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Abstract

Objectives Metformin-associated lactic acidosis (MALA) may occur after acute metformin overdose, or from therapeutic use in
patients with renal compromise. The mortality is high, historically 50% and more recently 25%. In many disease states, lactate
concentration is strongly associated with mortality. The aim of this systematic review and meta-analysis is to investigate the
utility of pH and lactate concentration in predicting mortality in patients with MALA.

Methods We searched PubMed, EMBASE, and Web of Science from their inception to April 2019 for case reports, case series,
prospective, and retrospective studies investigating mortality in patients with MALA. Cases and studies were reviewed by all
authors and included if they reported data on pH, lactate, and outcome. Where necessary, authors of studies were contacted for
patient-level data. Receiver operating characteristic (ROC) curves were generated for pH and lactate for predicting mortality in
patients with MALA.

Results Forty-four studies were included encompassing 170 cases of MALA with median age of 68.5 years old. Median pH and
lactate were 7.02 mmol/L and 14.45 mmol/L, respectively. Overall mortality was 36.2% (95% CI 29.6—43.94). Neither lactate nor
pH was a good predictor of mortality among patients with MALA. The area under the ROC curve for lactate and pH were 0.59
(0.51-0.68) and 0.43 (0.34-0.52), respectively.

Conclusion Our review found higher mortality from MALA than seen in recent studies. This may be due to variation in standard
medical practice both geographically and across the study interval, sample size, misidentification of MALA for another disease
process and vice versa, confounding by selection and reporting biases, and treatment intensity (e.g., hemodialysis) influenced by
degree of pH and lactate derangement. The ROC curves showed poor predictive power of either lactate or pH for mortality in
MALA. With the exception of patients with acute metformin overdose, patients with MALA usually have coexisting precipi-
tating illnesses such as sepsis or renal failure, though lactate from MALA is generally higher than would be considered survivable
for those disease states on their own. It is possible that mortality is more related to that coexisting illness than MALA itself, and
many patients die with MALA rather than from MALA. Additional work looking solely at MALA in healthy patients with acute
metformin overdose may show a closer relationship between lactate, pH, and mortality.
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Introduction

Metformin-associated lactic acidosis (MALA) is a discase
state in which metformin contributes to dysregulation of pH
and lactate production, most commonly during critical illness.
Severe hyperlactatemia with metabolic acidosis also some-
times occurs after metformin overdose. Patients with this syn-
drome have high mortality; however, the relationship between
the degree of acidosis and mortality is unclear. We use a sys-
tematic review and meta-analysis approach to investigate the
prognostic relationship between lactate concentration, pH, and
death in MALA.

As a normal component of glucose homeostasis, hepato-
cytes take up circulating lactate and perform gluconeogen-
esis via the Cori cycle. Metformin inhibits this process. In
therapeutic doses, metformin inhibits complex I in the

electron transport chain, increasing cellular NADH and
thereby inhibiting gluconeogenesis and contributing to
euglycemia. In overdose, this leads to excessive lactate,
both from inhibition of the electron transport chain and by
preventing lactate clearance, because excess NADH pre-
vents conversion to pyruvate. In addition, increased AMP
from inhibition of complex I also inhibits gluconeogenesis
[1]. During periods of critical illness, renal dysfunction in-
duces toxic accumulation of metformin. Simultaneously,
critical illness leads to elevated lactate production. As a
result of the concomitant rise in lactate production and di-
minished clearance, hyperlactatemia ensues. Toxic accu-
mulation of metformin can occur in the absence of renal
failure when an otherwise healthy patient takes an overdose
of metformin and can lead to similar metabolic derange-
ment [1, 2].

PUBMED
(n=39)

EMBASE
(n=75)

Other
(n=24)

Web of Science
(n=30)

Duplicates removed (n=57)

Articles after duplicates removed
n=111
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(n=49)

Full-text reviewed
(n=62)

Full-text articles excluded (n=18)

Articles included
(n=44)

Fig. 1 Study selection process.
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Table 1 Description of included studies.

Author Study type Number of patients
Ahmad (2002) [5] Case report 1
Al-Jebawi (1998) [6] Case report 1
Barbare (1981) [7] Case report 1
Beaudot (1980) [8] Case report 1
Bein (2013) [9] Case report 1
Bergman (2015) [10] Case report 1
Bethlehem, 2015 Retrospective single center 10
Bruijstens (2008) [12] Case series 3
Chudgar (2010) [13] Case report 1
Dell’Aglio (2010) [14] Case report 1
Falco (2013) [15] Case series 10
Franzetti (1997) [16] Case report 1
Friesecke (2010) [17] Case series 10
Garg (2016) [18] Case report 1
Goonoo (2017) [19] Case report 1
Gowardman (1995) [20] Case report 1
Guo (2006) [21] Case series 2
Hayat JC (1974) [22] Case report 1
Huang (2016) [23] Retrospective single center 11
Hutchison (1987) [24] Case report 1
Kavalci (2010) [2010] Case report 1
Keller (2011) [26] Retrospective single center 6
Khan (1993) [27] Case report 1
Korhonen (1979) [28] Case report 1
Kovacs (1996) [29] Case report 1
Lacroix (1988) [30] Case report 1
Laforest (2013) [31] Case report 1
Lalau (1995) [32] Prospective single center 14
Lalau (1999) [33] Retrospective multi center 49
Leonaviciute (2018) [34] Case report 1
Mercker (1997) [1997] Case report 1
Mirouze (1974) [36] Case series 2
Mizzi (2009) [37] Case report 1
Pearlman (1996) [38] Case report 1
Perrone (2011) [39] Case series 3
Sadafi (1996) [40] Case report 1
Schmidt (1997) [41] Case report 1
Schure (2003) [42] Case report 1
Timbrell (2012) [43] Case report 1
Turkcuer (2009) [44] Case report 1
Tymms (1988) [45] Case report 1
Van Berlo-van de Laar (2011) [46] Retrospective single center 16

Zandijk (1997) [47]
Zulqarnain (2014) [48]

Case report
Case report

—_

Metformin is of the biguanide family of anti-
hyperglycemic medications and has an approximately one-
twentieth rate of metabolic acidosis with hyperlactatemia than

its historical predecessor, phenformin. The epidemiological
decline in the incidence of this disease state, though fortunate,
limits physician experience and available clinical data. Given
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Table 2  Characteristics of the patients.

Pooled sample size (n=170)

Age (years)* 68.5 (60.0, 75.0)
Gender (% f)* 51 (43.1-58.0)

pH (units)* 7.02 (6.86, 7.20)
Lactate (mmol/L)* 14.45 (10.15, 20.0)
Mortality (%)** 36.5% (29.6-43.9)

*Median (IQR 25%, 75%)
**Rate (95%, CI)

the relative rarity of MALA, current evidence poorly charac-
terizes prognostic features and provides little augmentation of
clinical decision making.

To date, MALA has been characterized and managed large-
ly based on physician experience, presumed understanding of
pathophysiology, and case report level evidence. An epidemi-
ological incidence study from the Cochrane group in 2010 [2]
found no increased risk of developing MALA in a healthy
cohort on therapeutic doses of metformin, and a 2009 system-
atic review of metformin overdose found no deaths in patients
with nadir serum pH greater than 6.9 or peak serum lactate
concentrations less than 25 mmol/L [3]. No current paper
explores prognostic features of MALA in a population of sick
patients or patients with metformin overdose. This paper at-
tempts to pool data from all available literature in order to
better characterize the meaning of pH in the setting of MALA.

Methods

We conducted a systematic search using the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines. The protocol for this systematic review
is registered in the PROSPERO database with registration
number CRD42018094253. We searched PubMed,
EMBASE, and Web of Science from their inception to April
2019 for case reports, case series, prospective, and retrospec-
tive studies investigating mortality in patients with MALA.

Studies were included if patients were diagnosed with
MALA, and there was reported data on initial pH, initial lac-
tate concentration, and mortality. Studies that did not report
patient-level data and case reports on possible MALA after a
major procedure were excluded. (See appendix-A for search
strategy.)

Data Analysis

Interval data were reported as medians with interquartile
ranges at 25% and 75% (IQR 25%, 75%). Frequency data
were reported as percentages with 95% confidence intervals
(95%, CI). Group comparisons were analyzed by Mann-
Whitney U, alpha =0.05, all with 2-tail. Receiver operating
characteristic curves were tested against mortality, with area
under the curve (AUC) (95%, CI) [4].

Results

We found 108 citations in the combined Pubmed, Embase,
and Web of Science search. Upon literature review, we found
an additional 24 articles. Forty four [5—48] studies were in-
cluded in this review. (See Fig. 1 for the study selection
process.) Thirty-two studies were case reports, 6 were case
series, 5 were retrospective, and 1 was a prospective study,
Table 1.

Across 44 included studies, 170 patients were included in
the analysis. A total of 51% (IQR 43.1-58.0) of patients were
female. The median age was 68.5 years old (IQR 60.0, 75.0).
Median pH was 7.02 (IQR 6.86, 7.20), and median lactate was
14.45 mmol/L (IQR 10.15, 20.0). Overall mortality was
36.2% (95% CI 29.6-43.94). (See Table 2 for a summary of
findings.) Table 3 compares the characteristics of survivors
versus deceased. Patients who survived were significantly
younger compared with those who are deceased, 67 versus
72 years old. Patients’ sex was similar in both groups. While
median pH was the same in both survivor and nonsurvivor
groups (7.02 and 7.03, respectively, p value 0.127), the medi-
an lactate was higher in the nonsurvivor group (15.40 versus

Table 3  Patient characteristics, survivors versus nonsurvivors.

Survivors Non-survivors p value
N 108 62
Age (years)* 67 (59.25, 72.00) 72 (60.00, 79.00) 0.046%
Gender (% f) 50 (40.7-59.3) 52 (39.5-63.6) 0.874:%**
pH (units)* 7.02 (6.87,7.22) 7.03 (6.86, 7.14) 0.127%:%*
Lactate (mmol/L)* 13.75 (8.94, 19.78) 15.40 (11.95, 22.62) 0.044

*Median (IQR 25%, 75%)
*%p < 0.05 statistically significant
*#4Not significant
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13.75, p value <0.05. Neither pH nor lactate was a good
predictor of mortality based on the ROC curve (Figs. 2 and
3) with AUC of 0.430 and 0.593, respectively.

Discussion

Based on our meta-analysis of the available studies, the degree
of lactate elevation and metabolic acidosis are poor predictors
of mortality in MALA. The derangements in pH and lactate
seen in MALA appear to have an associative rather than a
predictive relationship to mortality. Given that
hyperlactatemia with metabolic acidosis is the sine qua non
of MALA itself, these laboratory findings do prognosticate the
significant mortality rate observed in MALA. However, de-
gree of deviation from normal in these values do not have an
expected dose-response relationship. Therefore it appears that
mortality linked to MALA is not caused by changes in pH and
lactate.

We used a thorough literature search strategy spanning
three databases to minimize selection bias and identified 44
publications including 170 cases of MALA. Where patient
data were unavailable, we contacted authors directly to

maximize inclusion of patients. Quality of data was low to
moderate, comprising case series, case reports, and retrospec-
tive data. Measurement bias is negligible since the outcome of
interest, mortality, is a hard endpoint, and variables were nu-
merical laboratory measurements.

Potential confounders to our study include selective
reporting, misidentification of MALA for another disease pro-
cess and vice versa, variation in standard medical practice
both geographically and across the study interval, and sample
size. Additionally, it is possible that patients with extremes of
lactate elevation or metabolic acidosis were regarded as sicker
than other patients. They might then receive more prompt and
thorough diagnostic evaluation and more aggressive treatment
such as prolonged or expedited hemodialysis. Since 2015,
EXTRIP guidelines for hemodialysis in MALA explicitly ba-
se some treatment recommendations on pH and lactate [49],
so cases reported since then are especially prone to this bias.
The best predictor of mortality may in fact be whether or not
the patient receives aggressive treatment.

Implications for clinical practice include that the diagnosis
of MALA predicts a mortality of about 36% regardless of pH
and lactate. Though it may be counterintuitive, laboratory
values closer to the normal range should not be interpreted
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as reassuring, and seemingly marked pH or lactate disturbance
may not be more predictive of death than the diagnosis of
MALA itself. Indeed, the numeric values of pH and lactate
appear only as useful in prognosticating mortality as they are
in establishing the diagnosis of MALA.

Implications for research may be drawn from our study as
well. Though this systematic review and meta-analysis was
unable to demonstrate a predictive correlation between pH
or lactate concentration and mortality in MALA, it is possible
that including a larger sample size or performing a prospective
study with protocolized treatment may reveal such a relation-
ship. Additionally, the apparent dissociation between pH, lac-
tate, and mortality in MALA leads to the questions of funda-
mental disease mechanism and potential therapeutic targets.

Conclusion

Despite limitations to our study, we conclude there is no data
to support the degree of pH or lactate disturbance as prognos-
tic in patients diagnosed with MALA. The receiver operating
curves showed poor predictive power of pH and lactate for
mortality in MALA. The implications for clinical practice
and future research are important, since the derangements in

@ Springer

pH and lactate seen in MALA appear to have an associative
rather than a predictive relationship to mortality.
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