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Review

The Association of Homocysteineand Coronary Artery Disease
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Department of Medicine; * Cardiovascular Medicine Section; TDepartments of Medicineand Family Medicine, Cardiovascular Section,
University of Wisconsin Hospital and Clinics, Madison, Wisconsin, USA

Summary: Hyperhomocysteinemiahasbeen associated with
increased risk of atherosclerosisand myocardid infarction by
anumber of prospective case-control studies. A variety of ge-
netic mutations, nutritional deficiencies, disease states, and
drugs can elevate homocysteine concentrations. Treatment
with folic acid with or without B-complex vitamins effective-
ly lowershomocysteinelevels. Whether therapy corresponds
with decreased risk of coronary eventsisunknown, but may be
promising. Thisarticlereviewsthe biochemistry of homocys-
teine metabolism, pathogeneisis, and etiology of hyperhomo-
cysteinemia, along with its association with coronary artery
disease, screening, and treatment.
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Introduction

In 1969, Dr. Kilmer S. McCully, M.D., examined therela
tionship of acute vascular thrombotic eventsby comparing an
8-year-old patient with homocysteinuriawho died of astroke
and an infant with an inherited defect in cobalamine metab-
olismwho died of cardiac arrest. After analysishe proposed a
novel and controversia theory: eevated homocysteine (Hcy)
concentrationsresultin premature atherosclerosis.! Theinitial
reaction to his theory was intense and highly critical .2 Since
the early 1970s, research regarding the association between
hyperhomocysteinemia and atherosclerotic vascular disease
hasgrown exponentialy. Studieshave suggested that e evated
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Hcy concentrations are associated with an increased rate of
stroke, coronary artery diseese (CAD), peripherd vascular dis-
ease, and deep venousthrombosis 36

Biochemistry of Homocysteine

Homocysteine is a sulfur containing nonessential amino
acidthatisnot foundinthediet. It existsin agtate of flux, con-
stantly interchanging among one of its four forms. Approxi-
mately 1%isfree, 70-80% isbound to dbuminviaadisulfide
link, and theremaining 20-30%isfound either asaHcy dimer
or acysteine-Hey-mixed disulfide.” Thetype(s) of speciesthat
contributesto the pathol ogic processisunknown.

Homocysteinemetabolismiswell defined (Fig. 1). Theen-
try point of the pathway isthetransport of dietary methionine
derived from protein food sources into the cellular space.
Methionineiseventudly converted into Hey, which can enter
oneof thetwo mgjor pathways: transsulfuration or remethyla-
tion.8 Inthetranssul feration pathway, pyridoxine (vitamin Bg)
isanessentia cofactor, whilein theremethylation pathway fo-
late serves as asubstrate and cobalamine (vitamin B1o) actsas
acofactor (Fig.1).8

Etiology of Hyperhomocysteinemia

Disruption in the metabolic pathway causes intracellular
accumulation of Hey that is exported into the plasma before
cytotoxic concentrations are reached.8 Genetic mutations, nu-
tritional deficiencies, disease states, and drugs can dter the
metabolic pathway leading to hyperhomocysteinemia. In ad-
dition, certain demographic festures are associated with ele-
vated Hcy concentrations.”-9

Therearefour inherited disordersthat lead to hyperhomo-
cysteinemia. The most common is the 5-methylenetetrahy-
drofolate reductase (MTHFR) polymorphism dueto apoint
mutation on chromosome 1.10. 11 Folate-deficient individuals
will devel op hyperhomocysteinemia, which may increasethe
risk for CAD. Cystathionine B-synthase deficiency (homo-
cystinuria), methionine synthase deficiency, and M THFR en-
zyme deficiency arerare autosomal recessive disorders that
are associated with hyperhomocysteinemia and vascular
thrombosis8 10.12-14
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Fic.1 Metabolism of homocysteine. SAM = S-adenosylmethion-
ine, SAH = S-adenosylhomocysteine, B = betaine, MS=methionine
synthase, THF =tetrahydrofolate, M THF = methyltetrahydrofol ate,
MTHFR = methylenetetrahydrofol atereductase, CBS = cystathion-
ineB-synthase.

Alterationinfolic acid, pyridoxine, and cobalamine con-
centrations through dietary deficiency or medications can
result in hyperhomocysteinemia.’® Folic acid levels are af -
fected by cholestryamine, which impairs folate absorption,
methotrexate, which depletes folate metabolites, and anti-
epileptics (carbemazepine, phenytoin), which lower folate
concentrations.16-19 Theophyllineinhibits pyridoxal kinase,
resulting in decreased pyridoxine concentrations.2 Nitrous
oxide alters cobalamine metabolism within 1 h of adminis-
tration, resulting inincreased Hey concentrationsthat canre-
main elevated for longer than 1 week.2! Fendfibrate, bezafi-
brate, and colestipol in combination with niacin result in
hyperhomocysteinemiaby yet to be defined mechanisms.?
23 Tobacco and caffeinated coffee are also associated within-
creased Hey concentrations.2+ 2

A number of chronic diseases can produce hyperhomocys-
teinemia. Chronic renal failure regardless of etiology, dura
tion, or type of dialysiselevates Hey by an unknown mecha-
nism.2® Severe psoriasis, possibly through increased cell
turnover, resultsin elevated Hey despite norma serum folate
and coba amine concentrations.2” Hypothyroidism, viaan un-
clear mechanism, can raise Hey by an average of 5.8 umol/l
compared with euthyroid controls.28 In systemic lupuserythe-
matosus, Hey = 14.1 umol/l is an independent risk factor for
arteria thrombosis.2? Perniciousanemiad evates Hey by caus-
ing cobal amine deficiency.3°

Both cardiac and renal transplant recipientsareat risk for
hyperhomocysteinemia. Approximately 54 to 87% of ortho-
topic heart transplant recipients develop hyperhomocys-
teinemia, which plateaus at 3 months after transplant.3% 32
The mechanism hasyet to be determined, but may berdated
to folate deficiency or impairment in renal function.3% 33
After rena transplantation, as many as 29% of patientswill

have anincreasein Hey correlating with the degree of renal
impairment and fol atelevel 53437 Immunosuppressive med-
ications such as azathioprine, prednisone, and tacrolimas
do not appear to affect Hey in either cardiac or renal trans-
plant patients.33: 3839 Cyclosporin is associated with elevat-
ed Hey in heart transplants, but the datain renal transplants
are conflicting.33-3540,41

Certain demographic features are associated with elevated
Hcy concentrations. For every 20 years of age, Hey increases
onaverage by 1.3 umoal/l.° Men average 1 umol/l higher Hcy
valuesthan women.? 42 Postmenopausa women have higher
Hcy values than those who are premenopausal .*2 Approxi-
mately 5—7% of the general populationand up to 30% of those
with CAD areestimated to have hyperhomocysteinemia.®

M easurement and L aboratory Evaluation
of Hyperhomocysteinemia

Therearetwo major techniquesfor measuring total homo-
cysteine (tHey): fasting or methionineloading. Fasting levels
are preferred because they are more convenient, less expen-
sive, and because aset of standards exists (Table1).1° Methi-
onineloading measurestherisein tHcy after theoral adminis-
tration of methionine after an overnight fast. Any defectinthe
transulfuration pathway, whether inherited or from pyridoxine
deficiency, will resultinelevated levels.”

Homocysteine values can be falsaly elevated with an in-
completefast, improper collection technique, and after amyo-
cardid infarction (MI). The patient must fast for at least 12 h
and avoid alarge protein medl, sincethiscan cause a15-20%
increasein Hey.*3 Concentrationswill rise by 0.5 umol/I/h at
room temperature, so samples should be placed onice (for a
maximum of 2 h) or immediately centrifuged.” Three studies
have shown that after an M1, tHey risesby 1.4 to 1.7 umol/l by
6-8 weeks. 4446 Another study showed a smaller rise from
basdlineat 28 and 180 days: 0.5 and 0.2 umol/l, respectively.4”
Aspirin, nitroglycerin, betablockers, and streptokinase do not
affect concentrations.* | deally, Hey should bemeasured 8-12
weeks after M1.2

Pathogenesis

Hyperhomocysteinemia may lead to atherosclerosis by
causing endothdia dysfunction, endothdlia injury, smooth
muscle proliferation, and adecreasein nitrous oxide concen-
trations.*8-51 |n addition, hyperhomocysteinemiacreatesapro-

TABLE |  Suggested fasting total homocysteine concentrations
Normal <10umoal/l

Moderate 1012 umol/l

Intermediate 12-20umoal/l

Severe >20umoal/l
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thrombotic environment by atering the coagulation and ara-
chidonicacid pathways. Homocysteine affectsthe coagul ation
cascadeby increasing factorsV and X activity, simulating fac-
tor X1, reducing anti-thrombin 111-binding capacity, inactivat-
ing protein C and thrombomodulin, and promoting the produc-
tion of tissuefactor from endothelia cdlls.52%6 Homocysteine
altersarachidonic acid metabolism by stimulating thrombox-
aneA2 production and possibly inhibiting prostacyclin synthe-
sis, whichtipsthe balancetoward platel et aggregation.5”.58

Asociation of Hyperhomocysteinemiawith Coronary
Artery Disease

Thefirst study to support the association between prema:
ture CAD and elevated Hcy concentrationswas published in
1976.5° Since then, multiple retrospective and case-control
trialswere conducted, with the mgjority supporting the asso-
ciation. In 1992, thefirst prospective case-control study was
published.#

Four prospective case-control studies support the associa-
tion of hyperhomocysteinemiawith CAD (Tablell).480-62A]|
studiescompared thosewith ahistory of M1 (cases) withthose
without CAD (contrals). The mean tHcy between the cases
and controlswassignificant. Multivariste andysiswith adjust-
ment for factors such asage, aspirin, tobacco, diabetes, hyper-
tension, cholesteral, angina, and body massindex showed that
a satigticaly significant association existed.* 6-62 In the
PhysicansHedlth Study, therdativerisk (RR) for tHcy inthe
95th percentile (tHcy > 15.8 umol/l) was 3.4 (95% confidence
interval [Cl] 1.3-8.8) compared with the bottom 90%.4 At 7.5
years of follow-up, the RR for M| decreased to 1.7 (95% Cl
0.9-3.3) for unclear reasons53 Inthe Tromso Hed th Study, the
RR for a4 umal/l increase in tHey was 1.32 (95% Cl 1.05—
1.65).%9 In the European Concerted Action Project (ECAP), a
fasting tHcy = 12 umol/l was 2.0 (95% ClI 1.4-2.8) and a5

umol/I elevation of tHcy had areative risk of 1.3 (95% ClI
1.1-1.6).81 In the Mobile Clinic Health Examination Survey
(MCHES) in Finland, those with known CAD had arelative
risk for future cardiac events of 2.40 (95% CI 1.08-5.35) for
tHcy 10.5-12.3 umol/l and 2.23 (95% Cl 1.03-4.85) for
tHcy =12.5umol/l.82 Comparing the highest and lowest quar-
tile,theRRwas7.11 (95% Cl 2.05-24.74).52

Four prospective case-control trials havefailed to show an
associ ation with hyperhomocysteinemiaand cardiovascular
disease: Finnish, Multiple Risk Factor Intervention Trid
(MRFIT), Atherosclerosis Risk In Communities Study
(ARIC), and MCHES (Table 11).62 6466 |[n MCHES, the
group without baseline coronary disease had no significant
ation of future cardiac eventswith hyperhomocysteine-
mia.82 Innoneof thefour trial swasthereastatistically signif-
icant difference between case and control tHcy values, sug-
gesting two similar populations. Thus, itisunlikely that there
would be asignificant differencein outcomesrelated to tHcy
vaues(Tablell). Theargument against hyperhomocysteine-
miaasarisk factor for CAD would be stronger if therewerea
significant differencein thetHcy concentrations between the
casesand contrals.

A meta-analysis by Boushey et al. examined the relation-
ship between hyperhomocysteinemiaand risk of cardiovascu-
lar dissase.®” For a5 umol/l increment increasein tHcy con-
centration, there was an increased risk for a cardiovascular
event. Oddsratiosfor men and womenwere 1.6 (95%Cl 1.4
1.7)and 1.8 (95%Cl 1.3-1.9), respectively. Thisriskissimilar
toanincreaseintota cholesterol of 20 mg/dl .67

Support for the Treatment of Hyperhomocysteinemia
Bothfolicacid and cobaamine can effectively lower homo-

cysteine concentrations as shown by the Homocysteine L ow-
ering Trialigs Collaboration, ameta-andysisof 12 mgor ran-

TaBLE || Prospective case-control homocysteinestudies
Population tHey (umol/l)

Study Case Contral Case Control pVaue Risk 95%Cl
PhysicansHedlth 271 271 111 101 0.03 RR 34 1388
Tromso 122 478 127 113 0.0002 RR 1.32 1.05-1.65
ECAP 750 800 11.3 9.7 <0.001 RR 1.3 1116
Finnish

Male 134 141 9.99 9.82 >0.05 OR 1.00 0.95-1.06

Femde 131 128 9.58 9.28 >0.05 OR 1.02 0.95-1.10
ARIC 232 527 8.86 853 0.24 RR 1.28 0532
MRFIT 240 472 12.7 129 >0.05 OR 0.82 0.55-1.54
MCHES (Hcy inmg/dl)

NoCAD 272 524 0.146 0.152 0.35 RR 0.90 0.51-1.60

CAD 166 311 0.163 0.149 0.03 RR 2.23 1.03-4.85

Abbreviations: ECAP= European Concerted Action Project, ARIC = AtherosclerosisRisk In Community Study, MRFIT = Multiple Risk Factor
Intervention Trial, MCHES = Mobile Clinic Health Examination Survery, CAD = coronary artery disease, tHcy = total homocysteine, Cl = con-

fidenceinterval, RR =rdativerisk, OR = oddsratio.
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domized studies.®® Folic acid 0.5-5 mg/day lowered fasting
tHcy by 25% and cobalamine by 0.02—1 mg aday and provid-
ed an additional 7% decreasein fasting level s, while pyridox-
ine had no effect.88 The addition of other antioxidantssuch as
ascorbic acid, aphartocopherol, and beta-carotene does not
provide additional benefit.9 Fortification of food with folic
acid hasamodest effect, with449falic ugfolicacid/30 g of ce-
real and 665 pg folic acid/30 g ceredl loweringtHcy by 11 and
14%, respectively.”©

Current evidence indicates that |owering tHcy concentra
tionsimprovesclinica outcomes. In arandomized controlled
trial, adminigtration of 1 mgfolic acidin combinationwith 400
g coba amineand 10 mg pyridoxinefor 6 monthsreduced the
Hcy levels, decreased the rate and severity of restenosis after
angioplasty, and lowered the need for revascul arization.™> An
extension of thestudy to 1 year showed that these benefits per-
sisted despite discontinuing therapy at 6 months.”2 Neither
study showed a significant reduction in rate of nonfatal Ml,
cardiac death, and overall death.” 72

In those with known CAD, hyperhomocysteinemia por-
tendsaworse prognosiswith respect toincreased risk of fatal
M1.73-" There appearsto be agraded response, withincress-
ing Hey concentrations correl ating with increased risk of fatal
M1.73 In addition, hyperhomocysteinemiaat the time of pre-
sentation of an acute coronary syndromemay be predictive of
future cardiac events.”® 77 However, arecent open-label study
of two years duration callsinto question the effectiveness of
low-dosefolate (0.5 mg) therapy as secondary prevention for
thosewith stable CA D and statin-controlled hyperlipidemia.”®

Suggestionsfor Current Homocysteine Screeningand
Management

Screening for hyperhomocysteinemiashould belimited to
asdlect group of patientswho are considered at high risk for
hyperhomocysteinemial® (Table I11). The god is to lower
fasting tHcy to <11 umol/I.19 A cobalamine level with or
without amethylmal onic acid level should be obtained if the
Hcyis>15umoal/l or failsto correct with fol ate. Hyperhomo-
cysteinemia secondary to cobalamine deficiency cannot be
corrected by folic acid alone; rathey, it requiresthe addition of
cobalamine for complete correction aswell as prevention of
neurol ogical sequel ae. Oncethevitamin deficiency iscorrect-
ed, afasting tHcy should be rechecked and, if <till elevated,
should betreated with amultivitamin (MV1) containing 400
g folicacid given daily.10

If hyperhomocysteinemia is present without cobalamine
deficiency, then an MV 1 with 400 pg of folic acid long with
an additiona 800 pg of folic acid should begivendaily. After 1
to 2 months of therapy, afasting tHcy level should be drawn,
and if the patient is till not yet at goal, the folic acid dosage
should be doubled every 8 weeks until afasting serum tHcy
of <11 umal/l isachieved. Thetotal daily dose of folic acid
should belimitedto < 10 mg. If after 1to 2 monthsthe patient
has not reached goa , then cobal amine 400 g and pyridoxine
25-50 mg once aday can be administered. Supplementation

TaBLE Il Recommended screening for hyperhomocysteinemia

Coronary artery diseesewithout traditional risk factors

Premature coronary artery disease

Family history of premature coronary artery disease

Disease statesknownto elevatetHcy levels

Drugsknownto eevatetHcy levels

Part of hypercoagulablework-up for unexplained deep venous
thrombosis

Abbreviation: tHcy =total homocysteine.

with betaine, starting at 3 g twice aday, is experimentd and
has yielded conflicting results, but can be used in very high-
risk patients.” 8 Oncethe patient iswithin goa range, afast-
ingtHcy can berepeated on ayearly basis®

Conclusion

Hyperhomocysteinemia is an independent risk factor for
CAD. In patientsknown to have cardiovascular disease, high-
er tHey levels increase the risk for future events. Selective
screening for primary and secondary prevention should becon-
Sidered for high-risk patients. Homocysteine should be mea-
sured 8-12 weeks post MI dueto an acute phase reaction. To
avoid fasedevations, proper specimen handling isimportant.
Checking a cobalamine level before initiating therapy if the
tHcy is>15umoal/l or if thetHcy fail sto correct with falicacid
supplementation is recommended. Treatment of dl patients
with hyperhomocysteinemiaisrecommended, given that the
trestment isinexpensive, hasminimal to no sideeffectsat dos-
es< 10 mg/day, and can potentially have significant benefits
with regard to cardiovascular morbidity and mortdity.
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