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Implication for health policy/practice/research/medical education:
Metformin-associated lactic acidosis (MALA) is a rare but serious side effect of metformin, and the prognosis for patients with 
normal renal function who develop this condition depends on several factors, including the severity of the acidosis, the presence 
of comorbidities, and the promptness of treatment.
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Risk factors for metformin-associated lactic acidosis (MALA) include impaired renal function, 
liver disease, heart failure, sepsis, and alcohol abuse. Patients with these risk factors should be 
closely monitored while on metformin therapy, and the dose should be adjusted accordingly. 
It is also important to screen patients for these risk factors before starting metformin 
therapy. In addition, patients should be educated on the symptoms of lactic acidosis, such 
as abdominal pain, nausea, vomiting, and muscle weakness, and advised to seek medical 
attention immediately if they experience any of these symptoms. Overall, early recognition 
and appropriate management of MALA can improve patient outcomes and prevent mortality.
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Introduction
Metformin-associated lactic acidosis (MALA) is a rare 
but potentially serious side effect of metformin therapy 
(1). Metformin is a commonly prescribed medication 
for the management of type 2 diabetes. It is generally 
well-tolerated, but in rare cases, it can lead to lactate 
accumulation in the blood, resulting in lactic acidosis 
(2). MALA is more likely to occur in individuals with 
certain predisposing factors, such as impaired kidney 
function (3). The kidneys play a crucial role in eliminating 
metformin from the body. In patients with impaired 
kidney function, metformin clearance is reduced, 
leading to higher drug levels in the blood. Elevated 
metformin levels can increase the risk of lactic acidosis 
(4). Several studies have investigated the relationship 
between metformin, lactic acidosis, and kidney function. 
Previous studies have shown that patients with pre-
existing kidney disease, renal impairment, or acute kidney 

injury have an increased risk of developing MALA (5,6). 
These individuals often require dose adjustments or 
discontinuation of metformin to prevent lactic acidosis. It 
is important to note that metformin is generally safe when 
used within the recommended dosage guidelines, even 
in patients with mild to moderate kidney impairment. 
However, caution should be exercised in patients with 
severe renal impairment or end-stage renal disease, as 
metformin use may be contraindicated in these cases 
(7-9). Therefore, regular monitoring of kidney function 
is crucial in individuals receiving metformin therapy. 
Metformin discontinuation is recommended due to the 
increased risk of lactic acidosis when eGFR falls below a 
certain threshold (usually less than 30 mL/min/1.73 m²) 
(10,11). This letter aims to provide an overview of the 
relationship between metformin and kidney function and 
the risk factors, pathophysiology, clinical presentation, 
and management of MALA.
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Metformin-associated lactic acidosis
Metformin-associated lactic acidosis is caused by the 
accumulation of lactate in the blood. One mechanism is 
the inhibition of gluconeogenesis by blocking pyruvate 
carboxylase, which is the first step of gluconeogenesis (12). 
Another mechanism is the inhibition of mitochondrial 
respiration in tissues such as the liver and muscle, increasing 
plasma lactate levels. Metformin overdose induces two 
distinct metabolic derangements—hyperlactatemia and 
metabolic acidosis—primarily through the inhibition of 
mitochondrial respiration. In most cases, lactic acidosis 
cannot be directly attributed to metformin use but rather 
depends on concomitant low cardiac output, anemia, 
hypoxemia, or liver failure (13,14).

Risk factors of MALA
Several risk factors have been identified that can increase 
the likelihood of developing MALA. Patients with impaired 
renal function, such as those with chronic kidney disease, 
are at a higher risk of developing MALA (3,7). Patients 
with liver disease, especially severe liver disease, are more 
likely to develop lactic acidosis when taking metformin. 
Alcoholism is a risk factor for MALA. Dehydration can 
increase the risk of lactic acidosis in patients taking 
metformin (15,16). Sepsis, a severe infection that affects 
the whole body, is also a risk factor for MALA. Taking 
high doses of metformin can increase the risk of lactic 
acidosis. Advanced age has been identified as a risk factor 
for MALA (16,17).

Diagnostic criteria for MALA in patients with normal 
renal function
Elevated lactate levels are a hallmark of lactic acidosis 
and should be measured in patients suspected of having 
MALA. Patients with normal renal function who develop 
lactic acidosis while taking metformin should be evaluated 
for MALA. Other causes of lactic acidosis, such as sepsis 
or liver disease, should be ruled out before diagnosing 
MALA (3,12).

Metformin-associated lactic acidosis and kidneys
Metformin-associated lactic acidosis primarily affects the 
renal system, leading to various manifestations. Acute 
kidney injury is the most common renal manifestation 
observed in MALA. Other renal manifestations include 
tubular dysfunction, such as Fanconi syndrome or 
proximal tubular acidosis. The pathophysiology of MALA 
involves impaired lactate clearance due to mitochondrial 
dysfunction and inhibition of gluconeogenesis. Metformin 
accumulates in the renal tubules, increasing lactate 
production and subsequent metabolic acidosis (18,19).

Conclusion
Metformin-associated lactic acidosis can have severe renal 
manifestations, including acute kidney injury and tubular 
dysfunction. Prompt recognition and management are 

crucial for improving patient outcomes. Healthcare 
professionals should be aware of these potential 
complications when prescribing metformin and closely 
monitor patients for signs of renal impairment during 
treatment.
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