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Background: Diabetes mellitus is a metabolite disorder with parameters of high blood sugar levels. In the 
management of diabetes can be used the drug metformin is the gold of choice to achieve a therapeutic effect and 
rarely causes side effects of the drug, but it still has debate view. However, if used in excessive doses for patients 
with kidney disease, it will be contraindicated with side effects such as lactic acidosis. 
Objective: This study aims to evaluate the side effect of metformin for diabetic kidney disease (DKD) patients. 
Methods: This study used the Narrative Review Method that was obtained from 2011 to 2021, in the English 
language from PubMed, Google Scholar, and Cochrane Library. 
Results: Metformin is at the forefront of the treatment of type 2 diabetes mellitus (DM2). Metformin is likely to 
have lactic acidosis-related adverse effects in chronic kidney disease (CKD) patients, such as increased arterial 
lactate. Lactic acidosis is defined as an increase in arterial lactate with an indicator of more than five mmol/L 
and an arterial blood pH of less than 7.35. Metformin-induced lactate levels are below the parameters. DKD 
risk factors can be conceptually classified as several susceptibility factors, initiation factors, and developmental 
factors. The two most prominent risk factors are hyperglycemia and hypertension. 
Conclusion: Metformin can increase lactate levels in CKD patients but is still below the parameters of lactic 
acidosis. This study may have some weaknesses and requires further prospective research to validate the results.
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Introduction
Metformin is an antidiabetic drug that is 
thought to induce lactic acidosis 
Metformin is a drug that results in clear 
benefits concerning glucose metabolism and 
diabetes-related complications (1), and is one 
of the most effective anti-diabetic drugs to be 
option in the treatment of type 2 diabetes (2). 
Metformin is a biguanide drug to lower blood 
glucose levels by reducing glucose production 
in the liver, decreasing intestinal absorption, 
and increasing insulin sensitivity. Metformin is 
considered safe and well-tolerated. One of the 
side effects of metformin is gastrointestinal, 
including nausea, vomiting, and diarrhea, 
with the percentage occurring in 30% of 
patients who use it. Very rarely occurs, such 
as experiencing chest discomfort, headache, 
diaphoresis, hypoglycemia, weakness, and 
rhinitis (3).
The mechanism works metformin by 
increasing peripheral glucose uptake, 
reducing intestinal glucose absorption, 
increasing insulin sensitivity, and decreasing 
fasting plasma insulin levels, thereby reducing 
blood glucose concentrations without causing 
hypoglycemia. in addition, metformin can 

Key point 

Metformin is likely to have lactic acidosis-related 
adverse effects in chronic kidney disease (CKD) 
patients, such as increased arterial lactate. Diabetic 
kidney disease (DKD) risk factors can be conceptually 
classified as several susceptibility factors, initiation 
factors, and developmental factors. The two most 
prominent risk factors are hyperglycemia and 
hypertension.

inhibit gluconeogenesis by activating AMP-
activated protein kinase (4). Although 
metformin has become the medicine of 
choice for the treatment of type 2 diabetes, 
due to the risk of lactic acidosis, some 
individuals may not be prescribed it (5).
Lactic acid is produced in normal 
physiological processes and is a common 
finding in disease states (6). Lactic acidosis 
is an acidosis characterized by excessive 
levels of lactic acid in the body. In this case, 
the buildup of acids, including lactic acid, 
can affect the balance of acids and bases 
(pH) in the body. Lactic acidosis most 
likely contributes to the worsening of the 
underlying comorbidities, and therefore 
severely contributes to mortality. Lactic 
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acidosis is defined as an increase in arterial lactate with an 
indicator of more than five mmol/L and an arterial blood 
pH of less than 7.35 (7).

With a predominance of renal excretion, the risk of 
lactic acidosis in Chronic kidney disease (CKD) patients is 
thought to be higher with metformin-induced. Although 
the data noted a correlation between lactate levels and 
metformin dose, it is still insufficient to diagnose lactic 
acidosis. Even with patients receiving higher metformin 
doses, the results are too small to draw significant 
conclusions about whether higher metformin doses may 
be associated with lactic acidosis (8).

Methods
We have searched PubMed, Google Scholar, and Cochrane 
Library using the terms “lactic acidosis,” “metformin,” and 
“diabetic kidney disease” to retrieve all articles related to 
a possible link between metformin and diabetic kidney 
disease (DKD), obtained from 2011 to 2021, and in the 
English language.

Discussion
Diabetes mellitus
Diabetes mellitus is a group of metabolic diseases 
characterized by chronic hyperglycemia caused by 
insulin production, insulin action, or both (9). The heart, 
blood vessels, eyes, kidneys, and nerves are the organs 
most affected by damage and failure due to chronic 
hyperglycemia (10). Based on the American Diabetes 
Association (ADA) 2004, diabetes is divided into several 
sub-groups, namely type I diabetes (insulin-dependent) 
caused by immune-mediated destruction of beta cells, 
leading to insulin deficiency. Idiopathic testing is a type 
of type 1 diabetes that has no known cause and is highly 
hereditary. Insulin secretion and insulin resistance are 
the causes of type II (non-insulin-dependent) diabetes. 
Gestational diabetes mellitus is a type of glucose intolerance 
that develops during or shortly after pregnancy. Generally, 
diabetes can be divided into two types, namely diabetes 
type I (IDDM) and diabetes type II (NIDDM) (11). 

Metformin as a therapy
Metformin is thought to be the best drug for type 2 
diabetes because it has the best initial pharmacological 
effect in decreasing blood glucose levels (12). Metformin 
inhibits gluconeogenesis in T2DM patients, suppressing 
the increase in endogenous basal glucose synthesis. Long-
term metformin treatment may result in a biochemical 
shortage of vitamin B12, which should be monitored 
regularly, especially in individuals with peripheral 
neuropathy or anemia (13). Unfortunately, metformin use 
has been linked to lactic acidosis, a rare but potentially fatal 
adverse effect. The most challenging aspect of metformin 
treatment in CKD patients is avoiding toxicity (12). 
Metformin concentrations should be measured frequently 
to monitor therapy. In lactic acidosis, the frequency of 

lactic acidosis in metformin-treated patients is shallow, 
and it is numerically equivalent to the background rate in 
the type 2 diabetes population (14).

The infusion of intravenous sodium bicarbonate is one 
type of handling for metformin-induced lactic acidosis. 
Sodium bicarbonate has the benefit of restoring fluid 
balance, and correcting acidosis and electrolytes but 
still has various drawbacks, including sodium-induced 
hypervolemia, exacerbation of intracellular acidosis, 
and hemoglobin oxygen depletion. Other therapies 
for metformin-associated lactic acidosis include 
hemodialysis, and because metformin has a high volume 
of distribution, hemodialysis removes only a tiny amount 
of the drug. Treatment with this strategy is very effective 
for addressing significant acidosis symptoms. When 
starting hemodialysis, a rebound effect is observed. 
Metformin accumulates in erythrocytes and intestines, 
where it produces and increases serum lactate levels. When 
serum lactate levels return to normal and lactic acidosis 
is resolved, it is advisable to continue hemodialysis. 
Metformin itself does not cause hypoglycemia, but it 
can cause hypoglycemia under certain conditions, such 
as fasting, sustained physical exercise, and renal failure. 
Intravenous glucose can be used to treat this problem. 
However, intracellular glucose metabolism leads directly 
to lactate production. Some authors have suggested that 
glucose injection may exacerbate lactic acidosis (13).

The three types of risk factors for DKD include 
susceptibility factors (e.g., age, gender, race/ethnicity, and 
family history), precipitating factors (e.g., hyperglycemia 
and acute kidney injury), and developmental factors (e.g., 
hypertension, dietary variables, and obesity) are all aspects 
to consider (Table 1). Hyperglycemia and hypertension are 
two of the most well-known risk factors (15).

Condition of patients with CKD
Chronic kidney disease is a condition in which the 
kidneys are damaged or dysfunctional (16). A person is 
reported to have CKD if there are structural or functional 
abnormalities of the kidney for at least three months, 
based on the KDIGO CKD recommendations (the British 
National Institute for Health and Care Excellence (NICE) 
CKD, 2014). Decreased eGFR (60 mL/min/1.73 m2), 
Albuminuria (urinary albumin-to-creatinine ratio [ACR] 
30 mg/g [3 mg/mmol]) are some of the problems, Urinary 
sediment abnormalities such as hematuria, oval or fatty fat 
bodies, red or white blood cells, granular mold, and renal 
tubular epithelial cells. Any of these indicators must be 
present for at least three months (17). Damage to kidney 
function as a result of a long-term disease is the cause of 
CKD. CKD can be caused by one of three disease processes: 
prerenal (lower renal perfusion pressure), intrinsic renal 
(vascular, glomerular, or tubular-interstitial pathology), 
or postrenal (increased renal perfusion pressure) 
(obstructive) (18). Diabetes and hypertension are the most 
common disorders that are the primary causes of CKD 
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in different parts of the world (19). Controlling blood 
pressure, optimal intake of protein and salt, modifying 
lifestyle and eating habits, and adhering to medication are 
all effective measures for slowing the progression of CKD 
and lowering the cardiovascular risk (20).

Mechanism of lactic acidosis
Lactic acid (lactic acid/lactate) is a carbohydrate metabolism 
intermediate (intermediate product) generated mainly by 
white skeletal muscle, the interior of the kidney (renal 
medulla), the brain, skin, and erythrocytes (21). This is a 
rare metformin adverse effect. However, it has significant 
consequences when used therapeutically or in excess. 
Lactic acidosis is divided into Type A (linked to or caused 
by a lack of oxygen in the tissues) and type B (with adequate 
oxygen transport to tissues). Type B has three subtypes, 
namely B1 lactic acidosis caused by a disease (such as 
asthma and diabetes), B2 lactic acidosis induced by drugs 
or toxins (such as cyanide, metformin, or epinephrine), 
and B3 lactic acidosis is caused by hereditary metabolic 
conditions. Lactate results from the degradation of 
pyruvate by the enzyme lactate dehydrogenase in anaerobic 
metabolism (this represents the product). It is produced at 
a rate of roughly one mmol/kg/h in the intestine, skeletal 
muscle, brain, and circulating erythrocytes. The majority 
of lactate is taken up by the heart and recycled in three 
mechanisms: oxidation of pyruvate, conversion to glucose 
(Cori cycle), which can later be oxidized to CO2 (Krebs 
cycle), and transamination to alanine. Reduced oxygen 
supply to cells and tissues leads to impaired oxidative 
phosphorylation, increasing intracellular NADH, which 
is a cofactor in pyruvate to lactate. Lactate is considered 
the end product of glycolysis due to hypoxia because of 
its close relationship with anaerobic metabolism (22) 
(Figure 1).

The most common risk factors for developing metformin-
associated lactic acidosis include renal failure, chronic 
lung injury with hypoxia, pre-existing heart disease, and 
congestive heart failure, which are usually considered 
contraindications to treatment therapy. Increasing age can 

be associated with decreased renal function and increased 
comorbidities. Typical symptoms such as agitation, 
confusion, convulsions, dilated pupils, lethargy, absence of 
corneal reflexes, coma, and eventually death are common 
in patients with severe lactic acidosis. Dyspnea, lethargy, 
hypotension, hypothermia, confusion, and hemodynamic 
instability are causes of the development of lactic acidosis 
(22).

Conclusion
In several journals explained that Metformin could increase 
lactate levels in CKD patients. However, these parameters 
are still significantly lower than the benchmarks of lactic 
acidosis that have been established.
No consistent association between Metformin and lactic 
acidosis was found. However, observational studies may 
underestimate metformin-associated lactic acidosis 
risk that is indicated by poisoning. Although the renal 
dysfunction in this study was still healthier, patients who 
were prescribed metformin explain the low-risk level for 
lactic acidosis.
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Table 1. Risk factors for diabetic kidney disease

Risk factors Susceptibility Initiation Progression

Demographic

Older age 

Gender (Male) 

Race/ethnicity (black skin, American Indian, Asian/ Pacific Islands) hereditary  

Family history of DKD 

Genetic kidney disease 

Systemic 
conditions

Hyperglycemia    

Obesity   

Hypertension   

Kidney injury

Acute kidney injury  

Poison  

Smoking  

Dietary factors High protein intake  

Abbreviations: DKD, diabetic kidney disease.
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Figure 1. Mechanism of lactate acidosis (suspected to increase the risk of lactate acidosis associated with metformin therapy).


