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Introduction 

Metformin is an oral antidiabetic medication that belongs to the biguanide group used for type 2 diabetes mellitus (T2DM) 
to control blood glucose levels, and the commonest oral antidiabetic in Western countries [1-5]. Compared to other oral 
antidiabetic medications, metformin is less commonly cause hypoglycemia or weight gain and may be associated with lower 
mortality [1]. Metformin is strongly suggested to be highly effective in blood sugar control and body weight reduction [2]. 
Unlike insulin, metformin is considerably affordable and does not require patient education and training [1]. Metformin 
improves blood sugar by multiple mechanisms, including gluconeogenesis reduction in the liver, glycolysis increase, and 
glucose uptake increase in the skeletal muscle tissue [2]. Interestingly, it also reported to play a significant role in the gut via 
microbiota, the gut-brain-liver axis, or the gut-pancreas network [2]. Metformin has been approved for use in type 2 diabetic 
Mellitus in the United Kingdom since the 1960s, and in the United States in 1994 [6, 7]. In addition to the efficacy of 
metformin in type 2 diabetic patients, there is ongoing evidence of its effectiveness in cardiovascular diseases [6]. 
Lactic acidosis (LA) is a critical concern for diabetic patients taking metformin, particularly in people with impaired drug 
excretion such as chronic kidney disease (CKD), conditions with a tendency to accumulate lactate such as chronic liver 
disease (CLD) or Congestive Heart Failure (CHF), and overdose [2, 7]. However, there is an ongoing debate regarding the 
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Background: Metformin is the first-line therapy for newly diagnosed type 2 diabetes mellitus. It 
accomplished glycemic control by gluconeogenesis inhibition in the liver and enhance glucose 
uptake in the peripheral tissues. Adverse effects commonly include gastrointestinal symptoms, such 
as nausea, vomiting, and diarrhea. A rare but life-threatening lactic acidosis could develop in the 
setting of metformin use. Objective: This study aims to understand the mechanism and the reality 
behind metformin-associated lactic acidosis, particularly in patients with chronic kidney disease. 
Method: We searched in the PubMed database for relative articles using two Mesh terms, 
"metformin" and "lactic acidosis." Conclusion: Metformin-associated lactic acidosis is a rare but 
serious consequence, especially in patients with chronic kidney disease, congestive heart failure, and 
chronic liver disease. Most of the cases have at least one predisposing factor other than metformin 
use. The link between metformin and lactic acidosis was previously overestimated, and there are 
growing data showing that metformin can be used in patients with mild to moderate renal 
impairment. 
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safety of metformin in patients with CKD, defined as an estimated Glomerular Filtration Rate (eGFR) of <60 
ml/min/1.73m2 [6]. Guidelines concerning metformin use in CKD are variable [6]. The United States Food and Drug 
Administration (FDA) previously reported that metformin was contraindicated in males with a serum creatinine >132.6 
umol/l and females above 123.8 umol/l [6]. Nevertheless, a recent literature review of these recommendations was 
concluded that metformin is considered to be safe in a patient with CKD and (eGFR is 40 - 60 ml/min/1.73m2), and in some 
patients with moderate renal impairment (eGFR <45 ml/min/1,73m2) [6]. The National Institute for Health and Care 
Excellence (NICE) in the UK recommends prescribing metformin in CKD patients with an eGFR <60 ml/min/1.73m2, but 
with adjustment of the dose in eGFR <45 ml/min/1.73m2 (or serum creatinine greater than 132.6 umol/l) and discontinue 
metformin if eGFR <30 or serum creatinine above 150.3 umol/l [6]. Following the FDA's approval, the European Medicines 
Agency (EMA) has also now approved that metformin can be safely used in patients with moderate renal impairment (eGFR 
30-59 ml/min/1.73m2) [6]. Furthermore, recent literature has concluded that metformin produces beneficial effects on the 
kidney, and there is no clear association between metformin use and CHF [7, 8]. The FDA removed CHF as a 
contraindication for metformin use in 2006, although it remains considerably unsafe in case of acute or unstable CHF [7]. 
In the beginning, biguanide derivatives medications (phenformin and buformin) were introduced for DM treatment in the 
1950s, followed by a withdrawal from the market two decades later in 1977 due to life-threatening Lactic Acidosis (LA) [7, 
9]. The incidence of phenformin-associated lactic acidosis was nearly 129 cases per 100,000 patients annually, while the 
reported incidence of metformin-associated lactic acidosis (MALA) is around 3.3-9 cases per 100,000 patients annually 
[10]. Metformin was introduced in Europe as "Glucophage" by Jean Stern in 1957 and was approved in the US in 1995 [9]. 
It becomes the drug of choice for T2DM after introduction into the American market and the first-line treatment worldwide 
due to its effect on glycemic control and low risk of hypoglycemia [9-11]. Metformin can be used as a monotherapy or in 
combination with other oral and subcutaneous antihyperglycemic agents as long as tolerated well and no contraindications 
[9]. Over the years, metformin has been associated with a wide range of pleiotropic effects regardless of its 
antihyperglycemic effect [9].  Meanwhile, the associated risk of LA development becomes gradually less significant than 
previously thought [9]. The term "Lactic Acidosis" is defined as an event of acidosis, characterized by a decrease arterial PH 
to less than 7.35, high lactate level (plasma lactate level >5mmol/L), and increased anion gap [9-11]. It is important to note 
that LA cannot be ruled out by the absence of these factors, as the patient may present with normal PH due to concomitant 
acid-base disorder [11]. Immediate recognition and management of this condition are critical due to its poor clinical 
outcome [10]. Surprisingly, current studies suggest that metformin may be of a protective role in severe non-metformin-
induced LA [10]. Moreover, Kamber et al. concluded in a longitudinal observational study that the incidence of LA induced 
by metformin use was about the same as those taking other anti-diabetic medications [10]. LA is divided into two categories, 
shown in Table 1 [11].          
             

Table 1. Lactic Acidosis Categories 

Type A                        Associated with hypoperfusion conditions and subsequent 
                                    production of excess lactate by anaerobic glycolysis 

                                     e.g.: Septic shock, advanced heart failure 

Type B                          Increase lactate in conditions other than hypoperfusion 
                                       e.g.: Alcoholic, DKA, liver disease, and metformin use 

DKA: Diabetic Ketoacidosis 
 
Discussion 

Metformin Mechanism of Action and Pharmacokinetics: 

The primarily antihyperglycemic action of metformin is achieved by its inhibitory effect on glucose output from the liver 
and enhancing insulin-mediated glucose uptake in peripheral tissues [11, 12]. This effect has been attributed to multiple 
mechanisms by which the result is gluconeogenesis inhibition [11]. These mechanisms are listed in Table 2, and the 
mainstay of metformin inhibition of gluconeogenesis by decreased ATP/ADP ratio results in diminishing gluconeogenesis 
(by pyruvate carboxylase inhibition) [11]. Furthermore, metformin has been shown to reduce the activity of mGPD, results 
in inhibiting the conversion of glycerol-3-phosphate (G3P) to dihydroxyacetone phosphate (DHAP), thereby preventing the 
conversion of glycerol to gluconeogenesis [11]. Additionally, the inhibition mGDP would increase the cytosolic redox state, 
promoting the conversion of pyruvate to lactate to encourage the lactate/pyruvate ratio (Anaerobic metabolism), resulting in 
gluconeogenesis inhibition from lactate [6, 11]. Therefore, metformin inhibits the integral mitochondrial respiratory chain 
components (Complex 1 and mGDP) [11]. The end effect of metformin in hepatocyte is glucagon action inhibition and 
prevents endogenous glucose production from gluconeogenic precursors, pyruvate, and lactate [11]. 

Table 2.  Mechanism of Gluconeogenesis Inhibition by Metformin 

1. Inhibition of mitochondrial respiratory chain complex 1 

2. Inhibition of mitochondrial glycerophosphate dehydrogenase 
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3. AMP-mediated inhibition of adenylyl cyclase 

4. Activation of AMP-activated protein kinase (AMPK) 

5. AMPK-independent inhibition of glucose production 

    
Metformin has specific pharmacokinetics: It is neither bound to plasma protein nor metabolized and eliminated primarily 
through active tubular secretion in the kidney [12]. Plasma metformin concentration is inversely related to eGFR, and this 
evidence emerges in all CKD stages [12]. Although metformin has been used for more than 50 years, the therapeutic range 
has never been clearly defined, and the exact level that is considered therapeutic or potentially harmed is unknown [12]. 
Besides, the pharmacokinetics of metformin is not adequately altered in patients with chronic liver disease (CLD) [13]. 
Although CLD and T2DM are associated with high plasma lactate levels, the pharmacokinetics of metformin in CLD were 
similar to T2DM patients and normal liver function [13]. 
 
Metformin-Associated Lactic Acidosis (MALA): 

The term MALA first appeared in the literature in 1977 and was correlated with metformin due to difficulty in establishing 
its causal or coincidental effect [9]. Almost all cases with LA were observed in metformin prescribed patients [9]. There is 
growing evidence supporting the belief that metformin's therapeutic use may not be the primary cause of LA [10]. The 
mortality impaction by metformin remains unclear, although it has been published to be higher than 50% by several studies 
[9]. However, it has been noticed that most cases with MALA have at least one risk factor for LA other than metformin [10]. 
A retrospective study including 42 patients admitted to the intensive care unit has shown that LA related to intentional 
metformin overdose carries a better prognosis than LA secondary to metformin accumulation in the setting of concomitant 
medical illness [9]. Interestingly, in a cohort study involving 44 metformin users and 118 nonusers admitted to the 
emergency department due to severe LA and sepsis, the rate of the in-hospital mortality rate was significantly lower in 
patients using metformin, despite their high-risk comorbidities [9]. This study can outline a protective effect of metformin 
against LA due to its advantageous pleiotropic effects during acute disease [9]. Likewise, in a case reports review of MALA 
by Stades et al., almost 90% of the reviewed cases carried a risk factor for LA, concluding that LA might be coincidentally 
associated with metformin use [10]. 
The pathophysiology of MALA is not clearly understood, but it is suggested to result in excessive lactate production leading 
to protons release in the blood and thus leads to acidosis [10]. It is also caused by impaired hepatic lactate clearance by 
inhibiting mitochondrial respiratory chain complex 1 [14]. Moreover, MALA can occur in normal kidney function in the 
setting of massive metformin overdose [14]. In a case report of 14 years-old African girls who intentionally ingested an 
unknown metformin amount presented with severe lactic acidosis [14]. She was presented with acidotic breathing, sinus 
tachycardia, hypotension, and abdominal pain [14]. She was successfully treated with 45 cycles of peritoneal dialysis over 
five days [14]. In MALA patients with hemodynamic instability, intermittent hemodialysis, and sustained low-efficacy 
dialysis, SLED is the treatment of choice [14, 15], but in limited hemodialysis places, peritoneal dialysis can be used for 
MALA with a desirable outcome [15]. Metformin is generally safer than insulin and sulphonylureas due to the low risk of 
hypoglycemia [16]. Nevertheless, metformin overdose carries a higher mortality rate (6.1%) than sulphonylureas and insulin 
overdose (0.9% and 3.6%, respectively) [16]. There are poor prognostic factors for MALA, including advanced age > 60, 
arterial PH less than 7.35, the need for mechanical ventilation and vasopressors [15, 16]. Treatment monitoring for those 
people must be taken seriously, especially if preceded by digestive symptoms such as diarrhea, which can worsen LA [16]. 
The most common presenting symptoms of MALA is gastrointestinally related, such as nausea, vomiting, and diarrhea, 
followed by an altered conscious level, breathlessness, hypothermia, and hypotension [15]. MALA symptoms may mimic 
sepsis with gastroenteritis, high blood lactate levels, and PH less than 7.35 [15]. In a case report of a 60 years-old lady 
presented to the emergency room with abdominal pain, nausea, vomiting, and diarrhea was suspected of having severe acute 
mesenteric ischemia [17]. She underwent an urgent exploratory laparotomy and found no evidence of bowel ischemia and 
intact pulsation in the superior mesenteric artery [17]. The diagnosis of MALA was made presumptively after taking a full 
history, and the continuous renal replacement was rapidly performed [17]. Another case report of a 68-year-old man 
presented with acute reversible binocular blindness preceded by nausea and vomiting secondary to severe lactic acidosis 
[18]. His symptoms were resolved entirely after hemodialysis and correction of acidosis [18]. 

MALA in Chronic Kidney Disease: 

Since circulating metformin is unchangeably eliminated in the urine, the use of metformin in CKD is an area of controversy 
due to the risk of developing a rare, but life-threatening lactic acidosis [9, 19, 20]. Therefore, it is considered contraindicated 
in patients with eGFR below 30ml/min [19]. Current studies showed that metformin use does not increase the risk of lactic 
acidosis [19]. The recommendation for patients with eGFR between 30-60 ml/min remains ambiguous [19]. Some 
observational studies have shown that the risk of LA mainly in eGFR below 45ml/min [19]. Furthermore, a recent trial by 
the European Medicine Agency (EMA) had assessed the safety of metformin in patients with or without renal failure 
showed a higher risk of LA in metformin users compared to other antidiabetic agent users [19]. Afterward, in October 2016, 
the EMA safety review recommended that metformin can be used in patients with moderate renal function (eGFR 30-59 
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ml/min) [19]. Studies of renal dysfunction patients had shown no association between metformin use and lactic acidosis 
when metformin concentration was maintained below 5mg/L [20]. Besides, there are case reports of high metformin 
concentration without LA [20]. A recent retrospective observational study in T2DM and Stage 5 CKD patients found that 
all-cause mortality was significantly raised in metformin dose of >1000mg/d, the adjusted mortality hazard ratio for patients 
taking <500mg/d or 500-1000mg/d were not remarkable [20]. Over the years, novel clinical trials have continued to confirm 
metformin's safety in CKD patients [9]. Moreover, metformin showed a renoprotective positive effect on both in vitro and 
animal models representing different renal disease stages, from acute kidney injury to CKD [9]. Finally, Ravindra et al. 
concluded in his study that metformin could be safely used in Stage 3 CKD and Stage 4 and 5 with close monitoring of 
plasma lactate level [21]. Due to the remarkable efficacy and the uncertainty of metformin safety in CKD patients, a large 
controlled clinical trial is strongly needed to establish the safety profile and potential harms of metformin in those 
populations. Those patients might get cardiovascular and renal benefits from using metformin regardless of glycemic 
control. 
 
Conclusion 

Metformin is one of the oldest and most prescribed antidiabetic drugs for type 2 diabetic patients worldwide. It belongs to 
the biguanide group and favored over other agents due to the low risk of hypoglycemia and weight gain. It is the first-line 
medication for type 2 diabetes mellitus, showing a significant control of blood glucose level, HbA1C, and enhancing insulin 
resistance in peripheral tissues. Previously, metformin was thought to be directly associated with lactic acidosis 
development due to its original action in the hepatocyte. It inhibits gluconeogenesis and, therefore, promotes the 
accumulation of lactic acid in the blood. Over the years, growing studies suggest that lactic acidosis in metformin users can 
be correlated to other predisposing factors, such as chronic kidney disease, dehydration secondary to gastrointestinal 
symptoms, or sepsis. Furthermore, metformin has shown some protective effect in lactic acidosis patients compared to non-
metformin users. The use of metformin in CKD is an area of caution due to the fear of rare, but life-threatening lactic 
acidosis development. Metformin plasma concentration is inversely related to the eGFR. Thus, the use of metformin is 
contraindicated in patients with eGFR below 30ml/min, while in moderate renal impairment (eGFR 30-59ml/min), it can be 
used with caution and dose adjustment. Further large clinical trials are recommended to establish the efficacy and safety of 
metformin in the CKD population. 

References 

1. Taub ES, Hoffman RS, Manini AF. Incidence and risk factors for hyperlactatemia in ED patients with acute metformin 
overdose. Am J Emerg Med. 2019 Dec;37(12):2205-2208. doi: 10.1016/j.ajem.2019.03.033. Epub 2019 Mar 23. PMID: 
30967322. 

2. Hotta N. A new perspective on the biguanide, metformin therapy in type 2 diabetes, and lactic acidosis. J Diabetes 
Investig. 2019 Jul;10(4):906-908. doi: 10.1111/jdi.13090. PMID: 31152685; PMCID: PMC6626960. 

3. Priyadi A, Muhtadi A, Suwantika AA, Sumiwi SA. An economic evaluation of diabetes mellitus management in South 
East Asia. J. Adv. Pharm. Edu. Res. 2019;9(2):53-74. 

4. Kumar AB, Umashankar MS, Porselvi A. Case Report on Dilated Cardiomyopathy in Type 2 Diabetes Mellitus Patient 
with Hypothyroidism. J. Adv. Pharm. Edu. Res. 2018;8(2):1-4. 

5. Alkhoshaiban A, Almeman A. Knowledge of pharmacists about Diabetes Mellitus. Arch. Pharm. Pract. 2019 Jul 
1;1:130. 

6. Bell S, Farran B, McGurnaghan S, McCrimmon RJ, Leese GP, Petrie JR, McKeigue P, Sattar N, Wild S, McKnight J, 
Lindsay R, Colhoun HM, Looker H. Risk of acute kidney injury and survival in patients treated with Metformin: an 
observational cohort study. BMC Nephrol. 2017 May 19;18(1):163. doi: 10.1186/s12882-017-0579-5. PMID: 
28526011; PMCID: PMC5437411. 

7. Crowley MJ, Diamantidis CJ, McDuffie JR, Cameron CB, Stanifer JW, Mock CK, Wang X, Tang S, Nagi A, Kosinski 
AS, Williams JW Jr. Clinical Outcomes of Metformin Use in Populations with Chronic Kidney Disease, Congestive 
Heart Failure, or Chronic Liver Disease: A Systematic Review. Ann Intern Med. 2017 Feb 7;166(3):191-200. doi: 
10.7326/M16-1901. Epub 2017 Jan 3. PMID: 28055049; PMCID: PMC5293600. 

8. Neven E, Vervaet B, Brand K, Gottwald-Hostalek U, Opdebeeck B, De Maré A, Verhulst A, Lalau JD, Kamel S, De 
Broe ME, D'Haese PC. Metformin prevents the development of severe chronic kidney disease and its associated 
mineral and bone disorder. Kidney Int. 2018 Jul;94(1):102-113. doi: 10.1016/j.kint.2018.01.027. Epub 2018 Apr 30. 
PMID: 29716795. 

9. Salvatore T, Pafundi PC, Marfella R, Sardu C, Rinaldi L, Monaco L, Ricozzi C, Imbriani S, Nevola R, Adinolfi LE, 
Sasso FC. Metformin lactic acidosis: Should we still be afraid? Diabetes Res Clin Pract. 2019 Nov; 157:107879. doi: 
10.1016/j.diabres.2019.107879. Epub 2019 Oct 13. PMID: 31618624. 

10. Kuan IHS, Savage RL, Duffull SB, Walker RJ, Wright DFB. The Association between Metformin Therapy and Lactic 
Acidosis. Drug Saf. 2019 Dec;42(12):1449-1469. doi: 10.1007/s40264-019-00854-x. PMID: 31372935. 



Alzuhairi et al., 2020 

Pharmacophore, 11(6) 2020, Pages 117-121 

 

11. Donnan K, Segar L. SGLT2 inhibitors and metformin: Dual antihyperglycemic therapy and the risk of metabolic 
acidosis in type 2 diabetes. Eur J Pharmacol. 2019 Mar 5; 846:23-29. doi: 10.1016/j.ejphar.2019.01.002. Epub 2019 Jan 
11. PMID: 30639796; PMCID: PMC6364569. 

12. Tanner C, Wang G, Liu N, Andrikopoulos S, Zajac JD, Ekinci EI. Metformin: time to review its role and safety in 
chronic kidney disease. Med J Aust. 2019 Jul;211(1):37-42. doi: 10.5694/mja2.50239. Epub 2019 Jun 12. PMID: 
31187887. 

13. Smith FC, Stocker SL, Danta M, Carland JE, Kumar SS, Liu Z, Greenfield JR, Braithwaite HE, Cheng TS, Graham 
GG, Williams KM, Day RO. The safety and pharmacokinetics of metformin in patients with chronic liver disease. 
Aliment Pharmacol Ther. 2020 Mar;51(5):565-575. doi: 10.1111/apt.15635. Epub 2020 Jan 21. PMID: 31960986. 

14. Elmezughi K, Ekpebegh C. Metformin-associated lactic acidosis treated successfully by peritoneal dialysis in a 
resource-limited setting: case report. Pan Afr Med J. 2019; 32:112. Published 2019 Mar 11. 
doi:10.11604/pamj.2019.32.112.18271 

15. Kinoshita H, Yanai M, Ariyoshi K, Ando M, Tamura R. A patient with metformin-associated lactic acidosis 
successfully treated with continuous renal replacement therapy: a case report. J Med Case Rep. 2019 Dec 17;13(1):371. 
doi: 10.1186/s13256-019-2311-5. PMID: 31842973; PMCID: PMC6916532. 

16. Stevens A, Hamel JF, Toure A, Hadjadj S, Boels D. Metformin overdose: A serious iatrogenic Complication-Western 
France Poison Control Centre Data Analysis. Basic Clin Pharmacol Toxicol. 2019 Nov;125(5):466-473. doi: 
10.1111/bcpt.13273. Epub 2019 Jul 4. PMID: 31215744. 

17. Zhang QC, Hastings C, Johnson K, Slaven E. Metformin-Associated Lactic Acidosis Presenting Like Acute Mesenteric 
Ischemia. J Emerg Med. 2019 Nov;57(5):720-722. doi: 10.1016/j.jemermed.2019.04.024. Epub 2019 Jun 24. PMID: 
31248689. 

18. Ryu S, Oh SK, Son SH, Jeong WJ, You YH, Ham YR. Reversible Acute Blindness in Suspected Metformin-Associated 
Lactic Acidosis. J Emerg Med. 2019 Nov;57(5): e153-e156. doi: 10.1016/j.jemermed.2019.06.047. Epub 2019 Oct 4. 
PMID: 31591073. 

19. Pedrós C, Ávila M, Gómez-Lumbreras A, Manríquez M, Morros R; ALIMAR-C2 Study Group. Lactic acidosis 
associated with metformin in patients with moderate to severe chronic kidney disease: study protocol for a multicenter 
population-based case-control study using health databases. BMC Nephrol. 2019 May 30;20(1):193. doi: 
10.1186/s12882-019-1389-8. PMID: 31146690; PMCID: PMC6543584. 

20. Lazarus B, Wu A, Shin JI, Sang Y, Alexander GC, Secora A, Inker LA, Coresh J, Chang AR, Grams ME. Association 
of Metformin Use with Risk of Lactic Acidosis Across the Range of Kidney Function: A Community-Based Cohort 
Study. JAMA Intern Med. 2018 Jul 1;178(7):903-910. doi: 10.1001/jamainternmed.2018.0292. PMID: 29868840; 
PMCID: PMC6145716. 

21. Prabhu RA, Mareddy AS, Nagaraju SP, Rangaswamy D, Guddattu V. Lactic acidosis due to metformin in type 2 
diabetes mellitus and chronic kidney disease stage 3-5: is it significant? Int Urol Nephrol. 2019 Jul;51(7):1229-1230. 
doi: 10.1007/s11255-019-02136-y. Epub 2019 Apr 8. PMID: 30963454. 

 


