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Alterations of coagulation in metformin intoxication
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ABSTRACT

It is widely known that metformin reduces the levels of circulating pro-coagulant factors and 
improve fibrinolytic activity in type 2 diabetes when used in therapeutic doses. Potential al-
terations of coagulation have not been reported in patients with metformin intoxication. We 
evaluated certain components of the coagulation system in a patient with metformin intoxica-
tion upon admission and after recovery. Our results indicate that both the levels of coagula-
tion proteins synthesized by the liver and the anti-coagulant activity decrease temporarily in 
metformin intoxication. Nevertheless, no change in the coagulation factors secreted by the 
endothelium were observed.
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IntroductIon

Metformin is a biguanide that exerts its antihy-
perglycemic action primarily by inhibiting hepatic 
gluconeogenesis and by increasing the action of insulin 
in certain target organs, namely muscle and fat. 1 Its 
clinical efficacy in reducing hyperglycemia in diabet-
ics is well established. However, while metformin 
decreases blood glucose levels in diabetic patients, 
such an effect is not observed in non-diabetic subjects. 
Furthermore, metformin administration is associated 
with weight loss, improved lipid profile, and a small 
reduction in blood pressure.2

Metformin has an absolute oral bioavailability of 
50-60 % and gastrointestinal absorption is apparently 
complete within 6 hours. Metformin is not metabo-
lized in the body and 90% of absorbed metformin is 
eliminated unchanged in the urine. Plasma protein 
binding is negligible denoting that the drug is dialy-
zable.1,3 The most common side effect of metformin is 
gastrointestinal discomfort which is reversible and can 
be avoided by simple interventions.1 Lactic acidosis, 
although rare, is a life-threatening side effect of the 
drug.4 Toxicity of metformin in overdose has been 
less clearly defined. Nevertheless lactic acidosis is 
also a major metabolic complication in the event of 
metformin intoxication.5 Management of metabolic 
acidosis is supportive and includes gastrointestinal 
decontamination, bicarbonate infusion, and hemodi-
alysis. In cases of massive ingestion, the latter method 
is efficacious in removal of the drug.3

In addition to its metabolic features, metformin 
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treatment is associated with reduction in coagulation 
proteins.6 Metformin improves impaired fibrinolytic 
activity in type 2 diabetes.7,8 It moreover improves 
fibrinolytic activity in non-diabetic subjects.9 However, 
alterations in coagulation have not been evaluated in 
metformin intoxication. We herein present alterations 
in certain coagulation parameters in a patient with 
metformin intoxication.

patIent deScrIptIon

A 20-year old woman was admitted to the emer-
gency room 48 hours after taking a toxic cumulative 
dose of 76.5 grams of metformin, after an argument 
with her husband, in order to commit suicide. She had 
been previously prescribed metformin (850 mg/day) in 
a primary medical care center because of her obesity 
and impaired glucose tolerance. She had no previously 
diagnosed psychiatric disorder, nor was there any 
history of precedent or current alcohol consumption 
and/or over-the-counter (OTC)/herbal product use. 
She had had no surgery in the past.

Upon admission, the patient was suffering from 
nausea, vomiting, and epigastric pain. She was con-
scious and alert, with blood pressure 140/80 mm Hg, 
pulse rate 80 beats per minute, respiratory rate 28 
breaths per minute, and body temperature 36C. Her 
weight was 77kg with a BMI of 31kg/m2. She had a 
Glasgow Coma Scale score of 12/15. Initial investi-
gations revealed blood urea nitrogen (BUN): 6.43 
mmol/L (normal: 2.14-7.14), creatinine: 194.48 mmol/
L (normal: 70-125), sodium: 134 mmol/L (normal: 
136-146), potassium: 6.0 mmol/L (normal: 3.5-5.5), 
chloride: 100 mmol/L (normal: 98-110) and plasma 
glucose of 3.99 mmol/L (normal: 3.88-5.55). Her cre-
atinine clearance was calculated to be 49.58 ml/min 
according to the Cockcroft and Gault equation (CrCl 
= (140 - age) x weight/(serum creatinine x 72) x 0.85 
for females). Arterial blood gas showed acidosis (pH: 
7.33, pCO2: 24.8 mmHg, pO2: 114.8 mmHg, HCO3: 

13.4 mmol/L, base deficit 23 mmol/L, anion gap 20.6). 
Her serum total protein was 61 g/L (normal: 66-87), 
albumin was 32 g/L (normal: 35-52). Prothrombin time 
and activated partial thromboplastin time were 12.7 
(normal: 10.5-13.5) and 31.1 (normal: 25-35) seconds, 
respectively. She had leukocytosis with a left shift. 
Her urinary pH was 7 and urine specific gravity was 

Table 1. Laboratory features of the patient upon admission and 
on discharge.

Upon  
admission

On  
discharge

Normal 
range

BUN (mmol/L) 6.43 6.78 2.14 - 7.14
Creatinine (μmol/L) 194.48 96.36 70 - 125
Sodium (mmol/L) 134 138 136 - 146
Potassium (mmol/L) 6.0 4.4 3.5 - 5.5
Chloride (mmol/L) 100 99 98 - 110
Glucose (mmol/L) 3.99 4.94 3.88 - 5.55
ALT (U/L) 15 14 1 - 32
AST (U/L) 16 18 1 - 31
ALP (U/L) 195 34 - 240
GGT (U/L) 11 5 - 36
Total bilirubin (μmol/L) 10.26 1.71 - 20.52
Direct bilirubin (μmol/L) 1.71 0.17 - 5.13
Total protein (g/L) 61 66 - 87
Albumin (g/L) 32 35 - 52
Amylase (U/L) 62 28 - 100
Ph 7.33 7.45 7.35 - 7.45
pCO2 (mmHg) 24.8 39.8 35 - 45
pO2 (mmHg) 114.8 95.4 83 - 108
HCO3 (mmol/L) 13.4 28.2 21 - 28
PT (seconds) 12.7
APTT (seconds) 31.1
Hb (g/dl) 12.1 12.0 12.0 - 16.0
Htc (%) 35.1 34.9 36 - 46
WBC (uL) 10.2 7.0 4 - 10
PNL (uL) 7.5 4.4 2.1 - 6.1
PLT (uL) 302 270 156 - 373

ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, 
AST: Aspartate aminotransferase, APTT: Activated partial 
thromboplastin time, BUN: Blood urea nitrogen, GGT: Gamma-
glutamyltransferase, Hb: Hemoglobin, HCO3: Bicarbonate, Htc: 
Hematocrite, pCO2: Partial pressure of carbon dioxide, PLT: 
Platelet count, PNL: Polymorph nuclear leukocytes count, pO2: 
Partial pressure of oxygen, PT: Prothrombin time, WBC: White 
blood cell count.

1010. There was no proteinuria. Urine sediment was 
normal. Laboratory assessment is shown in Table 1. 
The patient was treated with oral activated charcoal 
and intravenous sodium bicarbonate. Hemodialysis 
was performed to remove metformin and to treat 
metabolic acidosis. The patient’s condition stabilized 
after hemodialysis. Arterial blood pH rose steadily, 
while renal function recovered gradually. The patient 
was discharged in good health on the 9th day. The 
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parameters of coagulation and the fibrinolytic system 
are demonstrated in Table 2.

dIScuSSIon

In this communication we report, for the first 
time in the literature, a study of coagulation system 
proteins and natural anticoagulants in a patient with 
metformin intoxication. Our results demonstrate that 
the levels of coagulation proteins synthesized by the 
liver were reduced, while the levels of coagulation 
factors secreted by the endothelium were not affected. 
Depression in total protein C and protein S activi-
ties were also observed. While metformin overdose 
was associated with decreased levels of coagulation 
proteins and natural anticoagulants, synthesized by 
the liver, only factor VII level and total protein S 
activity were lower than normal.

It has been demonstrated that therapeutic doses of 
metformin lower circulating levels of some coagula-
tion factors.6 Metformin treatment in type 2 diabetes 
reduces elevated levels of factor VII,10 and has direct 
effects on fibrin structure and function.6 Biguanides 
have been found to influence thrombin activity and 
fibrin polymerization, which consequently lead to 
decreased factor XIII activity and altered fibrin 
structure.11 Metformin in therapeutic doses improves 
endothelial function in diabetics.7 It has also been 
shown that metformin ameliorates endothelial func-
tion in non-diabetic subjects with insulin resistance.12 

Furthermore, plasma levels of PAI-1 and vWF, which 
are secreted mainly by the impaired endothelium, have 
been shown to decrease with metformin therapy in 
non-diabetic subjects.8 Although metformin lowers 
coagulation protein levels, there is no case in the lit-
erature demonstrating hemorrhage due to metformin. 
Burrull-Madero et al13 reported intestinal hemorrhage 
caused by a Meckel’s diverticulum in a patient taking 
metformin. However, since no investigation regard-
ing the coagulation system was carried out in that 
particular case, there is no evidence to indicate that 
this hemorrhage was caused by metformin.

Liver dysfunction can cause both quantitative and 
qualitative abnormalities in clotting factors. The liver 
synthesizes major components of the coagulation 
system, including plasminogen, coagulation factors 
II, V, VII, IX and X, and the modulating factors 
protein C, protein S, and antithrombin III.14 In our 
patient, there was a clear reduction in coagulation 
factors synthesized by the liver, which were improved 
after recovery from metformin overdose. There was 
no alteration in the levels of vWF, which is a com-
ponent of coagulation secreted by the endothelium. 
The levels of factor VIII, which is produced by the 
reticuloendothelial system (RES) and whose main 
source is the liver,15 were not altered. However, Stern 
et al16 demonstrated that endothelial cells can actively 
participate in procoagulant reactions involving factor 
VIII as well. Factor VIII synthesis was also observed 
in cultured human endothelial cells.17,18 The rate of 
factor VIII synthesis by endothelial cells in vitro 
corresponds to about 20% of the human factor VIII 
produced in vivo.19 We observed higher levels of some 
coagulation factors after recovery from metformin 
intoxication. Our patient had increased vWF levels 
upon admission and on discharge. This might be as-
sociated with the prothrombotic condition related 
to her underlying disorders, namely her obesity and 
impaired glucose tolerance.20

Prothrombin and factors VII, IX, and X are vita-
min K dependent, as are the natural anticoagulants 
protein C and protein S. Vitamin K dependent factors 
undergo post translational gamma-carboxylation, 
which can be impaired by vitamin K deficiency or by 
lack of blood clotting enzymes in liver disease. Factor 
VII is an important early marker of liver dysfunction, 
with a short half life.14 In our patient, factor VII levels 

Table 2. Coagulation parameters upon admission and on dis-
charge.

Upon 
admission

On 
discharge

Normal 
range

vWF (%) 199.95 199.05 50-160

Factor II (%) 85.39 146.44 70-150

Factor V (%) 77.56 133.06 70-150

Factor VII (%) 56.25 192.34 60-150

Factor VIII (%) 142.93 129.6 70-150

Factor IX (%) 113.79 147.82 70-150

Factor X (%) 87.37 118.31 70-150

Anti-thrombin III (%) 99.13 102.38 75-125

Protein C activity (%) 70.35 114.02 60-130

Protein S activity (%) 36.57 76.72 60-130

vWF: von Willebrand factor
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were clearly reduced during metformin intoxication. 
Hepatotoxicity due to metformin, though rare, is 
reported in a small number of cases.21,22 The inci-
dence of acute liver failure is reported to be 0.12% 
in metformin treated patients.23 Acute cholestatic 
jaundice after metformin treatment has also been 
reported in the literature.24 As we were not able to 
demonstrate elevated parenchymal liver enzymes in 
our patient, hepatocyte injury is not substantiated. 
However, decreased levels of coagulation system 
components synthesized by the liver might reflect a 
temporary defect in hepatic function.

Laboratory assessments upon admission showed 
a number of other alterations in our patient besides 
coagulation changes, metabolic acidosis being the 
main one. Metformin may lead to lactic acidosis 
even in therapeutic doses, mostly in patients with 
impaired renal functions.4 Lactic acidosis related to 
metformin overdose has been reported in several 
cases.4,25,26 Type-A lactic acidosis is associated with 
tissue hypoxia as ensues in sepsis. Lactic acidosis seen 
during metformin overdose, or type-B, occurs in the 
absence of hypoxia.25 The pathogenesis of metformin 
induced lactic acidosis has not been fully clarified. 
It is considered that toxic doses of metformin affect 
electron transport at the mitochondrion membrane 
and inhibit oxidative metabolism. Eventually, aerobic 
metabolism switches to anaerobic metabolism and 
accumulation of lactic acid occurs.27 Although lactate 
accumulation plays a central role in the development 
of acidosis, no correlation has been observed between 
mortality and lactate or metformin levels.28,29 Hemo-
dialysis is a good choice of treatment for metabolic 
acidosis related to metformin. Sodium bicarbonate 
alone usually fails to correct the acidosis; however, it 
may be used in selected patients with mild acidosis.3,29,30 
Another basic laboratory finding of the patient was 
hyperkalemia. It resolved after the metabolic acidosis 
had been treated. She also had mild hyponatremia, 
which probably reflects reduced water clearance 
due to reduced glomerular filtration rate (GFR). 
Extrarenal losses and inappropriate secretion of 
antidiuretic hormone (ADH) are other common 
causes of hyponatremia.31 Leucocytosis with left shift 
might result from acidosis induced overproduction 
of catecholamines.32 Blood gas analysis of the patient 
showed reduced pCO2, which was associated with 

compensatory hyperventilation.

In conclusion, we showed that metformin in-
toxication is associated with a temporary decrease 
in proteins of the coagulation system synthesized by 
the liver with no effect on the coagulation factors 
produced by the endothelium.
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