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INTRODUCTION 

Globally, young age stroke had several causative fac-
tors, here we are focusing on hyperhomocysteinemia 
is a disorder caused by a disruption in homocysteine-
metabolism cycle due to nutritional deficits of B-
vitamins and three genes polymorphisms which 
leads to a greater risk of hyperhomocysteinemia and 

vascular disease among recent epidemiological stud-
ies.1-9 

The sub-Himalayan region is more susceptible to hy-
perhomocysteinemia due to high altitude, asympto-
matic thrombophilia, polycythemia, or changes in 
platelet, counts, and dehydration, which causes 
thrombosis. 10 There are only a few previous studies 

ABSTRACT 
Background: Hyperhomocystenemia and genetic variants are factors for causing young age stroke glob-
ally. This study aims to identify homocysteine related-MTHFR gene polymorphism that associated with 
recurrent cardiovascular outcomes. 

Methodology: A randomized controlled trial conducted upon 90 hyperhomocysteinemic ischemic 
stroke patients were taken from the neurology wards of a tertiary care hospital were randomly selected 
into vitamin B therapy group and control groups (n=45 in each group). Baseline subject details were col-
lected venous blood sample for MTHFR genetic testing via PCR-RFLP technique along with blood homo-
cysteine levels, vitamin B12, folic acid levels. 

Results: The results showed that the frequency of CT genotype polymorphism was 15.5% vs 13.3% for 
the MTHFR C677T gene without any significant difference between vitamin group and control group re-
spectively (p-value >0.05). The reduction in mean homocysteine up to -6.77±4.50 versus -2.08±0.71 
µmol/L in the vitamin group as compared to control group respectively, p value 0.001. 

Conclusion: Considerable amount of MTHFR gene polymorphism found among hyperhomocysteinemic 
ischemic stroke of sub-Himalayan region. Nutritional deficiencies including vitamin B 12 & folic acid, and 
some hidden reasons found, which could lead to the primary cause of hyperhomocysteinemia. Vitamin B 
therapy is an effective for reducing homocysteine. 
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published within Asia on the MTHFR C677T,8; 4 gene 
polymorphisms involving in well-known homocyste-
ine metabolism pathway. 

Their association with higher homocysteine levels 
among cardiovascular disease population without 
any matching hyperhomocysteinemic ischemic 
stroke with normal renal functions status. Previous 
literature on Caucasians and Indo-European popula-
tion found a relationship between homocysteine 11 
upon cardiovascular patients, however, contradicto-
ry results for the possibility of this association re-
ported in the above-mentioned comes especially 
among cardiovascular disorder population. The re-
sults of the present study help an enhanced consid-
eration of mentioned genetic polymorphisms in-
volved in homocysteine metabolism enzymes with 
their effects on homocysteine levels, and risk of car-
diovascular outcomes which finally provide sugges-
tions for planning & designing clinical trials and their 
subgroup analysis. This study intended to determine 
1) magnitude of the MTHFR C677T, D919G & I278T 
gene polymorphisms, and 2) their associations with 
the risk of recurrent major cardiovascular outcomes 
(cardiovascular events and vascular death) among 
hyperhomocysteinemic ischemic stroke patients at a 
tertiary care hospital from sub-Himalayan regions.  

 

METHODOLOGY 

Study population: A randomized controlled trial de-
sign was adopted upon a sample size of 90 ischemic 
brain stroke human participants (calculated by using 
G power 3.1 version software with power=80, al-
pha=0.05) 12 who were randomly allocated with 1:1 
ratio between vitamin B therapy group (n=45, daily a 
single tablet of vitamin B6-5mg, B9-5mg & B12-
500mcg) and control group (n=45, standard hospital 
treatment for stroke) for four months duration. In-
clusion criteria for participants were confirmed cas-
es of clinically stable (NIHSS score <21) ischemic 
stroke within 72 hours of attack having age within 
adult limit of 18-70 years, having hyperhomocyste-
inemia, and normal renal function test. Participants 
with disorders, which may enhance homocysteine 
levels such as migraine, Alzheimer’s disease, Parkin-
son’s disease, were excluded from the trial. Emer-
gency room, neurology- medicine ward from a ter-
tiary care hospital from Rishikesh, Sub-Himalayan 
region were study settings for data collection from 
2020-2021. Randomization sequence generated by 
an independent person is done by simple random 
sampling technique of computer-generated random 
number table method (block size-4). Open list of 
random number tables was used to allocated partici-
pants in two each group. Primary investigator en-
rolled patients and assigned the interventions. Phy-
sicians and statisticians were blinded in this trial. 
The institutional ethical committee given approval to 
this study. Written informed consent was obtained 
from each participant. Research team members 
throughout the study duration-maintained confiden-

tiality and anonymity of the records of the partici-
pants. Ethical guidelines mentioned in good clinical 
practices, the Declaration of Helsinki, and the Indian 
council of medical research (ICMR) were followed in 
the present study.  

Data collection and laboratories techniques for blood 
sample: This study intended to determine these gene 
polymorphisms associated with the recurrence of 
major cardiovascular outcomes [(CVDs) or in-
hospital vascular death)] among ischemic stroke. 
Primary outcome was to identify (MTHFR-methylene 
tetrahydrofolate reductase) gene polymorphism and 
recurrence of cardiovascular outcomes (CVD) and in-
hospital vascular death. Secondary outcomes were to 
assess change in homocysteine levels after vitamin B 
therapy at follow-up of four months among its asso-
ciation with genes polymorphism. Initially, a subject 
datasheet including socio-demographic, and clinical 
variables related to stroke had obtained from both 
groups of the participants. Only homocysteine blood 
test repeated after four months of the trial. At base-
line, a venous blood sample was withdrawn for in-
vestigating levels of homocysteine (µmol/L), folic ac-
id (ng/mL), vitamin B12 (pmol/L), levels (via chemi-
luminescent Immunoassay from Advia-Centaur XP 
immunoassay system) and MTHFR-C677T (Gene 
ID:4524; NLM catalog; GTExPortal.org; 2020; MTHFR 
methylenetetrahydrofolate reductase [Homo sapiens 
(human)] - Gene - NCBI (nih.gov) genes polymor-
phism via PCR-RFLP 13 technique for all 90 partici-
pants. EDTA vial is used to collect blood and freeze at 
-200 C temperature then DNA was extracted from 
blood cells by using Qiagen blood Mini kit (a method 
used as manufacturer protocol). The regions contain-
ing all genotypes polymorphisms were amplified 
separately with primers (from Integrated DNA Tech-
nologies, USA) a cycling program consisting of pre-
polymerase chain reaction (PCR) on the Eppendorf 
machine. Primers for MTHFR C677T are forward- 
(MT1 - 5’ –TGAAGGAGAAGGTGTCTGCGGGA-3’ and 
reverse – (MT2 -5’ – AGGACGGTGCGGTGAGAGTG-3’). 
Restriction fragment length polymorphism (RFLP) 
was done with Hinf-1 restriction enzymes (Imperial 
life sciences, India) used for overnight incubation at 
370 C temperature to determine MTHFR C677T gen-
otypes respectively. Two laboratory personnel con-
firmed the quality of DNA analyses independently. 
The mutation status for all three SNPs was detected 
in the amplified products and captures on final imag-
es for each genotype were captured from the Chemi-
luminescence analysis system (UV gel doc machine). 
All details of PCR-RFLP protocol given in supplemen-
tary files. 

Statistics: The data was analyzed in SPSS software 
23.0 version (IBM, Chicago) by using appropriate de-
scriptive and inferential statistics with the two-sided, 
p-value considered as significant ≤0.05 and 95% con-
fidence interval. All socio-demographic and clinical 
variables had tabulated in form of frequency (per-
centage) and blood parameters in the mean ± SD 
form. Gene polymorphisms, recurrence of cardiovas-
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cular outcomes as an event, and vascular death were 
described as frequency (percentage) and analyzed by 
using the Chi-Square test or Fisher’s exact test accord-
ingly. Student ‘t’-test or Mann-Whitney U test (accord-
ingly) had used to determine the difference in blood 
parameters between both the groups. However, we 
performed ITT analysis for these participants, hence, 
45 in each group were analyzed in the study. 

Approval of Institutional Ethical Committee was ob-
tained. (AIIMS, Rishikesh-IEC-352/IEC/Ph. D/2019). 

 

RESULTS 

Table 1, the mean age of the vitamin group (n=45) 

was 49.14 ± 14.22 years and the majority of partici-
pants were male, belonged to the Hindu religion, hy-
pertensive, resided in rural areas, and affected with 
left-sided ischemic stroke. The majority of the partic-
ipants were smokers, and non-alcoholics. However, 
the mean age of the control group (n=45) was 51.18 
± 14.78 years and the majority of participants were 
male, belonged to the Hindu religion, hypertensive, 
resided in rural areas, and affected with left-sided is-
chemic stroke. The majority of the participants were 
non-smokers, non-alcoholic. Results from this table 
proved that the vitamin B therapy found to be an ef-
fective, safe and cost-effective remedy and no-harm 
reported for ischemic stroke patients for reducing 
homocysteine levels significantly.  

 

Table 1: Baseline distribution of socio-demographic & clinical characteristics between both groups. 

Variable Frequency (%) p value 
Vitamin group 
(n=45) 

Control group 
(n=45) 

Age (Mean±SD) 49.14±14.22 51.18±14.78 0.50@ 
Gender - Male  34 (75.55%) 29 (64.4%) 0.25@ 
Religion - Hindu  39 (86.6%) 37 (82.2%) 0.56$ 
Hypertensive 30 (66.6%) 25 (55.5%) 0.19$ 
Habitat - Rural  33 (73.3%) 30 (66.6%) 0.49$ 
Type of smoking abuse    

Non-user 16 (35.5%) 20 (44.4%) 0.69$ 
Tobacco  5 (11.1%) 6 (13.3%)  
Smoking  20 (44.4%) 17 (37.7%)  

No Alcohol-abuseNo 29 (64.4%) 30 (66.6%) 0.82$ 
Site of stroke - Left-sided  24 (53.3%) 30 (66.6%) 0.19$, 
Green leafy vegetables (number of serving per week) (Mean±SD) 3.22±1.25 3.69±1.4 2 0.10@ 
Baseline mean Vitamin B12 levels (Mean±SD) 586.8±459.47 676.6±522.7 0.58& 
Baseline mean Folic acid levels (Mean±SD) 7.82±4.30 6.42±2.87 0.15& 
Mean reduction in homocysteine level post four months (µmol/L) (Mean±SD) -6.77±4.50 -2.08±0.71 0.0001*& 
Recurrence of CVD 3 (6.6%) 5 (11.1%) 0.71 
In-hospital vascular death events 1 (2.2%) 5 (11.1%) 0.20 
Chi-square test$, Fisher’s exact test and Student ‘t’ test @, Mann Whitney U test&, p value considered as significant <0.05* 

 

Polymorphism in homocysteine metabolizing en-
zymes 

Fig 1: Gel image of MTHFR C677T genotypes (via 
PCR-RFLP technique) 

 
In sequence, ladder of 20 base pair PCR product, RFLP product of 
MTHFR C677T gene, heterozygous mutant-CT genotype, NTC (No 

template control), RFLP of homozygous mutant-TT genotype, PCR 
product, and 50 base pair ladder respectively. 

In sequence, ladder of 20 base pair PCR product, RFLP product of 
MTHFR C677T gene, heterozygous mutant-CT genotype, NTC (No 
template control), RFLP of homozygous mutant-TT genotype, PCR 
product, and 50 base pair ladder respectively. 

 

Table 2 Baseline genotypic distribution of all 
types of SNPs between both groups (n=90) 

Gene Polymorphisms Vitamin group 
(n=45) (%) 

Control group 
(n=45) (%) 

MTHFR-C677T  
(Homozygous wild-CC) 

39 (86.6%) 37 (82.2%) 

Heterozygous mutant – CT 6 (13.3%) 7 (15.5%) 
Homozygous mutant-TT 0 1 (2.2%) 
p value considered as significant <0.05*, P value NA-not assessable 

 

Fig.1 & Table 2 showed the magnitude of MTHFR 
C677T polymorphism as CT & TT genotypes were 6 
(13.3%), & 0 % respectively in vitamin group and 7 
(15.5%) & 1 (2.2%) respectively, in control group. 
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We merged TT genotype to CT as only one partici-
pant had this genotype, hence, analysis was done on 
only CC & CT genotypes in subsequent tables 3. 

 

Association of polymorphism with baseline and at 
four months homocysteine (tHcy) levels 

Fig 2 showed the baseline median homocysteine lev-
els with each respective genotypic group of MTHFR 
C677T, MS D919G, and CBS I278T genes. Table 3 
demonstrates no significant association of MTHFR 
C677T, with baseline homocysteine levels and at four 
months, the interaction was found non-significant at 
p-value for interaction=0.26 without adjustment to 
covariates (with adjustment data mentioned in 
above regression analysis interpretation). In addition 
to this, the SNPs affects the tHcy lowering effect of 
vitamin B therapy as mentioned in the present trial. 

 

 
MTHFR C677T-CC=homozygous wild, CT=heterozygous mutant. 

Fig 2 Box-Whisker graph - Association of homo-
cysteine level with all MTHFR gene (n=90) 

Table 3 Effect of MTHFR gene polymorphism on tHcy levels at baseline and at 4 months (n=90) 

SNPs Baseline homocysteine 
(µmol/L) Mean ± SD 

Four months (µmol/L) 
Vitamin group 
(n=45) Mean ± SD 

Mean difference  Control group 
(n=45) Mean ± SD 

Mean difference 

MTHFR C677T  
CC (n=76) 24.70±10.86 15.85±5.66 -6.60±4.68 22.39±8.98 -2.14±0.71 
CT (n=14) 25.02±9.73 19.10±10.17 -7.67±3.58 23.11±8.43 -1.86±0.72 
p value  0.91 0.26* 0.38$ 0.85 0.65$ 
Student ‘t’ test used, $ p value considered as significant <0.05; * p value for interaction 
 

Table.4 Odds ratio for recurrence of CVD events and in-hospital vascular death of MTHFR genotypes 
(n=90) 

SNPs of gene  Yes (%) No (%) OR (p value) 95%CI 
Odds ratio for recurrence of CVD events 
MTHFR C677Tgenotype 

CT (Heterozygous mutant) 0 14 (100) 0.29 (0.40) 0.01 - 5.38 
CC (Homozygous wild)  8 (10.5) 72 (94.7) 1  

Odds ratio for in-hospital vascular death 
MTHFR C677Tgenotype 

CT (Heterozygous mutant) 0 14 (100) 0.37 (0.51) 0.01- 7.01 
CC (Homozygous wild) 6 (7.8) 70 (92.1) 1  

Note:-p value considered as significant <0.05* 

 

Recurrence of cardiovascular disorder (CVD) events 
and in-hospital vascular death 

Total recurrence of cardiovascular disorders events 
was eight and six for in-hospital vascular death 
events out of 90 ischemic stroke participants. 

For recurrent cardiovascular disorders (CVD) events, 
in MTHFR C677T gene, did not differ between CT 
(mutant) & CC (wild) genotype (OR=0.25, 95% CI-
0.01 to 5.38; p= 0.40). Hence, the number of cardio-
vascular events were not affected by the variants of 
this gene polymorphism. 

For in-hospital vascular death, in MTHFR 
C677Tgene, did not differ between CT (mutant) and 
CC (wild) genotype (OR=37, 95% C.I. 0.01 to 7.01; p = 
0.51). Hence, the number of in-hospital vascular 

deaths were not affected by the variants of this gene 
polymorphism. 

 

DISCUSSION 

The sub-Himalayan region’s habitants and strict veg-
etarians from India had a higher risk of getting hy-
perhomocysteinemia as reported in previous litera-
ture.10; 14; 4 The homocysteine levels were found to be 
an independent factor in causing stroke as men-
tioned in existing recent literature. 11; 15 

The present study findings showed that the com-
bined frequency of CT genotype was 14.4% from 
MTHFR C677T polymorphism. A slightly higher fre-
quency found in previous studies among hyperho-
mocysteinemia with cardiovascular patients of CT 
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genotype frequency as 23% in Pakistan, 16 30.4% in 
South India,8 52% in West India, 31% in China, 17 and 
41% in Italy.18 Although these studies did not have 
the same comparator group as in the present study, 
which includes hyperhomocysteinemia among is-
chemic stroke between both vitamin and control, 
groups, which leads to variation in the frequency of 
MTHFR polymorphism. Variation in ethnic origin of 
the present study North Indian population can also 
lead to a change in frequency of MTHFR gene poly-
morphism. Although, MTHFR gene polymorphism 
not found to be associated with homocysteine levels. 

In the present study, hyperhomocysteinemic patients 
responded to combined vitamin B therapy by reduc-
ing mean homocysteine up to -6.77±4.50 versus -
2.08±0.71 µmol/L in the vitamin group and control 
group respectively. VISP trial had a 2 µmol/L reduc-
tion 19 and VITATOPS trial 20 had -3.18 µmol/L which 
was reported low in the vitamin group as compared 
to the present study findings. Hence, gene polymor-
phism patients also reported a significant reduction 
in homocysteine levels effectively with the help of 
oral vitamin B therapy.  

For the MTHFR C677T gene: The study results 
showed no relationship between baseline as well as 
four months homocysteine and all genotypes (wild & 
mutant) of the MTHFR gene. Three Indian studies, 11 
supported these findings. Contradictory, a significant 
association between homocysteine level, and MTHFR 
gene polymorphism among other country studies of 
the hyperhomocysteinemic population. 16; 11 There 
was a small amount of polymorphism found in the 
study; hence, the reason for no association of MTHFR 
polymorphism with homocysteine may have been af-
fected by the diversity in ethnic origin of the studied 
population from the sub-Himalayan region.  

Second objective to find out association of the gene 
polymorphisms with susceptibility to getting recur-
rent cardiovascular events revealed that the total 
numbers as 6 events occurred without any signifi-
cant association with all genotypes of these three 
SNPs. For MTHFR, single previous literature sup-
ported the findings 11 but was contradicted by few 
meta-analyses 9 that showed TT vs CC genotype had 
more coronary heart disease risk. Similarly, a 4-5-
fold higher risk of getting a stroke attack was found 
in the TT genotype in previous literature. 8; 4 Lastly, 
vascular death was revealed as six events occurred 
without any significant difference among all geno-
types of these three SNPs and previous literature 
found regarding this data.  

Strength of the study: The methodology was quite 
strong which included randomization, control group, 
blinding of physician and participants done and gen-
erated a level-1 evidence out of it. The present study 
reported no harm (adverse reactions) to ischemic 
stroke participants during the trial among polymor-
phic participants too. 

 

LIMITATIONS OF THE STUDY 

The multivariable analysis was not done, as it only 
possible upon large data size. The reason could be 
the sample size, due to time constraints in COVID 
pandemic, only desired sample was collected. Reduc-
tion in homocysteine levels can be affected by im-
provement in vitamin B12 and folic acid deficiency 
from the nutritive diet taken by the patient. Any oth-
er laboratory techniques along with PCR-RFLP can 
be used for better weightage.  

 

CONCLUSION 

Our study concluded that the sub-Himalayan region 
which is ethnically diverse region, the amount of 
polymorphism was found considerable for MTHFR 
C677T gene. The MTHFR C677T genetic determi-
nants had a lesser whereas nutritional deficiency 
(vitamin B12 and folic acid) was found most predom-
inant for causing hyperhomocysteinemia condition 
among ischemic stroke population from Sub-
Himalayan region. There must be some hidden rea-
sons such as geographical location or ethnic diversi-
ty, which could lead to hyperhomocysteinemia. Vit-
amin B therapy found to be effective in reducing ho-
mocysteine levels among genetically polymorphic 
populations too which leads to had significant clini-
cal impact. It ultimately prevents the number of re-
current of cardiovascular events, by using vitamin B 
therapy among genetically polymorphic participants. 
The researcher recommended there is a need for a 
longitudinal study upon homocysteine related genes 
with a larger sample size conducted among different 
ethnic groups for getting clarity in association with 
cardiovascular outcomes occurrence. 
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