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Abstract

Background: Homocysteine is considered as one of the factors 
affecting the prognosis of ischemic stroke. The aim of this study 
is to determine the relationship between homocysteine level and 
ischemic stroke outcome.

Method: This cross-sectional study was conducted between De-
cember 2010 and September 2011 on 145 patients with ischemic 
stroke in middle cerebral artery (MCA) territory, after approval by 
Guilan University of Medical Science’s Ethics Committee. Patients 
with a history of stroke, brain lesion, liver or kidney disorders, 
pneumonia, sepsis and who had seizure at the beginning or dur-
ing hospitalization were excluded. Uncontrolled diabetes, anemia 
and dramatic blood pressure reduction in admission were defined as 
confounding factors. In the first week, serum level of homocysteine 
was measured and the functional independence and status of pa-
tients were measured with functional independence measure (FIM) 
and Barthel index (BI) in the first week and first month after stroke. 
Data were analyzed by t-test, ANOVA, Mann-Whitney U, Kruskal-
Wallis tests and backward stepwise logistic and linear regression 
analysis using SPSS 19.

Results: One hundred and forty-five patients (55.9% men and 
44.1% women) with mean age of 68.3 ± 13.8 years old were eval-
uated. Serum level of homocysteine was determined as an inde-
pendent predictor for mortality in the first week (P = 0.017; OR = 
1.179; 95% CI: 1.03 - 1.35). No significant correlation was found 
between serum homocysteine level and BI and FIM in the period 
of study (P > 0.05).

Conclusions: Homocysteine decreases mortality rate in patients 
with stroke in the first week but does not affect the functional out-
come of alive patients.
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Introduction

Stroke is one of the most disabling disorders in humans. All 
types of ischemic stroke are caused by embolic or throm-
botic occlusion of one of the feeding arteries of brain. As the 
perfusion to the area of occluded artery is stopped, a cascade 
of molecular and cellular events starts and continues that 
leads to cell death. As more brain cells die, disability will be 
more. Multiple factors are effective on progress and intensity 
of events that result in different outcomes of patients with 
stroke in the territory of the same occluded arteries.

Homocysteine is a known and approved risk factor for 
stroke and atherosclerosis, especially in the young adults 
[1-4]. Homocysteine is an amino acid containing sulfydril 
and needs vitamin B6, B12, folic acid and betaine for the 
metabolism [3]. Nutritional and genetic factors play a role 
in homocysteine metabolism disturbance [5, 6]. Homocys-
teine involves several pathophysiologic pathways, includ-
ing damage to wall of arteries and interfering with the co-
agulation system. This amino acid has a pre-oxidative and 
pre-inflammatory effect and induces the progression of va-
soconstriction, disturbance of structure and function of endo-
thelium and atherosclerosis. It also acts as a pre-thrombotic 
factor with increasing coagulability and platelets aggrega-
tion. A significant relationship was discovered between se-
rum level of lipoprotein and homocysteine and high serum 
level of homocysteine regulates the lipoproteinemia toxicity 
in ischemic stroke [1, 2, 5, 7, 8]. Some disorders increase 
homocysteine serum level, including chronic renal failure, 
hypothyroidism, pernicious anemia, cancers of breast, ovary 
and pancreas, acute lymphoblastic leukemia and some drugs 
such as methotrexate, phenytoin and theophylline and smok-
ing [9].

In recent years, homocysteine is under investigation and 
research as a factor affecting the prognosis of stroke, but 
their results are in controversy [1, 10-14]. It has been found 
that homocysteine induces oxidative stress in vitro and hy-
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perhomocysteinemia reduces ATPase’s activity [11].
In this study, we evaluated the serum level of homocys-

teine in patients with ischemic stroke and its relationship 
with patients’ functional statue and independence in order to 
if there was any relationship; we could prescribe medications 
that affect the metabolism and serum level of homocysteine 
in acute and post-acute phase of stroke to improve its out-
come.

 
Materials and Methods

   
This cross-sectional study was conducted between Decem-
ber 2010 and September 2011 on 145 patients with ischemic 
stroke in MCA territory after approval by Guilan University 
of Medical Science’s Ethics Committee. Patients with a his-
tory of stroke, previous brain lesion, liver or kidney disor-
ders, pneumonia, sepsis and who were having a seizure at 
the beginning or during hospitalization were excluded. Un-
controlled diabetes, anemia and dramatic blood pressure re-
duction in admission were defined as confounding factors. 
After fulfilling the informed consent by patients or their legal 
responders, in the first 7 days after stroke, fasting blood sam-
ples (after 8 - 10 h of fasting) were taken from all patients 
to measure serum level of homocysteine. The samples were 
spilled in tubes containing ethylenediaminetetraacetic acid 
and centrifuged immediately. The resulting plasma is kept in 
-20 °C and the serum levels of homocysteine were measured 
by high-performance liquid chromatography technique with 
fluorescence recording. Normal level of serum homocyste-
ine was considered as 15 µmol/L and the values higher than 
this were considered as high homocysteine level or hyperho-
mocysteinemia.

Patients were examined at the end of the first week and 
first month. The patients’ functional independence was mea-
sured by functional independence measure (FIM) score and 

patients were divided into three categories: low score (FIM 
≤ 40), intermediate score (41 ≤ FIM ≤ 80) and high score 
(FIM > 80). Furthermore, the changes of FIM score were 
determined in above-mentioned duration. As well, the pa-
tients’ functional status was measured by Barthel index (BI) 
and also the patients were divided into three categories: bad 
prognosis (BI < 40), intermediate prognosis (41 ≤ BI ≤ 70) 
and good prognosis (BI > 70). Also the patients’ mortality 
was recorded in the study period.

All information of patients was entered in a previous de-
signed heck list. For data analysis, the parametric tests such 
as t-test and ANOVA, and nonparametric tests such as Mann-
Whitney U and Kruskal-Wallis test were used in SPSS 19.

 
Result

 
A total of 145 patients (55.9% men and the others women) 
with ischemic stroke in MCA territory were enrolled in pres-
ent study. Their mean age was 68.3 ± 13.8 years old and the 
mean of their serum level of homocysteine was 12.99 ± 5.6 
µmol/L. The serum level of homocysteine was high among 
27.56% of them (40 patients).

Evaluation of functional independence in the first week 
(based on FIM) showed that all alive patients had low FIM 
score and none of them had intermediate and high score. 
Therefore, comparing the state of various levels of homo-
cysteine was not feasible according to FIM.

Evaluation of functional independence in first month 
(based on FIM) showed that none of the alive patients had 
high FIM score and severity of FIM established a near signif-
icant statistical relationship with serum homocysteine status 
in the first month (Table 1).

Assessment of functional status (based on BI) in the first 
week showed that all alive patients had intermediate BI and 
none of them had low or high BI. Also assessment of func-

FIM in first month
Total

Dead Low Medium

Serum homocysteine

Normal 44 (41.9%) 29 (27.6%) 32 (30.5%) 105 (100.0%)

High 24 (60.0%) 4 (10.0%) 12 (30.0%) 40 (100.0%)

Total 68 (46.9%) 33 (22.8%) 44 (30.3%) 145 (100.0%)

Table 1. Comparison of the Functional Independence of Ischemic Stroke Patients Based on Serum Homo-
cysteine Status

P = 0.05.
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tional status (based on BI) in the first month showed that 
all alive patients had high BI and none of them had low or 
intermediate BI. Therefore, comparing the status of various 
levels of homocysteine was not feasible according to BI in 
both first week and first month.

Evaluating of mortality, FIM and BI of the first week 
and the first month according to two quantitative variables, 
age and serum level of homocysteine, showed that the mean 
age of the alive and dead patients had significant differences. 
So that in the first week evaluation, the mean ages of dead 
patients and alive patients were 58.44 ± 15.23 and 70.02 ± 
11.71 years old (P = 0.001). As well the mean ages of pa-
tients at the end of the first month were 64.29 ± 12.05 years 
old in alive patients and 70.82 ± 13.21 years old in dead 
patients (P = 0.001). Also the mean of homocysteine level 
was 10.12 ± 1.84 µmol/L in dead patients and 13.59 ± 6.03 
µmol/L in alive patients with significant difference during 
the first week (P = 0.014), but there was not any significant 
difference in the first month: 12.44 ± 5.22 µmol/L in dead 
subject vs. 13.73 ± 6.23 µmol/L in alive patients (P = 0.115) 
(Fig. 1, 2).

Also the first week mortality rate among patients with 
normal homocysteine was 22.9% (24 patients) and in hyper-

homocysteinemic patients was 2.5% (one patient) with sta-
tistically significant difference (P = 0.004), but there was not 
any significant difference in the first month (0.0277).

Prediction area of mortality during the first week based 
on homocysteine levels by receiver operating characteris-
tic (ROC) curve (area under the curve (AUC)) was 0.656 ± 
0.047, which is statistically significant (P = 0.014; 95% CI: 
0.564 - 0.748) (Fig. 3).

Also in multivariant analysis, the serum level of homo-
cysteine remained in the model and was determined as a pre-
dictor of mortality in the first week after ischemic stroke. So 
that, by increasing 1 µmol/L of serum level of homocysteine 
the first week mortality probability decreases 1.179 times (P 
= 0.017; OR = 1.179; 95% CI: 1.031 - 1.350).

Prediction area of mortality during the first month based 
on homocysteine levels by ROC curve (AUC) was 0.577 ± 
0.048 (P = 0.115; 95% CI: 0.482 - 0.671), of first week FIM 
was 0.569 ± 0.81 (P = 0.379; 95% CI: 0.411 - 0.728), of 
first month FIM above 40, 0.567 ± 0.048 (P = 0.167; 95% 
CI: 0.473 - 0.661) and above 80, 0.056 ± 0.521 (P = 0.689; 
95% CI: 0.412 - 0.630), of first week BI was 0.569 ± 0.86 (P 
= 0.395; 95% CI: 0.401 - 0.738) and of first month BI was 
0.567 ± 0.048 (P = 0.167; 95% CI: 0.473 - 0.661), none of 

Figure 1. Comparison of the serum level of homocysteine among dead and alive patients 
in the first week.
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which was not statistically significant.
Regression model of predictive factors of FIM and BI in 

the first week and the first month did not show a significant 
relationship with confounding factors.

Since serum level of homocysteine is the only predictive 
factor of mortality in the first week, its cut-point for predict-
ing first week mortality was determined as 10.1 µmol/L with 
66.7% sensitivity and 64% specificity.

Discussion
  
In the present study, the serum level of homocysteine more 
than 15 µmol/L was defined as hyperhomocysteinemia and 
the mean of serum level of homocysteine of all patients was 
less than this point (12.99 ± 5.6 µmol/L) and only 27.6% of 
them (40 of 145 patients) were hyperhomocysteinemic.

By folic acid and vitamin B12 insufficiency, which are 
essential for homocysteine metabolism, the serum level of 
homocysteine will be increased. In Middle East area such 
as Iran, especially among people involved by stroke, maybe 
vegetable consumption is less common than in East Asia and 
Indian populations that most of them are vegetarian. Thus it 
is suspected that vitamin B12 and folic acid deficiency is less 

frequent in our population and homocysteine levels rise less 
than those populations. So frequency of the hypercystein-
emia in our study is less than a study conducted by Kalita in 
India (66.6%) [5]. In addition, genetic factors affect the level 
of homocysteine, so that the prevalence of polymorphism 
and mutation of methylentetrahydrofolate reductase varies 
in different communities [3, 15, 16].

In some studies, homocysteine is considered as a cause 
of large vessel stroke [17]. Whereas in another study, ho-
mocysteine is associated with small vessel stroke [18] and 
in the others there is no difference in the size of stroke [7]. 
Since one of the main factors that affects the performance 
of stroke patients is the location and size of infarct, so for 
the unification of the patients, all patients included in this 
study were with ischemic stroke in the right and left MCA 
supply area while the other studies did not evaluate specific 
artery territory [13] and this was a confounding effect on 
their results. Patients with hyperhomocysteinemia were not 
matched for age, sex and other risk factors of stroke, but the 
effects of these confounding factors in multivariate analysis 
were omitted.

In this study, there was no significant relationship be-
tween serum level of homocysteine and means of FIM and 
BI in first week and first month. But in first month, BI in 

Figure 2. Comparison of the serum level of homocysteine among dead and alive patients 
in the first month.
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patients with normal level of serum homocysteine was more 
than hyperhomocysteinemic patients (P = 0.07), so that the 
percentage of patients with BI more than 70 in normal homo-
cysteine patients (58.1%) was more than patients with high 
homocysteine levels (40%). But since all alive patients had 
high BI, this is only a comparison between live and dead 
patients and does not show association between serum level 
of homocysteine and the amount of BI.

There was no significant association between FIM score 
and serum level of homocysteine in the first week, but there 
was a significant association between homocysteine status 
and FIM scoring of the first month (P = 0.05). In other words, 
patients with normal homocysteine level had higher FIM 
score of first month than patients with higher homocysteine 
level but this association was not with absolute value of ho-
mocysteine and disappears after adjusting for confounding 
factors.

Although most studies agree with the effect of hypercys-

teinemia on the incidence of stroke, few studies have evalu-
ated its effect on stroke outcomes and they are not compat-
ible with each other also.

In one study by Howard et al in 2000 among 76 patients 
involved by ischemic stroke, serum level of homocysteine in 
two groups with Rankin score above 2 and below 2 did not 
differ [17] and it seems that it is congruent with our results. 
Of course there are some methodological differences so that 
we compared the function of normal homocysteine and hy-
percysteinemic groups with each other wherever Howard 
compared the serum homocysteine level of two groups with 
different function scores. Also the above-mentioned study 
used Rankin score that evaluates patient’s disability, wher-
ever we assessed the functional outcome by FIM and BI.

In the other study that has been implemented in 2004 
by Mizrahi et al, fasting serum level of homocysteine was 
measured in 113 patients with acute ischemic stroke during 2 
- 7 days after the ischemic attack. The patients were divided 

Figure 3. ROC curve of the predictive role of homocysteine in first week mortality.
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to two groups: normal homocysteine and hyperhomocystein-
emic, exactly similar to our study. Then patients’ functional 
independence was evaluated at admission and discharge. 
They were divided into three groups based on FIM score 
(low < 40, 41 < intermediate < 80 and high > 80). Finally, 
it has been determined that there is no association between 
serum level of homocysteine and functional outcome of pa-
tients after rehabilitation of stroke. In this study, patients 
who were hospitalized for less than 7 days were excluded 
and it may be a confounding factor [14]. In spite of this dif-
ference and enrolling of all patients with stroke in all arterial 
territories, its results are matched with ours, considering the 
similarity of scores which are used and their methodologies.

Another study carried out in 2007 in Nigeria by 
Okubadejo showed hypercysteinemia does not have any ef-
fect on early ischemic stroke outcome [10] and in another 
study that has been done in Turkey in 2006 in order to de-
termine the effect of serum homocysteine on acute ischemic 
stroke prognosis, it was demonstrated that although serum 
level of homocysteine was higher than normal in all days, it 
seems that there is not any association between serum level 
of homocysteine and acute ischemic stroke prognosis [12]. 
While in another study by Kado et al in 2002 it has been 
noted that there is an association between increased serum 
level of homocysteine and the risk of declined performance 
[19]. According to our precision in the selection of patients 
and matching them in the same location and extent of the 
lesion and the time of functional assessment, we can assert 
that our results have higher accuracy than their results. Of 
course, the only problem is that due to the lower number of 
hyperhomocysteinemic patients it could not be extensible.

One study by Pniewski in 2003 showed that the effect 
of homocysteine on 3 months prognosis of 74 patients was 
assessed more appropriately by Rankin score. Fourteen point 
two percent of patients with good Rankin score (0-2) and 
66.7% of them with bad Rankin score (3-5) had mild hyper-
cysteinemia and it was concluded that this factor increases 
the chance of bad rehabilitation 11.8 folds (95% CI: 2.9 - 
47.4) [20]. This investigation used also Rankin score and as-
sessed the patients 3 months after stroke that can explain its 
difference with ours, maybe if the time of present study was 
longer, the same results were achieved and the negative ef-
fects of homocysteine were high-lightened.

In another study conducted in India from 2004 until 
2006 by Kalita, severity of stroke based on Canadian Neu-
rologic Severity measure and the patients’ status were eval-
uated in 3 months after stroke with BI (good BI > 12 and 
bad BI < 12). High serum level of homocysteine was seen 
among 60.6% of patients and low vitamin B12 and folic acid 
in 25.7% and 42.1% of patients respectively and finally it 
was concluded that patients with hypercysteinemia after 3 
months had a better status [13]. In this study, for defining 
good and bad outcome, the cut-point of BI was determined 
as 12 wherever if a patient does all of asked activities with 

assistance, the minimum score obtained is 45. So it seems 
that all of participated patients in worst status of function 
had good BI and so this cut-point is not an appropriate point. 
Therefore we have defined a new classification and divided 
to three categories including bad prognosis with BI lower 
than 40, moderate with BI 40 - 70 and good prognosis with 
BI higher than 70. Although this categorization was more ap-
propriate and logical, any significant correlation was found 
yet. Perhaps we could see a correlation if our consideration 
was the long-term outcome.

Homocysteine accelerates oxidative stress in ischemic 
stroke and plays a role in process of disease and affects func-
tion of patients and brain cells and if another compensatory 
mechanism does not exist, it can result in bad functional out-
come. However, in our study homocysteine did not affect 
patients prognosis.

Evaluation of the homocysteine impact on mortality in 
the first week showed that after adjusting for confounding 
factors, it is a protective factor in front of mortality with OR 
equal to 1.179, but this effect did not remain after 1 week 
till 1 month wherever some studies concluded that with its 
increasing the mortality rate increases [2, 21, 22]. Of course 
their findings do not violate our results, because their reports 
were not specified by special periods of time.

The interesting point of our study was the mean age of 
patients that deceased which is much less than alive patients 
in the first week (58.4 ± 15.2 years and 70.0 ± 11.7 years). In 
sum, patients who have died at the end of the first week were 
12 years younger than alive patients but it reversed in the first 
month and average age of dead patient was more than alive 
patients (70.82 ± 13.91 and 64.3 ± 12.05 years old). This dif-
ference is significant. In other words, at the end of the first 
month, dead patients were 6 years older than alive patients, 
on average. According to cascade of cellular events, this can 
be explained, so in the first week, intra- and extra-cellular 
edema, size of the infarct area and brain herniation are the 
most common causes of death. Since in younger people the 
brain atrophy is less, herniation is more likely than older 
people. But after 1 week by reduction of cellular edema, the 
other factors such as the health of the other organs affect 
patients prognosis [3]. On the other hand, considering the 
protection effect of homocysteine against the first week mor-
tality according to our results, and based on some studies that 
expressed that homocysteine level is lower in youngers than 
elders, the high rate of first week mortality in youngers may 
be the deprivation of this group from the protective effect 
of homocysteine. Also stroke in younger patients influenced 
by multiple factors that cause death in younger patients is 
higher than older patients in the first week after stroke.

Conclusions

Homocysteine decreases mortality rate in patients with 
stroke in the first week but does not affect the functional out-
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come of alive patients.
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