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Background: Hyperhomocysteinemia has been proposed as
an important risk factor for ischemic stroke worldwide, but
data available from the Indian subcontinent is scarce. Aim:
To study homocysteine levels in patients with ischemic stroke
and compare it with age- and sex-matched controls. Settings
and Design: Case–control prospective study. Materials and
Methods: Fifty-seven patients with ischemic stroke and 30
controls were recruited for the study. They were subdivided
into two subgroups (<40 years and >40 years of age) and
plasma fasting total homocysteine (tHcy) levels were meas-
ured. Statistical analysis used: Student’s ‘t’ test and chi-
square test. Results: The tHcy were significantly high in pa-
tients with stroke, compared to controls (9.91 ± 2.25 vs
8.00 ± 2.74 µmol/l; P < 0.001). Significantly high levels were
seen in both male patients compared to controls (10.24 ± 2.34
vs 8.45 ± 2.72 µmol/l; P = 0.01) and female patients compared
to controls (9.08 ± 1.81 vs 6.79 ± 2.60 µmol/l; P = 0.04). The
tHcy levels were significantly high in patients with hyperten-
sion compared to normotensive patients (10.96 vs 9.49 µmol/
l; P = 0.01) and smokers compared to nonsmokers (11.17 vs
9.33 µmol/l; P = 0.01). Conclusions: Hyperhomo-cysteinemia
emerged as an important independent risk factor for ischemic
stroke. A strong positive correlation was also observed be-
tween hypertension, smoking, and high-tHcy levels in the
present study.

Key words: Case–control study; homocysteine; ischemic
stroke.

Stroke is one of the foremost causes of morbidity and mor-

tality throughout the world, posing a major socio-economic

challenge in the occupational and neuro-rehabilitational pro-

grammes for ‘stroke-survivors.’ Numerous risk factors for

stroke have been identified and modification of these factors

is the crux of primary and secondary prevention.[1] Despite

recent advances, only two-third of all strokes can be attrib-

uted to known causal risk factors.[2] Large clinical trials of

LDL cholesterol-lowering therapy reported adverse events in

up to 19% of patients, despite this powerful intervention. This

observation has intensified the search for ‘new nonlipid’ risk

factors for atherosclerotic vascular disease (ASVD).[3] Re-

cently, there has been much interest in homocysteine, a sulfur

containing aminoacid as an important risk factor for vascular

diseases including stroke, independent of the long-recognized

factors like hyperlipidemia, hypertension, diabetes mellitus,

and smoking,[4] although its association was described many

decades ago.[5] During the last decade, numerous studies ob-

served a strong positive correlation between hyperhomo-

cysteinemia and ischemic stroke,[6]–[11] while others could not

establish the same.[12],[13] The present study was planned to

explore an association between homocysteine levels in Indian

patients with ischemic stroke in this part of the country in

view of the limited data available, so that some practical rec-

ommendation for screening and treatment of this modifiable

risk factor could be provided.

Materials and methods

A prospective case–control study was planned to study ho-

mocysteine levels in patients of ischemic stroke and compare

it with age- and sex-matched controls [Figure 1]. The patients

were selected from those attending the emergency services or

the out-patient department of our institute. A total of 57 pa-

tients with stroke and 30 years of age and sex-matched con-

trols from the general population were included in the present

study. The patients of ischemic stroke with multiple estab-

lished risk factors such as diabetes, hypertension, and smok-

ing in combination were excluded in the present study. The

controls were selected from amongst age- and sex-matched

healthy volunteers, patients with unrelated complaints and

their relatives after informed consent. The cases and controls

were subdivided into the following groups according to age.
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Group I Patients with stroke <40 years of age 24 subjects

Group II Patients with stroke >40 years of age  33 subjects

Group III Controls <40 years of age 15 subjects

Group IV Controls >40 years of age 15 subjects

Ischemic stroke was defined as a stroke with either a nor-

mal CT brain scan or with an evidence of a recent infarct in

the clinically relevant area of the brain on a CT or MRI brain

scan performed within 3 weeks of the event. On the basis of

clinical evaluation imaging and other investigations, only cases

belonging to large artery disease and small artery disease were

included in the present study, as per the predefined criteria.[9]

All patients with recent (≤ 3 months) major systemic illness,

including myocardial infarction, hepatic disease, renal disease,

thyroid disease, cardiomyopathy, pregnancy, patients on drugs

causing rise in homocysteine levels such as anticonvulsant

medication, evidence of nonatherothrombotic vascular disease,

namely vasculitides, fibromuscular dysplasia, or dissection

were excluded from the present study.

Methods

Detailed history, including history of hypertension, diabe-

tes, TIAs, coronary artery disease, smoking, alcohol intake,

and drug history was recorded in all individuals. All patients

underwent CT scan/MRI of head, Doppler analysis of neck

vessels, transthoracic echocardiography, detailed lipid profile

along with routine biochemistry, and hemogram.

Transoesophageal echocardiography was done in select group

of patients of young stroke. Patients of young stroke also un-

derwent procoagulant workup including protein C, protein S,

antithrombin III deficiency, APLA, and vasculitic workup for

RA factor, ANA, LE cell, and ANCA was performed for pa-

tients with young stroke. The patients positive for these in-

vestigations were excluded from the present study.

Plasma homocysteine levels estimation
Fasting levels were measured at least 3 months after the

acute ischemic episode. Two milliliters of blood was drawn

and collected in a tube containing the anticoagulant EDTA.

The sample was immediately kept in ice pack and later centri-

fuged within 30 min to avoid false elevation of homocysteine

levels due to its release from RBC. Plasma samples were then

refrigerated and stored at -80°C till the analysis was done.

Total plasma homocysteine was determined by high-perform-

ance liquid chromatography (HPLC).

The assay used, measured the total homocysteine (tHcy),

in both the reduced and oxidized forms. Homocysteine was

dissociated from nonrelevant proteins and other disulfides by

reduction with sodium borohydride (NaBH
4
). The proteins

were then precipitated by using 0.6 M perchloric acid. The

sulfhydryl amino acids so obtained were made to react with

fluorescent reagent 7-fluro-benzo-2-oxa-1,3 diazole-4 sulfonic

acid (SBDF) (Sigma laboratories). Homocysteine was quan-

tified by using reverse phase HPLC (Waters India Ltd., In-

dia) and fluorescence detection, as per predefined method.[14]

Statistical analysis
Descriptive values were expressed as mean ± SD. Further

analysis was done using students ‘t’ test and odds ratio for

different variables was calculated. Chi-square test was used

for testing proportion. ‘P’ value of <0.05 was considered sta-

tistically significant.

Ethical consideration
The project was approved by the local ethical committee of

the institute. Venepuncture is a minimally invasive procedure

used frequently as part of the investigation procedure in pa-

tients with stroke. The patients were informed about the study

and the benefit thereof. After taking consent, 2 ml of blood

was withdrawn.

Results

Table 1 summarizes the clinical profile of the patients and

controls in four subgroups included in the present study.

Plasma tHcy levels were significantly high in all the patients

with stroke when compared to controls (mean 9.91 ± 2.25

vs 8.00 ± 2.74 mmol/l; degree of freedom, d.f. 85; 95% con-

fidence interval, CI 0.72–2.99; P<0.001). The levels were sig-

nificantly high in both younger age group patients

(10.85 ± 2.38 vs 8.32 ± 2.89 mmol/l; d.f. 37; 95% CI

0.92–4.14; P = 0.003) and older age group patients

(9.42 ± 1.92 vs 7.69 ± 2.65 mmol/l; d.f. 46; 95% CI 0.35–

3.11; P = 0.02). In subgroup analysis, significantly high lev-

els were seen in male patients as compared to controls

(10.24 ± 2.34 vs 8.45 ± 2.72 mmol/l; d.f. 61; 95% CI

0.79–3.34; P = 0.01) as well as in female patients compared

to controls (9.08 ± 1.81 vs 6.79 ± 2.60 mmol/l; d.f. 22;

95% CI 0.42–3.90; P = 0.04). Although the levels of tHcy

were more in males as compared to females in both cases and

controls in the present study but the differences were not sta-

tistically significant. No significant difference in tHcy levels

Modi et al: Hyperhomocysteinemia

Figure 1: (A) Scattered diagram showing distribution of homocysteine
levels in cases and controls <40 years of age (µµµµµmol/l, micromoles per

liter). (B) Scattered diagram showing distribution of homocysteine
levels in cases and controls >40 years of age

(µµµµµmol/l, micromoles per liter)
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was observed in patients suffering from large vessel disease

as compared to those with small vessel disease in the present

study (10.15 ± 2.36 vs 9.44 ± 1.99 mmol/l; d.f. 55; 95%

CI 0.44–2.27; P>0.1).

A positive correlation of smoking with hyperhomocysteinemia

was observed in the present study as indicated by the mean

tHcy levels in smokers vs nonsmokers in patient group

(11.17 ± 1.35 vs 9.33 ± 2.22 mmol/l; d.f. 55; 95% CI

0.42–3.07; P = 0.01), and control group (10.57 ± 1.3 vs

7 .36  ± 2 .65  mmol/l; d.f. 28; 95% CI 0.89–5.49;

P = 0.008). Concentration of tHcy was found to be signifi-

cantly high in patients with hypertension and of ischemic stroke

as compared to normotensives (10.96 ± 2.02 vs

9.49 ± 2.57 mmol/l; d.f. 55; 95% CI 0.16–2.67; P = 0.02)

as well as in controls (10.68 ± 0.89 vs 7.59 ± 2.7 mmol/l;

d.f. 28; 95% CI 0.25–5.91; P = 0.03), further suggesting a

positive correlation of hypertension with hyperhomo-

cysteinemia in the present study. No significant correlation of

tHcy levels was obtained in patients with obesity, diabetes,

hyperlipidemia associated coronary artery disease, etc., due

to the small sample size. After multivariate logistic regres-

sion analysis with adjustment for sex, smoking, hypertension,

Table 1: Clinical profile of stroke patients and controls

Group I Group II Group III Group IV

Patients Patients Controls Controls
<40 years >40 years  <40 years >40 years

Groups (n = 24) (n = 33)  (n = 15) (n = 15)

Mean age (years) 28.54 54.52 30.60 52.53
Males (%) 75.0 69.7 66.0 80.0
Smokers (%) 25 36.4 13.3 13.3
Hypertensives (%) 16.7 66.7 13.3 13.3
Diabetics (%) 0 15.5 0 0
Obese (%) 8.3 30.3 13.3 20.0
Mean ± SD(µmol/l) 10.85 ± 2.38 9.42 ± 1.92  8.32 ± 3.89 7.69 ± 2.65
Range of tHcy(µmol/l) 6.07–15.56 6.27–13.62 2.29–11.67 4.38–11.44

Table 2: Mean homocysteine levels in cases and controls

Stroke patients Controls

Number Number
Sub groups (tHcy)* Mean (µµµµµmol/l) (tHcy)* Mean (µµµµµmol/l)

Males 41 10.24 ± 2.34 22 8.45 ± 2.72
Females 16 9.08 ± 1.81 8 6.79 ± 2.60
Smokers 18 11.17 ± 1.35 6 10.57 ± 1.30
Nonsmokers 39 9.33 ± 2.62 24 7.36 ± 2.65
Hypertensives 25 10.96 ± 2.02 4 10.68 ± 0.89
Nonhypertensives 32 9.49 ± 2.57 26 7.59 ± 2.70

*tHcy, total homocysteine levels.

Table 3: Showing odd’s ratio and confidence intervals of
different variables in present study

Variables Odd’s ratio Confidence interval
Male sex 0.93 0.34–2.52
Smoking 1.85 0.64–5.30
Hypertension 5.08 1.57–16.45
Obesity 0.83 0.42–4.22
tHcy levels 1.56 0.62–3.93

Table 4: Prospective Cohort and case–control studies of
homocysteine and stroke

Total homocysteine (µµµµµmol/l)
Study Cases Controls P value

Graham et al.[6] 11.11 9.73 S
Meiklejohn et al.[7] 10.1 8.2 S
Giles et al.[8] 11.9 10.2 S
Eikelboom et al.[9] 12.4 10.5 S
Fallon et al.[10] 13.3 12.6 S
Perry et al.[11] 13.7 11.9 S
Verhoef et al.[12] 11.1 10.6 NS
Alfthan et al.[13] 10.1 9.3 NS
Present study 9.91 8.00 S

obesity and homocysteine levels [Table 2], hypertension (P

<0.03), and hyperhomocysteinemia (P <0.01) emerged as

significant risk factors in the present study [Table 3].

Discussion

In this case–control study, we found a strong correlation of

hyperhomocysteinemia with ischemic stroke in both younger

and older age group. The results of the present study are con-

sistent with many case–control and prospective studies[6]–[11]

involving patients of all age groups, although few prospective

studies have failed to establish any association between

hyperhomocysteinemia and stroke [Table 4].[12],[13] There is no

definite threshold level for homocysteine that correlates with a

sudden increase in the risk of vascular events. Indeed, the rela-

tion between tHcy and ASVD appears to be linear or (log lin-

ear), in much the same way as increasing blood pressure and

cholesterol are related to the development of vascular disease.[15]

Although the normal range for homocysteine level has been pro-

posed to lie between 5 and 15 µmol/l,[15] a large number of stud-

ies have documented increased risk of vascular disease within

this range as in our study also [Table 4].

Hyperhomocysteinemia has a multifactorial origin incorpo-

rating genetic, nutritional, pharmacological, and pathologi-

cal factors. Considering the differences in dietary, genetic, and

ethnic factors, the data published from the West may not be

applicable to our population. Because our observations are

based on a small group of patients and control population, it

is difficult to propose a definite cut off value for homocysteine

levels to be taken as significant and would require a larger

population analysis.

No significant difference in the mean homocysteine levels

were seen in patients with large vessel disease (thromboem-

bolic strokes) compared to small vessel disease (lacunar

strokes). Similar observations were made by Lindgren et al.,[16]

who could not find any independent correlation between plasma

homocysteine concentration and the infarct subtype (cortical

vs lacunar), or to the degree of carotid artery stenosis. How-

ever, in one large study by Eikelboom et al.,[9] the association

was far higher in the patients with large artery disease as

compared to those with small artery disease. They proposed

that the deleterious effect of hyperhomocysteinemia is medi-



300 Neurology India | September 2005 | Vol 53 | Issue 3

300 CMYK

Modi et al: Hyperhomocysteinemia

ated primarily via a proatherogenic effect and less likely due

to prothrombotic effect, which might be contributory in the

large vessel disease. Contrary to the above observations, Evers

et al.[17] found that elevated homocysteine levels were associ-

ated with cerebral microangiopathy and not with cardioembolic

or macroangiopathy-associated ischemic stroke. There is evi-

dence that hyperhomocysteinemia is both atherogenic and

prothrombotic, operating through a variety of potential mecha-

nisms including direct endothelial injury, mitogenic effect on

smooth muscle cells, impaired endogenous fibrinolysis, en-

dothelial nitrous oxide response, and alteration in arachnoidic

acid metabolism.[3],[4],[17]

This study found significantly high levels of homocysteine

in smokers as compared to nonsmokers in patients with stroke,

as well as in controls. Many authors[6],[18],[19] have also observed

that cigarette smoking was positively associated with high-

homocysteine concentration. In the Hordaland homocysteine

study, Nygard et al.[19] observed that compared to nonsmok-

ers, smokers had a distinctly higher plasma tHcy levels that

increased almost linearly with the number of cigarettes smoked

daily. They proposed that smoking is accompanied by changes

in plasma thiol-redox state due to higher formation of reac-

tive oxygen species. Furthermore, reduced intake of nutrients

and vitamins were also contributing to the increased homo-

cysteine levels in heavy smokers.[19] However, a negative cor-

relation was observed by Perry et al.[11] Additional studies are

needed to examine whether smoking cessation can reduce ho-

mocysteine concentrations.

Homocysteine levels were significantly higher in patients

with hypertension and stroke of either age group as compared

to normotensives in the present study. Strong association be-

tween hypertension and tHcy level in stroke patients had also

been observed by other authors.[6],[11],[20] It is proposed that

hyperhomocysteinemia induces an elastolytic process in the

arterial wall, by inducing synthesis and secretion of serine

elastase. The loss of elastin may lead to the stiffening of the

arterial wall resulting in hypertension. This might be one of

the factors, by which hyperhomocysteinemia contributes as a

risk factor for stroke, although other concomitant factors may

also exist.[3],[4]

The present study has some limitations. Because of the

smaller number of cases and controls in the present study

group, exact significance of high-tHcy levels in many subgroups

of patients could not be established. Moreover, a larger number

of normal persons need to be screened to find out the normal

levels of tHcy in the general population in the Indian subcon-

tinent. Also, we could not measure the B
12

 and folate levels in

our study group, which are co-factors in homocysteine me-

tabolism and have been documented to be strong correlates of

tHcy in many studies. Another important limitation is the

fact that in a case–control design, homocysteine levels are

measured after the stroke. So, it cannot be determined whether

elevation in homocysteine was a precursor, or a consequence

of stroke. The crucial question still remains whether plasma

tHcy is directly involved in the pathogenesis of vascular dis-

ease or just a marker for increased risk. Intervention studies

in animals and human are needed to determine which of the

potential mechanisms of homocysteine-associated vascular risk

factors are modifiable by targeted vitamin therapy. Recently

initiated primary and secondary prevention trials will deter-

mine whether lowering of homocysteine levels with vitamin B

interventions will lower vascular disease events.

Conclusions

Increased homocysteine level is an important risk factor for

the development of ischemic stroke in all populations espe-

cially in younger age group. Hypertension and smoking per se

are important contributory factors for hyperhomocysteinemia.

Absolute values of high-homocysteine levels cannot be estab-

lished on the basis of this study. A larger normal Indian popu-

lation needs to be screened to establish a definite ‘high’ level

of homocysteine. It will be worthwhile to consider homocysteine

levels of above 10 µmol/l as significant in patients with stroke

for secondary prevention and supplementation with folate and

vitamin B.
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hurdle: removing the exposure or treating it should decrease

the risk of the disease. Therefore, treatment for

hyperhomocysteinemia with multivitamins (folate, B
12

, and

B
6
), which has been shown to reduce homocysteine levels even

in individuals not vitamin deficient,[10] should lower the risk

of vascular outcomes. Multivitamin therapy has been demon-

strated to reduce homocysteine levels and cardiovascular risks

among those with genetic causes of marked

hyperhomocysteinemia.[11] Surrogate markers such as carotid

plaque likewise show regression with homocysteine-lowering

therapy.[12] However, in a recent large international randomized

trial among stroke survivors with moderate homocysteinemia,

multivitamin therapy showed no reduction in the risk of stroke

recurrence.[13] Ongoing trials such as VITATOPS may help

address the question regarding the benefits of homocysteine-

lowering therapies.[14]

For now, the preponderance of evidence from many epide-

miologic, basic scientific, and genetic studies suggests that

homocysteine is moderately associated with cardiovascular

disease (stroke included). Given the safety and low cost of

multivitamin therapy, recommendations suggest starting B
12

,

folate, and B
6
 in those with elevated homocysteine and car-

diovascular disease.[15] Whether reducing homocysteine will

translate into a reduction in vascular or stroke risk is still an

area of uncertainty.
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Modi et al: Hyperhomocysteinemia

This study shows that hyperhomocysteinaemia is associated

with an increased risk of stroke in India as has been shown in

many other countries in the world. Elevated homocysteine is a

risk factor for stroke both in the young[1] and in the elderly,[2] as

well as for recurrent stroke.[3] Numerous studies have shown

that supplementation with folate, vitamin B6, and B12 reduces

the level of homocysteine. Intervention studies have so far been

disappointing in being unable to show a reduced risk of stroke

and cardiovascular events in vitamin B-treated groups,[4,5] how-

ever, the results of many ongoing randomized trials are awaited

with great expectations.[6] In the meantime, however, it is tempt-

ing to recommend vitamin supplementation for patients with

highly elevated homocysteine levels.
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