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Hyperhomocysteinemia is associated with an increased risk of cardiovascular disease in diabetic 
patients. The aim of this study was to evaluate effects of metformin and folic acid on plasma 
homocysteine level in diabetic patients. In this clinical trial 47 new cases of type 2 diabetes were 
randomized to two groups. We treated patients in trial group with metformin and 1 mg folic acid, 
whereas patients in control group treated with metformin and placebo for 16 weeks. There was no 
significant difference in plasma homocysteine level and glycosylated hemoglobin (HbA1c) between two 
groups at the start of study. After 16 weeks plasma homocysteine level in the trial group did not 
change. In contrast plasma homocysteine level increased in the placebo group. There was significant 
difference in mean plasma homocysteine level between two groups (P-value < 0.01). This difference was 
highly significant in males (P-value < 0.0001). Correlation between glycosylated hemoglobin and plasma 
homocysteine level at start and end of study was not significant. This finding indicated that metformin 
increases plasma homocysteine level in diabetic patients especially males, whereas administration of 
folic acid with metformin can prevent this process. 
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INTRODUCTION 
 
A number of cardiovascular risk factors such as hyperten-
sion, dyslipidemia and obesity are more common in type 
2 diabetic patients (Wilson et al., 1999). 

It also appears that diabetes interact with other risk fac-
tors to increase more risk of cardiovascular disease 
(Stamler et al., 1993). Hyper homocysteinemia is an inde-
pendent cardiovascular risk factor especially in diabetic 
patients (Boushey et al., 1995). For prevention of cardio-
vascular events in patients with type 2 diabetes in addi-
tion to control of type 2, identification and treatment of 
risk factors such as hyperhomocysteinemia is critical 
(Wilson et al., 1999; Hoogeveen et al., 1998). It is well 
known that metformin by decreasing plasma folate and 
vitamin B12 levels can increase plasma homocysteine 
levels (Wulffele et al., 2003). 

The aim of this study was to evaluate effect of metfor-
min, folic acid  and plasma homocysteine levels in type 2 
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diabetic patients 
 
 
MATERIALS AND METHODS 
 
This clinical trial included 47 patients with type 2 diabetes mellitus. 
These patients have been referred to endocrine and metabolism 
research center of Medical university of Isfahan. All patients gave 
informed voluntary consent to participate in the study. The study 
was approved by the ethics committee of Medical university of 
Isfahan. 

Inclusion criteria were non usage of oral hypoglycemic agents or 
insulin, baseline creatinine lower than 1.1 mg/dl, fasting plasma glu-
cose lower than 250 mg/dl, and no history of treatment with the 
drugs that affect plasma homocysteine. 

There were various levels such as cholestyramine, metformin, 
fibric acids, folic acid, vitamin B12 and vitamin B6 from 3 months 
before the start of trial. Exclusion criteria were intolerance of metfor-
min, so there was need to treat patients with other hyperglycemic 
agent or drugs which affect plasma homocysteine levels in duration 
of study. Patients were randomized to two groups, trial and control. 
Each group treated initially with 1000 mg metformin daily. Dosage 
of metformin based on results of monthly plasma glucose, as need 
be increased to 2000 mg daily. The patients in trial group in addition 
to metformin took 1 mg folic acid per day whereas in control
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Table 1. Variables of the subjects studied.   
 

Variables Group 1 
Metformin without  folic acid 

Group 2 
Metformin with folic acid 

P-value 

Age(years) 47±11.2 47.5±7.8 0. 
Daily dose of metformin (mg) 1180±350 1378±422 0.07 
Duration (day) 121.5±4.9 121±5 0.7 
Baseline homocysteine(micromole/L) 12±3.5 11.5±4 0.6 
Homocysteine at end of study 14.3±3.5 11±2.7 0.002 

 
 
 
Table 2. Plasma homocysteine levels in two groups based on sex. 
  

Sex Male Female 
        Group Metformin 

without folic 
acid (n = 8) 

Metformin with 
folic acid (n = 

7) 

P-value Metformin 
without folic 
acid (n = 12) 

Metformin 
with folic 

acid (n = 13) 

P-value 

Base line homocysteine (µmole/l) 13.2 ± 2 13.6 ± 4 0.8 11.4 ± 4 10.3 ± 3.5 0.3 
Homocysteine at end of study 15.4 ± 1.5 11.5 ± 1.1 0.001 10.8 ± 3.2 13.6 ± 4.2 0.07 

 
 
 
group patients took metformin and placebo. All blood specimens 
were drawn at 8:00 am after 12 h fast. Fasting plasma glucose, tri-
glyceride, total cholesterol and HDL cholesterol were determined by 
the enzymatic method. LDL cholesterol was calculated based on 
Fried wald formula. Glycosylated hemoglobin percent was deter-
mined by tonic exchange chromatography. Plasma homocysteine 
level was determined by Eliza (Axis. Homocysteine – ELA). 

Normal levels of plasma homocysteine are between 5 - 15 µmol/l 
and average level is 9 - 10 micro mol/l in healthy people.  

Plasma homocysteine level of 15 µmol/l or more is considered to 
be hyperhomocysteinemia (Duell et al., 1997). The data were ana-
lysed by using spss version 11 and p-value < 0.05 were considered 
to be statistically significant. Difference between mean plasma 
homocysteine levels in groups were assessed by student t test. In 
each group, mean plasma homocysteine levels at start and end of 
the study was assessed by paired t-test. Relationship between 
HbA1c and homocysteine was calculated by Pearson’s correlation 
coefficient.  
 
 
RESULTS 
 
Of 47 participants, we excluded seven persons. Overall 
this study was carried out in 40 patients (15 males, 25 
females) in two groups of twenty persons (Table 1). This 
was no statistically significant difference in mean plasma 
homocysteine levels and HbA1c between the two groups 
at start of the study (p = 0.6). 

After 16 weeks, administration of metformin mean plas-
ma homocysteine levels in trial group (group 2) did not 
change. In contrast, mean plasma homocysteine levels 
increased in placebo group (group 1) (p < 0.01). 

After 16 weeks this was statistically significant differ-
ence in mean plasma homocysteine levels between two 
group (p < 0.01) that  was highly  significant  in  male 
(Table 2) (p < 0.0001). 

Correlation between HbA1c and plasma homocysteine 
levels at start of the study (r = 0.06, p = 0.7) and end of 
the study (r = 0.02, P = 0.9) was not significant.  

DISCUSSION 
 
This study demonstrated that metformin can increase 
plasma homocysteine levels in type 2 diabetic patients. 
Our findings are similar to those obtained by Wulffele et 
al. (2003) that concluded in patients with type 2 diabetes, 
16 weeks of treatment with metformin lead to modest 
increase in plasma  homocysteine  levels (Wulffele et al., 
2003). This study shows that plasma homocysteine levels 
can be increased by metformin in placebo groups where-
as plasma homocysteine levels did not change in trial 
group that took folic acid in addition to metformin. The 
study demonstrated that metformin by itself increases 
plasma homocysteine levels in diabetic patients whereas 
administration of folic acid with metformin can prevent 
this processes plasma.  

Plasma homocysteine level was higher in males than 
females. That was corresponded by other studies (Alan 
et al., 2005; Passaro et al., 2000). Furthermore the study 
showed that metformin can increase more plasma homo-
cysteine levels in males and females. In addition, effect of 
folic acid in prevention of rise homocysteine in males was 
highly significant. 

This study did not show relationship between plasma 
homocysteine levels and glycosylated hemoglobin, a well 
known marker of prolonged impaired glucose control that 
confirmed some study. 

Whereas some studies suggest plasma homocysteine 
levels decrease in response of glucose control, other stu-
dies rule out this correlation (Agullo-Ortuno et al., 2002; 
Russo et al., 2004; Passaro et al., 2000; Van Guldener et 
al., 2002). 
 
 

Conclusion  
 

The  findings  demonstrated   that,   metformin  increases  
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plasma homocysteine levels in type 2 diabetic patients 
specially males; whereas administration of folic acid with 
metformin can prevent this process.  

Also there is no correlation between homocysteine le-
vels and severity of hyperglycemia. We say that folic acid 
should be administrated together with metformin in type 2 
diabetes.  
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