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with a strong genetic component, but risk is also likely to be 
infl uenced by modifi able factors, including diet.[4,5] B-vitamins 
including folate, vitamin B6, and vitamin B12 may be related 
to cognitive health in several ways. Low levels of B-vitamins 
have been associated with increased homocysteine levels and 
have been observed in the cognitively impaired in several 
large population-based studies.[6] In addition, B-vitamins may 
aff ect levels of S-adenosyl-methionine (SAM), an important 
intermediate for key methylation reactions in the brain.
[6] Finally, folate is essential for nucleic acid formation and 
defi ciency is associated with the chromosomal breakage.[7]

Vitamin B12 is a cofactor for methionine synthase, the enzyme 
that transfers a methyl group from 5-methyltetrahydrofolate 
(5-methyl-THF) to homocysteine to form methionine. 
The conversion of 5, 10 methylene-THF to 5-methyl-THF 
requires the enzyme, methyltetrahydrofolate reductase. This 
reaction is irreversible, therefore defi ciency of B12, prevents 
5-methyl-THF from being converted to 5, 10 methylene-THF, 
essential for the synthesis of nucleotides. Low levels of 
nucleotides may result in misincorporation of nucleotides in 
dexoyribonucleic acid (DNA) replication and chromosomal 

Introduction

Alzheimer’s disease (AD) is one of the most common forms 
of dementia affecting mostly the elderly population. It is 
a progressive and fatal neurodegenerative disorder with 
characteristic neuropathology and clinical symptomology. AD 
is characterized by the presence of two aberrant structures in 
the brain of the patients, senile plaques and neurofi brillary 
tangles, together with marked neuronal death.[1] Senile plaques 
are fi lamentous aggregates of amyloid-beta peptide[2] and 
microtubule-associated protein tau is the main component of 
neurofi brillary tangles in AD.[3] AD is an age-related disease 
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breaks, which may facilitate neuronal damage common in 
patient’s brains.[7]

The prevalence of B-vitamin defi ciencies, especially B12, is 
highest among elderly persons. Gastritis and other conditions 
that inhibit vitamin B12 absorption have been estimated 
to aff ect 20-50% of the elderly in the US. Depending on the 
diagnosis criteria, 24% of elders age 60-69 and 37% of those 
older than 80 were found to have gastritis in the Framingham 
Study’s cohort.[8] Defi ciency of folate is also supposed to be 
higher among the elderly and may increase with age due to 
decreased absorption caused by changes in the gastrointestinal 
tract. Folate metabolism, also known as one-carbon metabolism, 
plays a fundamental role in DNA synthesis and integrity, in 
chromosome stability, in DNA and protein methylation, as well 
as in antioxidant defense mechanisms, and impairments of this 
pathway have been o  en linked to AD risk.[9-12]

The human methylenetetrahydrofolate reductase (MTHFR) 
gene is 20 kb long (20, 336 bp) and located on the short (p) arm 
of chromosome 1 at position 36.3, having 11 exons. More than 
40 polymorphisms have been described in MTHFR, but the 
most common and clinically important variants are C677T in 
exon 4 and A1298C in exon 7. Several studies have investigated 
the 677C → T polymorphism of the MTHFR gene as a risk factor 
for these conditions, as the C-to-T transition causes reduced 
enzyme activity, and alters the folate and vitamins B12 levels.[13]

In the coming years, the number of individuals with AD will 
augment as the elderly population worldwide is anticipated to 
grow signifi cantly, thus, pu  ing an added strain on healthcare 
systems. Thus it has been suggested that early intervention 
strategies, which delay or halt the disease progression will 
have a strong impact on clinical outcomes. Changes in lifestyle 
habits such as diet modifi cation or supplementation have been 
indicated as probable protective factors for a number of chronic 
conditions including AD. With this background, we aim to 
hypothesize that whether C677T polymorphism of MTHFR 
gene contributes towards the risk of developing AD and its 
association with vitamin B12 and folate levels.

Materials and Methods

Study population and design
The study was conducted during the period February 
2010-August 2013. A total of 200 subjects were enrolled for the 
study, belonging to the State of Delhi and other surrounding 
states of North India. All the subjects were between 50 and 85 
years of age. A detailed history was taken from each subject 
and/or his family. The sample size was calculated (α = 0.05, 
β = 0.20, and power = 0.80) by using PS so  ware, version 3.0.14.

Study Group comprised of 100 patients within the age group 
of 50-85 years with complaint of memory or other cognitive 
impairment, who were subjected to defi ne by the National 
Institute of Neurological and Communicative Disorders and 
Stroke and the Alzheimer’s Disease and Related Disorders 
Association (NINCDS-ADRDA)[14] for AD and a magnetic 
resonance imaging/computed tomography/positron emission 
tomography (MRI/CT/PET) brain scan supporting the clinical 
diagnosis of AD. Additional inclusion criteria were a score 

of < 23 on the Mini-Mental State Examination (MMSE) and 
a Clinical Dementia Rating score of ≥ 0.5. Control group 
comprised of healthy volunteers within the age group of 
50-85 years and all of them came to the hospital for routine 
health checkup.

Subjects were excluded in both case and control groups if 
there was no consent for participation in the study, history of 
cerebral stroke, epilepsy, a history of head trauma, and other 
concomitant disease potentially associated with dementia, 
chronic intake of drugs aff ecting cognitive processes, moderate 
to severe depressive episode, and familial history of any kind 
of cognitive/behavioral abnormality. The study protocol and 
informed consent form (ICF) were reviewed and approved by 
the Institutional Ethics Commi  ee.

Estimation of Vitamin B12
Serum vitamin B12 were estimated in samples collected a  er 
overnight fasting by chemiluminescent analyzer (Roch, Elecsys 
2010) using commercially available kit purchased from Roche 
Diagnostics GmbH, USA.

Estimation of folate
Serum folate levels were estimated in samples collected a  er 
overnight fasting by chemiluminescent analyzer (Roch, Elecsys 
2010) using commercially available kit purchased from Roche 
Diagnostics GmbH, USA.

Genetic analysis
DNA extraction
DNA extraction was performed using GeneJET genomic DNA 
purifi cation kit purchased from Fermentas Life Science, EU. The 
kit utilizes silica-based membrane technology in the form of 
a convenient spin column; eliminating the need for expensive 
resins, toxic phenol-chloroform extraction, or time-consuming 
alcohol precipitation. The standard procedure takes less than 20 
min following the cell lysis and yields purifi ed DNA of more 
than 30 kb in size.

MTHFR genotyping
This polymorphism arises due to the single nucleotide 
substitution mutation (C → T) at 677th position of the 
MTHFR gene. The fourth exon which encodes amino acid 
residues 222 was amplifi ed by using the specifi c primers 
5’-TGAAGGAGAAGGTGTATGAGGGA-3’ and 5’-AG 
GACGGTGCGGTGAGAGTG-3’[15] (Dorszewska et al., 2007). 
Polymerase chain reaction (PCR) reaction mixture containing 
1´ high-fi delity master mix (0.04 U/μl DNA polymerase, 1.5 
mM MgCl2, and 200 μM dNTPs), 10 ng of genomic DNA, 
and 0.25 μM of each primer in 20.0 μl volume was used. 
PCR profi le consisted of a 1 min hold at 98°C followed by 
35 cycles of 98°C (30 s), 61°C (30 s), and 72°C (30 s) and fi nal 
extension 72°C for 3 min. PCR product (198 bp) was digested 
with 10 units of Hinf1 and run on 12% polyacrylamide gel 
followed by the ethidium bromide staining. Allelic sizes were 
compared with known molecular weight marker. The CC 
(Ala/Ala) genotype contained 198 bp fragment; the CT (Ala/
Val) genotype contained 198, 175, and 23 bp fragment; and 
the TT (Val/Val) genotype contained 175 and 23 bp fragment 
[Figure 1].
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Statistical analysis
All statistical analyses were performed by using Statistical 
Package for Social Sciences (SPSS, version 17.0). Mean±standard 
errors were calculated to describe the quantitative data, 
whereas, percentages were calculated to describe qualitative 
data. The sociodemographic categorical variables were 
compared by the chi-square tests (χ2) tests. The Student’s 
t-test was used for normally distributed continuous variables. 
Kruskal-Wallis test was used to assess the intergenotypic 
levels of variables on prediction of risk for AD. Genotype 
distributions between AD and controls were compared by 
χ2 tests. Odds ratio (OR) and their 95% confi dential intervals 
(CIs) were calculated by 2 × 2 contingency tables. All tests 
were two-tailed and P < 0.05 was considered as signifi cant for 
result interpretation.

Results

No signifi cant diff erence was found between cases and controls 
in terms of demographic characteristics. Cases and controls 
were homogenous in terms of sex, habitat, dietary habit, 
smoking habit, and alcoholic intake [Table 1]

The comparative levels of serum vitamin B12 and folate in 
healthy subjects and AD are presented in Table 2. The observed 
values of vitamin B12 were found to be signifi cantly lower 
in AD as compared to healthy subjects. Similarly, signifi cant 
lower levels of folate were found in AD as compared to healthy 
subjects (P < 0.001).

Signifi cant diff erences were found among genotype and allele 
frequencies of the MTHFR C677T gene in the study and the 
control groups and are shown in Table 3. The frequency of 
C allele was 60% in study group and 82% in control group, 
while the frequency of T allele was 40 and 18% in study and 
control group, respectively. In our study we found that, subjects 
homozygous for the T677 allele were 3.0 times (95% CI, 1.9-4.8; 
P < 0.001) more likely to develop AD compared with carriers 
for the C677 allele.

When the study groups were further subdivided on the basis 
of the presence of CC, CT, and TT genotypes, we have seen 
signifi cant intergenotypic variations of vitamin B12 and folate 
between both study as well as control group (P < 0.001), while 
we have not found any signifi cant diff erence of folate levels 
among study group [Table 2].

Discussion

This was an in-depth study in which we aimed to demonstrate 
that AD is associated with MTHFR gene polymorphism and 
signifi cantly decreasing folate and vitamin B12 levels, causing 
neurodegeneration. In the present study, we found signifi cant 
association between 677C > T polymorphism and AD, which 
is supported by recent meta-analysis, which showed that the 
MTHFR 677C > T polymorphism can cause AD susceptibility in 
east Asians.[16] In one of the study, MTHFR gene mutations were 
related to schizophrenia, depression, and bipolar disorder.[17] 
Even Roff man et al., showed that MTHFR C677T mutation was 
associated with functional defi ciency in operational memory 
and schizophrenia.[18]

The result of our study showed that 69.0% of AD patients 
carried at least one copy of MTHFR T allele, which is signifi cant 
when comparing with control (31.0 %). The patients suff ering 
from AD are 4.95 times more susceptible when having MTHFR 
T allele. Among the genotypes, CT and TT show a strong 
signifi cant association with AD recording an odd ratio 4.96 
and 4.89 respectively. Interestingly, a study showed that no 
signifi cant associations of MTHFR C677T allele and genotype 
with AD were observed, but signifi cant associations of T allele 
and TT genotype with AD were identifi ed in APOE ε4 carrier 
subgroup, suggesting that MTHFR 677 T allele and APOE ε4 
allele may synergistically act to increase AD risk.[16]

Table 1: Demographic characteristics of the study 
population

Characteristic Controls 
(N = 100)

AD 
(N = 100)

χ2 P-value

Age in years 

(mean±SD)

59.71±8.11 62.74±7.20 0.067

Sex (%)

Male 61.0 53.0 1.306 0.253

Female 39.0 47.0

Habitat (%)

Urban 64.0 59.0 0.528 0.467

Rural 36.0 41.0

Dietary habit (%)

Vegetarian 49.0 48.0 0.020 0.887

Non-vegetarian 51.0 52.0

Smoking habit (%)

Currently - yes 46.0 40.0 0.734 0.391

Never smoked 54.0 60.0

Alcohol habit (%)

Currently - yes 37.0 37.0 0.000 1.000

Never intake 63.0 63.0

SD=Standard deviation, AD=Alzheimer’s disease

Table 2: Intergenotypic variations of vitamin B12 and 
folate in AD patients

Genotypes N Vitamin B12 Folate

CC 31 272.06±130.08*, $ 6.74±5.68*, $

CT 58 174.03±34.83#, $ 5.964±3.86#, $

TT 11 117.64±21.03*, # 3.39±2.25*, #

N=Numbers of subjects, NS=not signifi cant. *P < 0.05, CC vs TT, #P < 0.05, 
CT vs TT, $P = NS, CC vs CT

Figure 1: Polyacrylamide gel picture show the methylenete-
trahydrofolate reductase (MTHFR) gene polymorphism
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AD and other neurodegenerative disorder are all associated 
with chronic neuroinfl ammation and oxidative stress. It is 
possible that these clinical associations refl ect compromised 
vitamin B12 metabolism due to such stress.[19] Folate defi ciency 
is a risk factor for neural tube defects and late in life for 
cognitive decline and AD, during embryogenesis. It induces 
several Alzheimer pathomechanisms like oxidative stress, Ca 
(++) infl ux, and accumulation of hyperphosphorylated tau and 
β-amyloid.[20]

In the present study, we found signifi cant lower levels of 
folate and vitamin B12 in AD as compared to healthy controls. 
Coppede et al.,[21] also observed signifi cantly decreased serum 
folate levels in AD subjects with respect to controls, which is 
in accordance to our study. Folates appear to be of elementary 
importance in brain growth, diff erentiation, development, 
repair, mood, cognition, and ageing.[22-24] These functions and 
their breakdown in folate and vitamin B12 defi ciency are 
perhaps primarily mediated through nucleotide synthesis, 
DNA integrity, and transcription.[24] Neuropsychological 
studies have found broad and precise impairments of 
intellectual function including concentration and episodic 
memory and present a theoretical reasoning that credited 
to folate defi ciency.[22,25] Studies in mice has established that 
slighter degrees of gestational folate defi ciency resulted in a 
slaughter of progenitor cells, a total decline of cells in the fetal 
brain, reduced brain weight, and anxiety-related behavior in 
the off spring; suggesting an elementary outcome of prenatal 
folate status on neurodevelopment and behavioral recital later 
in life.[26,27] Hinterberger and Fischer[20] have recently reported 
that low folate and high cortisol are the only predictors of AD 
a  er the age of 75 years old. Moore et al.,[28] showed that low 
serum levels of vitamin B12 are allied with neurodegenerative 
disease and cognitive impairment and that vitamin B12 therapy 
does not improve cognition in patients without preexisting 
defi ciency. Folate and vitamin B12 are involved in processes 
important for central nervous system function and have been 
associated with a diversity of diseases (Burdge et al., 2012).[13,29] 
The vitamin B12 and folate, both are of diagnostic importance 
for the related causes.

In this study, we aimed to determine the intergenotypic levels of 
folate and vitamin B12 in study subjects, as those are our main 
areas for examining the correlation of this polymorphism with 
these indicators. Subjects with the TT genotype demonstrated 
decreased vitamin B12 and folate levels as compared with 
subjects with the CC genotype, also signifi cant diff erence 
was seen in subjects having the CT genotype when compared 
with subjects with the CC genotype. This points towards the 

fact that subjects with homozygous mutated alleles are more 
prone to AD.

Our study has also pointed out the infl uence of presence of 
MTHFR T allelic variants on serum folate and vitamin B12 
levels.
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