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Introduction

The homocysteine is a non-proteinogenic sulfur-containing 
amino acid, intermediate in the metabolism of  methionine [1]. 
It is synthesized by all the cells of  the body and is catabolized 
along two metabolic pathways: the transsulfuration pathway and 
the pathway of  remethylation [4]. This amino acid is an important 
indicator in the risk assessment of  the cardiovascular diseases 
[2]. Under normal physiological conditions, the homocysteine 
is metabolized as soon as it is formed, so that its plasma 
concentration remains very low [11]. The plasma concentration 
of  homocysteine in a normal subject is generally between 5 and 15 
μmol/l [4]. However, when its metabolization is done less well and 
less rapidly, the homocysteine tends to accumulate in the blood: 

it is the hyperhomocysteinemia [3]. The hyperhomocysteinemia 
is an abnormal accumulation of  plasma homocysteine [3]. The 
nutritional deficiencies acquired in vitamins B and the genetic 
mutations mainly affecting the methionine synthase, the methylene-
tetrahydrofolate reductase and the cystathionine ß-synthase, are 
the main pathways leading to the hyperhomocysteinemia [3, 15, 
23]. Addiction to an excessive diet of  methionine-rich protein 
leads to the hyperhomocysteinemia [24-26]. Low consumption 
of  fruits and vegetables (rich in B vitamins and antioxidants) 
and low consumption of  multivitamins are implicated in the 
occurrence of  the hyperhomocysteinemia [25]. The factors such 
as smoking, alcoholism, coffee consumption, also lead to the 
hyperhomocysteinemia [27] by inference with the metabolism 
of  homocysteine. Several physiological factors are related to the 
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Abstract

The hyperhomocysteinemia is associated with the development and the accentuation of  the cardiovascular complications of  
the type 2 diabetes. Several studies had established a link between the hyperhomocysteinemia, the dyslipidemias and the athero-
sclerosis. In Côte d'Ivoire, no study has explored this link. The aim of  this study was to evaluate the correlative link between the 
hyperhomocysteinemia, the glycemia and the lipid profiles. This study was realized in 200 volunteer type 2 diabetics, regularly 
monitored at the Diabetic Center of  Abidjan. The homocysteine, the glycemia and the lipid parameters were assayed by enzy-
matic methods on the biochemistry automaton Cobas c-311. The present study has revealed that the hyperhomocysteinemia 
was strongly correlated with the duration of  the type 2 diabetes (ρ = +0.999, p < 0.05). The study did not show a correlation 
between the hyperhomocysteinemia and the glycemia (ρ = -0.097, p < 0.05); whether during the balanced glycemia (ρ = -0.057, 
p > 0.05) or during the very unbalanced glycemia (≥1.26g / L) (ρ = +0.0237; p > 0.05). This could partly be explained by the 
effect of  the clinical and nutritional treatment in our diabetics. However, when the glycemia is regulated at the state of  hy-
perglycemia, we had observed a strong correlation between the hyperhomocysteinemia and the hyperglycemia (ρ = +0.975, p 
<0.05). The study did not show a correlation between the hyperhomocysteinemia and the lipids in our diabetics under anti-lipid 
treatment: triglycerides (ρ = -0.132, p < 0.05); total cholesterol (ρ = -0.124, p < 0.05); LDL cholesterol (ρ = -0.105, p < 0.05); 
HDL cholesterol (ρ = +0.107, p < 0.05). The quality of  the glycemic and lipid balance and the duration of  diabetes, can affect 
the effect of  hyperhomocysteinemia in the development of  the cardiovascular diseases.
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hyperhomocysteinemia: age, gender, and metabolic alterations 
associated with aging [27, 28]. The drugs: anti-folic, antiepileptic, 
anti-estrogenic, lipid-lowering drugs, some antibiotics, and some 
oral contraceptives, etc., increase the plasma homocysteine levels 
[23, 28].

The hyperhomocysteinemia is an independent cardiovascular risk 
factor [5]. Its presents with the diabetes a deleterious synergy [29]. 
The hyperhomocysteinemia is associated with the development 
and the accentuation of  the cardiovascular complications of  the 
type 2 diabetes [5]. Its deleterious effect is particularly potent in 
the diabetics than in non-diabetics, leading to the emergence of  
the micro and macro-vascular atherotrombotic diseases [6] and to 
a 90% mortality rate over 5 years [4]. 

Several studies have established a link between the 
hyperhomocysteinemia, the dyslipidemias and the atherosclerosis 
[7]. However, those linking the hyperhomocysteinemia to the 
lipid profiles are limited and often contradictories [7]. In Côte 
d'Ivoire, no study was devoted to the correlation between the 
hyperhomocysteinemia, the glycemia and the lipid parameters 
in the type 2 diabetic subjects. The present work consisted to 
investigating the link between the hyperhomocysteinemia, the 
glycemia and the lipid profiles in a type 2 diabetic population 
under anti-diabetic, anti-lipid and dietary therapy. Specifically, it 
was to study the correlation between the hyperhomocysteinemia, 
the duration of  the diabetes, the glycemia and the lipid parameters. 
This, in order to appreciate the effect of  independence or synergy 
of  the hyperhomocysteinemia vis-a-vis the metabolism of  the 
carbohydrates and the lipids, during the development of  the 
cardiovascular diseases of  the type 2 diabetes.

Methodology

Type of  study

This was a descriptive and cross-sectional study.

Study Population

This study was conducted from September to December 2016, 
and has involved 231 subjects. The type 2 diabetic population 
was composed of  200 subjects, including 122 women and 78 
men, aged from 23 to 86 years. They were regularly monitored 
at the Diabetic Center of  Abidjan. The diabetic subjects included 
different Ivorian and foreign ethnic groups, composed of  
171 nationals and 29 non-nationals. The non-diabetic control 
population consisted of  31 healthy volunteers, including 18 men 
and 13 women, aged from 22 to 50 years. They were recruited 
from the health staff  of  the National Institute of  Public Health 
(INSP) of  Abidjan - Côte d'Ivoire and among other people 
outside the institute. 

The study protocol has been approved by the Pasteur Institute of  
Côte d'Ivoire. All the subjects were informed of  the purpose of  
the study and have given their informed consent of  participation.

Blood Sampling and Determination of  Biochemical 
Parameters

The venous blood sampling of  the fasting subjects (12 hours) 

was performed, in a semi-sitting position, in the sampling room 
of  the INSP Medical Research and Biology Laboratory. The 
blood was collected in 5ml Vacutainer tubes, immediately placed 
in a cooler between the collection and the centrifugation. The 
EDTA (Ethylene diamine tetra-acetic acid) tubes (purple), for the 
determination of  the homocysteine; the NaF (sodium fluoride) 
tubes (gray), for the determination of  the glycemia; and the dry 
tubes (red) for the lipid assay. After the centrifugation of  the 
tubes at 3000 rpm for 10 minutes, the plasmas were aliquoted and 
stored at -20°C. At the time of  the assays, the plasma samples 
were thawed at the room temperature and homogenized. The 
homocysteinemia, the glycemia and the lipid parameters were 
assayed by enzymatic methods on the biochemistry automaton 
Cobas c-311 (Roche Diagnos-tics). The homocysteine, by the 
enzymatic cycling method, using the Cobas-Integras kit, reference 
No: 0538415190 (Germany). The glycemia, by the glucose oxidase 
method (GOP-PAP), using the Cobas-Integras kit, reference 
No: 04404483190 (Germany). The triglycerides, by the glycerol-
phosphate oxidase method (GPO-PAP), using the Cobas-Integras 
kit, reference No: 20767107322 (Germany). The total cholesterol, 
by the cholesterol oxidase method (CHOD-PAP), using the 
Cobas-Integras kit, reference No: 03039773190 (Germany). The 
HDLs were evaluated by the enzymatic colorimetric method 
(Direct Homogeneous Test for HDL-Cholesterol), using the 
Cobas-Integras kit, reference No: 04399803190 (Germany). 
The LDLs were determined by the formula of  Fredwald et al., 
[30]. The biochemical reference values of  the glycemia and the 
lipids are those of  the Ivorian adult presumed healthy, in force 
at INSP-Abidjan and coming from the study of  Yapo et al., [8]. 
The reference value of  homocysteinemia is that of  Faeh et al., [9], 
adopted in 2001 by the Homocysteine Group of  France.

Statistical Analyses

The data were recorded and then processed by the Excel 2013 
application. The biochemical variables (homocysteinemia, 
glycemia, lipids) were expressed under the form of  mean ± 
standard deviation. These quantitative variables were evaluated 
by the Fisher test for the equality of  variances and the Student's 
test for the comparison of  means. The correlation coefficient ρ 
of  Spearman was used to establish the correlative link between 
the hyperhomocysteinemia, the glycemia and the lipid parame-
ters. The presumption of  the correlative link was evaluated by 
the correlation coefficient improvement test (A), according to 
the formula: A (%) = [1-√(1-ρ2)]*100) [10]. For these tests, the 
significance was allowed for p <0.05.

Results

The Biological Variables of  the Hyperhomocysteinemic 
Type 2 Diabetics and the Controls

The biological variables of  the hyperhomocysteinemic diabetics 
and the controls are presented in table 1. A significant difference 
existed between the hyperhomocysteinemic and the control 
group: for the homocysteinemia, the glycemia and the lipid 
parameters. However, in these diabetics, the total cholesterol, the 
triglycerides, the LDLs cholesterol and the HDLs-cholesterol 
values were within the normal ranges of  reference.



Diagou JJ, Ocho-Anin Atchibri AL, Gbogouri GA, Acka F, Ake M, N’guessan-Blao R, et al., Link between Hyperhomocysteinemia, Glycemic and Lipid Profiles, in Type 2 Diabetes 
in Côte d'Ivoire. Int J Diabetol Vasc Dis Res,. 2018;6(2):217-222. 219

 OPEN ACCESS                                                                                                                                                                                http://scidoc.org/IJDVR.php

Correlation Studies between the Hyperhomocysteinemia, 
the Duration of  Diabetes and the Glycemia

The relational study between the hyperhomocysteinemia and the 
duration of  the type 2 diabetes is presented in table 2. It has revealed 
the existence of  a significant, positive and very strong correlation 
(Spearman correlation coefficient (ρ) = + 0.999; presumption 
of  correlative link: 99.80%). The hyperhomocysteinemia was 
strongly correlated with the duration of  diabetes.

The correlation study between the hyperhomocysteinemia and 
the glycemia is presented at the table 3. The study has revealed 
a significantly negative and low correlative correlation (ρ=-0.097; 
correlation link presumption: 0.5%). When the glycemia is balanced 
(≤ 1.10g/L), the correlation is negative, low and not significant. 

When the glycemia is regulated at the state of  hyperglycemia 
(1.10 < glycemia <1.26 g/L), the correlation bet-ween the 
hyperhomocysteinemia and the hyperglycemia was significant 
and positive (ρ=+0.975; correlative link presumption: 77.70 %). 
In addition, when the glycemia is purely diabetic (glycemia ≥ 
1.26g/L), the correlation between the hyperhomocysteinemia and 
the glycemia was not significant.

Correlation Studies between the Hyperhomocysteinemia 
and the Lipid Parameters

The relationship between the hyperhomocysteinemia and the lipids 
is presented at the table 4. The Spearman correlation coefficients, 
and the correlative presumption between hyperhomocysteinemia 
and the lipids were very weak (table4).

Table 1. Mean biological values of  diabetics and controls.

  Hyperhomocysteinemic 
diabetics n=73

Non Diabetic controls 
n=31 

Reference 
values

P

Glyc 1.53 ± 0.81 [0.78-4.63]  0.85 ± 0.09 [0.71-1.04] 0.7-1.10 g/L <0.05
CT 2.07 ± 0.60 [0.86-4.59]  1.94 ± 0.35 [1.39-2.62] 1.06-2.50 g/L <0.05

HDL 0.43 ± 0.11 [0.12-1.35]  0.66 ± 0.16 [0.32-0.91] 0.26-0.70 g/L <0.05
LDL 1.42 ± 0.57 [0.37-2.55]  1.11 ± 0.34 [0.47-1.69] 0.55-1.30 g/L <0.05
TG 1.04 ± 0.33 [0.39-1.77]  0.77 ± 0.27 [0.36-1.47] 0.30-1.20 g/L <0.05

HCY 14.84 ± 3.26 [12.00-28.78]  10.74 ± 2.38 [6.07-15.67] <12 µmol/L <0.05

P: significance; [Min-Max]: median value; Min: minimum; Max: maximum; HCY: homocysteinemia; Glyc.: Glycemia; CT: total cholesterol; TG: triglyc-
erides; LDL: low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol.

Table 2. Correlation between the hyperhomocysteinemia and the duration of  the type 2 diabetes.

(n= 73)
HHcy

 
 ρ 95% CI 

 A (%)
(Presumption

 of  link correlation) 

*Condition of  existence 
 of  the correlative link :

 A > 50%  ρ > 0.87 
 P

Duration of  diabetes  + 0.999  0.96-1  99.80  A > 50%
 ρ > 0.87  < 0.05

P: significance; HHcy: hyperhomocysteinemia; ρ: Spearman correlation coefficient; CI: confidence interval; A: correlation coefficient improvement 
expressing the presumption of  the correlative link (A= [1-√((1-ρ2))]*100) [10].

Table 3. Correlation between the hyperhomocysteinemia and the glycemia.

(n= 73)
HHcy

 
 ρ 95% CI 

 A (%)
(Presumption

 of  link correlation) 

Condition of  existence of  
the correlative link :

A>50%  ρ > 0.87
 P

Glycemia
(N= 73) -0.097  -0.031-0.16  0.5  A< 50%

 ǀρǀ < 0.87 < 0.05

Balanced
glycemia

glyc ≤ 1,10 g/L
 (N= 29)

-0.057  -0.026-0.14  0.2  A < 50%
 ǀρǀ < 0.87 > 0.05

Hyperglycemia
 1,10<Glyc<1,26 g/L

(n= 8)
+0.975  0.85-1  77.7  A> 50%

 ρ > 0.87 < 0.05

Unbalanced
glycemia

Glyc ≥1,26 g/L
(n= 36)

+ 0.023  -0.026-0.066  0.1  A< 50%
 ρ < 0.87 > 0.05

P: significance; HHcy: hyperhomocysteinemia; ρ: Spearman correlation coefficient; CI: confidence interval; A: correlation coefficient improvement 
expressing the presumption of  the correlative link (A= [1-√((1-ρ2))]*100) [10].
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Discussion

The hyperhomocysteinemia is an independent cardiovascular 
risk factor [11]. It is associated with the development and the 
accentuation of  the cardiovascular complications of  the type 2 
diabetes [5]. In this regard, the exploration of  the correlation 
between the hyperhomocysteinemia, the glycemia and the lipids 
was necessary. In order to appreciate the effect of  independence 
or synergy of  the hyperhomocysteinemia vis-a-vis the meta-
bolism of  carbohydrates and lipids, during the development of  
the cardiovascular diseases of  type 2 diabetes. And also, in view 
of  a better nutritional and clinical management of  the type 2 
diabetics in Côte d’Ivoire.

The relational study between the hyperhomocysteinemia and the 
duration of  the type 2 diabetes has revealed a very strong correlation, 
with a correlative presumption of  99.80%. That suggests that the 
hyperhomocysteinemia is strongly correlated with the duration of  
the type 2 diabetes. The duration of  the diabetes seems to be a 
factor of  increasement of  the hyperhomocysteinemia. Our study 
is corroborated by those of  Hultberg et al., [12] and Drzewoski et 
al., [13]. Besides, the hyperhomocysteinemia appears to be positi-
vely correlated with the glycated hemoglobin in subjects with 
unbalanced glycemia [13]. However, according to Hoogeveen et 
al., [14], when the glycemia is balanced, the correlation of  the 
hyperhomocysteinemia to the glycated hemoglobin disappears. 

So, we had explored the correlative link between the 
hyperhomocysteinemia and the glycemia in a general context; 
without distinguishing whether the glycemia was balanced or 
unbalanced. The correlation was negative and very low, even if  
it was significant (ρ=-0.097; correlation link presumption: 0.5%). 
We had concluded to an absence of  a correlative link between 
the hyperhomocysteinemia and the glycemia in the general 
context. The diabetes and the hyperhomocysteinemia appear 
to be independent factors. Our result is in agreement with that 
of  Laraqui et al., [15]. The average glycemic in our diabetics is 
1.53 ± 0.81g/L; with a glycemia minimum of  0.78g/L and a 
glycemia maximum of  4.63g/L. Our sample contained a mixture 
of  diabetics, whose glycemia was either balanced or unbalanced. 

Most of  the diabetics had a balanced glycemia. These diabetics 
were regularly monitored on the nutritional level at the Nutrition 
Center of  the National Institute of  Public Health in Abidjan, 
and clinically at the Diabetic Center of  Abidjan. The lack of  
correlation between the hyperhomocysteinemia and the glycemia 
could be explained by the effect of  clinical and nutritional 
treatment in our diabetics. The medication had a corrective effect 
on the glycated hemoglobin, which is a precursor to the formation 
of  the advanced glycation end products (AGE) [16]. The glycated 
hemoglobin and the AGEs produce free radicals [16]. The 
nutritional management brings a strengthe-ning of  plasma B 
vitamins, but also the antioxidants against the propagation of  the 
free radicals produced by the glycated hemoglobin, the AGEs 
and the hyperhomocysteinemia. Thus, the clinical and nutritional 
management contribute to balance the glycemia and regulate the 
homocysteinemia. Hence the absence of  correlation between the 
hyperhomocysteinemia and the glycemia.

To check under the form of  hypothesis, the assertion of  
Hoogeveen et al., [14] according to that "when is glycemia 
equilibrates, the correlation of  the hyperhomocysteinemia to 
the glycemia disappears" we had selected only diabetics having 
a balanced (glycemia ≤ 1.10g/L). This test has showed that the 
correlation between the hyperhomocystei-nemia and the glycemia 
was negative, low and non-significant (ρ = -0.097; correlation 
link presumption: 0.5%). We have concluded that there was 
no correlative link between the hyperhomocysteinemia and 
the balanced glycemia. Thus, our study has confirmed that of  
Hoogeveen et al., [14].

We had also checked under the form of  hypothesis, the assertion 
of  Drzewoski et al., [13] according to that "when the glyce-
mia is unbalanced, the hyperhomocystei-nemia is correlated 
to the glycemia". So, we had selected only diabetics with a very 
unbalanced glycemia (glycemia ≥ 1.26 g/L). Our study has 
found a low positive, but not significant correlation between the 
hyperhomocysteinemia and the diabetes (ρ = +0.023; correlation 
link presumption: 0.1%). We had concluded to an absence of  
correlation between the hyperhomocysteinemia and the unbalanced 
glycemia. Our study did not confirm that of  Drzewoski et al., [13], 
which suggested that "the supposed correlative link between the 

Table 4. Correlation between the hyperhomocysteinemia and the lipids.

HHcy
 

 ρ 95% CI 
 

 A (%)
(Presumption 
of  the link of  
correlation)

Condition of  existence of  the 
correlative link :

A>50%
ρ > 0.87

 
 
 P

Triglycerides
(n= 73) -0.132 -0.055-0.207 0.9 A < 50%

ǀρǀ < 0.87 < 0.05

Total Cholesterol 
(n= 73) -0.124 -0.045-0.195 0.8 A < 50%

ǀρǀ < 0.87 < 0.05

LDL Cholesterol
(n= 73) -0.105 -0.031-0.169 0.6 A < 50%

ǀρǀ < 0.87 < 0.05

HDL Cholesterol
(n= 73) + 0.107 0.038-0.182 0.1 A < 50%

ρ < 0.87 < 0.05

P: significance; HHcy: hyperhomocysteinemia LDL: low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol; 
ρ: Spearman correlation coefficient; A: correlation coefficient improvement expressing the presumption of  the correlative link (A= 

[1-√((1-ρ2))]*100) [10].
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hyperhomocysteinemia and the glycemia" during the imbalanced 
glycemia spanned at the entire glycemia period ≥ 1.10g/L. It 
was rather when the glycemia was regulated to the state of  
hyperglycemia (1.10 < glycemia <1.26 g/L), that we had observed 
a significant correlation between the hyperhomocysteinemia and 
the hyperglycemia (ρ = +0.975; correlation link presumption: 
77.70 %). We had then concluded to the existence of  a positive 
correlative link between the hyperhomocysteinemia and the 
hyperglycemia. That suggested to a strong synergistic interaction 
between the metabolisms of  homocysteine and glucose during 
the period of  the hyperglycemia. The hyperhomocysteinemia 
"would settle" in the diabetes probably during the period of  the 
hyperglycemia and not in glycemia ≥ 1.26g/L.

In terms of  clinical management of  diabetes, this would mean 
that it would be imperative for the clinician (nutritionist or 
doctor) to balance the diabetic glycemia. In fact, an unbalanced 
glycemia that would persist in hyperglycemia would be a favorable 
condition for the insidious installation of  hyperhomocysteinemia 
in the type 2 diabetes. This recommendation is crucial because 
the hyperhomocysteinemia, (generally ignored in the treatment of  
diabetic) is associated with the development and accentuation of  
cardiovascular complications of  type 2 diabetes. The quality of  the 
glycemic balance and the duration of  the diabetes can influence 
the effect of  the hyperhomocysteinemia in the development of  
the type 2 diabetes cardiovascular diseases.

Several studies have established a link between the 
hyperhomocysteinemia and the lipids, because the 
hyperhomocysteinemia could promote the atherosclerosis 
involved in the cardiovascular diseases [17]. Several studies have 
also shown that the hyperhomocysteinemia promotes the increase 
of  the atherogenic lipids (triglycerides, LDL, total cholesterol) 
and reduces the anti-atherogenic lipids (HDL) [7]. Thus, the 
study of  Qujeq et al., [18] in 121 patients with myocardial 
infarction has showed a very strong negative correlation (ρ = 
-0.95) between the hyperhomocysteinemia and the HDLs and a 
very strong significant positive correlation (ρ = +0.98) between 
the hyperhomocysteinemia and the LDLs. The study of  Anan 
et al., [19] in 40 Japanese diabetic subjects has showed that 
the hyperhomocysteinemia had a strong positive correlation 
with the triglycerides and a strong negative correlation with 
the HDLs. The study of  Momin et al., [7] has also shown that 
the hyperhomocysteinemia had a positive correlation with the 
triglycerides and a negative correlation with the HDLs. Several 
studies have sustained that the hyperhomocysteinemia affected 
the lipid metabolism by several mechanisms such as: the down 
regulation of  the HDLs and the conversion of  the phosphatidyl-
choline to phosphatidylethanolamine which leads to the increased 
of  the triglycerides [7].

In contrast, in our study, the correlations between the 
hyperhomocysteinemia and the atherogenic lipids (triglycerides, 
LDL and total cholesterol) are negative, significant, but very low. 
Also the positive correlation between the hyperhomocysteinemia 
and the anti-atherogenic lipids (HDL) is certainly significant, 
but very low. We have therefore concluded that there was no 
correlation between the hyperhomocysteinemia and the lipids. 
Our study is in agreement with those of  De-Luis et al., [20] 
and Yadav et al., [21] who also had found no correlative link 
between the lipids and the hyperhomocysteinemia. Corroborating 
our study, Momin et al., [7] also have found that the total and 

LDLs cholesterol tended to decrease in the presence of  the 
hyperhomocysteinemia. The hyperhomocysteinemia can cause an 
oxidative stress (free radicals) that can entrave the production of  
the lipoproteins [7, 22].

The studies examining the correlation between the 
hyperhomocysteinemia and the lipids are mitigated [7]. Most of  
the studies have biases or confounding factors. Thus, the study of  
Momin et al., [7] had excluded from its cohort all subjects under 
anti-lipid treatment in order to observe a significant correlative 
link between the hyperhomocysteinemia, the triglycerides and the 
HDLs. In our study, the absence of  a correlative link between the 
lipids and the hyperhomocysteinemia could partly be explained 
by the fact that our diabetics are for the most part under anti-lipid 
and dietetic treatment. That suggests that a correlative link could 
well be observed in our study if  we had excluded all subjects under 
anti-lipid treatment from our diabetic cohort. Such an experiment 
may be the subject of  a future study.

Conclusion

The hyperhomocysteinemia is strongly correlated with the 
duration of  the type 2 diabetes. The study did not show a 
correlative correlation with the hyperhomocysteinemia and the 
glycemia, both in the context of  balanced glycemia or unbalanced 
glycemia. However, when the glycemia is regulated to the state 
of  hyperglycemia, a strong correlation was observed between the 
hyperhomocysteinemia and the glycemia. The study showed an 
absence of  correlative link between the hyperhomocysteinemia 
and the lipids in our diabetics under anti-lipid treatment. The 
quality of  the glycemic and lipid balance and the duration of  the 
diabetes can influence the effect of  the hyperhomocysteinemia in 
the development of  the cardiovascular diseases of  type 2 diabetes.
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