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Abstract 
 

Background: In a world where the prevalence of Diabetes is ever increasing 

metformin plays an important role in the management of the disease. The most 

feared adverse effect of metformin is lactic acidosis, a rare situation that has a 

poor prognosis. This study aims to report the cases of metformin associated lactic 

acidosis (MALA) in Centro Hospitalar Universitário de São João (CHUSJ) 

evaluated by the Nephrology department. 

Methods: All cases of MALA in diabetic patients admitted to our tertiary center 

that had an evaluation by the nephrology department from the year of 2017 until 

2019 were included. Data referring to clinical status, blood analysis, evolution and 

outcome were retrospectively analyzed.  

Results: We identified 10 patients with MALA and verified only 1 death, which 

wasn’t directly attributable to this condition. At admission patients presented with 

arterial blood pH of 7.07 ± 0.14 and plasma lactate of 9.67 ± 4.09. There was no 

significant association between days of hospitalization and either pH, plasma 

creatinine or lactate at admission.  

Conclusion: MALA diagnostic and metformin’s association with lactic acidosis 

remains not completely clarified. Our study shows lower mortality than what has 

been previously published. To date, no reliable predictor of mortality has been 

identified. More studies are needed to evaluate the usefulness of determining 

metformin concentrations and to assess the true influence of the drug in the 

development of lactic acidosis. 

 

Key Points 
 

• Lactic acidosis is a rare but feared adverse effect of metformin therapy, 

having a high reported mortality.  

 

• We report 10 cases of MALA in which we verified no deaths directly 

attributable to MALA, supporting that this condition doesn’t have as high 

mortality as previously admitted. Length of hospital stay was not 

significantly associated with either pH, plasma creatinine or lactate at 

admission. 

 

• Metformin’s impact in precipitating lactic acidosis needs to be more 

clearly assessed. Nowadays the mortality associated with MALA seems 

to be lower than expected. 

Keywords 
Metformin, type 2 diabetes, lactic acidosis, acute kidney injury, adverse drug reaction.  
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Introduction 
 

The prevalence of Diabetes is increasing and it was estimated that in 2019 there 

were 463 million diabetics worldwide, of which approximately 90% are of type 2 

Diabetes Mellitus (T2D) [1]. Metformin has an important role in the management 

of these patients being the first line therapy, paired with lifestyle changes. Among 

the advantages of metformin therapy are its high efficacy in lowering blood 

glucose and low cost while having minimal risk of hypoglycemia [2]. On the other 

hand, metformin is associated with adverse effects on the gastrointestinal tract 

(affecting 20-30% of patients), vitamin B12 deficiency and metformin associated 

lactic acidosis (MALA) [3]. 

MALA is a rare adverse event but has been shown to be a serious complication, 

with a reported mortality rate of 17-36% [4-6]. Metformin is a biguanide that exerts 

its antihyperglycemic effect by decreasing hepatic gluconeogenesis. The 

mechanism by which this is accomplished is complex, with recent studies 

suggesting that the inhibition of the mitochondrial respiratory chain complex 1 

plays a key role, shifting the cellular metabolic process resulting in an increased 

anaerobic glycolysis [7]. This allied with its effect on the intestinal mucosa, where 

it stimulates the anaerobic metabolism of glucose, contributes to an increased 

lactate production [8]. Accumulation of lactate then leads to a reduction in the 

strong ion difference, thus causing acidosis (and not by the common 

misconception that it is the dissociation of lactic acid in lactate and H+ that causes 

acidosis) [9].These effects seem to be dose-dependent and therapeutic doses of 

the drug appear to not cause a relevant increase in lactate levels when compared 

to other antihyperglycemic drug [10-12]. 

Metformin is not metabolized in the body and is solely excreted by the kidney 

[13]. In situations where this depuration is impaired like advanced renal disease 

or acute kidney injury (AKI) the effects can be potentiated and an accumulation 

of lactate may occur, resulting in lactic acidosis [14]. In a 2014 retrospective 

analysis of 77601 British patients with T2D under treatment with metformin 42.2% 

had at least moderate renal impairment (chronic kidney disease (CKD) stage 3 

or higher) [15], further reinforcing the clinical significance of the subject. It has 

been questioned if metformin has a role in the development of AKI but in fact 

metformin has been shown not to increase its incidence [16]. Besides situations 

of reduced metformin clearance, hyperlactatemia can occur in settings of reduced 

lactate clearance, like hepatic insufficiency or in situations of increased lactate 

production, such as sepsis, heart failure and respiratory failure, with these 

conditions contributing for the adverse event to occur [16].  

Current contraindications for metformin use include impaired renal function 

(contraindicated in patients with estimated glomerular filtration rate (eGFR) <30 

mL/min/1.73m2 and dose reduction should be considered in patients with eGFR 

<45 mL/min/1.73m2). There is also the indication to stop metformin in the setting 

of severe illness, vomiting or dehydration since these situations have been 

reported to precipitate events of lactic acidosis [2].  
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The aim of this study is to report and analyze the cases of metformin associated 

lactic acidosis in diabetic patients in our tertiary referral center (Centro Hospitalar 

Universitário de São João) evaluated by the Nephrology department from 2017 

to 2019. 

 

Materials and Methods 
 

All cases of MALA with evaluation by the Nephrology department of our center 

from the year of 2017 to 2019 were included in the study. The clinical data was 

gathered from the hospital’s electronic archives. This study was approved by the 

ethics committee of CHUSJ. 

Lactic acidosis was defined by an arterial pH <7.35, plasma lactate >2 mmol/L 

and AKI was inferred using the KDIGO Clinical Practice Guideline for Acute 

Kidney Injury [17]. 

For the analysis we included the following clinical parameters: demographic data 

(age, gender, height, weight), previous renal status (evaluated by previous 

plasma creatinine (pCr) and eGFR calculated using the MDRD equation), daily 

dose of metformin, parameters at admission (blood pressure, heart rate, body 

temperature, Glasgow coma scale, requirement of vasopressor agents), 

laboratory data (pCr, plasma urea, C reactive protein, plasma lactate, blood ion 

levels and arterial blood gas analysis),  type and intensity of renal support, 

necessity of mechanical ventilation and outcome. We also included in the 

analysis medication taken either regularly or recently and past medical history. 

The following exclusion criteria were used: accidental or deliberate self-induced 

metformin overdose, diabetic ketoacidosis and tumor lysis syndrome. 

Data was analyzed on SPSS version 26. The description of the sample’s 

characteristics was done using univariate analysis. Variables were tested for 

normality using the Shapiro-Wilk test. Central tendency and dispersion were 

presented as mean ± standard deviation where normal distribution was verified, 

with median and interquartile range used to characterize the remaining variables. 

Spearman’s correlation coefficient was used to quantify and evaluate the 

direction of the association between proposed predictive variables (pH, pCr, 

lactate) and a dependent variable (days of hospitalization). Statistical significance 

was defined by p <0.05.  

 

Results 
 

We identified 10 patients with the diagnosis of MALA, and none fulfilled the 

exclusion criteria. The age of the patients ranged from 37 to 87 years old, with a 

median of 75 and only one outlier that was 37 years old. All of them were female. 
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Summary description of the sample’s characteristics is expressed in table 1, with 

patient specific details in table 2. 

Of all the patients only 2 were in a regular follow up schedule for CKD and both 

had previously documented CKD stage 3b. The previous renal status was 

evaluated by the most recent plasma creatinine available and the estimated 

glomerular filtration rate was calculated, ranging from 117 to 34 mL/min/1.73 m2, 

two (20%) of them had a GFR ≥ 90, three (30%) had a GFR between 89 and 60 

and four (40%) had a GFR between 59 and 30 mL/min/1.73 m2. In one patient it 

was not possible to find data regarding previous renal status. 

Amongst the 3 subjects with previous eGFR under 45 mL/min none was under 

reduced dose of metformin. We were unable to determine length of treatment or 

compliance and hence we assumed all patients were complying with their 

therapeutic plan. Metformin plasma concentrations were not available. 

Blood pressure at admission tended to be low, with 3 (30%) patients presenting 

with systolic blood pressure of <90 mmHG and 8 (80%) presenting with a diastolic 

blood pressure of <60 mmHg. All underwent fluid therapy and 3 required the use 

of vasopressors to maintain mean arterial pressure above 65 mmHg. 

All presented with AKI at admission, in which 5 could be traced to prerenal injury 

due to dehydration precipitated by vomiting and/or diarrhea, two of those after 

initiation of antibiotic therapy. As for the other 5 no clear cause was identified.  

Arterial blood gas analysis was performed at admission and revealed values for 

pH ranging from 6.77 to 7.31, with lactate levels ranging from 4.50 to 18.52 

mmol/L. Nine patients presented with hyperkalemia at admission, while the 

youngest patient instead presented with hypokalemia. All patients underwent 

treatment with bicarbonate. 

Nine patients underwent renal replacement therapies (RRT). Continuous renal 

replacement therapy (CRRT) was used in 5, while slow low efficiency dialysis 

(SLED) was performed in 2 patients and intermittent hemodialysis was performed 

in another 2. Only one patient didn’t require renal replacement techniques, 

promptly recovering renal function after fluid therapy. Half (five) of the patients 

were admitted to the Intensive Care Unit (ICU). Only one patient required 

mechanical ventilation. 

We only observed one death (patient 5) that occurred at day 52 of hospitalization 

and in the sequence of a hospital acquired infectious endocarditis of the mitral 

valve by methicillin-resistant Staphylococcus epidermidis with cerebral 

embolization. The patient didn’t show signs of renal function improvement and 

required a continuation of intermittent hemodialysis throughout the entire 

hospitalization period. 

Two patients had a synchronous diagnosis of multiple myeloma, which motivated 

a continuation of renal replacement therapy beyond the date of discharge from 

our hospital. 
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All but the youngest subject presented with relevant comorbidities, the most 

common being arterial hypertension and dyslipidemia, present in 7 and 6 

subjects, respectively. Other common comorbidities were obesity in 4 patients, 

heart failure in 4, permanent atrial fibrillation in 3, respiratory pathology in 4 and 

chronic gastrointestinal disorders in 2. The median of number of comorbidities 

was 3 (interquartile range 1.75 – 4.25). There was no available data on height or 

weight, with only a brief mention of obesity for 4 subjects. Patient specific 

comorbidities are described in table 3. 

In our sample we were unable to identify any correlation between the days of 

hospitalization and pH (p= 0.272), lactate levels (p= 0.736) or pCr (p= 0.911), 

although we saw a slight but not statistically significant negative correlation 

between pH and days of hospitalization (rs = -0.443). 

 

Discussion 
 

MALA is reported to have an incidence of 3.3-9.7 cases per 100.000 patients-

year [18-20] although metformin’s contribution is not completely clear, with some 

authors questioning if its involvement in lactic acidosis could be just coincidental 

[20].  

Studies comparing the incidence of lactic acidosis in T2D metformin treated and 

non-metformin treated seem to indicate that there is no increased incidence of 

lactic acidosis in the context of metformin treatment [21], with a Cochrane review 

of patients without other comorbidities stating that there is no evidence that 

metformin use increases the incidence of lactic acidosis, when compared with the 

use of other anti-hyperglycemic drugs, stating that work should be done to assess 

this influence in patients with chronic renal disease [22]. Although the drug 

doesn’t seem to increase the incidence of lactic acidosis its effect is noted. In 

patients with other comorbidities, metformin does appear to play a role in the 

condition since the resulting lactic acidosis seems to have a stronger acid-base 

imbalance than what would be expected solely by the comorbidities themselves 

[23] or even expected to be survivable for those diseases alone [6]. The bigger 

extent of acidosis and hyperlactatemia observed in MALA doesn’t appear to 

correlate with a more severe situation than other lactic acidosis scenarios [24], at 

least in what regards to mortality, as Khosravani et al. report a mortality of 20% 

in 3634 patients with lactic acidosis in general at presentation, a value not 

different from the mortality of lactic acidosis cases associated with metformin (17-

36%, as stated above) [25]. Furthermore, several authors found MALA to have a 

better prognosis than lactic acidosis not metformin related, suggesting in these 

cases that metformin may even be protective [23, 26]. 

Following this line, some authors also hypothesize that the mortality associated 

with this condition might be more attributable to coexisting diseases rather than 

MALA itself [6, 14], with Corchia et at. identifying a higher mortality when there 
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are underlying diseases (26%) compared to when these are not existant (7%) 

[14]. In fact, this is what we verified despite our small sample. The only patient 

that didn’t survive had this poor outcome due to a hospital associated infection 

and not directly because of MALA, where deaths are expected early and in the 

sequence of cardiovascular collapse [14, 27]. 

Some predictors of mortality have been proposed in literature. These include the 

degree of hyperlactatemia, that has been shown to be an independent risk factor 

for mortality in lactic acidosis in general [25] and low arterial pH at admission [5, 

28]. As for MALA, there isn’t a consensus. In 2017, in a literature review of reports 

of patients with MALA that needed RRT, Yeh et al. states that lactate level 

correlated significantly with higher mortality (OR = 1.09 for every mmol/L increase 

in lactate) [4].  On the other hand, Blumenberg et al. stated in 2020 that neither 

lactate of pH was a good predictor of mortality (area under ROC curve of 0.59 

and 0.43, respectively) in a systematic review of 170 MALA cases previously 

reported regardless of RRT or other comorbidities [6].  

We tested the association of pH, lactate an pCr with longer hospital stays. For 

this analysis we excluded 2 patients since they were transferred to other hospitals 

and thus the number of days of hospitalization at our center doesn’t represent the 

full evolution of their condition. Moreover, simply adding the days of 

hospitalization at another hospital may not allow a true comparison with the other 

cases since protocols and general practices may not be the same between 

different centers. We found no statistically significant relation between the 

variables mentioned but verified a slight tendency for lower pH values at 

admission to yield longer periods of hospitalization. This may be due only to our 

small sample size (n=8), confounded by exacerbation of comorbidities or hospital 

associated intercurrences. As far as we know this association had not been 

tested before.  

Metformin contraindication in CKD has also been a topic for debate, with some 

studies suggesting a safe use of metformin in moderate and severe CKD if dose 

adjustment for eGFR is performed, with no loss in its efficacy [29, 30]. Lalau et 

al. studied a group of 69 patients and proposed daily dosing strategies of 1500mg 

for CKD stage 3a, 1,000 mg for CKD stage 3b, and 500 mg for CKD stage 4. 

Metformin concentration was shown to not be higher than the generally admitted 

threshold of 5 mg/L for metformin accumulation. If this is the case, current 

guidelines might still be too strict, consequentially denying metformin treatment 

in patients that could potentially benefit from it. Adding to this, these patients may 

benefit from metformin’s effect on slowing further deterioration of renal function 

[31], although more studies are needed to assess the safety of the drug in CKD 

stage 4. Moreover, these dosing strategies apply to cases of stable renal status 

and do not take into consideration situations where eGFR can drop abruptly, as 

described above, and thus the withdrawal of metformin remains imperative in 

these situations.  

In our study, metformin dose was not adjusted for renal impairment in any of our 

subjects in CKD stage 3b, which meant they were exceeding the recommended 
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dose by 1000 mg per day. Interestingly, Kuan et al. also reported a significant 

number of patients with CKD  where metformin dose was above the 

recommended for their eGFR (by a median of 1500mg compared to ours 

1000mg) [32] according to European Medicines Agency’s guidelines [33].  

The cutoff value of plasma lactate has also been subject for discussion about 

whether the cutoff of 2 or 5 mmol/L is more appropriate [34, 35]. As Corchia et 

al., we used 2 mmol/L in the present study. Regardless, only one of our patients 

presented with lactate level <5mmo/L. 

MALA remains a difficult and uncertain diagnosis and its criteria are not widely 

agreed on. Some authors suggest a more pragmatic approach. Lalau et al. 

defend a more specific classification of these cases based on the influence 

metformin has on the precipitation of the condition. In their view patients should 

be divided into 3 groups: metformin unrelated lactic acidosis (MULA), metformin 

associated lactic acidosis (MALA) and metformin induced lactic acidosis (MILA). 

MULA would be defined by a low metformin plasma concentration at admission, 

whereas the distinction between MALA and MILA would be done by the presence 

or not, respectively, of a coexisting factor that could contribute to lactic acidosis. 

In cases where metformin concentration is unknown, as is the case for the 

patients we report, they suggest a fourth classification: lactic acidosis in 

metformin therapy [36].  

Although such categorization might be helpful in guiding clinical practice, this 

stratification is not widely accepted and has some limitations. It is said that in 

order to inhibit mitochondrial respiratory chain complex 1 metformin must 

accumulate intracellularly and there is lack of information as to the correlation 

between metformin plasma and intracellular levels. Besides, it is unproved that a 

single low value plasma metformin concentration can exclude its implications in 

the development of lactic acidosis [34, 37]. Erythrocyte metformin concentration 

might be a better alternative since it can represent intracellular concentration. 

Moreover, metformin has been shown to have a longer half-life intracellularly than 

in plasma [38], a factor that may help mitigate the variations in plasma 

concentration in the hiatus between the setting of lactic acidosis and the moment 

the metformin assay is performed. 

Metformin plasma concentration is not routinely measured in our center. We 

consider that further studies should be conducted in order to evaluate the benefit 

of performing such measurement. 

When comparing our sample’s characteristics with what is reported in recent 

systematic reviews [6, 32] we find no difference in the majority of variables 

analyzed. Gender is where we find a clear difference, with previous reports 

showing a similar incidence between both genders, while all our patients were 

females, making it so that we cannot exclude the presence of a selection bias in 

our series of cases. Moreover, our observed mortality was considerably lower 

than reported elsewhere. This could be attributable to our small sample, allied 

with the fact that we not only included cases identified in the ICU, as some 
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previous case series [23] and thus we might have also included less severe 

cases, contributing to our low mortality. 

We performed a retrospective analysis of the patients and as such there were 

some limitations attributable to this design. There was no information available 

as to the compliance to metformin therapy and we couldn’t verify the accuracy 

and completeness of the records available. Accordingly, we cannot discard the 

possibility of misclassification of patients due to missed information. 

The patients’ enrollment method was based on the existence of an evaluation by 

the nephrology department but, although we believe this number is overlapping 

the total number of cases verified in our center, we cannot guarantee there were 

no missed cases that didn’t benefit from an evaluation by this department. 

In summary, metformin continues to be the drug of choice for most patients with 

T2D for its proven beneficial effects, general experience, negligible risk for 

hypoglycemia and low user costs. Lactic acidosis in the context of metformin 

therapy seems to be more common in patients with other comorbidities, with the 

influence of metformin in this condition remaining not completely clarified. 

Patients’ comorbidities also appear to have an influence in outcome. We 

observed a lack of metformin dose adjustment in cases with eGFR <45 

mL/min/1.73m2. Despite this, we report a lower mortality than previously stated.  

Therefore, we recommend regular follow up of renal status in elder patients and 

prompt dose adjustments accordingly. We also emphasize the importance of 

alerting patients to the need of suspending metformin in situations of acute 

illness, vomiting or other situation that can predispose to dehydration.  

More studies are needed to evaluate the usefulness of determining metformin 

concentration in plasma or in erythrocytes and to assess the true influence of the 

drug in the development of lactic acidosis. 
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Tables 
 

Table 1      Summary description of patients 

  
n=10 

Age (years) 1  75 (65, 75) 

Gender (% F)  100 

   

Previous renal status pCr (mg/dL) 0.94 ± 0.41 

 eGFR (mL/min/1.73m2) 70 ± 33 

   

Usual treatments Metformin daily dose (mg) 1700 ± 483 

 Diuretics  6 (60%) 

 RAAS inhibitors  6 (60%) 

 NSAIDs  4 (40%) 

   

Admission pCr (mg/dL) 6.64 ± 2.50 

 Urea (mg/dL) 207 ± 93 

 pH 7.07 ± 0.14 

 HCO3
- (mEq/L) 6.64 ± 3.77 

 K+ (mEq/L) 6.28 ± 1.85 

 Lactate (mmol/L) 9.67 ± 4.09 

   

Hospitalization (days) 1,2  22 (12, 43) 

Data presented as mean ± standard deviation otherwise specified 
1 data presented as median (interquartile range 25%, 75%) 
2 two patients excluded due to transfer to other hospitals (n=8) 

F female, pCr plasma creatinine, eGFR estimated glomerular filtration rate, RAAS renin 

angiotensin aldosterone system, NSAIDs nonsteroidal anti-inflammatory drugs 

  



13 
 

Table 2      Detailed description of patients 
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Table 3   Patients' comorbidities 

Patients Comorbidities 

1 HBP, Dyslipidemia 

2 HBP, Dyslipidemia, Heart failure, OSA 

3 HBP, Dyslipidemia, Heart failure, Obesity 

4 HBP, permanent AFib, Chronic gastritis 

5 Dyslipidemia, Obesity 

6 HBP, Dyslipidemia, Heart failure, Obesity, Asthma  

7 HBP, permanent AFib, Heart failure 

8 OSA 

9 HBP, Dyslipidemia, permanent AFib, Obesity, Chronic Diarrhea, 
COPD 

10  

HBP high blood pressure, OSA obstructive sleep apnea, AFib atrial fibrillation, COPD 

chronic obstructive pulmonary disease 
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