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Objective: Metformin-associated lactic acidosis (MaLA) occurs rarely and is thus difficult to study. We analysed 4241 individual case 
safety reports of lactic acidosis (LA) that implicated metformin as a suspected drug reported to the pharmacovigilance database of Merck 
KGaA, Darmstadt, Germany. The primary objective was to review reports for quality and completeness of data to support diagnoses of 
MaLA. We also explored the correlations between reported biomarkers, and associations between biomarkers and outcomes.
Research Design and Methods: Records were analysed for completeness in supporting diagnoses of LA or metformin-associated 
LA (MaLA), against commonly used diagnostic criteria. Correlations between indices of exposure to metformin and biomarkers of LA 
and mortality were investigated.
Results: Missing data was common, especially for plasma metformin. Clinical/biomarker evidence supported a diagnosis of LA in 
only 33% of cases (LA subpopulation) and of MaLA in only 9% (MaLA subpopulation). The metformin plasma level correlated 
weakly with plasma lactate (positive) and pH (negative). About one-fifth (21.9%) of cases reported a fatal outcome. Metformin 
exposure (plasma level or dose) was not associated with increased mortality risk (there was a suggestion of decreased risk at higher 
levels of exposure to metformin). Plasma lactate was the only variable associated with increased risk of mortality. Examination of 
concomitant risk factors for MaLA identified renal dysfunction (including of iatrogenic origin) as a potential driver of mortality in this 
population.
Conclusion: Despite the high frequency of missing data, this is the largest analysis of cases of MaLA supported by measurements of 
circulating metformin, and lactate, and pH, to date. Plasma lactate, and not metformin dose or plasma level, appeared to be the main 
driver of mortality in the setting of LA or MaLA. Further research with more complete case reports is required.
Keywords: lactic acidosis, metformin, type 2 diabetes, pharmacovigilance

Introduction
Metformin-associated lactic acidosis (MaLA) is a rare but life-threatening adverse event associated with the therapeutic use of 
metformin for the management of type 2 diabetes. The prevalence of MaLA has been estimated at about 3–10 cases/100,000 
patient-years of exposure to metformin at therapeutic doses.1–5 The contraindications to metformin are largely intended to 
reduce the risk of MaLA. These include settings where tissue hypoxia may occur (eg, recent myocardial infarction, shock, 
decompensated heart failure), where metformin excretion may be reduced, leading to its accumulation in the body (eg, severe 
chronic kidney disease [CKD; estimated glomerular filtration rate [eGFR] <30 mL/min/1.73m2]), or when metabolic acidosis 
is already present. The risk of MaLA rises steeply in cohorts with severe (but not mild-to-moderate) CKD,2,6,7 or with 
contraindications to metformin.8,9

MaLA is a difficult condition to study, mainly due to its rarity. For example, there were no cases of lactic acidosis in 
a Cochrane meta-analysis designed to study the incidence of MaLA, that included 70,490 patient-years of exposure to 
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metformin, and 55,451 patient-years of a non-metformin control group.5 In addition, other risk factors for lactic acidosis 
are often present in patients hospitalized for this condition.8,10–12

Large databases may provide a more useful source of data for studying MaLA than clinical trial populations.6 Merck 
KGaA, Darmstadt, Germany and its predecessor companies, Aron Laboratories and Lipha, have marketed formulations 
of metformin since 1959.13 This company administers the most comprehensive safety database of adverse drug events 
associated with metformin, including lactic acidosis. In this report, we describe 4241 reports of lactic acidosis from this 
database, which represents the largest series of case reports of suspected MaLA analysed to date.

Research Design and Methods
Objectives
The primary objective of this study was to assess the quality of reporting of diagnoses of LA and MaLA, according to 
whether they included data on metabolic variables needed to diagnose LA (plasma lactate, pH) or MaLA (plasma lactate, 
pH, plasma metformin). We determined the proportions of cases with sufficient data to support a diagnosis of LA or 
MaLA, according to commonly used diagnostic criteria (LA: blood pH <7.35; plasma lactate >5 mmol/L; MaLA: as 
above plus plasma metformin >5 mg/L [39 µM]).14–18 These cases are further referred to as “confirmed” cases.

Additional objectives were to describe the characteristics of the population, including the metformin dose, plasma 
lactate, pH, GFR, comorbidities, and vital status. We studied correlations between key metabolic variables: metformin 
dose, plasma lactate, pH, and GFR, and the association of these parameters with mortality. Finally, we compared the 
prevalence of known non-metformin risk factors for LA in survivors and non-survivors.

Inclusion Criteria
All cases analysed were anonymized case reports from the Pharmacovigilance Database maintained by Merck KGaA, 
Darmstadt, Germany; as such, they contained all information provided by the reporter, most commonly healthcare 
professionals, health authorities and the published literature. Cases were reviewed here if they: (a) were initially received 
between January 1st, 1990 and December 31st, 2018 (cases could be followed up until 31st March 2019); (b) were 
retrieved using the Standard Medical Query ‘Lactic acidosis’ (broad scope); (c) reported metformin as a suspected cause 
of lactic acidosis and (d) were medically confirmed.

Abstraction of Data from Case Reports
The dose of metformin was as presented in the case report. No attempt was made to distinguish between immediate- 
release and extended/prolonged release metformin formulations, due to lack of data. If >1 plasma lactate or pH value was 
contained in the report, the highest and lowest value, respectively, were captured. GFR was taken directly from records, 
or calculated where possible using the MDRD equation applied to reported serum creatinine, gender, and age.

Vital status and the presence of concomitant treatments or comorbid conditions were as per case reports. The 
comorbidities that were collected were those likely to increase the risk of Type A lactic acidosis (due to hypoxia and/ 
or hypoperfusion; shock, sepsis and infections, rhabdomyolysis, respiratory failure and asthma/bronchospasm, heart 
failure) or of Type B lactic acidosis (unrelated to tissue hypoxia or hypoperfusion; acute or chronic renal failure, 
dehydration, diarrhoea and vomiting, hepatic failure, malnutrition, poorly controlled diabetes, or HIV/AIDS).19 

Concomitant medications considered were those that may have increased the risk of acidosis, rhabdomyolysis or renal 
impairment, or were for HIV management. Concomitant use of alcohol was also extracted.

Statistics
Descriptive statistics were used to describe key metabolic variables according to the level of exposure to metformin, and 
according to reported survival or mortality. Continuous variables were described through the number of non-missing 
observations, medians (with Q1–Q3). Categorical variables were displayed by the total number of observations and 
missing values, and the relative percentage by category accounting for missing values as a modality of the variable, 
unless specified.
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Analyses were performed for all cases (the overall population) and for confirmed cases of LA (the LA subpopulation) 
and MaLA (the MaLA subpopulation), stratified further on the recorded metformin dosages within the permitted range in 
Europe (≤3000 mg/day) or consistent with metformin overdosage (>3000 mg/day). The “index of exposure” to metformin 
was defined as the metformin dose or metformin plasma level and referred such as in the body of the manuscript.

Spearman rank correlation coefficients (displayed with rho and 95% Confidence Intervals [CI]) were used to describe 
correlations between metformin dose, metformin plasma level, pH, plasma lactate and renal function. The strength of 
associations was determined arbitrarily as “very weak” (correlation coefficient 0–0.19); “weak” (correlation coefficient 
0.20–0.39); “moderate” (correlation coefficient 0.40–0.59); “strong” (correlation coefficient 0.60–0.79); or “very strong” 
(correlation coefficient 0.80–1.0).

We also described the differences (with 95% CI) in proportions with and without pre-specified concomitant treatment 
and risk factors known to be associated to lactic acidosis between survivors and non-survivors.

Logistic regression models were used to examine the impact on the probability of death according to the metformin 
plasma level, the lactate plasma level and pH, further adjusted for MDRD (quantitative), age (quantitative), gender 
(qualitative), total drug usage (quantitative, number of different drugs used), presence of at least one risk factor 
(qualitative binary, yes/no) and world region of the origin of the report (qualitative). For comorbidities and co- 
medications, the variables were further defined as categorical variables by the number of occurrences. Odds Ratios 
(OR) were reported with 95% CI; goodness of fit of the models was assessed with the Hosmer-Lemeshow and likelihood 
ratio tests, and visual inspection of the plot of residuals.

Ethics
All case reports were anonymized and thus did not require informed consent, in line with ICH-E2B [R2] and GVP 
module VI. Authors had no access to de-anonymized patient-level information. Thus, the article complies with the 
Declaration of Helsinki and all other ethical standards, and no ethical approval was required.

Results
Quality of Data Reporting (Primary Outcome)
Missing data was encountered frequently for plasma metformin (83% of cases), plasma lactate (44%), and pH (52%) 
(Table 1A). Online Supplementary Figure 1 shows a “missingness map” of these parameters as well as for metformin 
dose and GFR. The prevalence of missing data was similar for cases reporting fatal outcome versus survival (Table 1A).

Table 1 Missing Data

Alive (n=3353) Deceased (n=888) Total (n=4241)

a) Number of missing individual data types [n(%)]

Metformin dose 1248 (37) 296 (33) 1544 (36)
Plasma metformin 2852 (85) 680 (77) 3532 (83)

Plasma lactate 1464 (44) 398 (45) 1862 (44)

pH 1795 (54) 407 (46) 2202 (52)
GFR (as MDRD) 1353 (60) 444 (50) 1797 (58)

b) Numbers of cases confirming or refuting diagnosis of LA or MaLA [n(%)]

LA Dataset incomplete 2033 (61) 496 (56) 2529 (60)

Sufficient to refute LA 264 (8) 30 (3) 294 (7)
Sufficient to confirm LA 1056 (31) 362 (41) 1418 (33)

MaLA Dataset incomplete 2990 (89) 749 (84) 3739 (88)

Sufficient to refute MaLA 102 (3) 35 (4) 137 (3)
Sufficient to confirm MaLA 261 (8) 104 (12) 365 (9)
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Within a total of 4241 cases meeting the study inclusion criteria (the overall population), 1712 cases contained 
sufficient information to confirm the diagnosis of LA (plasma lactate and pH; 40% of all cases) (Table 1B). Of these, 
1418 cases (33% of all cases) included a correct diagnosis of LA (the LA population), and 294 cases (7% of all cases) 
diagnosed LA incorrectly. Only 502 cases (12% of all cases) contained sufficient information to diagnose MaLA (plasma 
lactate, pH and plasma metformin). Of these, 365 cases (9% of all cases) included a correct diagnosis of MaLA (the 
MaLA population), while 137 cases (3% of all cases) included an incorrect diagnosis of MaLA (Table 1B).

Clinical and Metabolic Variables
Characteristics of the Study Population
Table 2 presents the reported demographic, treatment, and disease characteristics for the overall population and for the 
LA and MaLA subpopulations. In the overall population, the median metformin daily dose was 1700 (interquartile range 
1000, 2550) mg. Other median values were 25.0 (6.6, 47.0) mg/L for plasma metformin, 12.0 (6.1, 19.0) mmol/L for 
plasma lactate, 7.1 (6.9, 7.2) for pH, and 8.0 (4.0, 28.8) mL/min for eGFR. As expected, the median dose of metformin 
and plasma metformin were higher in the MaLA subpopulation, 2550 (1700, 3000) mg and 38.6 (21.4, 55.7) mg/L, 
respectively. Furthermore, median plasma lactate was also slightly higher in this subpopulation: 17.0 mmol/L 
(12.0, 22.0).

Online Supplementary Table 1 shows the results of descriptive analysis of plasma metformin, pH, and plasma lactate 
after stratification of the overall population for daily metformin dosage. The proportions of patients in elevated plasma 
metformin categories (>50 mg/L) did not increase consistently as the metformin dose increased. This was the case even 
where the recorded metformin dose was above the upper limit of its therapeutic dosage range (>3000 mg).

Correlations Between Metformin Dose, Metformin Plasma Level, pH, Plasma Lactate and Renal Function
Spearman correlation analyses showed that most variables correlated weakly with each other (Online Supplementary 
Table 2). The highest correlation (moderate magnitude) between key metabolic variables was for plasma lactate and pH 
(rho between –0.47 and –0.61), which was not surprising for populations with data to support diagnoses of LA or MaLA. 
Plasma metformin correlated weakly and positively with plasma lactate (rho 0.35) and weakly and negatively with GFR 
(rho –0.32) in the overall population, but not in the LA subpopulation (plasma lactate: rho 0.25; GFR: rho –0.29) or 
MaLA subpopulation (plasma lactate: rho 0.26; GFR: rho –0.14). A moderate and negative correlation was seen between 

Table 2 Demographic Characteristics and Key Laboratory Parameters Relevant to Lactic Acidosis (LA) and Metformin-Associated 
Lactic Acidosis (MaLA)

All Cases  
(n=4241)

LA Subpopulation 
(n=1418)

MaLA Subpopulation 
(n=365)

Age (y) 68 (59, 76) (n=2439) 68 (59, 76) (n=1179) 66 (59, 74) (n=311)

Female gender (%) 57 57 63
Region [n (%)]:

EMA 2437 (57) 945 (67) 261 (72)

North America 909 (21) 183 (13) 50 (14)
Asia-Pacific 794 (19) 253 (18) 52 (14)

Other 101 (2) 37 (3) 2 (1)

Median metformin dose (mg; Q1, Q3) 1700.00 (1000, 2550) 
(n=2697)

2000 (1500, 3000)  
(n=996)

2550 (1700, 3000)  
(n=252)

Median plasma metformin (mg/L; Q1, Q3) 25.0 (6.6, 47.0) (n=709) 33.0 (11.0, 51.6) (n=435) 38.6 (21.4, 55.7) (n=365)

Median plasma lactate (mmol/L; Q1, Q3) 12.0 (6.1, 19.0) (n=176) 15.40 (10.5, 20.2) (n=1418) 17.0 (12.0, 22.0) (n=365)
Median pH (Q1, Q3) 7.1 (6.9; 7.2) (n=2379) 7.0 (6.8; 7.2) (n=1418) 6.9 (6.8, 7.1) (n=365)

Median renal function (MDRD; Q1, Q3) 8.0 (4.0, 28.8) (n=2039) 6.4 (3.6, 19.7) (n=969) 6.0 (3.6, 11.2) (n=278)

Survived (%) 79 74 72

Notes: Results are displayed with medians (Q1–Q3), and percentages for categories, except if “n” is indicated; “n” numbers reflect availability of data for individual 
parameters (see the section, “Quality of case reports” for a discussion of missing data). EMA: countries that are members of the European Medicines Agency.
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plasma metformin and pH for the overall population (rho –0.45) and for the LA and MaLA subpopulations (rho –0.4 
and –0.35, respectively).

For patients who received doses of metformin that were above or below the European maximum dosage for 
metformin of 3000 mg/day, the strongest correlations were seen in either dose group for plasma metformin vs plasma 
lactate (rho 0.63) or pH (rho −0.63), and metformin dose vs GFR (rho 0.42). Plasma metformin correlated weakly and 
negatively with GFR (rho –0.42) and pH correlated weakly and positively with GFR (0.3) only in the lower dose 
metformin group (ie, patients recorded as receiving a dose within the permitted range in the metformin label).

Mortality Outcomes
Overview of Vital Status
A total of 21% (n = 888) of the cases reported a fatal outcome. Subjects who died were on average slightly older than 
those who did not (mean differences were 3.7 years [95% CI 2.7, 4.7] for the overall population, 3.2 years [1.6, 4.7] for 
the LA subpopulation, and 2.3 years [0.5, 5.1] for the MaLA subpopulation). Similar proportions of patients in the LA 
(26%) and MaLA subgroups (28%) died, with regard to the overall population (21%). Median plasma metformin levels 
were similar among survivors (26 [7, 45] mg/L, n = 501) and non-survivors (24 [5, 53] mg/L, n = 208) in all cases with 
data on this parameter. Median plasma metformin was slightly higher in survivors vs non-survivors in the LA 
subpopulation (34 [12, 51] mg/L vs 27 [7, 55] mg/L) but not in the MaLA subpopulation (37 [24, 54] vs 42 [17, 65]).

Impact of Predefined Clinical Variables on the Probability of Death
Neither plasma metformin concentration nor metformin dose was associated with risk of death in univariate analyses 
(Online Supplementary Table 3). The higher category of plasma lactate (10–20 mmol/L vs <2.5 mmol/L) was associated 
with mortality in the analysis of all cases (with ORs of 5–7, p < 0.001 for all), and in the LA subpopulation (ORs of 3–4, 
p ≤ 0.008). In the MaLA subpopulation, ORs were significant for plasma lactate 10–20 mmol/L (OR 4.8, p = 0.0048) and 
20–50 mmol/L (OR 7.5, p < 0.001).

Multivariable analyses included an index of exposure to metformin, together with lactate plasma levels, pH, exposure/ 
or not to other risk factors for LA. More than 80% of case records lacked information on the plasma level of metformin 
(see above). For this reason, separate multivariable analyses were conducted using either the metformin plasma level 
(Figure 1A) or the metformin dose (Figure 1B). Higher plasma metformin levels were associated with reduced risk of 
death in the overall population and in the MaLA subpopulation (Figure 1). Higher levels of plasma lactate were 
associated with mortality in all three populations (the “outlier” values did not, perhaps due to smaller numbers of 
cases). There was no significant association between categories of acidosis (low pH) and risk of mortality.

For the overall population and the LA subpopulation in the model that included metformin dose as the index of 
drug exposure (Figure 1B), higher doses (including reported doses >3000 mg/day) were associated with lower 
mortality risk, and higher levels of plasma lactate were associated with increased mortality risk. Again, there was 
no significant association between pH and mortality risk. There were too few cases containing data on plasma lactate 
to run the metformin dose-based model for the MaLA subpopulation (non-positivity violation of most of the 
categories).

Not adjusting on risk factors for LA from the model (renal function, age, comorbid risk factors and medications 
that may increase the risk of LA) did not substantially alter the relationships between exposure to metformin, plasma 
lactic acid or pH with mortality risk, compared with the analyses described above (Online Supplementary Figure 2).

Impact of Concomitant Drugs and Risk Factors for Lactic Acidosis on Mortality
The intake of drugs known to be associated with an increased risk of LA (other than metformin), rhabdomyolysis or renal 
impairment, and comorbid shock, renal impairment, and dehydration, diarrhoea, or vomiting were all present in more 
than 20% of the study population (Table 3). Most of these were numerically more prevalent in the LA and MaLA 
subgroups, compared with the overall population.

The only variables associated with a difference in frequency of death cases (ie, where the 95% CI for the difference in 
frequency of death cases versus alive cases excluded zero) across all three main populations studied were drugs that may 
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cause renal impairment (~10–14% were more frequently reported with death cases); acute or chronic renal impairment 
(~11–17% mortality less frequently reported); and dehydration, nausea or vomiting (~3–11% were less frequently 
reported with death cases). Otherwise, differences in mortality between those with or without a drug or risk factor 
were generally small, other than a difference of 8.5% for shock in the population including all cases.

Too few cases received metformin >3000 mg to support meaningful analysis of the risk of mortality in this subgroup.

Figure 1 Multivariable analyses of LA variables associated with the risk of death. Odds ratios (ORs) >1 signify increased mortality risk. Results were further adjusted on 
MDRD (quantitative), age (continuous), gender (qualitative), total drug usage (quantitative number of different drugs used), at least one risk factor (binary, yes/no) and world 
region (qualitative). aNot estimable. bRecords containing data inconsistent with the inclusion criteria for subgroups were excluded (plasma lactate <5 mmol/L and pH <7.35 
for both subgroups, and additionally plasma metformin <5 g/L for the MaLA subgroup; the lowest remaining category served as reference). Geographical location was 
analysed but is omitted here (see text). The model was not estimable in the MaLA subpopulation analysis for metformin dose due to few plasma lactate cases reported (non- 
positivity violation of most of the categories). Only cases with plasma lactate or pH consistent with LA were included for the LA subpopulation; other cases without odds 
ratios (–) had insufficient data. This footnote applies to both (A and B).
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Table 3 Risk Factors for Lactic Acidosis (LA) in Relation to the Frequency of a Fatal Outcome

All Cases (n=4241) LA Subpopulation (n=1418) MaLA Subpopulation (n=365)

N (%) Δ Proportion Between 
Deceased and Alive 
Patients (95% CI)a

N (%) Δ Proportion Between 
Deceased and Alive 
Patients (95% CI)a

N (%) Δ Proportion Between 
Deceased and Alive 
Patients (95% CI)a

Concomitant drugs that …

… may cause LA 1081 (25.5) 0.5 (–2.7, 3.8) 418 (29.5) 0.9 (–4.6, 6.3) 110 (30.1) –3.2 (–13.4, 7.1)

… may cause ketoacidosis 711 (16.8) 2.3 (–0.6, 5.1) 264 (18.6) 3.9 (–0.9, 8.8) 75 (20.6) 8.9 (–0.8, 18.6)

… may cause pyroglutamic 

acidosis

212 (5.0) 2.1 (0.3, 3.9) 87 (6.1) 1.4 (–1.6, 4.4) 25 (6.9) –1.5 (–7.0, 4.0)

… may cause 

rhabdomyolysis

969 (22.9) –1.6 (–4.6, 1.5) 378 (26.7) 0.2 (–5.1, 5.5) 111 (30.4) –2.12 (–12.6, 8.2)

… are iodinated contrast 

media

50 (1.2) 1.2 (0.2, 2.2) 18 (1.3) 0.2 (–1.2, 1.5) 2 (0.6) 0.6 (–1.4, 2.6)

… may cause renal 

impairment

2122 (50.0) 9.5 (5.8, 13.2) 814 (57.4) 10.1 (4.3, 15.9) 215 (58.9) 14.4 (3.7, 25.2)

… are alcohol* 16 (0.4) 0.2 (–0.3, 0.8) 7 (0.5) –0.3 (–1.0, 0.4) 1 (0.3) –0.4 (–1.1, 0.4)

… are used for HIV 

management*

31 (0.7) –0.2 (–0.8, 0.4) 6 (0.4) 0.9 (–4.6, 6.3) 0 (0.0) 0.0 (0.0, 0.0)

Concomitant risk factors for LA

Shock 1290 (30.4) 8.5 (5.0, 12.1) 554 (39.1) –2.8 (–8.5, 3.0) 149 (40.8) –8.7 (–19.6, 2.3)

Sepsis or infections 386 (9.1) 5.6 (3.2, 8.0) 156 (11.0) 3.0 (–0.9, 7.0) 43 (11.8) 2.4 (–5.2, 9.9)

Rhabdomyolysis 30 (0.7) –0.2 (–0.8, 0.4) 13 (0.9) –0.9 (–1.7, –0.02) 5 (1.4) –1.9 (–3.6, –0.3)

Respiratory failure or 

Asthma

421 (9.9) 4.4 (2.0, 6.8) 183 (12.9) –1.4 (–5.3, 2.5) 56 (15.3) –5.3 (–13.0, 2.3)

Cardiac failure 437 (10.3) 4.6 (2.2, 7.1) 194 (13.7) 1.3 (–2.9, 5.5) 55 (15.1) –2.3 (–10.2, 5.7)

Acute /chronic renal 

impairment

2184 (51.50 –10.6 (–14.3, –6.9) 741 (52.3) –10.8 (–16.8, –4.9) 184 (50.4) –16.7 (–27.8, –5.6)

Acute/chronic renal 

impairment + 

dehydration, diarrhoea, 

vomiting

3234 (76.3) 0.4 (–2.7, 3.5) 1142 (80.5) 3.9 (–0.7, 8.4) 293 (80.3) 4.7 (–3.9, 13.4)

Hepatic failure 205 (4.8) 2.7 (0.9, 4.5)) 91 (6.4) 1.4 (–1.7, 4.5) 18 (4.9) –0.17 (–5.1, 4.7)

Malnutrition 12 (0.3) –0.1 (–0.4, 0.3 6 (0.4) –0.6 (–1.0, –0.1)– 2 (0.6) –0.8 (–1.8, 0.3)

Dehydration, diarrhea, 

or vomiting

1215 (28.7) –3.5 (–6.7, –0.2) 472 (33.3) 8.0 (–13.4, –2.6) 116 (31.8) –10.8 (–20.9, –0.8)

Poorly controlled T2DM 143 (3.4) –1.0 (–2.2, 0.2) 49 (3.465 –1.3 (–3.3, 0.7) 9 (2.5) –0.8 (–4.1, 2.5)

HIV/AIDS (+ HIV drugs*) 33 (0.8) –0.3 (–0.9, 0.3) 7 (0.5) 0.5 (–0.6, 1.5) 1 (0.3) –0.4 (–1.1, 0.4)

Alcohola 235 (5.5) –0.6 (–2.2, 1.0) 115 (8.1) –3.8 (–6.7, –1.0) 28 (7.7) –5.4 (–10.4, –0.3)

Notes: aDifference (95% CI) in the proportions who lived and died for subjects receiving the specified concomitant medications, or who had the specified risk factor for LA. 
bIncludes cases where mentioned under drugs. Mortality differences where the 95% CI exclude zero are shaded for clarity; a positive difference means that more people died 
with vs without the drug or risk factor. 
Abbreviation: T2DM, type 2 diabetes mellitus.
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Discussion
It is important to understand the pathophysiology of lactic acidosis and the contexts in which it arises, as there is 
evidence that fear of this adverse outcome has led to under use of metformin in patients with conditions, such as chronic 
kidney disease, hepatic dysfunction and heart failure.20 Moreover, a range of potential therapeutic actions of metformin 
in addition to its antihyperglycaemic actions in recent years, including possibly beneficial actions on the cardiovascular 
system (on the vascular endothelium 21 and the failing heart) 22,23, an anti-inflammatory action of potential relevance to 
rheumatic immunological diseases 24, anti-cancer activity 25, and potential for the treatment of morbidities associated 
with aging 26. The possibility of extensions to the therapeutic indications for metformin beyond prediabetes and diabetes 
in the future adds to the need to study this rare, but serious side-effect.

Our analysis evaluated 4241 spontaneous reports of LA attributed to metformin in terms of their quality (complete-
ness of relevant data). Only about one-third of these included sufficient data on plasma lactate and pH to support 
a diagnosis of LA according to commonly used criteria of pH <7.35 and plasma lactate >5 mmol/L.14–18 Less than one- 
tenth of cases included data on the plasma metformin level, in addition to pH and lactate. An earlier report (incorporating 
data from 1995 to 2010) from the same database as the present study found that only 10% of the 869 case studies 
supported the diagnosis of MaLA with demonstration of low pH, elevated plasma lactate and high plasma metformin.27

A recent publication addressed the difficulty of distinguishing between MaLA, “metformin-induced lactic acidosis” 
(MiLA), and “metformin unrelated lactic acidosis” (MuLA).14 These authors proposed a checklist of key information to 
include when assessing or reporting a case of suspected MaLA, including timings and amounts of metformin intake, renal 
status, detailed information on acid-base status, levels of plasma and erythrocyte metformin (and when these were 
measured compared with metabolic and clinical findings), and details of concomitant medications and comorbid risk 
factors for LA. In the absence of plasma metformin measurement, accumulation of metformin could be diagnosed based 
on steady-state or acute changes in renal status, and the size and timing of the last metformin dose. The administration of 
this Pharmacovigilance Database involves the use of a targeted questionnaire checking for all of the above since 2016, 
however reporters rarely collect the required information and should be encouraged to do so when documenting a MaLA 
case. Such information would support classification of reports into MuLA (LA with low plasma metformin), MaLA (LA 
with plasma metformin >5 mg/L, as per the present study), and MiLA (LA with very high plasma metformin). Our MaLA 
subpopulation satisfied the criteria for MaLA or MiLA (we did not seek to distinguish between these diagnoses). Our LA 
subpopulation was likely a mix of cases of MuLA and MaLA. A high proportion of MiLA is most likely represented in 
the group with a daily dose higher than the upper limit of its therapeutic dosage range (>3000 mg).

We sought to explore relationships between exposure to metformin and the severity of LA or MaLA. With regard to 
metabolic indices, correlations between metformin dose and metabolic parameters were weak. The dose of metformin as 
presented in the case report may not have been a reliable surrogate for exposure to metformin, however, as this could 
have been the usual daily dose, or a single dose considered to be associated with a MaLA event. Plasma metformin 
correlated more strongly with plasma lactate (positively) and pH (negatively) in all populations studied. It is well known 
that treatment with metformin induces a modest increase in lactate levels,28 so the latter finding would not be surprising. 
A previous report suggested that acute kidney injury was an important driver of elevated lactate in this setting.29 The fall 
in pH as plasma metformin increased may provide a suggestion of an association of increased exposure to metformin and 
lactic acidosis, however.

The limitations of our study were as follows. We used diagnostic criteria for LA which are used commonly;14–18 

however, other criteria have been employed by other authors studying MaLA.30 A lack of unambiguous diagnostic 
criteria, especially on a “safe” metformin plasma concentration, hampers this field of research. We had little or no 
information on the relative timing of metformin doses, which is critical to the diagnosis of MaLA, especially where data 
on plasma metformin are absent, as described above. We also had little information on the time windows within which 
plasma lactate, pH and metformin measurements were made, or the intervals between metformin exposure, the onset of 
LA and death. These factors may be a source of bias relating to analysis of mortality outcomes and are important 
limitations of our analyses based on the metformin dose.14,31 In addition, the maximum recommended dosage for 
immediate-release metformin varies between regions (eg, 2550 mg/day in the USA and 3000 mg in Europe) and also 
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formulation, as the recommended maximal dose for the once-daily prolonged release (XR or SR) formulation is 
2000 mg/day. Moreover, whether immediate-release or XR metformin was used would complicate diagnostic inter-
pretation of the relationship between the time/amount of metformin ingestion and presentation with LA. We suggest 
adding the formulation of metformin to the checklist of key data necessary to confirm or exclude MaLA. Plasma 
metformin levels are themselves challenging to interpret. Metformin is distributed into certain tissues rapidly after 
ingestion, with the highest concentrations found in tissues such as gut and liver, where it is believed to exert most of its 
antihyperglycemic effect.32 Little information is available on the actual therapeutic plasma concentration of metformin, 
which is remarkable for a drug that has been in continuous therapeutic use in Europe for more than 60 years.33 The 
impact of the metformin plasma concentration on the case outcome and the comparison of the LA and MaLA 
subpopulations (Figure 1A) support the threshold of a safe plasma concentration at 5 mg/L, rather than 2.5 mg/L as 
discussed elsewhere.34

We also considered mortality as a key outcome. Previous reports based on 169 or 26035 reported diagnoses of MaLA 
with plasma metformin measurements found that survivors had higher plasma metformin concentrations than non- 
survivors, respectively. Our data from this larger population did not support this finding: only slightly higher plasma 
metformin levels on the overall and LA subpopulation were small in comparison with the variability of this parameter, 
and median plasma metformin was lower in survivors in our MaLA subpopulation. Moreover, the logistic regression 
analyses provided scant support for a relationship between either plasma metformin or metformin dose and increased risk 
of mortality. Indeed, there was a suggestion of reduced risk of mortality as measure of exposure to metformin increased, 
which may be consistent with earlier reports of lower risk of mortality in recipients vs non-recipients of metformin 
among populations with lactate levels consistent with LA.31,36 Higher plasma lactate was the only metabolic variable 
convincingly related to increased risk of mortality in our multivariable analysis. This finding does not concur with the 
earlier analysis of a subset of this population,27 although increased lactate has been associated with increased risk of 
mortality in other studies in populations with LA.37 Also, lower vs higher categories of pH did not drive higher mortality 
risk in our study, which concurs with the earlier analysis of some of our cases.38

Other risk factors (drug treatments and comorbid conditions) that may predispose to LA were common, as would 
be expected, and previous reports have ascribed a substantial part of the risk of death during a MaLA event to such 
comorbid drug or disease factors.10,11,38,39 Examination of individual potential risk factors revealed a strong influence 
of acute or chronic renal dysfunction on the risk of mortality; this finding supports the maintenance of the current 
contraindications for metformin treatment relating acute renal impairment and to severe chronic kidney. Renal 
function per se (calculated from reported data), age and gender did not markedly influence mortality outcomes.

The retrospective design of our study, based on spontaneous adverse event reporting (which probably reflected the 
most serious LA events occurring in patients receiving usual-care metformin treatment, a potential source of bias), is 
the most important limitation of the study, which could be remedied only by the reporter of spontaneous adverse 
events providing as much detail as possible. We have demonstrated a lack of important data in these reports, 
especially with regard to plasma metformin levels and detailed information on the amount, timings and formulation 
of metformin intakes. Likewise, lack of variables implies that the logistic models assessing the association between 
LA variables and risk of death were based on the limited common set of cases with non-missing values. Only cases 
with complete information on all adjustment variables were analysed in the logistic models. Different diagnostic 
criteria for MaLA have also been used. Accordingly, the associations with death should be interpreted with caution 
even in this large series of reports of MaLA. Similarly, other limitations were our inability to adjust for other 
potential confounders that were not reported, and the relatively limited number of cases available for logistic 
regression analysis (especially for the MaLA subpopulation). Its principal strength was the size of the population 
in the database under study (this is the largest case series of its kind to date) which allowed construction of specific 
LA and MaLA subpopulations.

Conclusions
Most of a large series of reports of MaLA in a pharmacovigilance database did not provide sufficient data to confirm the 
validity of a diagnosis of either LA of any etiology, or MaLA, in particular. The quality of these reports does not seem to 
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have improved over recent decades. Exposure to metformin (as judged by plasma metformin concentrations) correlated 
to some extent with rising lactate levels and reduced pH, but did not influence mortality, including in subpopulations with 
a high likelihood of having LA or MaLA.
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