demographic and clinical characteristics

Age (years) (median (IQR)) 61.50 (52.00-69.00) 59.00 (52.00-66.00) 0.193

Duration of diabetes (years) 8.50 (5.00-12.75) 6.00 (3.00-9.00) 0.013

Sex, male, n (%) 83 (68.0%) 196 (71.0%) 0.631

Hypertension, n (%) 76 (62.3%) 159 (57.6%) 0.444

Hyperlipidemia, n (%) 54 (44.3%) 153 (55.4%) 0.051

Smoking, n (%) 41 (33.3%) 153 (55.4%) <0.001

Medication use

ASA, n (%) 121 (99.2%) 273 (98.9%) 1.000

ACE inhibitor, n (%) 102 (83.6%) 233 (84.4%) 0.955

Statin, n (%) 104 (85.2%) 241 (87.3%) 0.688

Beta-Blocker, n (%) 83 (68.0%) 193 (69.9%) 0.868

Laboratory and imaging findings

CRP (mg/L) 13.3 (6.6-21.2) 10.1 (5.6-17.1)   0.01

Hemoglobin (g/dl) 13.9 (12.2-15.0) 13.9 (12.7-15.0) 0.503

Glucose (mg/dl) 239.0 (175.5-297.0) 127.0 (105.5-177.0) <0.001

LVEF (%) (median (IQR)) 47.00 (40.00-54.00) 45.00 (40.00-52.00) 0.989

Total number of stents (median (IQR)) 1.00 (1.00-1.00) 1.00 (1.00-2.00) 0.638

Renal function and CIN outcomes

Baseline eGFR (ml/min/1.73 m²) 78.00 (60.00-98.00) 84.00 (66.75-102.00) 0.069

Post-procedural eGFR (ml/min/1.73 m²) 73.00 (56.00-94.00) 80.00 (63.00-98.00) 0.037

eGFR change (%) -4.00 (-8.49-1.62) -4.05 (-8.43-1.65) 0.822

Contrast agent volume (ml) 290.0 (220.0-320.0) 280.0 (210.0-310.0) 0.095

CIN development, n (%) 8 (6.6%) 56 (20.3%) 0.001

Need for dialysis, n (%) 1 (0.8%) 4 (1.4%) 0.613

CRP (mg/L) (CIN + vs -) 16.6 (8.7-26.7) 9.5 (5.5-15.7) <0.001

Hemoglobulin (g/dl) (CIN + vs -) 13.4 (11.6-14.5) 14.0 (13.0-15.0) <0.001

Glucose (mg/dl) (CIN (+) vs. CIN (–)) 141.0 (111.0-213.0) 124.0 (103.0-157.8) <0.001

Baseline GFR (ml/min/1.73 m²) (CIN (+) vs. CIN (–)) 71.0 (49.0-99.0) 89.0 (75.0-104.0) <0.001
eGFR: Estimated glomerular filtration rate, HGB: Hemoglobin, CRP: C-reactive protein, LVEF: Left ventricular ejection fraction, ASA: Acetylsalicylic acid, ACE: Angiotensin-converting enzyme, IQR: Interquartile 
range, CIN: Contrast-induced nephropathy
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group compared to the non-metformin group (6.6% vs. 20.3%, 
p=0.001). No significant difference was observed in the need 
for dialysis (p=0.613). In subgroup analyses, patients who 
developed CIN had significantly higher CRP levels (16.6 
[8.7–26.7] vs. 9.5 [5.5–15.7] mg/L, p<0.001) and glucose levels 
(141.0 [111.0–213.0] vs. 124.0 [103.0–157.8] mg/dl, p<0.001). 
In contrast, hemoglobin levels (13.4 [11.6–14.5] vs. 14.0 [13.0–
15.0] g/dl, p<0.001) and baseline GFR (71.0 [49.0–99.0] vs. 
89.0 [75.0–104.0] ml/min/1.73 m², p<0.001) were significantly 
lower in patients who developed CIN.

In the multivariate logistic regression analysis performed to 
identify predictors of CIN development, metformin use was 
found to be independently associated with a significantly 
reduced risk of CIN (OR: 0.31, 95% CI: 0.14–0.69, p=0.004). 
Additional independent risk factors for CIN included age 
>65 years (OR: 2.43, p<0.001), GFR <60 ml/min/1.73 m² 
(OR: 2.48, p<0.001), glucose >200 mg/dl (OR: 1.65, p=0.006), 
hemoglobin <12 g/dl (OR: 1.92, p<0.001), CRP >10 mg/L (OR: 
2.12, p<0.001), smoking (OR: 1.55, p=0.014), and contrast 
volume >300 ml (OR: 1.96, p<0.001). These findings and all 
multivariate CI and OR values resulting from univariate and 
multivariate statistical analyses are summarized in Table 2 
and illustrated in Figure.

DISCUSSION
In this study, we aimed to compare the risk of CIN following 
coronary angiography in diabetic patients using metformin 
versus those not on metformin therapy. Our findings 
demonstrated that metformin use was associated with a 
significantly reduced risk of CIN. These results support the 
potential renoprotective effect of metformin and provide an 
important clinical perspective that questions the necessity of 
routinely discontinuing metformin prior to contrast exposure 
in diabetic patients.

The incidence of CIN in the metformin group was 6.6%, 
significantly lower than the 20.3% observed in the non-
metformin group. Multivariate analysis further revealed that 
metformin use reduced the risk of CIN by 69% (OR: 0.31, 
p=0.004). In a randomized study by Oktay et al.,15 although 
the difference in CIN rates between patients continuing versus 
discontinuing metformin was not statistically significant (8% 
vs. 6%, p=0.265), eGFR levels were better preserved in the 
metformin group.Similarly, Corremans et al.16 demonstrated 
that metformin reduced tubular injury and inflammation. 

Özkan and Gürdoğan17 reported a significant reduction in 
CIN risk with SGLT2 inhibitors (OR: 0.41), a value comparable 
to the protective effect observed. In our cohort, metformin 
use was associated with a 69% relative risk reduction in 
CIN (OR 0.31). This protective association is even stronger 
than that observed with some other agents for instance, 
SGLT2 inhibitors showed ~59% reduction in this study.17 
González-González et al.18 showed that metformin led to an 
improvement in eGFR, although it had no significant effect 
on serum creatinine or albumin/creatinine ratio. Conversely, 
Yang et al.19 found no significant benefit of chronic SGLT2 
inhibitor use on CIN incidence (OR: 0.92, p=0.838).

We observed that patients who developed CIN had 
significantly higher CRP levels (16.6 vs. 9.5 mg/L, p<0.001), 
and CRP >10 mg/L was associated with a 2.12-fold increased 
risk of CIN. This finding supports the role of inflammation 
in the pathogenesis of CIN and is consistent with previous 
reports.20,21 It should also be noted that CRP is higher in the 
group of patients using metformin, which is a cross-sectional 
result during ACS. This group is not healthier than the control 
group. Similarly, the number of patients who smoked was 
higher in the metformin group (55.4% vs. 33.3%), and smoking 
was found to be a risk factor for CIN (OR: 1.55). Although there 
were other risk factors affecting CIN in the metformin group, 
our finding that metformin reduced the risk of CIN appears to 
be quite significant for the results. Low hemoglobin levels (<12 

Table 2. Independent risk factors for contrast-induced nephropathy based on univariate and multivariate logistic regression analyses

Risc factors Univariate OR (95% CI) Univariate p-value Multivariate OR (95% CI) Multivariate p-value

Metformin use 0.28 (0.13--0.62) 0.002 0.31 (0.14--0.69) 0.004

Age >65 3.05 (2.22--4.19) <0.001 2.43 (1.72--3.44) <0.001

eGFR <60 ml/min/1.73 m2 2.76 (1.85--4.12) <0.001 2.48 (1.63--3.78) <0.001

Glucose >200 mg/dl 1.87 (1.34--2.61) <0.001 1.65 (1.15--2.36) 0.006

Hgb <12 g/dl 2.18 (1.55--3.07) <0.001 1.92 (1.34--2.76) <0.001

CRP > 10 mg/L 2.35 (1.68--3.28) <0.001 2.12 (1.49--3.02) <0.001

Smoking 1.78 (1.28--2.47) <0.001 1.55 (1.09--2.19) 0.014

Contrast volume >300 ml 2.17 (1.55--3.04) <0.001 1.96 (1.37--2.80) <0.001
OR: Odds ratio, CI: Confidence interval, eGFR: Estimated glomerular filtration rate, Hgb: Hemoglobin, CRP: C-reactive protein

Figure. Forest plot of risk factors for contrast-induced nephropathy based 
on multivariate logistic regression analysis: Values to the left of reference line 
(OR<1) indicate protective factors, while values to the right (OR>1) indicate 
risk factors. 
OR: Odds ratio, CI: Confidence interval, CRP: C-reactive protein, GFR: Glomerular filtration rate
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g/dl) were also identified as an independent predictor of CIN 
(OR: 1.92, p<0.001), in line with the findings of Abdel-Ghany 
et al.,22 and Su et al.,23 who reported that low hematocrit levels 
increased the risk of acute kidney injury  in patients with 
acute myocardial infarction. The contribution of anemia to 
CIN may be attributed to enhanced renal medullary hypoxia 
and exacerbation of inflammatory responses.

Baseline renal function also played a crucial role in CIN 
development. In our cohort, patients with eGFR <60 ml/
min/1.73 m² had a 2.48-fold higher risk of developing CIN, 
confirming the findings of earlier studies.24-27 These studies 
similarly highlighted reduced eGFR levels—particularly 
below 45–60 ml/min/1.73 m²—as an independent risk factor, 
with markedly higher CIN incidence in this population.

Moreover, classical risk factors such as high contrast volume 
(>300 ml) and advanced age (>65 years) were also significantly 
associated with increased CIN risk in our study. Specifically, 
contrast volume >300 ml increased the risk by 1.96 times, and 
age >65 years increased the risk by 2.43 times. These findings 
are supported by Hwang and Kim,28 who showed that every 
10 mL increase in contrast volume raised the CIN risk by 8%, 
and by Beasley et al.,29 who observed a significantly higher 
rate of renal impairment with contrast doses ≥400 ml. Chang-
Panesso30 emphasized the higher incidence of CIN in older 
adults compared to younger patients, and Takura et al.31 
demonstrated that high contrast exposure accelerated the 
annual decline in GFR, particularly among elderly individuals.

Limitations
This study has several limitations. First, its single-center 
design and relatively short follow-up duration may limit the 
generalizability of the results. Second, due to the observational 
and non-randomized design, residual confounding cannot be 
entirely excluded. However, the study has notable strengths, 
including an adequate sample size, a well-defined patient 
population, prospectively collected data, and adjustment 
for confounding variables through multivariate regression 
analysis. Future randomized, multicenter studies with 
long-term follow-up are warranted to further elucidate the 
renoprotective mechanisms of metformin and its effects on 
long-term renal outcomes in different subpopulations.

CONCLUSION
As a result, this study demonstrated that metformin use 
significantly reduces the risk of CIN in diabetic patients 
undergoing coronary angiography. The notably lower 
incidence of CIN in patients on metformin raises critical 
questions about the conventional practice of routinely 
withholding this drug prior to contrast procedures. Our 
findings suggest that metformin may exert a protective effect 
against contrast nephrotoxicity and support the reevaluation 
of current clinical guidelines. If supported by future studies, 
the use of metformin after coronary angiography in diabetic 
patients with normal or mild to moderate reduced renal 
function appears to be both safe and potentially beneficial in 
preventing CIN.
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