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Abstract: Homocysteine (Hcy) is a non-essential amino acid. Increased levels of Hcy were found to be

associated with peripheral arterial occlusive disease (PAOD). The study measured the level of Hcy by

ELISA  technique in 23 patients with atherosclerosis, 20 patients with arteritis and 20 healthy controls.

The presence of FV Leiden was also assessed using polymerase chain reaction(PCR).

Hyperhomocysteinemia was found in 41 % of patients compared to 5 % only of controls. There was a

significant  increase in the mean level of Homocysteine in patients (14.5 umol/L) compared to controls

(8.8 umol/L). Comparison  between  the  two  groups  of  patients  revealed  no significant changes.

Factor V Leiden was  present in only 3 patients and  none of  the controls. These patients had normal

homocysteine levels. The study shows that hyperhomocysteinemia is strongly related to PAOD in Egyptian

patients.
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INTRODUCTION

Peripheral arterial occlusive disease (PAOD) affects

12 % of the general population and 20 % of persons

older than 70 years . The most important causes of[1]

PAOD are: atherosclerosis and arteritis. Atherosclerosis

remains the leading cause of death and disability

worldwide . In the Middle East and Far East,[2 ]

thromboangiitis obliterans (TAO) or Buerger's disease

is a more frequent cause of lower limb ischemia than

in the United States .[3]

Atherosclerotic changes exist in the arteries of

almost all individuals. Therefore, much interest has

focused upon risk factors associated with rapid

progression of disease, resulting in clinical symptoms.

These include lipid metabolism, glucose metabolism,

the coagulation system, inflammatory mediators, and

exogenous toxins as smoking . Many studies have[2]

confirmed a consistent relationship between elevated

homocysteine and symptomatic coronary disease ,[4 ,5]

cerebral vascular disease , and lower extremity[6 ,7 ,8]

occlusive disease . Homocysteine is a metabolic[9 ,10]

in te rm e d iary p roduced  by de m ethyla tio n  o f

methionine . It is a sulphur containing amino acid,[11]

elevated plasma level of which are referred to as

hyperhomocysteinemia .[12]

Hyperhomocysteinemia as an independent risk

factor for cardiovascular disease is thought to be

responsible for about 10 % of total risk. Elevated

plasma homocysteine levels are considered cytotoxic

and are found in 5 to 10 % of the general population

and in up to 40 % of patients with vascualr disease .[13]

The association between e levated Hcy and

atherosclerotic disease was present in study populations

from multiple countries. Thus, it was considered an

important  risk  factor  for atherosclerotic disease .[2]

The association between hyperhomocysteinemia (HHcy)

and arteritis has also been discussed. Some relation has

been suggested between Buerger's disease and the

a n t i p h o s p h o l i p i d  s y n d r o m e  a s  w e l l  a s

hyperhomocysteinemia (HHcy) . Behcet's disease[14]

among other abnormalities was also found to be

associated with hyperhomocysteinemia which may play

a role in the development of venous and arterial

thrombosis in these  patients .[15 ,16]

Ulcerative colitis is associated with elevated tHCY

concentration,particularly in the active stage and in

more recurrent types of the disease,this elevation does

not seem to be presented by a normal folate status and

might have an enhancing effect on the procoagulantion

of the blood profile .[17]

Resistance to activated protein C (APC) has been

shown to be an important hereditary risk factor for the

development of venous thromboembolic disorders .[18]

The majority of patients with APC resistance have

shown to possess a point mutation in the factor V gene

(arginine ö  glutamine)  and is known as the factor V

Leiden mutation.  Factor V Leiden is the most

common inherited disorder of thrombophilia. Its

incidence has been found to range as high as 20 % to
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40 % in patients with venous thrombosis . It may[19 ,20]

be also a major risk factor for the subsequent

development of thromboembolic complications in

otherwise young,healthy patients presenting with

unexplained strokes,myocardial ifarctions and /or limb

ischemia . [21]

 This work aims at measuring the level of Hcy in

serum of patients with atherosclerosis and arteritis,

being the most common causes of PAOD in Egypt.

This will help to  detect the incidence of

hyperhomocysteinemia among Egyptian patients with

peripheral arterial disease, and to compare between

patients with atherosclerosis and arteritis. The study is

also concerned at measuring factor V Leiden in

patients and controls to assess its role in arterial

t h r o m b o s i s  a n d  i t s  r e l a t i o n s h i p  t o

hyperhomocysteinemia.

MATERIALS AND METHODS

The study included 43 patients with PAOD Kasr

El-Eini hospital, Cairo University as well as 20 healthy

controls. The PAOD patients were further subdivided

into 23 patients with atherosclerosis and 20 patients

with arteritis. Demographics of patients and control

group are shown in Table 1. Diagnosis and

classification of patients was based on detailed history

and complete clinical examination. All selected patients

were complaining of various symptoms of lower limb

ischemia and had absent peripheral pulsations.

Angiography and arterial duplex were used to confirm

level of disease and to assess the distal run off.

Traditional risk factor of PAOD were also assessed

which include diabetes mellitus (DM), smoking,

hyperlipidemia and hypertension

Patients with atherosclerosis were defined as those

with peripheral arterial occlusion and above 45 year

old, except in diabetic patients where the disease may

start at an earlier age. Diagnosis of arteritis depended

on clinical background and imaging modalities in

patients who presented for the first time before the age

of 45 after excluding diabetes mellitus and

hyperlipidemia. 

The patients were classified according to severity

as in Fontaine's classification into: 

C Stage II : intermittent claudications

C Stage III: rest painStage IV: ulcer and/or gangrene

No patients with stage I (asymptomatic) were

included in the study.

All patients were subjected to routine laboratory

tests: complete blood picture, liver function tests,

prothrombin time and concentration, kidney function

tests, fasting blood sugar, lipid profile.  

Sampling: Six ml of fasting blood samples were

collected under aseptic conditions. 3 ml of blood were

taken into an EDTA vacutainer and freezed as whole

blood at -20 C for detection of Factor V Leiden (FVL)o

by PCR. Serum was separated from the remaining

blood,  divided into aliquots and preserved at -20 C foro

Hcy assay by ELISA technique.

Homocysteine Assay :[22]

Principle: Homocysteine assay is done by enzyme

immunoassay for the determination of to ta l

homocysteine in blood. Protein bound homocysteine is

reduced to free homocysteine and enzymatically

converted to S-adenosyl L homocysteine  (SAH) in a

separate procedure prior to the immunoassay. The

following solid phase enzyme immunoassay is based on

competition between SAH in the sample and

immobilized SAH bound to the walls of  the microtitre

plate for binding sites on a monoclonal anti-SAH

antibody, a secondary rabbit anti-mouse antibody

labeled with the enzyme horse radish peroxidase is

added. The peroxidase activity is measured

spectrophotometrically after addition of substrate, and

the absorbance is inversely related to the concentration

of total homocysteine in the sample. 

Detection of Factor V Leiden :[23]

Principle:. The FV Leiden Kit (Bio-Rad mDx) uses

the principle of allele-specific oligonucleotide (ASO)

hybridization. Synthetic oligo-nucleotides hybridize

specifically to their complementary DNA sequence.

Therefore, under appropriate hybridization  conditions

only perfectly matched base paired oligonucleotide

duplexes will form. The existence of a single

mismatched base pair in an oligonucleotide DNA

duplex significantly reduces its thermal stability and

therefore its hybridization. The requiremant for base

pairing is the basis for methods using oligonucleotide

hybridization for the detection of point mutations in

genomic DNA. The kit has been divided in three

phases: sample preparation, in vitro DNA amplification

by the polymerase chain reaction (PCR) , and allele-[2 4 ]

specific detection of the amplified products by ASO

capture. 

RESULTS AND DISCUSSIONS

Results: Distribution of risk factors in patients with

PAOD revealed that smoking was found in 76 % of

cases followed by DM (37.2 %), hyperlipidemia (7 %)

and hypertension (7 %) as shown in table 2. There was

a statistically significant increase in DM (60.9 %)

among  atherosclerotic  patients compared to arteritis

10 % (p=0.001). Other risk factors showed no

statistical difference between both groups. The number
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 Table 1: Demographics of patients and control group.

Atherosclerosis Arteritis PAOD Control

Males 21 (91.3 %) 16 (80 %) 37 (86 %) 18 (90 %)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Females 2 (8.7 %) 4 (20 %) 6 (14 %) 2 (10 %)

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean age 61.2 yrs. 39.8 yrs. 51.3 yrs. 51.5 yrs.

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Range of age 40 – 80 yrs. 25 – 55 yrs. 25 – 80 yrs. 18 – 78 yrs.

Table 2: Distribution of risk factors in studied patients.

Patients DM Hypertension Hyperlipidemia Sm oking

Atherosclerosis 14 3 3 18

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Arteritis 2 0 0 15

of risk factors in a patient was significantly related to

the severity of presentation. According to Fontain's

classification, 73.3 % of patients with more than one

risk factor presented with stage IV compared to 39.3 %

with one or no risk factor (p=0.049).

Factor V Leiden was detected in 3 patients and

was not detected in any control subjects. 2 of the 3

patients were atherosclerotic and one was arteritic.

These results were statistically insignificant (p=1.000),

probably due to the small number of cases.

The mean homocysteine level for control group

was 8.8 ± 4.4 mmol/L and for the PAOD patients was 

20.4 ± 28.9m mol/L (p=0.82). This statistically

insignificant result was due to the presence of two

extremely high values in the atherosclerotic group of

patients. However, when these high values were

excluded the mean was 14.5 ± 11.3 mmol/L (p=0.034).

The result showed an obvious statistically significant

increase in the mean Hcy level in patients compared to

controls as illustrated in fig. 1. 

Comparison of the mean Hcy level of both groups

of pa tients  revealed :  2 4+37 .8  mmol/L and

16.1+12.5mmol/L for atherosclerosis and arteritis

respectively (p=0.373) before exclusion of the two high

values  and 13.0+20.2mmol/L and 16.1+12.5 mmol/L

after  exclusion  of the two high values (p=0.394).

This comparison showed no significant differences in

the mean levels in both groups by both ways.

The reference value for Hcy level in healthy

individuals is between 5 – 15 umol/L. Patients with

higher levels were subdivided into: 16 to 30 mmol/L as

"moderate", 31-100m mol/L as "intermediate", and

g r e a t e r  t h a n  1 0 0 m  m o l / L  a s  " s e v e r e "

hyperhomocysteinemia. (HHcy). 

According to these values (Table3) 18 (41.9 %) of

patients were hyperhomocysteinemic (HHcy) versus one

control (5 %). Thus there was a marked and significant

increase in the number of HHcy among PAOD patients

compared to controls (p=0.009). Comparison of HHcy

patients in both groups of patients revealed no

significant difference. Table (3) shows the distribution

of normal and hyperhomocysteinemic subjects among

the groups in the study. Table (4) shows the number of

normal and HHcy patients among the different

presentations of the disease which revealed no

significant relation between HHcy and the stage of

presentation. Correlation of the number of risk factors

in a patient to Hcy level was insignificant (p=0. 0932).

Comparison of mean level of Hcy in patients with no

or one risk factor (15.7m mol/L) to those with more

than one risk factor (12.3 mmol/L) was also

statistically insignificant (p=0.373). The 3 cases with

Factor V Leiden had normal Hcy level. No correlation

was demonstrated between Hcy and FV Leiden 

Discussion: Elevated levels of Homocysteine and

presence of F V Leiden constitute a risk factor for

vascular thrombosis . Raised Hcy levels have been[20 ,25 ,2]

recognized as a risk factor for all forms of

a t h e r o t h r o m b o t i c  d i s e a s e  a n d  v e n o u s

thromboembolism . Patients suffering from PAOD are[26]

increasingly described as having hyperhomocysteinemia

more than those with coronary or cerebrovascular

disease . Factor V Leiden is strongly associated[27 ,18]

with venous thrombosis . However, its role in[28 ,29]

arterial disease needs to be clarified. 

The present study assessed  Hcy level and Factor

V Leiden in patients with PAOD caused by

atherosclerosis and arteritis. 

 Factor V Leiden was absent in the control group

and was found in 3 patients only, two of them were

atherosclerotic and one arteritic. These results had no

statistical significance and no relationship between

Factor V Leiden and patients  with PAOD was

observed. Most published literature showed that the

relationship between factor V Leiden and PAOD

remains ill defined. A meta analysis of 33 studies

including 25,033 individuals found no significant

association between FVL with myocardial infarction,

stroke or peripheral vascular disease either collectively

or individually . However, some data suggest that[30]

factor V Leiden may contribute to arterial thrombosis

in younger individuals with cardiovascular risk factors

particularly smoking  as well as in PAOD involving[31]
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Table 3: Distribution of norm al and hyperhomocysteinemic subjects

   Atherosclerosis      Arteritis       PAOD     Control

Normal Hcy 13 56.5% 12 60.0% 25 58.1% 19 95.0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HHcy 10 43.5% 8 40.0% 18 41.9% 1 5.0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M oderate HHcy 7 30.4% 5 25.0% 12 27.9% 1 5.0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Intermediate Hhcy 1 4.3% 3 15.0% 4 9.3 % 0 0%

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Severe HHcy 2 8.70% 0 0% 2 4.65% 0 0%

Fig. 1: Mean serum  level of Hcy  in both groups (p=0.034)

Table 4: Normal and hyperhomocysteinemic patients am ong the

different presentations

Presentation    Normal Hcy    High Hcy

Sage II 2 66.7% 1 33.3%

Stage III 10 55.6% 8 44.4%

Stage IV 13 59.1% 9 40.9%

lower extremities  Dorweiler et al.  reported that[32] [33]

arterial thromboembolic events of factor V Leiden
mutation are rare and have been described only in

supraaortic and coronary circulation. Hiatt and Lentz[34]

documented that most hereditary prothrombotic states

are not established risk factors for arterial thrombosis,
so routine laboratory testing should be limited to

co m p le te  b loo d  c o unt ,  lupus anticoagu lan t ,
anticardiolipin antibodies and Hcy level. Feinbloom and

Bauer  explained that in certain subsets of patients,[35]

including those with concomitant cardiac risk factors,

less than 55 years of age, and women, hereditary
thrombophilias such as carriership of the factor V

Leiden and the prothrombin G20210A mutations may
confer higher risk of arterial thrombosis. Bassero and

Borruat  reported visual dysfunction secondary to[36]

arterial occlusion in 4 cases with Factor V Leiden

mutations. This lead them to hypothesize that Factor V
Leiden mutation, even in heterozygous state, might

predispose to arterial occlusion in saome patients. Also
de Paula et al.  identified Factor V Leiden as an[37]

important risk factor for arterial thrombosis in young
Brazilian patients.

In our study, Homocysteine levels showed a
marked and significant increase in patients with PAOD

compared to controls. (after exclusion of the 2 extreme
high values) The reference values of Hcy in healthy

population has been reported as 5 – 15 mmol/L with a
mean concentration of about 10 mmol/L . The mean[38 ,39]

Hcy levels of the PAOD patients was 14.5 and 8.8
umol/L for controls. These results are close to reported

world wide studies which showed 25 – 50 % higher
levels of Hcy in patients compared to controls .[10 ,40 ,41]

Results are slightly higher than those reported by
others 11.7 m mol/L  13.0mmol/L  11.4 mmol/L .[42 ] [7] [43]

Similar to those of Ahmed : 15.6  mmol/L for[44]

patients and 9.5mmol/L  for controls. In contrast,

Ridker et al.  reported  no significant difference in[45]

Hcy levels between controls and diseased patients.

Among patients with PAOD 41.9 % were
hyperhomocysteinemic versus 5 % of the control group.

This is comparable to other reports where 15 - 40 %
of patients had high Hcy levels . The prevalence[7 ,42 ,43]

rates of HHcy was given as 3 – 7 % in general
population and 25 % among those with vascular

diseases . Four patients (9.3 %) had Hcy levels(46)

between 12 – 15 umol/L. These levels can still provide

for an increase in cardiovascular risk and may be
termed mild HHcy . If this proportion of patients is[47]

added to the hyperhomocysteinemic group the
percentage will rise to 51.2 %. Some experts suggest

that  Hcy  level  should be less 10 umol/L . With[48 ,13]
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such cut off, 30 – 50 % of the general population

would be "hyperhomocysteinemic" . According to this[49]

value 35 % of our controls would be considered

hyperhomocysteinemic. Patients with higher level of

Hcy (above 15 umol/L) were further subdivided into:

16 – 30 umol/L moderate HHcy, 31 – 100 as

intermediate HHcy and more than 100 umol/Las severe

H H c y .  A c c o r d i n g  t o  t h e s e  c u t - o f f s[ 2 6 ]

hyperhomocysteinemic patients were further divided to

12 moderate, 4 intermediate and 2 severe cases.

Comparison between the atherosclerotic and arteritic

group revealed no significant difference neither in the

m e an  H c y le ve ls  no r  in  th e  n u m b e r o f

hyperhomocysteinemic patients which was 43.5 % in

atherosclerotic group and 40 % in the arteritic group.

This close similarity denotes that homocysteine may be

atherogenic as well as thrombogenic and therefore is

involved in the pathogenesis of both atherosclerosis and

arteritis. Elevated levels of Hcy in association with

arteritis (Burger's or Behcet diseases) have been

documented . However, Yesilova et al.[14 ,15 ,50 ,16[ [51]

suggested that this elevation is a result of thrombosis

rather than a cause. Recently it was reported that

elevated Hcy promotes atherosclerosis through

increased oxidant stress impaired endothelial function

and induction of thrombosis .[52]

Statistical analysis of Hcy level of patients of this

study failed to establish any significant correlation to

age or sex, or any significant relationship between

homocysteine and the severity of disease as estimated

by the presentation, the level of the disease and the

presence of run off. This could be due to small size of

the examined groups.

No relation was found between factor V Leiden

and Hcy as the 3 patients who had factor V Leiden

had normal Hcy level. Most evidences suggest that

elevated Hcy levels is not associated with APC-R

regardless of factor V Leiden genotype in patients

investigated  for  hypercoagulability . Some[5 3 ,5 4 ]

investigators reported that Hcy in a dose-dependent

fashion leads to alteration of F V (a) molecule,

resulting in reduction of its cleavage by APC . At[55]

present, the  literature  supports a  ro le  fo r

hyperhomocysteinemia, elevated C-reactive protein, and

elevated fibrinogen as risk factors for arterial

thrombosis . However, the presence of F V Leiden[35]

together with additional cofactors such as HHcy may

predispose to increased risk of acute arterial thrombosis

in areas of pre-existing peripheral arterial disease due

to its synergistic effect .[56]

Correlation of risk factors to homocysteine level

revealed no significant relationship. In contrast, other

studies showed a strong synergistic effect between Hcy

level and all traditional vascular risk factors increasing

the overall risk . Guo et al.  found that plasma[13 ,41] [57]

Hcy level  was significantly higher in patients with

three or more risk factors of cardiovascular disease

than those with 1 – 2 risk factors and controls.

The results of this study, document elevated levels

of Hcy in patients with PAOD, yet debate continues

about its clinical significance. Many studies supported

the theory that elevated Hcy is rather an effect of

cardiovascular disease and not the cause . Therefore,[6 ,58 ]

Hcy level  can be considered a marker or a prognostic

factor of PAOD .[18]

Hyperhomocysteinemia is commonly caused by

6 12deficiency of folic acid, vitamin B  and B . There[46 ,5]

is much  evidence concerning its role as a risk factor

in cardiovascular disease . Currently, Worldwide[59 ,34 ,60]

Prospective studies are investigating whether lowering

Hcy levels through vitamin B supplementation will

reduce the morbidity and mortality associated with

PAOD . Apart from decreasing Hcy level, Folic[61 ,62 ,13]

acid has pleitropic effects on the vasculature. Thus its

potential benefit might not be attributed entirely to

reduction of Hcy levels . Several data indicate a[63]

possible favorable effect of Hcy lowering treatment on

arteriosclerotic vascular disease . However, others[7]

reported that Hcy lowering therapy has no effect on

vascular inflammation and hemostasis in PAOD Taken

together,these data suggest that Hcy is a marker rather

than a cause .[64]

Collectively, the present study found a definite

association between Hcy level and PAOD in Egyptian

patients with prevalence of Hyperhomocysteinemia. On

the other hand,  presence of factor V Leiden showed

no relation to peripheral arterial disease nor to

homocysteine level. This might be due to the small

number of cases with FV Leiden.We recommend that

Hcy level should be measured routinely in patients

with atherosclerosis or arteritis as it may be of

prognostic  value  in  management of the disease.

Egypt should join the worldwide interventional trails

providing data from Egyptian population. Until the

clinical benefit of vitamin therapy in reducing risk of

cardiovascular disease is resolved, we suggest that

P A O D  p a t ien t s  s h o uld  rece ive  v i tam in  B

supplementation. It is inexpensive and safe especially

in a population where vitamin deficiency is expected.

REFERENCES

1. Hiatt, W and Cooke J. Atherogenesis and the

medical management of atherosclerosis. In

Rutherfo rd  R B  (ed ) : V ascua lr  Surgery.

Philadelphia, W.B. Saunders 2000, pp: 333-350

2. Taylor L., 2003. Elevated Plasma Homocysteine as

a Risk Factor for Peripheral Arterial Disease –

What is the Evidence? Semin Vasc Surg., 16(3):

215-222. 



Res. J. Medicine & Med. Sci., 3(1): 76-83, 2008

81

3. Mills, J., 2003. Buerger's Disease in the 21 st

Century. Diagnosis, Clinical Features, and Therapy.

Semin Vasc Surg., 16: 179-189. 

4. Robinson, K, EL Mayer and D Miller, et al. 1995.

H yperhomocysteinemia and low pyridoxal

phosphate: Common and independent reversible

risk factors for coronary artery disease.

Circulation., 92: 2825-2830. 

5. Malinow, R, P Ducimetiere and G Luc, et al.

1996. Plasma homocyst(e)ine and graded risk for

myocardial infarction: Findings in two populations

at contrasting risk for coronary heart disease.

Atherosclerosis., 126: 27-34. 

6. Key, N, C McGlennen. 2002. Hyperhomocyst

(e)inemia and Thrombophilia. Arch Pathol and Lab

Med., 126(11): 1367-1375. 

7. Selhub, J, P Jacques, A Bostom, B D'Agostino, P

Wilson, J Belanger, H O' Leary, P Wolf, J

Schaefer and H Rosenberg, 1995. Association

between plasma homocysteine concentrations and

extracranial carotid-artery stenosis. N Engl J Med.,

332: 286-291.

8. Riggs, K, A Spiro III, K Tucker, D Rush, 1996.

Relations  of vitamin B-12, vitamin B-6, folate,

and  homocysteine  to  cognitive performance in

the  normative  aging  study.  Am J Clin Nutr.,

63: 306-314. 

9. Malinow, R, S Kang, L Taylor, P Wong, B Coull,

and T Inahara, 1989. Prevalence of hyperhomocyst

(e)inemia in patients with peripheral arterial

occlusive disease. Circulation., 79: 1180-1188. 

10. Aronson, D, V Onkenhout and J Raben, et al.

1994. Impaired homocysteine metabolism: A risk

factor  in  young  adults with atherosclerotic

arterial  occlusive disease of the leg. Br J Surg.,

81: 1114-1118. 

11. Dekou, V, V Gudnason, E hawe, J Miller, D

Stansbie and E Humphries, 2001. Gene-

environment and gene-gene interaction in the

determination of plasma homocysteine levels in

healthy  middle-aged  men.  Thromb  Haemost.,

85: 67-74. 

12. Warsia, A, B Davies, G Morris-Stiff, D Hullin and

H Lewis, 2004. Abdominal Aortic Aneurysm and

its Correlation to Plasma Homocysteine, and

Vitamins. Eur J Vasc Endovasc Surg., 27: 75-79.

13. Stanger, O, W Herrmann, K Pietrizk, B Fowler, J

Geisel, J Dierkes, M Weger, 2003. DACH-LIGA

Homocysteine. V. DACH-LIGA homocysteine

(german, austrian and swiss homocysteine society):

consensus paper on the rational clinical use of

homocysteine, folic acid and B-vitamins in

cardiovascular and thrombotic diseases: guidelines

and recommendations. Clin Chem Lab Med.,

41(11): 1392-1403. 

14. Adar, R, Z Papa and J Schneiderman, 2000.
Thromboangitis obliterans: an old disease in need

of a new look. Int J Cardiol., 1: 167-170. 
15. Aksu,  K,  N Turgan, F Oksel, G Keser, D

Ozman, G Kitapcioglu and O Bayindir, 2001.
Hyperhomocysteinemia in Behcet's disease.

Rheumatology., 40(6): 687-690. 
16. Ates, A, O Aydintug, U Olmez, N Duzgun and M.

Duman, 2003. Serum homocysteine level is higher
in Behcet's diease with vascualr involvement.

Rheumatol Int. 
17. Jozef Drzewoski, Anita Gasiorowska, Eva

Maleeka-Pannas, Edward Bald, Leizek czupryniak.
Plasma total homocysteina the active stage of

ulcerative colitis. J. Gastroenterol. Hepatol. 2006,
75: 274.

18. Svensson Pand Dahlback P. Resistance to activated
protein C as a bais for venous thrombosis.N Engl

J Med., 1994, 330: 517.
19. Griffin, JH, B Evah, C Wideman and JA

Fernandez, 1993. Anticoagulant protein C pathway
defective in majority of thrombophilic patients.

Blood, 82: 1989-1993. 
20. Ouriel, K, RM Green, JA Deweese, et al.

Activated protein C resistance: Prevelance and
implications in peripheral vascular disease. J Vasc

Surg., 23: 46. 
21. Eskandari, M.K., FA Bontempo, AC Hassett H

Faruki and MS Makaroun, 1998. Arterial
thromboembolic events in patients with the factor

V Leiden mutation. Am J Surg, 176: 122-125.
22. Clarke, R, P Woodhouse, A Ulvik, C Frost, P

Sherliker, H Refsum, P Ueland and K Khaw,
1998. Variability and determinants of total

homocysteine concentrations in plasma ia an
elderly population. Clin Chem., 44: 102-107. 

23. Thein, S and B Wallace, 1986. The use of
synthetic oligonucleotides as specific hybridization

probes in the diagnosis of genetic disorders. In
Davis K (ed): Human genetic diseases, a practical

approach.  Oxford-Washington  DC,  IRL Press,
pp: 33-50. 

24. Mullis, K, and F Faloona, 1987. Specific synthesis
of DNA in vitro via a polymerase- catalyzed

reaction. Methods in Enzymology., 155: 335-350.
25. Wakefield, T and A Schmaier, 2000. Vascular

thrombosis due to hypercoagulable states. In
Rutherford RB (ed):  Vascular Surgery.

Philadelphia, W.B. Saunders, pp: 726-732. 
26. K alra ,  D K . 2 0 0 4 .  H o m o cys te in e  a nd

Cardiovascular disease. Curr Atheroscler Rep.,
6(2): 101-106. 

27. Perna, A, D Ingrosso, E Satta, C Lombardi, F
Acanfora and N De Santo, 2004. Homocysteine

metabolism in renal failure. Curr Opin Clin Nutr
Metab Care., 7(1): 53-57. 



Res. J. Medicine & Med. Sci., 3(1): 76-83, 2008

82

28. Sheppard,  D., 2000. Activated protein C
resistance: The most common risk factor for
venous thromboembolism. J Am Fam Pract., 13(2):
111-115. 

29. Kujovich, J. Factor V Leiden thrombophilia.
hhtp://www. Geneclinics. Org/profiles/factor-v-
leiden. 2004. 

30. Kim, R and R Becker, 2003. Association between
factor V Leiden, prothrombin G20210A, and
methylene tetrahydrofolate reductase C677T
mutations and events of the arterial circualtory
system: a meta-analysis of published studies. Am
Heart J., 146: 948-957. 

31. Rosendaal, F., 1997. Thrombosis in the young:
epidemiology and risk factors. A focus on venous
thrombosis. Thromb Haemost., 78: 1-6. 

32. Foley, W, D Irvine and R Standen, et al. 1997.
Activated protein C resistance,  factor V Leiden
and peripheral vascular disease. Cardiovasc Surg.,
5: 157. 

33. Dorweiler, B, A Neufang, W Kasper-Koenig, H
Schinzel, W Schmiedt, H. Oelert 2003. Arterial
embolism to the upper extremity in a patient with
Factor V Leiden mutation (APC resistance) –a
case report and review of the literature.
Angiology., 54(1): 125-130.

34. Hiatt, B, S. Lentz 2002. Prothrombotic states that
predispose  to stroke. Curr Treat Options Neurol.,
4 (6): 417-425. 

35. Feinbloom, D and KA Bauer 2005. Assessment of
hemostatic risk factors in predicting arterial
thrombotic events. Arterioscler Thromb Vasc Biol.,
25(10): 2043-2053. 

36. Bessero, AC, FX Borruat, 2006. Visual
dysfunction and arterial occlusion: is there an
association with factor V Leiden mutation? Four
cases reports. J Fr Opthalmol., 29(1): 43-46. 

37. De Paula Sabino, A, DD Ribeiro, MG Carvalho,
J Cardoso, LM Dusse, AP Fernandes, 2006. Factor
V Leiden and increased risk for arterial thrombotic
disease in young Brazilian patients. Blood Coagul
Fibrinolysis. 17(4): 271-275. 

38. Kang S, P Wang, and M Malinow, 1992.
Hyperhomocysteinemia as a risk factor for
occlusive  vascular  disease.  Ann  Rev  Nutr.,
pp: 279-298. 

39. Schreiner, R, 1997. Homocysteine: Reference
values. Clin Lab., 43: 1121. 

40. Currie, J, G Wilson and J Scott, et al. 1996.
Homocysteine: An independent risk factor for
failure  of  vascular  intervention.  Br  J  Surg.,
83: 1238-1241. 

41. Van den Bosch, A, M Bloemenkamp, P Mali, M
Kemmeren, B Tanis, A Algra, R Rosendal and Y
van der Graf, 2003. Hyperhomocysteinemia and
risk for peripheral arterial occlusive disease in
young women. J Vasc Surg., 38: 772-778. 

42. Van den Berg, M, A Stehouwer, E Bierdrager and

A Rauwerda, 1996. Plasma Homocysteine and

Severity of Atherosclerosis in Young Patients With

Lower-Limb Atherosclerotic Disease. Arterioscler

Thromb Vasc Biol., 16: 165-171. 

43. Nygard, O, J Nordrehaug, H Refsum, P Ueland, M

Farstad and S Vollset, 1997. 1997. Plasma

Homocysteine Levels and Mortality in Patients

with Coronary Artery Disease. New Engl J Med.,

337(4): 230-237. 

44. Ahmed, I, 2003. Homocysteine and peripheral

vascular disease. M. D. Thesis, Biochemistry,

Cairo University. 

45. Ridker, P, M Stampfer, N Rifai, 2001. Novel risk

factors for systemic atherosclerosis. A comparison

of C-reactive protein, fibrinogen, homocysteine,

lipoprotein (a), and standard cholesterol screening

as predictors of peripheral arterial disease. JAMA.,

285: 2481-2485. 

46. Graban, A, 2003. Hyperhomocysteinemia in

patients  with  dementia.  Neurol Neurochir Pol.,

37(4): 879-887. 

47. Clarke, R, L Daly, K Robinson, E Naughten, S

Caha lane , B  Fo wler ,  I  G raham , 19 91 .

Hyperhomocysteinemia:  an  independent risk

factor  for  vascular  disease.  N Engl J Med.,

324: 1149-1155. 

48. Ubbink, B, 2001. What is desirable homocysteine

level?  In: Carmel R, Jacobsen D, eds.

Homocysteine in health and disease. Cambridge,

UK: Cambridge University Press, pp: 485-490.

49. Refsum, H, A Smith, P Ueland, E Nexo, R

Clarke, J Mc Partlin, C Johnston, F Engbaek, J

Schneede, C Mc Partlin and J Scott, 2004. Facts

and Recommendations about Total Homocysteine

Determinations: An Expert Opinion. Clinical

Chemistry., 50(1): 3-32. 

50. Er, H, C Evereklioglu, T Cumurcu, Y Turkoz, E

Ozerol, K Sahin, S Doganay, 2002. Serum

Homocysteine level is increased and correlated

with endothelin- 1 and nitric oxide in Behcet's

disease. Br J Ophthalmol., 86(6): 653-657. 

51. Yesilova, Z, M Ozata, C Oktenli, SY Sanisoglu,

M K Erbil, K  D agalp , 2004. Effect of

supraphysiologic  doses  of  testosterone  on

fasting plasma total homocysteine concentrations in

men with Klinefelter's syndrome. Fertil Steril.,

81(5): 1278-1282. 

52. Guthikonda, S and W G Haynes, 2006.

H o m o c ys te ine :  ro le  and  im p lica t io n  in

artherosclerosis.  Curr  Atheroscler  Rep., 8(2):

100-106. 

53. Podda, G, E Faioni, M Zighetti and M Cattaneo,

2003. No effect of fasting plasma total

homocysteine on protein C activity in vitro.

Blood., 101(6): 2446-2456. 



Res. J. Medicine & Med. Sci., 3(1): 76-83, 2008

83

54. Zarychanski, R, and S Houston, 2004. Plasma

homocysteine concentration is not associated with

activated protein C resistance in patients

investigated for hypercoagulability. Thromb

Haemost., 91(6): 1115-1122. 

55. Undas, A, B W illiams, S Butenas, T Orfeo and G

Mann, 2001. Homocysteine inhibits inactivation of

factor Va by activated protein C. J Biol Chem.,

276: 4389-4397. 

56. Page, C, LE Rebin, RJ Gusberg and A Dardik,

2005. Arterial thrombosis associated with

hete ro zygo us fac to r  V  Leiden d isorder ,

hyperhomocysteinemia, and peripheral arterial

disease. Importance of synergistic factors. J Vasc

Surg., 42(5): 1014-1018. 

57. Guo, H, JD Lee, T Ueda, J Cheng, J Shan, J

Wang, 2004. Hyperhomo-cysteinemia & folic acid

supplementation in patients with high risk of

coronary  artery  disease.  Indian  J Med Res.,

119: 33-37. 

58. Frederiksen, J, K Juul, P Grande, B Jensen, V

S c h r o e d e r ,  A  T y b ja e rg -H a nse n  a n d  G

Nordestgaard, 2004. Methylenetetrahydrofolate

r e d u c t a s e  p o l y m o r p h i s m  ( C 6 7 7 T ) ,

hyperhomocysteinemia, and risk of ischemic

c a r d i o v a s c u l a r  d i s e a s e  a n d  v e n o u s

throemboembolism: Prospective and case-control

studies from the Copenhagen City Heart Study.

Blood., [Epub ahead of print]. 

59. Wald, N, H Watt and M Law, et al. 1998.

Homocysteine and ischemic heart disease. Results

of a prospective study with implications regarding

preventions. Arch Intern Med., 158: 862-867. 

60. Taute, B, R Taute, S Heins, C Behrmann, H

Podhaisky, 2004. Hyperhomocysteinemia: marker

of systemic atherosclerosis in peripheral arterial

disease. Int Angiol., 23(1): 35-40. 

61. Anderson, L, R Jensen, F Carlquist, L Bair, D

Horne and B Muhlestein, 2004. Effect of folic acid

fortification of food on homocysteine-related

mortality. Am J Med., 116(3): 158-164. 

62. McCully, S. Homocysteine, vitamins and

prevention of vascular disease. Mil Med. 2004,

169(4): 325-329. 

63. Splaver, A, G Lamas and C Hennekens, 2004.

H omocysteine and cardiovascular disease:

biological mechanisms, observational epidemiology,

and the need for randomized trials. Am Heart J.,

148(1): 34-40.

64. Wierzbiki, AS, 2007. Homocysteine and

cardiovascular disease: a review of evidence. Diab.

Vasc. Dis. Res., 4(2): 143-150.


