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ABSTRACT

Coronary Heart Disease (CHD) are leading cause of death in Bulgaria and other countries from East and Central Europe.
Ecological studies show that traditional risk factors could not entirely explain the variations in population trends, suggesting
need of search for new determinants of coronary risk, including homocysteine (Hcy). The results from many studies strongly
suggest that plasma or serum concentration of total Hcy (tHcy) is an important marker in coronary risk assessment. Although,
many data are supportive to the deteorating role of Hcy, significant discrepancies exist yet in this information. The aim of paper
is to review existing data on relationship between Hcy and coronary risk, published after 1995, based on the controversial
results from different types of epidemiological studies and high number of new studies conducted in the last ten years. Although
many data are supportive to the adverse effect of Hcy on CHD and the relationship is consistent, strong, dose related and
biologically plausible the causal role of elevated Hcy and atherosclerosis remain inconclusive. The reviewed cross-sectional and
retrospective case-control studies support the association between high plasma tHcy concentration and risk of CHD. The data
from prospective studies, however, suggest controversial results. The only one finished till now trail of Hcy-vitamin lowering
therapy did not find a treatment effect on CHD endpoints during the two years of follow-up. The reasons for the difference in
results between the prospective studies still remain unclear. Absence of population studies on Hcy in Bulgaria is an emerging
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circumstance for research in that field.
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death in Bulgaria and other countries from East
and Central Europe. Ecological studies show that
traditional risk factors could not entirely explain the
variations in population trends, suggesting need of search

Coronqry Heart Disease (CHD) are leading cause of

for new determinants of coronary risk, including
homocysteine (Hcy). A causal role of elevated total
homocysteine (tHcy) in development of CHD was

proposed approximately 30 y ago [1]. Since then, the
results from clinical, early cross-sectional and case-control
studies strongly suggest that plasma or serum
concentration of tHcy is an important marker in coronary
risk assessment [2, 3].

The literature concerning role of Hcy in relation to
coronary risk has expanded enormously in recent years. A
lot of new studies on relationship between Hcy and CHD
have been published after the publication of an overview
of 17 studies, 14 of which with a positive association
between Hcy and CHD (Boushey et al, 1995) [4].
Although, many data are supportive to the deteorating
role of Hcy, significant discrepancies exist yet in this
information. Eleven of the reviewed by Boushey et al
(1995) studies were retrospective. Prospective studies
were only three and the results of those studies were not
consistent with one another. There is a lack of sufficient
data supportive to the effect of Hcy, coming as from
earlier as well as from recent prospective studies [5, 6]
and almost absence of the data from large randomized
trials of Hcy-lowering therapy [7].

The aim of this paper is to review existing data on
relationship between Hcy and coronary risk, published
after 1995, based both on the controversial results from
different types of epidemiological studies and the high
number of new studies conducted in the last ten years.

METHODS

We performed a literature search of the electronic
database Medline between 1995 and 2004, using the
exploded terms homocysteine and cardiovascular

disease. We limited our search to observational studies
and clinical trials on both fatal and non-fatal CHD,
excluding those investigating cerebrovascular disease
only, or reporting them not separately. As studies
investigating the association between tHcy levels and
anatomic extend of coronary atherosclerosis have as an
endpoint only a surrogate measure of coronary event,
they have not been included in this review. The reviewed
studies have been divided into two main sections by the
type of study (observational and clinical trial) arranged
into each section by the year of presentation.

RELATIONSHIP BETWEEN PLASMA HOMOCYSTEINE AND
CHD

Mechanisms of action

Independent role of Hcy has been suggested by
experimental evidence of mechanisms, by which Hcy might
cause vascular disease. Elevated tHcy induces
thrombogenicity and procoagulant state both related to
subsequent higher risk of thromboembolic events, including
myocardial infarction. Hcy contains a sulfydryll group that
can react with plasma constituents and thus may promote
oxidative damage and oxidation of low-density
lipoprotein (Blom et al 1992) [8]. Hcy could also cause a
direct cytotoxic effect on endothelial cells through
formation of reactive oxygen species, impared production
of nitric oxide and subsequent endothelial dysfunction and
stimulation of smooth cell proliferation (Blundell et al
1996) [9]. Plasma Hcy concentrations are increased after
tissue damage. Elevated plasma Hcy levels could further
cause additionally endothelial damage (Knekt et al,
2001) [10].

OBSERVATIONAL STUDIES
Cross-sectional and retrospective case-control studies

Alfthan et al in a cross-sectional (ecological study)
conducted on 1990 healthy men aged 40-49 from Europe
found elevated tHcy levels in countries with higher
cardiovascular mortality. The correlation coefficient of
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tHcy levels with cardiovascular death was statistically
significant in order of 0.71 [11].

Recent meta-analysis on 26 case-control studies, involving
approximately 3315 cases and 4001 controls reported
that hyperhomocysteinemia (Hcy levels over 90 or 95th
percentile, for a 5 Pmol/l increase in Hcy concentration)
was associated with an increased risk of both fatal and
non-fatal CHD (OR 1.7, 95%CI 1.5-1.9) (Ford et al
2002) [12]. The Odds ratio was 1.63 (95% Cl 1.44-1.85)
for men and 2.11 (95%Cl 1.30 - 3.42) for women. The
recent large European Concerted Action Project
conducted on 750 patients and 800 controls and not
included in the meta-analysis by Ford et al (2002)
confirmed the independent role of elevated Hcy level on
coronary risk (OR 2.2; 95%Cl 1.6-2.9) (Graham et al
1997) [13].

Prospective (nested case-control and cohort) studies

There were only two cohort studies both conducted on
men (Stewhower et al 1998 and Ubbink et al 1998)
investigating the relationship between CHD and Hcy. The
rest of the prospective studies were designed as nested
case-control studies. Data from prospective studies
suggest controversial results (Tab.1). Seven prospective
studies have found higher coronary risk associated with
higher tHcy levels (Arnesen et al 1995, Nygard et al
1997, Ubbink et al 1998, Wald et al 1998, Stewhower
et al 1998, Bots et al 1999, Wincup et al 1999) [14-20].
Strong, consistent and graded associations between Hcy
and CHD were found in Tromso, Rotterdam and Brithish
United Provident Association (BUPA) studies. The rest of
the reviewed studies failed to show an association
between plasma Hcy and CHD (Chasan-Taber et al
1996, Jing Ma et al 1996, Evans et al 1997, Verhoef et
al 1997, Folsom et al 1998, Knekt et al 2001) [21-26].
Moreover, two of the reviewed studies, the Multiple Risk
Factor Intervention Trial (Evans et al 1997) and Finnish
Mobile Clinic Health Examination Survey (Knekt et al
2001) reported values of OR for CHD below 1.0 (Tab.1).
The reasons for negative results of the two studies and for
the difference in results between the prospective studies
remain unclear. Differences in nutritional status and
genetic factors may modify the association between tHcy
and CHD in different populations. Increased intake of
vitamin supplements among the US population, for
instance, during the follow up of MRFIT might play role in
attenuating the relationship between AMI and tHcy
concentration. Difference in the length of follow up seems
to be unlikely explanation as studies of similar design and
follow up period (Finnish Mobile Clinic Health Examination
Survey and British Regional Heart study) appear to
present with different results. In confirmation, it has been
suggested attenuation of risk during in the second decade
of follow-up (Chasan-Taber et al, 1996) [27].
Randomized controlled trials of homocystein-lowering
vitamin therapy

Meta analysis of 12 randomized controlled trials shows
that a daily supplementation with 500 mg of vitamin B12
decreases plasma Hcy concentration by 25-30%
(Homocysteine Lowering Trialist Collaboration 1998).
Vitamin B supplementation could lead to improvement of
clinical outcome of the disease: Schnyder et al (2002) in
the Swiss Heart Study observed lower rate of restenosis
after coronary angioplasty in supplemented with folic
acid, vitamin B¢ and vitamin B12 [28].
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There have been published results from only one trial
evaluating the effect of decrease in Hey levels on major
cardiovascular events (recurrent stroke, AMI and death).
The Vitamin Intervention for Stroke Prevention Trial (VISP)
investigating the effect of effect of 25 mg pyridoxine, 0.4
mg cobalamin and 2.5 mg of folic acid vs 200 Mg
pyridoxine, 6 Ug cobalamin and 20 Pg of folic acid on
3680 adults with non disabling cerebral infarction from
centers in USA, Canada and Scotland did not find the
treatment effect on any endpoint during the two years of
follow-up. The unadjusted risk ratio for CHD event was
1.0 (95%Cl 0.8-1.1). It has been, however, reported, a
persistent and graded association between baseline Hcy
and outcomes. A 3 umol/l lower total Hey, for instance,
was associated with a 26% lower risk of CHD (p<0.001)
in the low-dose group. Moderate reduction of total Hcy
after cerebral infarction had no effect on vascular
outcomes. The received results suggest the need of longer
trials in populations with elevated total Hcy concentrations
[29]. Relationship between Hcy and major CAD is still
object of many ongoing experimental studies of Hcy-
lowering vitamin therapy (Doshi SN et al, 2002).

Differences in results between studies

Many factors could account for the differences in results
between different studies. Methodological considerations
(quality control, timing and storage of blood sample
collection, measuring method, after the methionine loading
or at baseline, patient characteristics in terms of fasting
state and posture) should be taken in mind. It is known that
tHcy decreases during and increases after the acute
coronary event, so as the elevated Hcy concentrations
found in cases could be a consequence rather then a
cause of the disease making interpretation of the results
form retrospective case-control studies cautious.

Although many data are supportive to the adverse effect
of Hecy on CHD and the relationship is consistent, strong,
dose related and biologically plausible the causal role of
elevated Hcy and atherosclerosis remain inconclusive:

1. Atherosclerotic patients may have higher level of Hcy
because they have more advanced inflammatory disease,
not because Hcy caused their vascular disease. Low levels
of folic acid, proposed by retrospective studies as an
independent risk factor for fatal CHD may reflect the
repairing process in those patients, rather than the higher
Hcy itself;

2. The strength of association of Hcy with CHD is weaker
in prospective studies. Prospective studies are generally
considered superior to retrospective in terms of better
elucidation of the time-dependent relationship between
the investigated exposure and effect, and thus on
causality. Observational studies (both retro- and
prospective), however, are prone to uncontrolled
confounding and bias. Therefore, the causal relationship is
not enough to make the recommendations on screening
and treatment for prevention of CHD. It could be,
however, considered screening and treatment patients at
high risk, if tHcy levels are above 10 pmol/I [30].

3. The results from the only one finished till now trial
(VISP) are not encouraging to confirming the causal role
of Hay on major CV endpoints.
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Tab.X Prospective studies on relationship between plasma homocysteine concentration and cardiovascular disease

endpoint.
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In Conclusion, cross-sectional and retrospective case-
control studies support the association between high
plasma Hcy concentration and risk of CHD. The data from
prospective studies suggest controversial results. The
reasons for the difference in results between the
prospective studies still remain unclear. The only one,
finished till now trail of Hcy-vitamin lowering therapy,
with a relatively short time of follow up, did not find a

TBILISI STATE MEDICAL UNIVERSITY
treatment effect on CHD endpoints. Based on the current
state of knowledge for the role of Hcy in CHD risk, the
American Heart Association and International Task Force
on the Prevention of Coronary Artery Disease, state that
any change in public health policy must wait for results
from the ongoing large clinical trials [31,32]. The absence
of the population studies on Hcy in Bulgaria is an
emerging circumstance for research in that field.
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Bo3aeiicTBMe rOMONMCTEMHA HA HIIEMUYECKYI0 00JIe3Hb cepALia: 0030p
HOBEHIIBIX HCCJICI0OBAHUN U
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**% TOUNMCCKUN rocy1apCTBEHHbBIH MEIUIIMHCKUN YHUBEpCUTET, [ py3ust

PE3IOME

Nwemmnyeckas bonesvb cepaua (MBC) saBnsetcsa rnaeHoW npuumHoW cmeptu B bonrapum wn gpyrux ctpaHax BoctouHon wu
LleHTpanbHon EBponbl. Qkonormyeckne uccriefoBaHWs MOKasbiBalOT, YTO TPaAWMLUMOHHbIE (hakTopbl pyUcka He MOryT MOHOCTbIO
06bSACHUTL U3MEHEHUSI B MOMYNsAUMSX, YTO CBUAETENbCTBYET O HeobXOoOAMMOCTM MOWCKA HOBbIX AETEPMUHAHTOB KOPOHApHOro
pucka, B 4acTHocTu, romoumuctemHa (Hcy). [aHHble MHOMMX MCCrnenoBaHW CBUMOETENbCTBYIOT, YTO KOHUEHTpauus obwen Hey B
nnasve unu ceiBopoTke (tHcy-total Hey) - BaxHbIN Mapkep B oueHKe KOpoHapHoro pucka. OgHako nmo 3ToMy BOMpOCY AaHHble
npotuBopeuuBbl. Llenb paboTbl cocTosina B aHanuae CyLIeCTBYIOLIMX AaHHbIX O B3aiMOOTHOLUEHWSX Mexay Hcy n kopoHapHbIM
puckom. CyLLecTBYHOT AaHHble 0 No6oYHbIX addpekTax Hey Ha VMBC; mexay HUMKU OTYETNIMBO NPOCMEXUBAOTCS, [03a3aBUCUMbIE U
6uonornyeckune acpcekTel. TeM He MeHee BaxHeNwas posb NoBblileHnss Hey n atepocknepo3a octaeTcsi HeBbisicHeHHON. Kpocc-
CEKLUMOHHbIE U PETPOCMNEKTUBHBIE KOHTPOSbHbIE WCCMEAOoBaHWMS  yKasblBalT Ha accouuaumio Mexay BbICOKOW Mra3MeHHON
KkoHueHTpauuen tHecy n puckom UBC, xoTsi AaHHble CNOpHbl. EQVHCTBEHHbIV 3aKOHYEHHbIM B HAcTosiLee BpeMsi Tpyad No OueHke
adppekta Hcy-BUTaMMHMOHMXKAKOLWEN Tepanuu He BbisiBUN nevebHoro adpcdpekta npu MBC B TeyeHve AByx neT HabnoaeHwn.
MpuymHbl NOAOGHBLIX pas3nuuuii  pes3ynbTaToB UCCNEeOOBaHWs BCE eLle OCTalTCs HescHbIMM. OTCyTCTBME MOMYMSLMOHHBIX
ncenegosaHun Hey B Bonrapum siBnsietTca Hanbornee akTyanbHbIM A5 NPOBEAEHNS UCCNEeAOBaHUA B 3TON obnacTu.

KioueBsle cioBa: I'OMOLMCTEMH, KOPOHAPHENI PUCK, MIEMUYECKAs OOJIe3HB Cepnla
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