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Introduction: Metformin is the best proven first-line treatment for type 2 diabetes (T2DM), based 
on both national and international guidelines. The present systematic review is aimed to examine 
the acute kidney injury (AKI) risk associated with metformin.
Methods: A systematic literature search was performed in MEDLINE, PubMed and google scholar, 
to retrieve the literature related to the metformin use. A bibliographic management software 
(Endnote X9) was used for managing the literature. The following keywords were used: “Acute 
renal injury OR ARI”, “Acute kidney injury OR AKI”,” Metformin”, “ Type 2 diabetes mellitus OR 
T2DM”, “Diabetic patients”, “Renal function”, “CKD”. 
Results: About 28 relevant articles were found during the electronic and manual search. Finally, a 
total of four articles that fulfill the inclusion criteria were used for this systematic literature review. 
There is no evidence to suggest that metformin increases the incidence of AKI and is associated 
with an increased survival of 28 days following AKI event. Further, there was no difference in the 
incidence of AKI in patients who continued metformin after arterial contrast exposure compared 
with the control group.
Conclusion: In summary, there is no evidence that metformin increases the incidence of AKI. 
More clinical trials are needed in this area, to investigate more evidence so that we can better 
understand the outcome. 
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Introduction
Type 2 diabetes mellitus (T2DM) is a chronic condition, 
long-term T2DM can leads to both microvascular and 
macrovascular complications (1). The advancement of 
kidney disease is related to poor controlled T2DM and 
other complications (2). Hence, preventing kidney disease 
and abating the progression of kidney disease is one point 
of therapy (3). It has been hypothesized that the drugs 
used to treat T2DM play a major role in protecting the 
kidneys by regulating blood sugar levels and may have 
extra-protective effects according to particular drug 
profiles (4). Metformin is used in T2DM to reduce the 
amount of glucose produced by the liver and to enhance 
the body’s response to insulin secreted by the pancreas. 
The mean renal clearance of metformin is diminished in 
patients with renal failure (acute or chronic), leading to 

lactic acidosis, which is associated with a mortality rate 
of 50% (5,6). Having a half-life of about 4-8 hours, 90% 
of metformin is eliminated via renal excretion, in the 
setting of normal kidney function. Although metformin 
is not directly associated with nephrotoxicity, it has been 
suggested that the metformin can inhibit gluconeogenic 
pathway of lactate metabolism resulting to lactate 
accumulation in conditions such as acute renal failure 
(7). In any case, as kidney function interrupt, treatment 
choices for T2DM become restricted due to prescribing 
limitations  (8, 9). Following the FDA’s announcement, 
the European Medicines Agency (EMA) also recently 
reported that metformin-containing drugs may be used 
in patients with moderately impaired kidney function 
(eGFR 30 to 59 mL/min per 1.73 m2) (1). However, serum 
creatinine levels allow the detection of mild AKI (stage 
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1) without relying on clinic coding systems that allow for 
the assessment of renal safety in chronic kidney disease 
(CKD) patients. In this systematic review, we investigated 
whether metformin was associated with an increased risk 
of acute kidney injury (AKI).

Methods
Search strategy
A systematic literature search was performed in PubMed, 
Scopus and Google Scholar, to retrieve the literature 
related to the metformin use. A bibliographic management 
software (Endnote X9) was used for managing the 
literature. The following keywords were used in different 
combinations: “Acute Renal injury OR ARI”, “Acute kidney 
injury OR AKI”, “Metformin”, “ Type 2 diabetes mellitus 
OR T2DM”, “Diabetic patients”, “Renal function”, “CKD”, 
“contrast induced nephropathy OR CIN”. 

Selection criteria
Inclusion criteria
Prospective and retrospective cohort studies in humans, 
randomized controlled trials (RCT), controlled clinical 
trials (CCTs) related to metformin use in AKI or T2DM 
patients with AKI were included in this study.

Exclusion criteria
In vitro studies, case reports, animal experiments, reviews 
and case control studies were all excluded.

Data Extraction and method of analysis
Data of each selected study was extracted including; study, 
years, study design, sample size, range and mean of age, 
glomerular filtration rate, lactic acidosis, incidence of AKI/

CIN, outcome. Because of heterogeneity in information, 
meta-analysis studies were not included.

Results
About 28 relevant articles were found through the 
electronic and manual search. Based on title and 
abstract, 14 publications were excluded at the first stage 
of study selection. In the second phase, full text articles 
of 11 publications were fully evaluated. A final full-text 
reading, seven papers were excluded because their scopes 
were not related to the present review. Finally, a total of 
4 publications were included in this systematic review 
(Figure 1). Table 1 shows the characteristics of individual 
studies used in this review. 

As presented in Table 1, four studies (1 RCT, 1 
retrospective study and 2 cohort studies) were included, 
with participants ranging from 10 to 25 186, with an average 
age of 68.12 years. In the study of Namazi et al (7), patients 
were randomly assigned to continue metformin during the 
peri-angiography period (M (+) group) or advised to stop 
taking the medicine 24 hours prior to the angiography 
procedure (M (-) group). In all patients, iodixanol was 
used as a contrast agent during coronary angiography 
(CAG) and their glomerular filtration rate (GFR) was 
>60 mL/min per 1.73 m2. The presence of arterial pH 
<7.35 and plasma lactate level >5 mmol/L was defined as 
metformin associated lactic acidosis (MALA). The results 
of this study indicated that there is no difference in the 
average GFR between two groups while no lactic acidosis 
was observed in the mentioned groups. Therefor this study 
suggests that metformin continuation may not increase 
the risk of MALA development in diabetic patients with 
GFR >60 mL/min per 1.73 m2. Study of Amos et al (10) is 
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Figure 1. Study attrition diagram.
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a retrospective review of 154 patients (67 T2DM patients 
used metformin and 87 (31% had T2DM) were not on 
metformin) who underwent emergency CAG procedure 
after exposure to contrast agent. In this study, AKI or 
CIN after contrast exposure was defined as an absolute 
increase in creatinine by 0.5 mg/dL or >25% increase in 
serum creatinine levels from baseline at 48 hours after 
exposure to contrast agents respectively. Comparing the 
values at 48 hours after arterial contrast exposure showed 
no difference in CIN between the two groups (P = 0.29). 
Elevated serum creatinine levels may have inhibited the 
use of metformin in the control group. 

Another study by Bell et al (1), is a retrospective study on 
25 148 patients with T2DM (14,622 were taking metformin 
and 10,526 were never on metformin) within the Tayside 
region of Scotland. In this study, AKI was defined based 
on the criteria for “Kidney Disease Improving Global 
Outcomes”, with an increase in serum creatinine level of 
at least 26.5 μmol/L or an increase of >150% from baseline 
for all hospital admissions. This study did not provide the 
evidence to suggest that metformin increases incidence 
of AKI and is associated with an increased survival of 
28 days following AKI event. Additionally, Greco et al 
(11) conducted a study in ten consecutive patients with 
suspected MALA associated with AKI and hemodynamic 
instability, who admitted into an intensive care unit. Serial 
serum metformin levels, clinical variables and outcome 
data, were collected from all patients. All patients 

underwent a 16-hour sustained low-efficiency dialysis 
(SLED) session carried out with conventional dialysis or 
continuous renal replacement therapy machines, which 
effectively removed the metformin from these patients 
In addition, their pharmacokinetic model predicted a 
modest 4-hour post-SLED rebound in serum metformin 
levels of the majority of patients that was corrected by one 
more supplementary dialysis session on the subsequent 
day.

Discussion
Patients receiving iodinated contrast media prior to 
radiologic investigations has been related to an acute 
decline in renal function and is associated with the 
increased risk of lactic acidosis in patients receiving 
metformin treatment. The recurrence of contrast material-
associated nephropathy is assessed to range from 0.1%-
13%; while, preexisting renal insufficiency is recognized 
as an imperative factor. No known interaction exists 
between metformin and iodinated contrast media. In 
any case, acute renal failure is associated with metformin 
collection and subsequent lactic acidosis (12). MALA 
does not occur in all the metformin-treated patients 
with CIN development (13). In addition, the majority of 
studies showed that the lactic acidosis occurs in patients 
with serious comorbidities such as renal dysfunction, liver 
failure, sepsis and decompensated heart failure (14). In 
contrast to common perceptions, some studies did not 

Table 1. Studies selected for systematic review

Study/year Design

Sample size
Mean 

age
GFR (mL/

min/1.73 m2)
Lactic acidosis

Incidence of AKI/CIN

Outcome
Intervention 
group

Control 
group

Intervention 
group

Control 
group

Namazi et 
al/2018 (7)

RCT 166 61.5 eGFR >60 

Lactic acidosis 
was absent in the 

studied groups

Continuing Metformin in T2DM 
patients with normal kidney 
function and a GFR of >60 mL/
min per 1.73 m2, performing 
CAG, does not show higher risk 
for MALA.

Amos, et 
al/2019 (10)

Retrospective 67 87 65.81 eGFR ≥30

Lactic acidosis 
was absent in the 

studied groups
9 7

CIN or AKI are defined as an as 
absolute increase in creatinine by 
0.5 mg/dL or >25% rise in serum 
creatinine levels from baseline at 
48 hours upon contrast exposure. 

Bell et 
al/2017(1)

Cohort study
14,622 10,526 68.2 eGFR ≥30

Lactic acidosis 
was absent in the 

studied groups
439 1717

Metformin has no averse effect 
on survival in patients with AKI.

Greco et 
al/2019(11)

Cohort study
10 77 Non Non Non Non

In patients with MALA and AKI, 
a 16-h SLED using conventional 
dialysis or CRRT machines, 
effectively cleared the metformin. 
However, due to post-SLED 
rebound in serum metformin 
levels, an additional dialysis is 
required at the subsequent day in 
the majority of patients.
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provide a proof for increased incidence of AKI in patients 
who continued metformin in comparison to the control 
group (10). Further, metformin use was associated with 28 
days increased survival after AKI event (1). Furthermore, 
in a multicenter RCT, no cases of lactic acidosis was found 
in group of patients accepting or ceasing metformin (15). 
A meta-analysis of 194 studies did not prove that the 
metformin treatment was associated with the elevated 
lactic acidosis risk (16). 

There is no development of lactic acidosis or no difference 
in the average GFR between patients taking metformin 
and patients halted metformin before CAG procedure (7), 
indicates the need to revise previous recommendations 
regarding general cessation of metformin in these patients. 
Additionally, determination of metformin serum levels 
may be useful to guide the therapeutic dose when GFR 
is low as well as to diagnose the metformin induced lactic 
acidosis (17). It is also suggested to halt metformin use 
at the time of or before administration of contrast media, 
if eGFR < 30 mL/min/1.73 m2 (18). In addition, a single 
center observational study demonstrated that metformin 
therapy prior to elective CAG is safer in patients with 
preserved left ventricular ejection fraction of >40% 
or even with mild renal dysfunction (19). Likewise, in 
diabetic patients receiving metformin, no CIN has been 
reported after fundus fluorescein angiography (FFA) 
using fluorescein sodium (20).

Conclusion
In summary, there is no evidence that metformin increases 
the incidence of AKI. Further clinical trials are needed in 
this area, to investigate further evidence so that we can 
better understand the outcome.
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