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ABSTRACT

Purpose: To evaluate the role of N-terminal pro-brain natriuretic peptide, homocysteine
and methylenetetrahydrofolate reductase gene polymorphism (TT, CT or CC) in elderly
patients with mild cognitive impairment or depression, and to determine the association
between TT genotype and both homocysteine and N-terminal pro-brain natriuretic pep-
tide on one-hand and depressive and cognitive scores on other-hand .

Material and Methods: This study included 60 elderly patients, subdivided into, pa-
tients with depression, patients with mild cognitive impairment, in addition to the con-
trol group. N-terminal pro-brain natriuretic peptide, homocysteine, folate and methy-
lenetetrahydrofolate reductase gene polymorphism were determined.

Results: Both N-terminal pro-brain natriuretic peptide and homocysteine were signifi-
cantly increased in the patient groups as compared to the control, and were significantly
positively correlated with depression scores, but significantly negatively correlated with
cognitive impairment. TT genotypes had an increased risk of developing depression and
had significant higher plasma level of both N-terminal pro-brain natriuretic peptide and
homocysteine than CT or CC patients .

Conclusion: The methylenetetrahydrofolate reductase gene may play a role in the modu-
lation of mood but does not contribute to genetic susceptibility to cognitive performance
in later life. It is also associated with N-terminal pro-brain natriuretic peptide and homo-
cysteine levels, which may play a role in linking depression and mild cognitive impair-
ment with increased cerebrovascular and/or cardio-vascular risk.

Key Words: N-terminal pro-brain natriuretic peptide, homocysteine, methylenetetrahy-
drofolate reductase, cognitive impairment, depression

OZET

Amac: Hafif bilissel bozukluk ya da depresyon goriilen yasli hastalarda N-teminal pro-
beyin natriiiretik peptid, homosistein ve metilentetrahidrofolat rediiktaz gen polimor-
fizmlerinin (TT, CT, ya da CC) roliiniin degerlendirilmesi ve TT genotipi ile hem homo-
sistein ve N-terminal pro-beyin natriiiretik peptid hem de depresif ve biligsel derece ara-
sindaki iliskinin aragtirilmasidir.

Gere¢ ve Yontem: Caligmaya 60 yasli hasta dahil edilmis, depresyon ve hafif bilis-
sel bozukluga sahip olmalarina gore iki gruba ayrilmistir. N-terminal pro-beyin natri-
uretik peptid, homosistein, folat ve metilentetrahidrofolat rediiktaz gen polimorfizmle-
ri arastirilmistir.

Bulgular: N-terminal pro-beyin natriiiretik peptid ve homosistein diizeyleri hasta gru-
bunda kontrol grubuna kiyasla daha yiiksek bulunmustur. Bu degerler depresyon dere-
cesi ile dogru, bilissel bozukluk ile ters orantilidir. TT genotipi depresyonun ortaya ¢ik-
masinda riski arttirmaktadir ve bu genotipe sahip hastalarda N-terminal pro-beyin nat-
riiiretik peptid ve homosistein plazma diizeyleri CT ve CC genotipine sahip hastalardan
daha yiiksek olarak saptanmistir.

Sonug: Metilentetrahidrofolat rediiktaz geni ruh halinin diizenlenmesinde rol oyna-
maktadir. Fakat yasamin daha sonraki dénemlerinde biligsel performansa genetik yat-
kinlikta katkisi bulunmamaktadir. Ayni zamanda artmis serebrovaskiiler ve/veya kardi-
yovaskiiler risk ile birlikte depresyon ve hafif biligsel bozuklukta gorev alan N-terminal
pro-beyin natriiiretik peptid ve homosistein diizeyleri ile de iliskilidir.

Anahtar Kelimeler: N-terminal pro-beyin natritiretik peptid, homosistein, metilentet-
rahidrofolat rediiktaz, biligsel bozukluk, depresyon
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Introduction

The pathological mechanisms that lead to the expressi-
on of depression and dementia in later life remain largely
unknown. Clarification of the role of vascular risk fac-
tors in dementia is important because most are modifi-
able, in contrast to other risk factors such as age and ge-
netics. Thus vascular risk factors may serve as targets
for strategies of prevention (1).

Secretion of N-Terminal pro-Brain Natriuretic Peptide
(NT-proBNP) increases in several cardiac illnesses, ma-
king this neurohormone a reliable diagnostic and prog-
nostic biomarker of cardiovascular risk (2). Brain nat-
riuretic peptide (BNP) is produced as a prohormone
(pro-BNP) comprising of 108 amino acids and is enz-
ymatically cleaved into physiologically active BNP (77—
108) and the amino-terminal portion of the prohormone
(1-76) (N terminal (NT)-proBNP) (3). By means of its
natriuretic and diuretic properties, as well as its acting as
antagonist of renin-angiotensin-aldosterone system, this
neurohormone produces a myriad of biological effects,
such as vasodilatation and inhibition of the sympathetic
nervous system (4).

Homocysteine (Hcy) is a thiol-containing amino acid that
is generated during 1-carbon metabolism. Hey is produ-
ced during the metabolism of amino-acid methionine.
By receiving a methyl group from 5-methyltetrahydro-
folate, Hcy can be remethylated to methionine, which is
also the immediate precursor of S-adenosylmethionine
(SAM). In the brain, SAM is directly involved in the
synthesis and metabolism of dopamine, norepinephrine
and serotonin, which are neurotransmitters postulated to
play an important role in the pathogenesis of depression
and anxiety (5). The plasma level of Hcy can be influ-
enced by factors such as vitamin deficiency, and a com-
mon mutation in the methylenetetrahydrofolate reducta-
se (MTHFR) gene (6).

MTHEFR is the crucial enzyme in folate-mediated one-
carbon transfer reactions. MTHFR gene is localized in
the short arm of chromosome 1 (1p36.3). MTHFR cataly-
ses the NADPH-dependent reduction of 5,10-methylene-
tetrahydrofolate to 5-methyltetrahydrofolate. This mole-
cule functions as a cofactor for methylation of Hcy to
methionine (7). Frosst et al found a MTHFR gene poly-
morphism 677C—T (a cytosine to thymine substitution
at nucleotide 677), which substituted alanine with vali-
ne (A222V). This polymorphism may be associated with
decreased in MTHFR activity, mild-to-moderate hyper-
homocysteinemia, premature cardiovascular disease and
neural tube defects (8). Severe deficiency of MTHFR
leads to mental and vascular disorders (9). It is conce-
ivable, however that the MTHFR genotype may play an
important role in the modulation of mood and cogniti-
ve function in humans. Therefore the aim of this study
was to evaluate the changes of NT-proBNP, Hcy, fola-
te, and MTHFR C677T gene polymorphism in late life
mild cognitive impairment (MCI) and depression and to
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determine the association between the MTHFR C677T
gene polymorphism and plasma concentration of both
Hcy and NT-proBNP on one-hand and with depression
and cognitive impairment scores on other-hand.

Materials and Methods

Patients

This study was conducted in the neuropsychiatry de-
partment, Tanta University Hospital in the period from
the 1st of January 2007 to the 31st of December 2007. It
included 60 elderly patients with a mean age of 62.25 +
6.28; 33 of them were females and 27 of them were ma-
les. They attended the outpatient clinic for treatment of
depression (group I, n=32) or MCI (group II, n=28). In
addition, a control group (group III) consisted of 20 he-
althy volunteers of 15 females and 5 males, with a mean
age of 60.25 + 4.98 years, matched to the patients with
respect to age and gender with no previous history of
psychiatric diseases were included. All controls were
free of chronic and acute physical illness. Exclusion cri-
teria for all patients included: severe cognitive impair-
ment, dementia, severe sensory impairment, history of
strokes, history of current or previous hazardous drin-
king, used hormone replacement therapy during the six
months prior to assessment, patients with drug abuse or
past history of drug abuse, smoking, renal insufficiency,
cardiovascular, liver diseases and other psychiatric di-
sorders were excluded from the present study. Also, pati-
ents on any kinds of vitamin substitution were excluded
from the study (10). Written informed consents of all the
patients who participated were obtained.

All patients were subjected to the following:

1- Diagnosis of major depressive disorder using semi-
structured clinical interview of DSM-IV-TR (11).

2- Assessment of severity of depression using Hamilton
Rating Scale of Depression (HRSD) (12).

3- Assessment of the cognitive function using the follo-
wing measures (13):

a- Mini-mental state examination (MMSE): It is a
screening test that can be used to track the chan-
ges in the patient’s cognitive state (14).

b- Faces memory (FM): immediate and delayed me-
mory for faces.

c- Word lists (WL): measures immediate and dela-
yed memory for verbal material.

d- Verbal Paired Associates (VPA): uses the same
test procedures described for WL and produces
measures of immediate and delayed recall for se-
mantically unrelated pairs of words.

e- Block design (BD): is a constructional test in
which the subject is presented with four or nine
colored blocks. This is a sensitive test of visuo-
spatial organization.

f- Verbal fluency (VF):
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Part 1: was investigated by asking subjects to name as
many words as possible rhyming with the word (dog)
within 3 minutes and many words as possible rhyming
with the word (key) within 3 minutes. Part 2: was inves-
tigated by asking subjects to name as many words as
possible derived from the word (cupboard) and to name
as many words as possible derived from the word (bal-
cony) within 3 minutes. The VF total score represents
the sum of the number of words produced for each one
of the two parts.

Analytical procedures

Blood samples were collected in vacuum tubes conta-
ining EDTA in the morning after an overnight fasting
and was centrifuged within one hour of collection at
1500 x g for 20 min at room temperature. Plasma was
separated, stored in aliquots, and kept frozen at —70 °C
until analysis for determination of the parameters listed
below.

A. NT-proBNP was measured using ELISA kit (Biome-
dica Laboratories, Vienna, Austria) according to the
manufacturer’s protocol (15).

B. Total plasma Hcy was measured using ELISA kit
supplied by IBL-Hamburg, Germany (16).

C. Plasma folate was measured by using the electroc-
hemiluminescene immunoassay (17) .

D. Genotype analysis for MTHFR C677T polymorp-
hism: DNA was extracted from buffy coat layer of
blood cells by using Qiagen Kits according to the
manufacturer’s recommendations (Qiagen-France,
Courtaboeuf, France) and the 677 C—T mutation
was determined by use of the polymerase chain re-
action (PCR) and HinfI restriction enzyme digestion
as described by Frosst et al (8). Briefly, PCR amplifi-
cation of a 198-bp segment containing nucleotide 677
was done using two specific primers, the sense primer,
5" TGAAGGAGAAGGTGTCTGCGGGA-3'(exonic)
and antisense primer 5'- AGGACGGTGCG GTGA-
GAGTG-3" (intronic) were used. DNA was amplifi-
ed by using a PCR thermal cycler (Perkin-Elmer, Ce-
tus, Norwalk, CT). PCR reaction was carried out in
a total volume of 50 UL contained about 200 ng DNA
template, 0.5 uM of each primer, 200 uM each dNTP,
10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,, 50 mM
KCl and 1.25 U of Taq DNA polymerase (Amersham,
Bioscience). The reaction conditions were as follows:
initial heat activation at 95°C for 4 min and 35 subse-
quent cycles of denaturation at 94°C for 60 s, annea-
ling at 61°C for 60 s, and extension at 72°C for 2 min.
PCR product (198 bp fragment) was digested with
HinfT restriction endonuclease (MBI Fermentas) for
12 h at 37°C. When a C to T substitution is present,
HinfT restriction site is created. The restriction enz-
yme digests the 198-bp fragment into a 175-bp and
a 23-bp fragment and the amplified product deri-
ved from the wild-type allele was not affected. The-
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se fragments were separated by electrophoresis on a
2% agarose gel and visualized with ethidium bromi-
de.

Statistical analysis

The raw data were fed to the computer program InS-
tat Guide. Descriptive statistics were used to determi-
ne frequencies, means and 95% confidence intervals of
the mean (CI). Data was presented as range, mean+SD
and median. Qualitative data was presented as number
and percentage. Fisher’s Exact Test and chi-square with
two-sided P value was used for comparison between
two groups as regards qualitative data and the odds ratio
(OR) estimated for 2 x2 tables. Non-parametric ANOVA
is used for comparison between more than two groups.
Spearman non-parametric correlation coefficient was
used to test correlation between different variables. Re-
sults were considered significant at p < 0.05.

Results

Comparison between the studied groups as
regards age and different biochemical param-
eters

Table 1 shows comparison between the studied groups
as regards age and different biochemical parameters
in which there was a significant increase in both NT-
proBNP and Hcey but significant decrease in folate in the
patient groups as compared to the control with no signi-
ficant difference between both patients groups and no
significant differences as regards age in all the studi-
ed groups.

Correlation between Hcy, NT-proBNP and
both depression and cognitive scores in the
patients groups

Both Hey and NT-proBNP were significantly positively
correlated with each other (r=0.46 p<0.001) and with
depression scores assessed by HRSD (r=0.49, r=0.40,
p=0.001, respectively), but significantly negatively cor-
related with cognitive impairment assessed by MMSE
(r=-0.52, r=-0.39, p<0.001, respectively), face memory
(r=-0.50, -0.42, p<0.001, respectively), verbal fluency
part 1 (r=-0.45, -0.32, p<0.001), and verbal fluency part
2 (r=-0.39, -0.35, p< 0.001, respectively) so that the hig-
her the plasma Hcy, the NT-proBNP, the more the sco-
res of HRSD and the lower the scores of cognition as-
sessed by MMSE, FM test and VF-parts 1 and 2, so the
more the cognitive impairment. No significant correlati-
on was detected between both plasma Hcy, NT-proBNP
and scores of WL, VPA, and BD (Table 2).

Comparison between the studied groups as
regards gender, family history and MTHFR
genotype and alleles

By using chi-square Test, Tables 3 and 4 show no signi-
ficant differences between the diseased groups and cont-
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Table 1. Age and laboratory parameters in the studied groups

Depression (group | MCI (group Il
P (group ) (group 1) Control (group Ill) (n=20)
(n=32) (n=28)
Range Range Range p
MeanxSD MeanxSD Meanx=SD
median median median
55.5-70 55.2-70 53.5-67
Age (years) 61.72+5.65 62.86+6.97 60.25+4.98 0.34
64.5 65.4 63.8
60-210 65-190 29.4-45
NT-proBNP (pmol/l) 1354762 1204552 36.5+6.7° <0.0001*
125 110 39.4
8.3-19.2 7.8-20.1 6.3-15.1
Hcey(umol/l) 13.06+2.952 12.43+3.522 10.30+1.72° <0.005*
15.8 16.1 12.6
1.5-8.9 1.7-8.3 2.7-10.2
Folate (ng/ml) 4.5+3.012 4.7+2.252 6.6+2.56° <0.02*
6.2 5.9 4.7

Mild cognitive impairment (MCI) N-terminal pro-B-type natriuretic peptide (NT. ProBNP), Homocysteine (Hcy)
Groups with different letters are with statistical significant differences

Groups with same letters are not significantly different, * means significant differences

Table 2. Spearman correlation between Hcy, NT-proBNP and both depression and cognitive scores in the patients groups (N=60).

Hcy (umol/l) NT-proBNP (pmol/l)
r P r p
HRSD 0.49 <0.001* 0.40 <0.001*
MMSE -0.52 <0.001* -0.39 <0.001*
FM -0.50 <0.001* -0.42 <0.001*
WL -0.28 >0.05 -0.18 >0.05
VPA 0.19 >0.05 0.13 >0.05
BD 0.17 >0.05 0.15 >0.05
VF-1 -0.45 <0.001* -0.32 <0.001*
VF-2 -0.39 <0.001* -0.35 <0.001*
NT. Pro. BNP (pmol/l) 0.46 <0.001* | e e

Hamilton Rating Scale of Depression (HRSD), Mini Mental State Examination (MMSE), Faces memory (FM), Word lists (WL),verbal paired
associates ( VPA), Block design (BD), verbal fluency part 1 ( VF-1), verbal fluency part 2 ( VF-2). *Significant at p <0.05

Table 3. Comparison as regards gender, family history, MTHFR genotypes and alleles between depression and control groups.

Variables Depression (group |) Control (group 1) Qdds ratio b
(n=32) (n=20) (with 95% CI)
Sex No % No %
Females 20 62.50 15 75 (x=0.4)
Males 12 37.50 5 25 0.56 (0.16-1.9) 0.53
Family history:
+ve 9 28.13 0 0
ve 23 71.87 20 100 16.6 (0.9-302.9) 0.008*
MTHFR genotypes 0.14 (0.04-0.5)
cc 8 25.00 14 70 (CC vs. other genotypes) 0.003*
2.33(0.68-7.98)
cr 14 43.75 5 25 (CT vs. other genotypes) 0.24
8.64 (1.01-73.84)
T 10 31.25 1 5 (TT vs. other genotypes) 0.03*
MTHFR alleles
T allele 34 53.13 7 17.5 5.34 (2.06-13.85)
C allele 30 46.87 33 82.5 (Tvs. O) 0.0004*

methylenetetrahydrofolate reductase (MTHFR), OR (Odds ratio), confidence interval (CI),*Significant at p < 0.05
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rol as regards gender, but by using Fisher’s Exact Test
there was a significant difference as regards family his-
tory of psychiatric disorders (p=0.008 and 0.0005, res-
pectively). As regards MTHFR genotypes Table 3 shows
significant increase in percentages of MTHFR genoty-
pes TT and T allele among depression group as compa-
red to control group (p=0.03,0.0004, respectively). The
carriers of MTHFR, TT, genotype and T allele had an
increased risk of developing depression (OR = 8.64, 95%
CI: (1.01-73.84), OR = 5.34, 95% CI: (2.06-13.85), res-
pectively) on comparing depression with controls. The-
re were no statistically significant differences in the
MTHFR genotype and allele distributions in MCI pati-
ents compared with controls except for CC genotype vs.
other genotypes (Table 4).

Comparison between the different MTHFR
genotypes among the studied groups

Upon classification of the patients groups according
to MTHFR genotypes no significant difference betwe-
en the 3 genotypes regarding age but plasma levels of
both and NT-ProBNP and Hcy were found to be signi-
ficantly higher (p<0.001) and plasma folate was non-
significantly lower in TT patients than CT or CC pati-
ents (Table 5). TT patients have significantly higher sco-
res of depression assessed by HRSD (p=0.008), were
more to suffer from significant cognitive impairment
as assessed by MMSE (p=0.001), FM (p=0.002), WL
(p=0.008) and VF-2 (p=0.001) than CT and CC patients.
However, no significant difference was detected betwe-
en TT patients and the other 2 genotypes regarding VPA,
BD, VF-1 (Table 5).

Table 4. Comparison as regards gender, family history, MTHFR genotypes and alleles between MCI and control groups

. MCl(group 1) Odds ratio
Variables Control (group Ill) (n=20) . P
(n=28) (with 95% ClI)
Sex No % No %
13 46.43 15 75
Females (x*=2.8)
Males 15 53.57 5 25 0.29 (0.08-1.01) 0.09
Family history:
+ve 12 42.86 0 0
ve 16 5714 20 100 31.06 (1.7-564.95) 0.0005
MTHFR genotypes 0.28 (0.08-0.94)
cC 11 39.29 14 70 (CC vs. other genotypes) 0.045*
3.00 (0.86-10.52)
cT 14 50 5 25 (CT vs. other genotypes) 0.13
2.28 (0.22-23.69)
TT 3 10.71 1 5 (TT vs. other genotypes) 0.63
MTHFR alleles
T allele 20 35.71 7 17.5 2.62 (0.98-6.99) 0.06

Table 5. Age, laboratory parameters, HRSD, MMSE, FM, WL, VPA, BD, VF-1, and VF-2 in studied patients according to MTHFR genotype

TT (N=15) CT (N=27) CC (N=18) P Inter-groups differ-
Mean +SD Mean +SD Mean +SD ences
Age(years) 62.27 | 8.01 62.81 578 62.85 6.79 0.496 -
NIF')F’”:‘SEI')\'P 170 40 110 30 80 20 0.001* TT>CT>CC
Hey(umol/l) 14.31 1.79 12.15 2.28 1141 1.01 0.001* TT>CT=CC
Folate(ng/ml) 5.1 2.4 4.5 1.05 4.4 3.1 0.6 -
HRSD 2213 3.28 17.74 5.84 17.28 3.89 0.008* TT>CT=CC
MMSE 17.00 3.57 21.07 2.88 19.89 3.50 0.001* TT<CT=CC
FM 22.67 479 27.85 8.97 32.72 7.33 0.002* TT<CT=CC
WL 23.93 6.08 25.33 6.26 30.78 7.62 0.008* TT=CT<CC
VPA 8.27 3.33 10.00 2.48 10.00 2.72 0.122 -
BD 16.13 3.40 14.56 5.29 1417 4.99 0.469 -
VF-1 16.47 3.52 17.26 4.20 16.11 3.95 0.614 -
VF-2 15.40 2.99 19.15 2.81 19.56 2.90 0.001* TT<CT=CC

N-terminal pro-B-type natriuretic peptide (NT. ProBNP), Homocysteine (Hcy)Hamilton Rating Scale of Depression (HRSD),
Mini Mental State Examination (MMSE), Faces memory (FM), Word lists (WL),verbal paired associates ( VPA), Block design (B
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MTHEFR gene polymorphisms (TT), (TC) and (CC) were
represented in (Figure 1).

198 e G W Sy —
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Figure 1. Agarose electrophoresis of the PCR products after cutting
with Hinf] restriction endonuclease. The bands were visualized using
ethidium bromide and 2 % agarose (lanes 1,2,4,5,6 and 10 represent
normal homozygote (677CC), lane 7 and 9 represents homozygote
(677TT) and lane 3 and 8 represents the heterozygote (C677T).

Discussion

There is increasing evidence that vascular disease cont-
ributes to cognitive impairment and depression (1). Alt-
hough natriuretic peptides have been suggested to exert
significant behavioral effects so far few data are availab-
le on their circulating levels in relation to negative mood
states. The role of B-type natriuretic peptide (BNP) and
NT-proBNP in psychiatric conditions remains largely
unexplored (10). In the present study higher plasma le-
vel of NT-proBNP was detected in patients with dep-
ression or MCI as compared with the control group and
it was significantly positively correlated with the seve-
rity of depressive symptoms and cognitive impairment.
The mechanisms underlying the NT-proBNP elevation in
depressed patients are not clear. It is possible; however,
that endothelium dysfunction, which has been reported
in patients with major depressive disorder (MDD), could
also be involved in the elevation of NT-proBNP levels. It
was also, suggested that increased plasma NT-proBNP
may be one of the links between MDD and the increa-
sed risk for adverse cardiac events (15). An alternative
pathway whereby NT-proBNP values may be altered in
depression could be mediated by sex steroid hormones.
It is intriguing that patients with depression may show
patterns of androgen deficiency, and that androgens can
suppress natriuretic peptide release (18). Also, endotheli-
al abnormalities have recently been linked to cerebrovas-
cular disease and reduced cognitive function (19). Nils-
son et al found that NT-proBNP was associated with the
presence of vascular disease, pathological computer to-
mography scan (CT) findings and age and they conclu-
ded that the control of conventional vascular risk factors
and therapy could be guided by the level of plasma Hcy
and serum NT-proBNP (10). Also, Nilsson et al obser-
ved elevated serum concentrations of NT-proBNP in pa-
tients with dementia or vascular disease as a sign of poo-
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rer cardiovascular status, and concluded that routine de-
termination of NT-proBNP is valuable for obtaining in-
formation about cardiovascular status (20). Furthermore,
both Yip et al (4) and Sander et al (21) found higher le-
vel of NT-proBNP in stroke patients which can be expla-
ined by an increased sensitivity of NT-proBNP secretion
in response to enhanced sympathetic activity after stro-
ke. So in their study, they encourage the use of this pep-
tide as a novel biochemical marker for risk stratification
in patients after ischemic stroke.

The link between elevated plasma Hcy and vascular di-
sease is well established with numerous studies confir-
ming that hyperhomocysteinemia is a risk factor for at-
herosclerosis. In the present study higher plasma Hcy and
lower folate were detected in patients with depression or
MCI as compared with the control group. These results
came in accordance with several studies which revea-
led that late life depression is associated with high plas-
ma Hcy (10,22,23). The mechanisms that underlie the
association between plasma Hcy and depression rema-
in largely unknown, but it is possible that Hcy is harm-
ful to neurons and blood vessels, including the cereb-
ral microvasculature so that such effects may contribu-
te to the cascade of events that leads to cognitive decline,
dementia, and depression in later life (10). Furthermo-
re, it has been suggested that homocysteic acid and cyste-
ine sulfinic acid, as metabolites of Hcy, may inhibit the
S-adenosylmethionine—dependent methylation of bioge-
nic amines and phospholipids, thus, an elevated plasma
Hcy concentration may merely be a marker of impaired
monoamine metabolism, which causes depression thro-
ugh reduced CNS methylation (22, 23).

The atherosclerotic and thrombogenic promoting effect
of Hey may also increase the risk for stroke and cerebro-
vascular disease, which in turn are related to cognitive
impairment and dementia (24). The results of the present
study came in accordance with Wehr et al (25), Sala et al
(26), Russo et al (27), Vidal et al (28) and Kim et al (29)
who stated that hyperhomocysteinemia has been associ-
ated with cognitive impairment in various neurological
diseases. Hey might influence cognition through a di-
rect toxicity on glutamate neurotransmission and cereb-
rovascular endothelium, an indirect inhibition of trans-
methylation reactions in brain, potentiation of amylo-
id neurotoxicity and promotion of tau phosphorylation
(30). It has also been hypothesized that inadequate B vi-
tamin status and high Hcy concentrations may contri-
bute to cognitive decline through silent brain infarcti-
on (31). Haan et al (32), Troen and Rosenberg (24) ad-
ded that if elevated Hcy promotes cognitive dysfuncti-
on, then lowering Hcy by means of B-vitamin supple-
mentation may protect cognitive function by arresting
or slowing the disease process. In contrast, Reitz et al
(33) and Kalmijn et al (34) failed to confirm an associa-
tion between plasma Hcy and cognitive decline. Various
possible explanations for the lack of an association have
been offered based largely on methodological differen-
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ces. In the present study it was observed that the severity
of cognitive decline assessed by the MMSE was signi-
ficantly negatively correlated with hyperhomocysteine-
mia. Similar associations between plasma Hcy and the
MMSE have been reported by other investigators stud-
ying patients with dementia (35).

Both MDD and MCI are complex disorders that thought
to result from multiple genes in combination with en-
vironmental and developmental components (36). The
MTHFR C677T gene polymorphism has been shown
to be a risk factor for premature cardiovascular disea-
se and neural tube defect. Deficient activity of MTHFR
has also been implicated in the pathogenesis of psychi-
atric conditions such as schizophrenia and affective di-
sorders (37). In the present study, MTHFR TT homozy-
gous was significantly more common among depression
patients group as compared with control. Elderly peop-
le carrying TT genotype of MTHFR gene had higher se-
rum level of Hey and NT-proBNP as compared with CT
and CC genotypes. Moreover, TT genotype subjects are
more depressed and had higher scores on HRSD than
those carrying CT or CC genotypes. The results of the
present study came in accordance with Stopien et al who
found a significant contribution of the MTHFR C677T
polymorphic variants to depression in postmenopausal
women (38). Also, with Gilbody et al (36) and Kempisty
et al (37) who demonstrated an association between the
MTHFR C677T variant and depression, schizophrenia,
and bipolar disorder (BD). The association of 677TT ge-
notypes with BD and schizophrenia may be linked to
the excitatory amino-acids hypothesis and/or decreased
SAM concentration of blood plasma in neuropsychiatric
disorders. Such association may suggest the shared ge-
netic defects in these disorders, but Gaysina et al found
no significant differences in genotype or allele frequen-
cies between depressive patients and controls and sta-
ted that homozygosity for the T677 allele of the MTHFR
gene is unlikely to play a major role in the pathogenesis
of schizophrenia or affective disorders in their samples
(39). Such discrepancies between different reports may
be partially due to socio-economic status. Also, it co-
uld be explained by low statistical power due to the limi-
ted number of cases, combined with the low frequency
of MTHFR T/T homozygosity. So that a further explora-
tion of the involvement of the MTHFR gene in the sus-
ceptibility to affective disorders, with larger sample si-
zes, are needed to fully establish the role of the MTHFR
gene. The present data do not provide evidence for an as-
sociation between the MTHFR C677T gene polymorp-
hism and MCI which did not coincide with Mcllroy et al
who stated in their study that possession of the T allele
of the MTHFR C677T polymorphism significantly inc-
reases risk for vascular dementia, leading to the possi-
bility that this allele confers increased risk for dementia
after stroke (40). It is feasible that this increased risk co-
uld be mediated by the effect of the reduction in activity
of the enzyme associated with the substitution of valine
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for an alanine residue, leading to an increase in Hcy le-
vels. But the present study came in accordance with the
results of Almeida et al (6), Religa et al (41), Brunelli et
al (9), who found no relation between the MTHFR gene
polymorphism and cognitive impairment in older per-
sons. Therefore, their data showed that homozygosity for
the MTHFR C677T gene polymorphism is not a gene-
tic risk factor for cognitive impairment in the oldest old.
A possible explanation of increased plasma concentrati-
ons of Hey are associated with cognitive impairment in
older persons, whereas there is no association with the
MTHFR C677T gene polymorphism, is that the increa-
sed plasma concentration of Hey is a phenomenon asso-
ciated with cognitive impairment or its treatment, inste-
ad of being part of the causal mechanism. Another possi-
bility could be that the number of persons was too small
to find significant differences between the MTHFR ge-
notypes and the cognitive measurements (41). In the pre-
sent study an association between the MTHFR C677T
gene polymorphism and plasma Hcy levels, regardless of
folate status, was shown. This result suggested that the
MTHFR C677T gene polymorphism and Hcy concent-
rations are so closely associated that folate levels cannot
compensate for the reduced activity of the MTHFR enz-
yme and hyperhomocysteinemia. These data are suppor-
ted by the study of Husemoen et al in which plasma Hey
levels were significantly higher in TT individuals com-
pared to CC and CT individuals with normal folate sta-
tus (42). Almeida et al added that the MTHFR 677TT ge-
notype, is associated with a significant elevation in the
circulating concentrations of Hcy and a decrease in se-
rum folate concentrations (6). This may parallel a simi-
lar reduction in 5-methyltetrahydrofolate in the CNS, le-
ading to a potential reduction in monoamine neurotrans-
mitter function and an elevated risk of depressive disor-
der. Religa et al stated that moderate homocysteinaemia
was found in subjects with the TT genotype when the le-
vel of folic acid was low, suggesting that individuals ha-
ving the TT genotype should obtain higher folate intake
to minimize the risk of developing dementia (41). Gor-
gone et al suggested that TT677 MTHFR genotype pro-
motes plasma Hcy increase which in turn may favors
intima-media thickening in patients with cognitive im-
pairment thus may promote neuronal damage (43). Also,
Khandanpour et al (44) and Trabetti (45) have found a
strong association between raised Hey, the TT genotype,
and peripheral arterial disease. In contrast Kim et al fo-
und no association between MTHFR C677T gene poly-
morphism and Hcey levels (46).

Finally in the present study, NT-proBNP concentrations
were significantly higher in patients with the MTHFR
C677T gene polymorphism compared to patients wit-
hout such polymorphism. This is supported by Cho et
al who found an association between the CT genotype
and vascular disease in mild hyperhomocysteinemia(7).
There is insufficient data about this point so that it needs
further investigations.
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Conclusion

It has been shown that increased Hcy and NT-proBNP
are frequently present in elderly patients with depression
or MCI. Fully elucidating the link between depression
or MCI and elevated levels of both Hcy and NT-proBNP
concentrations may prove an important step toward un-
derstanding the association between major depression
and/or MCI with either cerebrovascular or cardiovascu-
lar upsets. The MTHFR C677T gene polymorphism may
play an important role in the modulation of mood but
does not contribute to genetic susceptibility to cogniti-
ve performance in later life. The MTHFR C677T gene
polymorphism is associated with both plasma Hecy and
NT-proBNP levels. In depression or MCI patients with
MTHFR C677T gene polymorphism, prospective obser-
vation of the development of cerebrovascular or cardi-
ovascular upsets, involving periodic repeated measure-
ment of Hey and NT-proBNP concentrations may be ne-
eded.

Recommendations : Whether the elevated levels in Hey
and NT-proBNP in both depression and MCI may be
due to vascular pathogenesis of both disease entities or
it may be due to accompanying silent cardiovascular di-
sease, needs further investigations with further perfor-
ming a correlation between both Hey and NT-proBNP
with routine markers for cardiac injury. Also, as a con-
tinuation of this study it remains to be shown if supple-
mentation with B vitamins and/or homocysteine lowe-
ring therapy, can influence the rate of cognitive decline
and/or depression.
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