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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




