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ABSTRACT The strongly rising prevalence of chronic diseases in most of the developing & developed countries
causes major problems in the health systems. High blood cholesterol caused by high fat consumption, hypertension,
low physical activity and smoking are the most discussed factors responsible for the high rate of myocardial
infraction, stroke, peripheral arterial disease in these countries. This review is to evaluate epidemic relationship
between plasma homocysteine and MTHFR gene polymorphism in cardiovascular disease and is based on published
data from different parts of world and from Indian sub-continent. Circulating total homocysteine is independent risk
factor for various cardiovascular conditions irrespective of ethnicity. Many studies well documented by large scale
case-controls. The difference between cases and controls is about 2-5 pmol/L and to quantify small differences, HPLC
with fluorescence detection is the best method to assess small differences between cases and controls. MTHFR 677 C-
T mutation is not associated with CAD, CVD, CHD and MI patients except in few studies reported from Japanese and

Netherlander populations. The data from Indian sub-continent is inadequate to assess these associations.

INTRODUCTION

The strongly rising prevalence of chronic
diseasein most of the devel oped and developing
countries causes major problems in the health
systems. High blood cholesterol caused by high
fat consumption, hypertension, low physical
activity and smoking are the most discussed
factorsresponsiblefor the high rate of myocardial
infraction, stroke, peripheral arterial disease in
these countries.

In 1969, Mc Cully made the clinical obser-
vation linking elevated homocysteine concen-
trations with vascular disease. He reported
autopsy evidence of extensive arterial thrombo-
sis and atherosclerosis in two children with
elevated plasma homocysteine concentrations
and homocysteinuria. On the basis of this
observation, he proposed that elevated plasma
homocysteine can cause atherosclerotic vascular
disease. The term “homocyst(e)ine” is used to
define the combined pool of homocysteine,
homocysteine mixed disulfides involving
homocysteine and homocysteine thio-lactone
found in the plasma of patients with hyperho-
mocysteinemia.

Since 1992, mild elevation in the total
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homocysteine (tHCY') concentrations have been
described as risk factors for arteriosclerosis,
venous thrombosis as well as for obstetric
complications. Since the mid-eighties, many
studies have documented that a moderately
elevated plasmahomocysteinelevel isalso strong
and independent risk factor for atherosclerotic
diseases, such as myocardial infraction, stroke
or peripheral vascular disease

Themain objective of the present review was
to evaluate epidemic rel ationship between plasma
homocysteine and M THFR gene polymorphism
in cardiovascular disease. Thereview was based
on published data from different parts of world.

METABOLIC BACKGROUND

Homocysteine is a non-protein forming,
sulfhydryl-containing amino acid which results
from methionine metabolism. Homocysteineisat
the intersection of two metabolic pathways, the
transsulfuration pathway and the remethylation
cycle. Homocysteineis either transsulfurated to
cystathionine or remethylated to methionine
depending on methionine supplied by diet. In
remethylation, HCY acquiresamethyl group from
5-methylenetetrahydrofolate (5-M THF) to form
methionine. Thereaction occursin all tissues, is
catalyzed by MSandisvitamin B-12 dependent.
Alternatively the methyl group is provided by
betaine. However, thisreactionisconfined mainly
tothelever and isof lessimportance. Methionine
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istransformed to S-adenosyl-methionine (SAM),
which serves primarily as a universal methyl
donor. Inthisreaction, S-adenosyl-homocysteine
(SAH) is formed and subsequently hydrolyzed
to homocysteine. SAH is apotent competitor to
SAM asdifferent binding sites and there by can
inhibate the methylation. Intranssulfuration path
way HCY condenseswith serineto cystathionine
(CYS). Thisreaction, canalized by Cystathionine
beta synthase (CBS), is vitamin B-6 dependent.
In secondary option, catalysed by cystathionase,
CYS is hydrolyzed to cysteine and alfa keto
butyrate. A homocysteine accumulation can be
caused either by transsulfuration defects based
on Cystathionine beta synthase deficiency or
by remethylation defects based on M Sdeficiency
or 5, 10-methylenetetrahydrofolate reductase
(MTHFR) deficiency. Additionally, amoderately
elevated homocysteine level can also be caused
by a shortage of the co-factors vitamin B-6,
vitamin B-12, or folicacid (Wolfgang et a . 2001)

SAM playsanimportant rolein co-ordinating
the regulation of remethylation and transsul-
furation. SAM activates the CBS and inhibits
the M THFR reactionwhichforms5-MTHFE. The
utilization of SAM is regulated by glycine-N-
methy! transferase (GNMT), which transfersthe
methyl group of SAM to glycene to form N-
methyle glycene (sacrosine). This reaction
strongly inhibited by 5 MTHF polyglutamates.
Genetic and acquired abnormalitiesin thefunction
of these enzymes or deficienciesin folate or vit
B6 or B12 cofactors can thereforelead to el evated
concentrations of intracellular homocysteine,
which isthen released to the plasma.

M easur ement of Plasma Homocysteine

The majority of theclinical studiesinvolving
homocysteine have relied on the measurement of
total homocysteine, whichincludeshomocysteine,
mixed disulfides involving homocysteine,
homocysteine thiolactone, free homocysteineand
protein bound homocysteine. Protein bound (i.e.
disulfide linked) homocysteine accounts 70-80
percent of total pool. Sofar, freehomocysteinein
plasma has been determined by ion-exchange
chromatography using an amino acid analyzer or
by HPLC with electro-chemical detection.
However these methods have some disadvantages
with respect to sensitivity and selectivity. Further
these methods neglect the existence of protein
bound homocysteine in the plasma.
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Recently, a new fluorogenic thiol-specific
reagent, anmonium 7-fluorobenzo 2 oxa-1,3diazole
-4 sulfonate ( SBD-F) has been devel oped for the
measurement of biologically important thiols. With
this method the derived products are fluorescent
and stable for long time and able to detect
nanomol e concentrations (Araki and Sako 1987)

In another review on methodological
assessment, the study compared commercially
available methods with in house HPLC SBD-F
base analysisand concluded that in house HPLC
isableto detect minor variability in case controls
than other methods (Harry et al. 2000). The
rational e discussing these methods for any case
control study required exact measurement
because most of the disease casesthe difference
between case—controlsisaround 3-5 micromole.

Association between Plasma Homocysteine
and Cardiovascular Disease

Starting from 1990’s to present the major
studies appeared on homocysteine and cardio-
vascular disease, relating to different clinical
conditions, are presented in Table 1. The main
clinical conditions include coronary artery
disease (CAD), cerebrovascular disease (CVD),
peripheral vascular disease (PVD), myocardial
infraction (MI) and coronary heart disease (CHD).
Most of these are well defined case-control and
nested-case control studies. The main emphasis
hereistolook at the association of elevated HCY
and cardiovascular disease and distribution of
mean HCY levelsin case controls.

Thereare 20-25 important studieswhich were
vaidated for theassociation of HCY and vascular
diseases. It is interesting to discuss in detail a
few studiesshownintheTable 1. In 1991 Taylor
et al. carried out a case control study of 214
patients with clinical symptoms for arterial
occlusive disease, stroke, cerebral transient
ischemic attacks and cerebral vascular disease.
The study concluded that elevated HCY is
associated with progression of lower extremity,
coronary artery disease and cerebrovascular
disease. In this study they have used in house
HPLC method to estimate homocysteine. The
reported levelsof HCY incasesand controlswere
14.37 and 10.10 pmol/L respectively.

In 1992, Stampfer et a. carried out a pros-
pective US physicians' health study by recruiting
14 916 mal e physicianswith no history of M| or
stroke, were followed up to 5 years. Initially all
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Table 1: Distribution of Homcysteine in different cardiovascular conditions

Mean HCY+ SD (umol/L)
Disease Cases Controls Reference Significance
1.CAD,CVD,PVD  14.37+ 6.89 10.10+ 2.16 Taylor et al. 1991 significant
2.Acute MI 11.10+ 4.0 10.50+ 2.80 Stephan et al. 1992 significant
3.Ischemic CVA 11.10+ 4.0 10.60+ 3.40 Verhoef et al. 1994 NS
4.CHD 12.70+ 4.7 11.3 £3.70 Arnesenet al. 1995 significant
5.CVA 13.7 11.9 Perry et al. 1995 significant
6.CAD,CVD,PVD  11.25 9.73 Graham et al. 1997 significant
7.CAD 11.4 NA Nygord et al. 1997 significant
8. Ml 131 +£5.0 NA Bonna et al. 2006 significant
9.CHD 12.15+ 5.2 10.1 x4.21 Stehouwer 1998 NA
10.PAD 13.0 £ 4.0 10.25+ 3.9 Boushey 1995 NA
11.CVD 141 +5.1 125 +4.0 Kluijtmas et a. 96 NA
12.CAD 12.7 11.6 Verhoef et al. 1997 NA
13.CAD 10.3 8.9 Yoo JN et al. 1999 significant
14 CVD 111 +4.3 125 +6.0 Zee et a. 2007 NA
15. CHD 12.5 9.45 Refsum et al. 2007 NA
16. CHD 126 + 4.6 12.4 +3.4 Deepa et al. 2001 NS

these physicians were recorded baseline
homocysteine. After 5 yearsfollow up 271 were
developed myocardial infractionsand their blood
was analyzed for homocysteine with appropriate
controls. The high levels of homocysteine were
associated with M1 and it is an independent risk
for MI than for other coronary diseases. These
findings were supported by Arnesen et al. 1995
in a prospective Tromso study. Similar results
werereported by Alfthan et al. (1994). In arecent
study Bonaaet d. (2006) reported aharmful effect
from combined vitamin-B trestment for lowering
the elevated homocysteinein 3749 acute myocar-
dia infraction patients.

In 1994 Verhoef et al. carried out a double-
blind placebo control study of 22,071 US male
physicians with no history of stroke, ischemic
attack, and MI. After 5 year follow-up 109
developed ischemic stroke. Thisstudy concluded
that elevated homocysteine is not an indepen-
dent risk factor for stroke.

In 1997, Graham et al. measured plasma
homocysteinein 750 caseswith clinical conditions
for atherosclerotic vascular disease cardiac,
cerebrd, periphera dissase and 800 control samples
of both the sexes and concluded that elevated
homocysteineisanindependent risk factor asother
fectorslikesmoking and hyperlipidimia. Inanother
but prospective study involving 587 angio-
graphically proven CAD patients Nygard et al.
(1997) reported association with elevated
homocysteine. Interestingly, Homocysteine level,
more than 15 pymol/L, is a strong predictor of
mortality in these groups of patients.

InaBritish Regional cohort study Perry et al.
(1995) randomly selected patients-from general
practice centers of 18 towns and were followed
up with initially normal homocysteine levels.
Patients who developed stroke after follow up
were checked for HCY and concluded that
elevated HCY inthisgroup of patientsisastrong
independent risk factor for stroke. Refsum et .
2006 in a recent “Hordaland Homocysteine
study”, a community based 5 years follow-up
study of homocysteine and its determinant
factors, showed that increased HCY isassociated
with multiple clinical conditions including
cardiovascular mortality.

In aKorean population based coronary artery
disease patient study, Yoo et al. (1999) reported
that elevated homocysteine was not only an
independent risk factor for the occurrence of
CAD but also a significant predictor of triple
vessel disease in CAD patients.

Zeeet al. (2007) reported aUS based study of
comprehensive and simultaneous assessment of
risk factors- dietary intake, plasmahomocysteine,
and MTHFR genotype status- in relation to the
incidence CVD in the same study population.
This study, which is the largest to date that has
examined these simultaneously measured risk
factors, concluded that the baseline plasma
homocysteine was associated with theincidence
of CVD, but this association was weakened and
became non-significant after adjustment for
cardiovascular risk factors and socioeconomic
status.

Stehouwer et al. (1998) carried out a follow
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up study of Zutphen elderly men for 10 years
and reported that high levels of homocysteine
were associated with an increased risk of dying
from coronary heart disease but not with an
increased risk of M.

Association of 677 C-T MTHFR Gene
Polymor phism and Cardiovascular
Diseases

Theenzyme5, 10-methylenetetrahydrofol ate
reductase (MTHFR) catalyzes the conversion of
5, 10 methylenetetrahydrofolate to 5-methylte-
trahydrofolate and thisenzymerepresentsamajor
enzyme in the folate-dependent regulation of
methionine and homocysteine concentration in
thecirculation. The human gene has been mapped
to chromosomal region 1p36.3. A human genomic
clone (17 kb) wasfoundto contain theentire cDNA
sequenceof 2.2 kb; therewere 11 exonsrangingin
size from 102 bp to 432 bp. Intron sizes ranged
from 250 bpto 1.5 kb with one exception of 4.2 kb.
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Currently, a total of 41 rare but deleterious
mutations and about 60 polymorphisms have
been reported. Morethan fifteen mutations have
beenidentified in relation to the enzyme activity
of theMTHFR gene: 14 rare mutations associated
with severe enzymatic deficiency and the
common 677 C-T polymorphism (ds SNP ID:
rs1801133) associated with amilder deficiency.
The 677 C-T common polymorphism converts
aaninetoavalineat position 222 and itsreduced
specific activity and increased thermolability
caused by mildly elevated homocysteine has
been implicated in complex and multifactorial
diseases: occlusive vascular disease, neural tube
defects, and colon cancer etc. In the present
review we summarize the state of relevant find-
ings of this common mutation in cardiovascular
disease from different parts of the world.

Several studies have evaluated the associa-
tion between mutant genotypes (CT/TT) and the
presence of cardiovascular disease. The impor-
tant and similar data available from studies

Table 2: Distribution of MTHFR 677 C to T mutation in cases and controls among different populations

of the world.

Disease N Cases t- N Controls t- Author & Ref.
cc cr T alde cc cr Tt alele
Studies with No Association
CAD 510 241 212 57 0.32 168 73 73 22 0.34 Anderson et al. 1997-USA
CAD 382 173 172 37 0.33 122 53 52 17 0.35 Emmanouil et al. 2003-USA
0.325 0.345
CAD 981 458 442 81 0.31 981 443 442 96 0.32 Meisel et a. 2001-Germany
CAD 1893 891 805 197 0.32 560 242 254 64 0.34 Gardemann et al. 1999-Germany
CAD 180 91 66 23 0.31 104 49 46 9 0.3 Reinhardt et al. 1998-Germany
0.313 0.32
CAD 85 30 40 15 0.41 152 56 68 28 0.41 kim et al. 2001-Korea
CAD 140 40 74 26 0.45 140 37 78 25 0.46 Hong et al. 2001-Korea
0.43 0.435
CAD 131 59 59 13 0.32 100 45 48 7 0.31 Verhoef et al. 1994
CAD 278 90 148 40 0.41 137 42 70 25 0.44 Girelli et al. 1998-Italy
CAD 151 69 71 11 0.31 91 47 39 5 0.27 Sazcia et al. 2006-Turkey
0.35 0.34
MI 1152 527 515 110 0.32 1165 606 544 15 0.25 Gardemann et al. 1999-Germany
MI 200 90 87 23 0.33 554 257 238 59 0.32 Anderson et al. 1997-USA
MI 532 229 250 53 0.33 311 134 137 40 0.35 Adams et al.1996-UK
MI 181 78 81 22 0.35 601 280 262 59 0.32 Tanis et al. 2004
Stroke 27 20 7 0 0.13 101 75 25 1 0.13 Sirachainan et al. 2006-Thailand
Stroke 120 52 52 16 0.35 259 115 119 25 0.33 Sazcia et al. 2006-Turkey
Studies with Association
CAD 735 337 328 70 0.32 1250 617 527 106 0.29 Kluijtmans et al. 1997-Nethrlands
CVD 60 30 21 9 0.32 111 63 42 6 0.24 Klujtmans et al. 1996-Nethrelands
0.32 0.265
CHD 214 69 84 61 0.47 310 110 158 42 0.39 Ou et a. 1998-Japan
CAD 362 116 188 58 0.42 771 335 358 78 0.33 Morita et al. 1997-Japan
0.41 0.32
MI 250 90 110 50 0.42 201 74 102 25 0.38 lzumi et al. 1996-Japan
MI 111 44 48 19 0.39 105 53 45 7 0.28 Gallagher et a. 1996-Ireland
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Fig. 1. Distrubution of MTHFR mutatnt allete among world poplations in Cardiovascular
disease and controls

conducted at different geographical regions are
shown in the Table 2. The two papers appeared
from USA with angiographically proven CAD
patients (Emmanouil 2003; Anderson et al. 1997)
did not present statistically significant results
between cases and controls. The pooled mutant
t-allele frequency was 0.325 and 0.345 in cases
and controls, respectively. The three important
well characterized angiographically proven CAD
case —control studies appeared from Germany
(Meisel 2001; Gardemann 1999; Reinhardt 1998)
alsodid not yield statistically significant results.
The mutant allele frequency for the pooled data
from this region is 0.31 and 0.32 for cases and
controls, respectively. Two more reports on
Korean population by Kim (2001) and Hong (2001)
presented similarly non-significant differences
in mutant allele frequency between cases and
controls (0.43 against 0.44). There were two

studies from Netherlands on CAD and M|
patients and the results from these studies were
also not significant.

Interestingly, the studies reported on
Japanese population: Ou (1998) on CHD, Morita
(1997) on CAD and Izumi (1996) on M| showed
significant differences between cases and
controls. Similarly, two other studies from
Netherland (Kluijtmas 1996, 1997) on CAD and
CVD and onemorefrom Ireland (Gallagher1996)
on M1 reported significant differences.

Studiesfrom thelndian Sub-continent

There are a few studies available from the
Indian sub-continent on homocysteinemia and
MTHFR polymorphism although these data
(Table 3) werenot uniform. Nevertheless, Kalita
et al. (2006) reported 677 C to T MTHFR

Table 3: Distribution of Homcysteine and MTHFR gene mutation among Indian population.

Mean HCY (umol/L) Reference Significance
Disease Cases (N) Controals (N)
CHD 9.41 10.98 Chacko et al. 1998 NS
CvD 19.7 20.1 Refsum 2001 NS
CvD 16.5 11 Naushad 2007 Significant
CAD 15 9.61 Patel et al. 2006 NS
Slum VS Healthy 23.2 25.2 Misra et al. 2002 NS
Healthy women NA 9 Pandey et al. 2006 NS
Vegetarians VS 14.6 13.3 Kumar et al. 2005 NS
Non-Vegetarians
MTHFR 677 C-Mutation:
CcC CT TT CC CT T
Stroke 39 16 3 NA NA NA  Kalita et a. 2006 Significant
CvD 133 29 1 142 21 1 Naushad et al. 2007  Significant
General Population NA 147 49 6  Kumar et a. 2005 NA
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genotypes among 58 stroke patients with a
genotypic distribution of TT: 3, CT: 16 and CC:
39 wild type with the mean homocysteine
concentration of 13.9 umol/L. They have shown
significant association. Chako et d. (1998) carried
out a case-control study consists of 56 coronary
heart disease patients and 53 controls and
reported the HPL C based estimation of mean HCY
as 10.98 in cases and 9.41 pmol/L in controls,
respectively, which is not significantly different
between cases and controls. In another study
Pandey et al. (2006) reported similar resultswith
no significant difference in the mean HCY of
cardiovascular disease patients and controls.

In 2001 Refsum et al. conducted a study at
pune population consisting of CV D patientswith
diabetes and without diabetes along with the
healthy controls. The mean homocysteineamong
hedlthy controlsis19 umoal/L, andin CVD patients
is 20 umol/l and in another group CVD with
diabetesis about 20.2 pumol/L. The data showed
no significant association between the groups.

Patel et al. (2006) conducted awell designed
case-control study to estimate excess risk of
cardiovascular disease among the immigrant
Gujaratis in UK verses the Gujaratis living in
India. Thereported mean HCY intheimmigrant
Menandwomenin UK was10.4 and 8.7 umol/L,
respectively, against 16.9 and 12.9 umo/L found
for their counterpartsin India. In another study,
Kumar et al. (2005) reported the distribution of
HCY in vegetarian and non-vegetarian
populations along with M THFR genotypes. The
mean HCY in Vegetarian and non-vegetarian
populationwas 14.6 and 13.3 umol/L, respectively.
The MTHFR genotypes were reported to be the
following: wild type CC 147 and mutant
heterozygote CT: 49 and mutant homozygote TT:
6. Misra (2002) reported HCY levelsin agroup
livinginurban slumarea(Group-1) andin ancther
group of healthy individuals living in the
surroundings as controls (Group-2). The serum
HCY wasmeasured using ELI SA kit and themean
HCY was reported to be 23.2 micromoles/ L in
cases and 20.8 in controls, the mean difference
being statistically non-significant.

DISCUSSION

Circulating Homocysteine and
Cardiovascular Disease

Interest in the prognostic value of the
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association between circulating HCY and disease
continuesto grow. Thereisalready alarge body
of evidence indicating that the elevated plasma
HCY wasrelated torisk of coronary, cerebra and
peripheral arterial disease. Based ontheir research
findings, Vollset et a. (2000) reported that hyper-
homocysteinemia might also be an important
biological marker for, and possibly even acause
of or contributor to, complications and adverse
outcome of pregnancy and cancer.

The established normal range of fastingtHCY
inhealthy adultsisusualy 5-15mmol/L (Mde: 15
mmol/L; Femae: 8mmol/L) withamean of about
10mmol/L. Hyperhomocysteinemiaisdefined asa
plasmatHCY >15 m mol/L and is denoted as a
moderate (15-30mmoal/L), intermediate (30-100m
mol/L) and severe (>100 m mol/L) hyperhomo-
cysteinemia(Georgeet a. 1998; Kanget a. 1992).
The normal range of homocysteine is population
specific and isrequired to establish normal range
for apopulationin order to under stand thedisease
pathology of the cases. Further, the distribution
of HCY in males and females is significantly
different.

It is evident from Table 1 that the multiple
prospective and case-control studies have
shown that a mild elevated level of circulating
homocysteine is an independent risk factor for
vascular disease. Most of the studies with
multiple cardiovascular conditions consistently
show higher level of homocysteinein casesthan
in controls suggesting that homocysteine
promotes cardiovascular disease conditions
through variety of mechanisms. An overall
assessment of the epidemiology association
studiesindicatesthat 2-5mmol/L-incressed levels
of homocysteine are capable of developing
cardiovascular problems.

MTHFR 677 C-T Polymor phism and
Cardiovascular Disease

Several studies have evaluated the associa-
tion between mutant genotype and cardio-
vascular problem and most of these studies
yielded negative results as shown in Table 2.
There were two studies from Netherlands
reported by Kluijtmans et al. (1996, 1997) who
performed ameta-analysis combining datafrom
eight studies, revedling anincreased risk for CAD
of borderline significance. However, the
definition of the CAD was as a history of Ml
rather than CAD on angiography.
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The allele frequency of this mutation is
comparableinall thestudied populationswithlittle
differences except for the Korean Population. The
distribution wasin Hardy-Weinberg equilibrium.
These results suggest that this mutation is highly
prevalent across the ethnic groups and can be
regarded as a balanced polymorphism that
escaped from natural selection through the long
history of humanity. Such a polymorphism does
not usualy cause a serious lethal disorder as a
singlefactor.

The pooled t-allele frequency of various
cardiovascular conditions for each country and
for cases and controls were graphically
presented in the Figure 1. Pooled data of different
studies of various cardiovascular conditions for
each country suggest that the highest incidence
of mutant allele was recorded for Korean
populations followed by the Japanese. The
lowest mutant allel efrequency isreported among
Thailand population followed by the Indian
populations. To address the problem of lowest
frequency among Indian and Thai populations
at this point there are no well designed case-
control or nested-control studies with power
calculationfor samplesize.

Per spectivesand Future Directions
Pertainingtothelndian Populations

The populations of the Indian subcontinent
is more than a billion comprising of 4693
communities with several thousands of well
defined endogamous groups, 325 functional
languages and 25 scripts. The data from the
Indian sub continent is too inadequate; there is
no well designed case-control or population
based study. For example, the normal ranges of
homocysteine are to some- extent dependent on
nutritional status. The diet consumption in
different region is unique and interesting for
studying homocysteine associated diseases. It
isalso important to study the popul ation specific
incidence of MTHFR 677 C-T polymorphisms
sinceit has the reduced enzyme activity.

CONCLUSION

Circulating total homocysteineisindependent
risk factor for various cardiovascular conditions
irrespective of ethnicity. The difference between
cases and controls is about 2-5 pmol/L and to
quantify small differences, HPLC with fluore-

scence detection is the best method to assess
small differences between cases and controls.
MTHFR 677 C-T mutation isnot associated with
cardiovascular disease except in two studies
reported from the Japanese and Netherlandish
populations.
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