
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ictx20

Clinical Toxicology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ictx20

Metformin-associated lactic acidosis reported to
the United Kingdom National Poisons Information
Service (NPIS) between 2010 and 2019: a ten-year
retrospective analysis

Bethan W. Hughes, Laurence A. Gray, Sally M. Bradberry, Euan A. Sandilands,
Ruben H. Thanacoody & James M. Coulson

To cite this article: Bethan W. Hughes, Laurence A. Gray, Sally M. Bradberry, Euan A.
Sandilands, Ruben H. Thanacoody & James M. Coulson (2023) Metformin-associated lactic
acidosis reported to the United Kingdom National Poisons Information Service (NPIS) between
2010 and 2019: a ten-year retrospective analysis, Clinical Toxicology, 61:6, 445-452, DOI:
10.1080/15563650.2023.2198667

To link to this article:  https://doi.org/10.1080/15563650.2023.2198667

Published online: 15 Jun 2023.

Submit your article to this journal 

Article views: 66

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ictx20
https://www.tandfonline.com/loi/ictx20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15563650.2023.2198667
https://doi.org/10.1080/15563650.2023.2198667
https://www.tandfonline.com/action/authorSubmission?journalCode=ictx20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ictx20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/15563650.2023.2198667
https://www.tandfonline.com/doi/mlt/10.1080/15563650.2023.2198667
http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2023.2198667&domain=pdf&date_stamp=2023-06-15
http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2023.2198667&domain=pdf&date_stamp=2023-06-15


POISON CENTRE RESEARCH

Metformin-associated lactic acidosis reported to the United Kingdom National
Poisons Information Service (NPIS) between 2010 and 2019: a ten-year
retrospective analysis

Bethan W. Hughesa, Laurence A. Graya, Sally M. Bradberryb, Euan A. Sandilandsc, Ruben H. Thanacoodyd and
James M. Coulsona,e

aNational Poisons Information Service, Cardiff Unit, University Hospital Llandough, Penarth, UK; bNational Poisons Information Service,
Birmingham Unit, City Hospital, Birmingham, UK; cNational Poisons Information Service, Edinburgh Unit, Royal Infirmary of Edinburgh,
Edinburgh, UK; dNational Poisons Information Service, Newcastle Unit, Newcastle upon Tyne Hospitals, Newcastle upon Tyne, UK; eSchool of
Medicine, Cardiff University, Cardiff, UK

ABSTRACT
Introduction: Metformin toxicity following therapeutic use or overdose may result in metabolic acid-
osis with hyperlactatemia. This study aims to assess the relationship between serum lactate concentra-
tion, arterial pH, and ingested dose with severity of poisoning, and to identify if serum lactate
concentration is a useful marker of severity in metformin toxicity.
Methods: A retrospective study of telephone enquiries relating to metformin exposures to the
National Poisons Information Service between 2010 and 2019 from hospitals in the United Kingdom.
Results: Six-hundred and thirty-seven cases were identified; 117 involved metformin only and 520
involved metformin with other drugs. The majority of cases involved acute (87%) and intentional
(69%) exposures. There was a statistically significant difference in doses between the Poisoning
Severity Scores, as well as between intentional and unintentional or therapeutic error doses
(P< 0.0001). The distribution of cases for each Poisoning Severity Score differed between the metfor-
min only and metformin with other drugs cases (P< 0.0001). Lactic acidosis was reported in 232 cases.
Serum lactate concentration and arterial pH differed across Poisoning Severity Scores. Arterial pH
inversely correlated with ingested dose (r¼-0.3, P¼ 0.003), and serum lactate concentration positively
correlated with ingested dose (r¼ 0.37, P< 0.0001). Serum lactate concentration and arterial pH did
not correlate with each other. Twenty-five deaths were recorded, all following intentional overdoses.
Discussion: The dataset focuses mostly on acute, intentional overdoses. Increasing ingested metformin
dose, a higher serum lactate concentration and worsening arterial pH were all associated with an
unfavourable Poisoning Severity Score in patients in both metformin only and metformin with other
drugs groups. As serum lactate concentration did not correlate with arterial pH, it represents an inde-
pendent marker of poisoning severity.
Conclusions: Data from the present study suggest that serum lactate concentration can be used to
assess severity of poisoning in patients who have reportedly ingested metformin.
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Introduction

Metformin is an oral anti-hyperglycaemic biguanide used to treat
patients with type 2 diabetes mellitus [1,2]. Normoglycaemia is
achieved by increasing the peripheral utilization of serum glu-
cose and decreasing hepatic gluconeogenesis [3,4]. Metformin
also has a low potential for causing hypoglycaemia [5].

Clinical features indicative of metformin toxicity range from
mild gastrointestinal upset, metabolic acidosis with hyperlactate-
mia to more severe acidaemia, hyperlactatemia, and haemo-
dynamic compromise [6]. The incidence of metabolic acidosis
with hyperlactatemia in the general population is approximately
3 cases per 100,000 patient-years. The incidence is reportedly
higher in patients who take metformin therapeutically, up to 19
cases per 100,000 patient-years [7]. Patients with kidney

impairment who are prescribed metformin are at higher risk of
toxicity because of drug accumulation [8]. Other predisposing
conditions and intercurrent precipitating events that reduce lac-
tate clearance (e.g., liver diseases) and/or increase its production
(e.g., sepsis, congestive heart failure, reduced tissue perfusion
and hypoxia) also increase the risk of metformin toxicity, with
resultant acidemia and elevated lactate concentration [9].

Metabolic acidosis with hyperlacatemia associated with
metformin toxicity can be severe or fatal [10]. In acute over-
dose of metformin, patients who died have much lower
serum pH nadirs and much higher serum lactate and metfor-
min concentrations than those who survived [11]. In metfor-
min-associated lactic acidosis, patients usually have other
illnesses such as sepsis or kidney failure and the receiver
operating characteristic curves show poor predictive power
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of arterial pH and serum lactate concentration for mortality
[10]. In the case of severe metformin poisoning, extracorpor-
eal treatments are recommended [12,13].

This study aimed to analyse the demographic, clinical and
death data reported to the National Poisons Information
Service to ascertain patient demographics and assess the
relationship between serum lactate concentration, arterial pH
and ingested dose with severity of poisoning. Another aim
was to identify if serum lactate concentration is a useful
marker of severity in metformin toxicity.

Methods

The United Kingdom National Poisons Information Service
(www.npis.org) provides clinical management advice and evi-
dence based toxicological information to healthcare professionals
through its online database TOXBASEVR and a 24-hour telephone
service. This 24-hour telephone service covers the United
Kingdom (UK) as well as the Republic of Ireland overnight.

For each patient who is discussed over the telephone, a
record is created on the United Kingdom Poisons
Information Database. A retrospective study of telephone
enquiries from hospitals to the National Poisons Information
Service relating to metformin, including combination prod-
ucts was undertaken. Enquiries included in the study were
recorded between 1 January 2010 and 31 December 2019.
Population death data related to metformin poisoning
between 2010 and 2019 registered in England and Wales
were obtained from the Office for National Statistics.

The data were extracted from the United Kingdom Poisons
Information Database using the following search strings:
enquiry date, source of the enquiry, age, gender, weight, clin-
ical features, laboratory investigations, medical history, drug(s)
name, exposure type (acute, acute on therapeutic, sub-acute,
chronic), drug amount(s), exposure duration(s), incident loca-
tion, circumstances, Poisoning Severity Score and enquiry out-
come (including follow up data if recorded).

We included all cases that related to ingestions of metformin
or metformin with other drugs (including combination products)
and calls originated from a hospital. Metformin preparations
included metformin, Avandamet (rosiglitazoneþmetformin) and
metforminþgliclazide. Cases were excluded if the enquiry did
not originate from a hospital or did not relate to a metformin
exposure. Duplicate enquiries regarding one patient were col-
lated. Cases with a Poisoning Severity Score of ‘None’, represent-
ing asymptomatic cases were excluded when analysing
ingested dose, arterial pH and serum lactate concentration.

Clinical features and laboratory findings are defined as per
the reference ranges used within the National Poisons
Information Service. The term ‘lactic acidosis’ is defined herein
as a metabolic acidosis with an arterial pH of less than 7.35
and a serum lactate concentration >2.2mmol/L. Causation of
symptoms cannot be determined due to lack of analytical con-
firmation; patient medical history and case follow up informa-
tion. Therefore, any cases reported as lactic acidosis were
considered as metformin-associated lactic acidosis.

The Poisoning Severity Score measures the severity of
clinical features at the time of enquiry (or within an hour of

the call) according to specific criteria [14]. This ranges from
none (asymptomatic patients) to minor (transient, mild),
moderate (pronounced or prolonged) and severe (or life-
threatening) clinical features, as well as fatalities. The
Poisoning Severity Score was recorded by the Specialist in
Poisons Information, based on the information provided by
the treating clinician. The maximum Poisoning Severity Score
was not used in the analysis, due to a lack of complete case
follow up information.

The data were analysed using Excel (Office 365
Subscription, Microsoft Corporation, Redmond WA, United
States) and GraphPad Prism (GraphPad Software, San Diego
CA, United States). Cases were divided into two groups, those
with reported ingestions of only metformin and those with
reported ingestions of metformin with other drugs. Data were
presented as count, percentages, median and interquartile
range (IQR). Odds ratios were used to analyse prognostic fac-
tors of mortality. Chi-squared or Fisher’s exact test was used
to compare proportions. The Mann-Whitney U test was used
to compare non-parametric data. The Kruskal Wallis H test
(one-way ANOVA on ranks) was used to compare ingested
metformin dose, arterial pH and serum lactate concentration
for each Poisoning Severity Score. Post-hoc testing was per-
formed using Dunn’s test with Bonferonni correction for mul-
tiple comparisons of independent samples. Pearson’s
coefficient was used to determine correlation. A significance
level (a) of less than 0.05 was considered significant.

A national toolkit provided by the Health Research
Authority in the UK (http://www.hra-decisiontools.org.uk/eth-
ics/) indicates that approval from a Research Ethics
Committee is not required for studies that use information
collected routinely in any UK administration as part of usual
clinical care, provided this information is passed to the
researchers in a fully anonymised format.

Results

The National Poisons Information Service received 3,134 tele-
phone enquiries involving metformin between 2010 and
2019. A total of 693 enquiries were hospital based. The num-
ber of enquiries from hospitals involving metformin poison-
ing fell over the ten-year period by 3.6% (P¼ 0.03).

Exposures

Six-hundred and thirty-seven individual cases were identified.
The demographic information regarding these patients is
shown (Table 1). Four cases included metformin as a combin-
ation product (metforminþ gliclazide). However, all four
cases also involved other drugs and were classified in the
metformin with other drugs group. Medical history was
recorded in 154 (24%) cases, only five patients reported pre-
existing kidney impairment prior to the enquiry.

In the metformin with other drugs cases, 168 individual co-
ingestants were identified. The median number of co-ingestants
reported was 5 (IQR 3-7). The most common co-ingestants for
each Poisoning Severity Score is reported (Table 2). The com-
mon drug classes of reported co-ingestants did not differ across

446 B. W. HUGHES ET AL.

http://www.npis.org
http://www.hra-decisiontools.org.uk/ethics/
http://www.hra-decisiontools.org.uk/ethics/


the Poisoning Severity Scores (P¼ 0.21). There was no differ-
ence between the observed number of metformin with other

drugs cases for each Poisoning Severity Score from the
expected number of cases (P¼ 0.06).

For metformin only exposures (Figure 1(a)), the trend for
a dose-response relationship was not statistically significant.
For metformin with other drugs exposures (Figure 1(b)), a
significant difference was observed between the ingested
dose for a minor versus severe Poisoning Severity Score
(P¼ 0.002) and a minor Poisoning Severity Score versus
death (P¼ 0.019). The median dose for intentional exposures
was significantly different from the median dose for uninten-
tional or therapeutic error cases (P< 0.0001) (Table 1).

Clinical features

Four hundred and thirty-five (63%) cases were symptomatic.
The most common reported clinical features for metformin
only exposures (Figure 2) and metformin with other drugs

Table 1. The demographics, median ingested dose, Poisoning Severity Score and laboratory findings in patients with metformin only and metformin with other
drugs exposures.

All cases (%), [IQR].
(n¼ 637)

Metformin only (%), [IQR].
(n¼ 117)

Metformin with other
drugs (%), [IQR].

(n¼ 520) P Value

Incident location Domestic 581 (91.2) 111 (94.9) 470 (90.4)
Hospital/care facility 23 (3.6) 3 (2.6) 20 (3.8)
Prison 7 (1.1) 2 (1.7) 5 (1.0)
Unknown/others 26 (4.1) 1 (0.9) 25 (4.8)

Age groups Paediatric 105 (16.5) 33 (28.2) 72 (13.8)
Adult 521 (81.8) 81 (69.2) 440 (84.6)

Median age (years) 47 [25.0–59.0] 40 [15.3–57.0] 49 [32.0–60.0]
Sex Male 311 (48.8) 49 (41.8) 262 (50.4)

Female 322 (50.5) 68 (58.1) 254 (48.8)
Circumstances Intentional 439 (68.6) 50 (42.7) 389 (74.8)

Unintentional 85 (13.3) 31 (26.5) 54 (10.4)
Therapeutic error 71 (11.1) 22 (18.8) 49 (9.4)
Adverse reaction 3 (0.5) 2 (1.7) 1 (0.2)

Exposure type Acute 326 (51.2) 58 (49.6) 268 (51.5)
Acute on therapeutic 226 (35.5) 34 (29.1) 192 (36.9)
Staggered 24 (3.7) 11 (9.4) 13 (2.5)
Sub-acute 3 (0.5) 3 (2.6) 0 (0)
Chronic 6 (0.9) 3 (2.6) 3 (0.6)
Unknown 47 (7.4) 8 (6.8) 39 (7.5)

Ingested metformin dose Cases reported 435 (68.3) 88 (75.2) 314 (60.4)
median dose (g) Minor 7.0 [3.5–14.3] 9.4 [5.3–23.5] 7.0 [3.1–13.1]

Moderate 11.5 [5.3–20.8] 34.5 [21.3–47.3] 10.5 [4.3–20.5]
Severe 14.0 [7.5–32.0] 44.1 [31.6–60.0] 14.0 [7.0–23.5]
Death 15.0 [14.0–48.0] -� 14.0 [10.5–50.3]

Intentional exposures 10.5 [6.0–21.0] 20.0 [6.8–35.0] 10.0 [0.5–19.5]
Unintentional & therapeutic errors 1.5 [0.5–3.0] 2.0 [0.8–3.4] 1.0 [0.5–2.8]

Poisoning Severity Score None 202 (31.7) 63 (53.8) 139 (26.7)
Minor 162 (25.4) 25 (21.4) 137 (26.4)
Moderate 126 (19.8) 7 (6.0) 119 (22.8)
Severe 136 (21.4) 17 (14.5) 119 (23)
Death 25 (3.9) 3 (2.6) 22 (0.2)

<0.0001
Arterial pH Cases reported 221 (34.7) 26 (22.2) 195 (37.5)
median Minor 7.33 [7.29–7.37] 7.33 [7.30–7.35] 7.33 [7.29–7.37]

Moderate 7.29 [7.21–7.34] 7.23 [7.20–7.38] 7.29 [7.23� 7.34]
Severe 7.19 [6.99–7.19] 7.04 [6.85–7.11] 7.21 [7.04–7.28]
Death 6.9 [6.8–7.09] -� 7.00 [6.83–7.10]

Serum lactate concentration Cases reported 207 (32.5) 31 (26.5) 176 (33.8)
median (mmol/L) Minor 4.2 [2.7–6.3] 5.1 [3.8–7.9] 4.1 [2.5–5.6]

Moderate 6.5 [4.0–9.9] 8.7 [3.0–9.0] 6.5 [4.0–9.4]
Severe 12 [5.2–19.0] 17.8 [11.2–23.7] 10.0 [3.4–17.5]
Death 17.5 [12.6–25.5] -� 15.0 [12.0–22.0]

Paediatric cases included 0–18-year-olds; adult cases were 19-year-old and above. Acute exposures were ingestions occurring within 2 h; acute on therapeutic
were acute ingestions in patients prescribed metformin therapeutically; staggered exposures included multiple doses over 24-hours; sub-acute were multiple
exposures that occurred >24-hours but less than 1month; chronic exposures occurred for over 1-month. The Poisoning Severity Score is based on Persson et al.
grading of acute poisoning [14]. Cases reported refers to cases with a Poisoning Severity Score of Minor, Moderate or Severe. Poisoning Severity Score of ‘None’
was excluded. �Median unavailable due to small sample size.

Table 2. Most common co-ingested drugs in patients who reportedly
ingested metformin with other drugs, for each Poisoning Severity Score.

Poison Severity Score

Drug category Minor (n) Moderate (n) Severe (n) Death (n)

Statins 46 47 52 10
Analgesics 38 34 32 5
NSAIDs 41 30 27 11
ACE inhibitors 30 24 39 10
SSRIs 34 28 35 6
Antipsychotics 30 23 32 6
Antidiabetics 30 23 32 10
Calcium channel blockers 17 26 44 12
Proton pump inhibitors 29 29 22 6
Antiepileptics 13 22 28 5

NSAIDs: non-steroidal anti-inflammatory drugs; ACE: angiotensin-converting
enzyme; SSRIs: selective serotonin reuptake inhibitors. Poisoning Severity
Score is based on Persson et al. grading of acute poisoning [14].
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(Figure 3) exposures are reported. The reported dose
required to cause clinical features in metformin only cases
(including physical symptoms or abnormal laboratory results)
in 50% of symptomatic cases was 36.7 g (95% confidence
interval (CI) 25.5–90 g). The reported dose required to cause
clinical features in metformin with other drugs cases in 50%
of symptomatic cases was 10.3 g (95% CI 10–10.7 g).

The distribution of Poisoning Severity Scores differed
between the metformin only and metformin with other
drugs groups, which is shown in Table 1 (P< 0.0001). Lactic
acidosis was reported in 232 (36%) cases; 33 were metformin
only and 199 were metformin with other drugs exposures.
Impaired kidney function (including kidney failure) was
reported in 49 (7%) cases and was not associated with lactic
acidosis following metformin exposure (P¼ 0.99).

Hypoglycaemia (blood glucose <3.9mmol/L, 70 mg/dL)
was reported in 38 cases. Twenty-three (71%) of the metfor-
min with other drugs exposures included another antidia-
betic drug as a co-ingestant. The median blood glucose

concentration for all cases was 6.5mmol/L (117 mg/dL) [IQR
5–12mmol/L] (P¼ 0.53).

Potential biomarkers of severity of metformin poisoning

Serum metformin concentration was only reported in one
case of metformin with other drugs exposure. Lactic acidosis

Figure 1. Median and IQR of ingested dose of metformin for each Poisoning
Severity Score in: (a) patients who ingested metformin only (n¼ 117) and (b)
patients who ingested metformin with other drugs (n¼ 520). �P<0.05,���P<0.001, and ns: not significant.

Figure 2. Frequency of the most common clinical features for each Poisoning
Severity Score in patients who ingested metformin only (n¼ 117). Lactic acid-
osis (metabolic acidosis with arterial pH <7.35 and serum lactate concentration
>2.2mmol/L); abnormal kidney function (serum creatinine >120 l/L); hypogly-
caemia (blood glucose <3.9mmol/L, 70 mg/dL); hypotension (blood pressure
<90/60mmHg); hyperkalaemia (serum potassium >5.3mmol/L); acute kidney
failure (anuria, serum creatinine >550 lmol/L).

Figure 3. Frequency of the most common clinical features for each Poisoning
Severity Score in patients who ingested metformin with other drugs (n¼ 520).
Lactic acidosis (metabolic acidosis with arterial pH <7.35 and serum lactate
concentration >2.2mmol/L); hypotension (blood pressure <90/60mmHg);
somnolence (sedation, drowsiness, sleepiness); tachycardia (heart rate elevated
above normal according the age of the patient); coma (unconsciousness); QT
prolongation (QTc >450ms); bradycardia (heart rate <60 beats/minute); hypo-
glycaemia (blood glucose <3.9mmol/L, 70 mg/dL).
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was reported as a clinical feature in 232 cases, of which 162
had confirmed laboratory results. Median arterial pH and
serum lactate concentration values were analysed separately.

Recorded arterial pH for cases is reported (Table 1).
Arterial pH inversely correlated with reported metformin
dose (r ¼-0.3, P¼ 0.0003). Arterial pH did not correlate with
the serum lactate concentration for either metformin only
exposures (r¼-0.3, P¼ 0.2) or metformin with other drugs
exposures (r¼ 0.01, P¼ 0.9). The relationship between arterial
pH and the Poisoning Severity Score is shown for patients
who reportedly ingested metformin only (Figure 4(a)). There
was a significant difference in arterial pH between the minor

versus severe Poisoning Severity Score (P¼ 0.0121) and for
minor versus death (P¼ 0.0061). For the metformin with
other drugs (Figure 4(b)) cases, there was a significant differ-
ence between the minor versus severe Poisoning Severity
Score (P< 0.001), minor versus death (P< 0.001), moderate
versus severe (P< 0.001), moderate versus death (P< 0.001)
and the severe versus death cases (P¼ 0.0172).

The median serum lactate concentration for metformin
only and metformin with other drugs is reported for each
Poisoning Severity Score (Table 1). Serum lactate concentra-
tion correlated with reported metformin dose (r¼ 0.37,
P< 0.0001). The relationship between serum lactate concen-
tration and Poisoning Severity Score is reported for metfor-
min only (Figure 5(a)). There was a significant difference
between the minor versus severe Poisoning Severity Score
(P¼ 0.0319) and the minor versus death (P¼ 0.0176). For the
metformin with other drugs cases (Figure 5(b)), there was a
significant difference in serum lactate concentration between
the minor versus moderate Poisoning Severity Score
(P¼ 0.0137), the minor versus severe (P< 0.001), the minor

Figure 4. Median and IQR of arterial pH for each Poisoning Severity Score in:
(a) patients who ingested metformin only (n¼ 117) and (b) patients who
ingested metformin and other drugs (n¼ 520). �P<0.05, ��P<0.01,����P<0.0001, and ns: not significant.

Figure 5. Median and IQR of serum lactate concentration for each Poisoning
Severity Score in: (a) patients who ingested metformin only (n¼ 117) and (b)
patients who ingested metformin with other drugs (n¼ 520). �P<0.05,��P<0.01, ����P<0.0001, and ns: not significant.
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versus death (P< 0.001) and the moderate versus death
(P¼ 0.0072).

The optimum serum lactate concentration to distinguish
between a Poisoning Severity Score of minor versus severe
for patients with reported metformin only exposures is
greater than 11.0mmol/L (Figure 6(a)) and greater than
11.4mmol/L for patients who reported exposures to metfor-
min with other drugs (Figure 6(b)), respectively.

Metformin related deaths

Three deaths involving one male and two females were
recorded following acute intentional ingestions of metformin
alone. Patient ages were 32, 47 and 53 years. The reported
metformin doses resulting in death were 48 g and 99 g. The
recorded arterial pH ranged from 6.69 to 6.9. Serum lactate
concentrations were between 25–36mmol/L.

Twenty-two deaths occurred following a metformin with
other drugs overdose. The median age of the patients who
died was 52.5 years (IQR 44.5–55.75). Seventeen (77%)
patients were male and 5 were female. All of the deaths
occurred following intentional exposures and 20 (90%) were
acute exposures. The lowest recorded metformin dose result-
ing in death was 5.25 g (55mg/kg). The median metformin

dose, arterial pH and lactate concentration resulting in death
are reported (Table 1).

Poor prognostic factors for an outcome of death versus a
minor, moderate or severe Poisoning Severity Score or being
asymptomatic included: male sex (OR 2.76, 95% CI 1.13–
6.69), aged over 40 years (OR 2.86, 95% CI 0.96–8.47) and tak-
ing a metformin with other drugs overdose (OR 1.68, 95% CI
0.49–5.71).

The Office for National Statistics registered 66 deaths
relating to metformin poisonings between 2010–2019 in
England and Wales. Twenty of these deaths were due to
intentional self-harm [15]. Twenty-one of the deaths reported
to the National Poisons Information Service were in England
and Wales. The remaining three deaths were reported from
hospitals in Scotland and one death was reported from the
Republic of Ireland.

Discussion

A higher serum lactate concentration and worsening arterial
pH were each independently associated with an unfavour-
able Poisoning Severity Score in both metformin only and
metformin with other drugs exposures. Our dataset suggests
that serum lactate concentration in patients with metformin
toxicity could be a useful biomarker of poisoning severity in
both single agent and multi-drug exposures.

The majority metformin exposures were acute and inten-
tional. A minority were due to therapeutic errors (unintentional
extra doses, wrong dose administration, etc.), including acute
or staggered exposures. Consistent with the literature, most
patients were adults. The smaller proportion of paediatric cases
consisted mostly of unintentional exposures and severe cases
were uncommon [16,17].

Previous studies have primarily investigated metformin in
terms of single-drug exposure [6,16]. Our dataset was varied
in terms of the ingested dose, circumstances of exposure, age,
and often involved multiple co-ingestants. The distribution of
cases between the Poisoning Severity Scores was significantly
different between the metformin only and metformin with
other drugs cases. A higher proportion of severe cases were
metformin with other drugs cases, whilst a higher proportion
of asymptomatic cases were metformin only cases.

For reported metformin only cases, the trend for a dose-
response relationship between ingested metformin dose and
Poisoning Severity Score was not statistically significant, pos-
sibly due to the small sample size. As for metformin with
other drugs cases, some dose-response relationship occurred,
with significant differences in the ingested doses for a minor
versus severe Poisoning Severity Score and a minor Score
versus death. The median metformin dose was higher in
acute intentional overdoses than those categorised as thera-
peutic errors.

A positive correlation was found between serum lactate
concentration and the reported ingested metformin dose in
metformin with other drugs cases, suggesting a higher dose
may result in elevated serum lactate concentrations.
Similarly, arterial pH inversely correlated with ingested dose

Figure 6. Receiver operating characteristic (ROC) curve for serum lactate con-
centration for a Poisoning Severity Score of minor versus severe in: (a) patients
who ingested metformin only. Sensitivity of 75% (95% CI 47–97%) and specifi-
city of 86% (95% CI 60–97%). The optimum serum lactate concentration to dis-
tinguish between a minor versus a severe Poisoning Severity Score is 11.0
mmol/L and (b) Patients who ingested metformin with other drugs. The sensi-
tivity was 48% (95% CI 36–60%) and specificity 98% (95% CI 90–100%). The
optimum serum lactate concentration to distinguish between a minor versus a
severe Poisoning Severity Score is 11.4 mmol/L.
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for all cases, suggesting the degree of metabolic acidosis is
associated with dose ingested.

As with ingested dose, serum lactate concentrations corre-
lated with a worsening Poisoning Severity Score for all cases,
although this did not reach statistical significance for metfor-
min only cases, likely due to sample size. As is expected from
the Poisoning Severity Score criteria [14], there is a relationship
between a lower recorded arterial pH and worsening Poisoning
Severity Scores. Serum lactate concentration reference ranges
are not included within the Poisoning Severity Score criteria
[14]. However, as arterial pH and serum lactate do not correlate
for metformin only or metformin with other drugs cases, the
serum lactate concentration can be used as an indicator of poi-
son severity and is independent of arterial pH.

Risk factors for metabolic acidosis with hyperlactatemia
in the literature for patients taking metformin therapeutic-
ally included being elderly, decreased cardiac, hepatic or
kidney function and hypoxaemia [17]. The risk factors in
our study were based on the risk of death versus absence
of clinical features or recovery among patients. It could not
be determined if the subjects in our dataset were pre-
scribed metformin due to a lack of medical history informa-
tion. Poor prognostic factors included male gender, over
40 years of age, and taking a metformin with other drugs
overdose.

Limitations

Poisons Centre data is at risk of potential reporting error and
bias. The National Poisons Information Service does not have
access to medical records and case follow up information is
limited as not all cases are routinely followed up. The
ingested metformin dose is based on the patients’ own
account and may be unreliable. Analytical confirmation was
not routinely possible for serum metformin concentration.
Serious or more complicated cases may be overrepresented.
The Poisoning Severity Score is based on the clinical condi-
tion of the patient at the time of the enquiry and is not spe-
cifically based on the serum lactic concentration and,
therefore other factors may be confounding the severity of
poisoning. Clinicians may use other sources of information
first and are not obliged to refer cases to the National
Poisons Information Service.

Conclusions

The majority of cases included acute and intentional over-
dose with metformin, most of which also involved co-ingest-
ants. A dose-response relationship was identified with
worsening Poisoning Severity Scores, arterial pH and serum
lactate concentration. Arterial pH and serum lactate concen-
tration demonstrated independent relationships with worsen-
ing poisoning severity. Data from the present study suggest
that serum lactate concentration can be used to assess
severity of poisoning in metformin only and metformin with
other drugs exposures.
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