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Abstract
Unstable angina and non-ST elevation myocardial infarction (NSTEMI) a e common acute coronary

events with serious clinical sequelae especially in the first 6 months after nset. This paper aims to
determine association of clinical risk factors with the outcomes of non-ST elev tion coronary events. One
hundred and twenty four Filipino subjects who were included in a randomized ontrolled trial on folic acid
supplementation had been interviewed and tested for blood homocystein levels and lipid profile.
Homocysteinemia at level >16 umolJli is associated with mortality (OR 3.71 [Cl: 1.51-9.15]. p=<O.001) and
composite outcomes (mortality, nonfatal reinfarction, and serious rehospitalizatio ) (OR 2.19 [Cl: 1.10-4.33],
p=O.025) as adjusted for conventional risk factors - smoking, diabetes, hypert sion, advanced age, and
dyslipidemia. No association was detected for the conventional risk factors. Of th other clinical parameters,
previous history of an acute coronary syndrome was associated with mortality ( R 2.49 [1.07-5.80], p=028)
and the composite outcomes (OR 2.27 [1.26-4.07] p=0.004), while previous str ke is associated only with
the composite outcomes (OR 2.18 [1.25-3.81], p=O.015). NSTEMI is also assocated with greater mortality
(OR 3.45 [el: 102-1,2.5], p=O.045) and adverse outcomes (OR 2.77 [el: .10-6.99], p=O.030) than
intermediate-risk unstable angina. Therefore, increased homocysteine level (>16 umollli) is associated with
mortality and serious nonfatal outcomes in unstable angina and non-ST elevatio myocardial infarction, and
this is independent of the conventional risk factors: Previous acute coronary syn rome, previous stroke and
the occurrence of NSTEMI significantly predict adverse outcomes.
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INTRODUCTION

Non-ST elevation acute coronary syndrome (NSTE-ACS) i consisted of non-ST

elevation myocardial infarction (NSTEMI) and unstable angina ( A). It belongs to the

spectrum of acute coronary syndromes (ACS) that implies pa ial occlusion of the

coronaries leading to ischemic events. These conditions are sig ificant indicators of

impending myocardial infarction that may be fatal or may require i tensive hospital care

(1). Unstable angina and NSTEMI have high recurrence rates for ACS and mortality 6

months after the event (2).



Specific conditions are already identified to be traditional ri k factors for coronary

artery disease, namely: smoking, diabetes, hypertension, advanced ge, and dyslipidemia.

Not including age, about four-fifths of participants with corona artery disease in 14

international randomized controlled trials have at least one of the r sk factors. Compared

to ST-elevation myocardial infarction (STEMI), only smoking as noted to be less

common in subjects with unstable angina or NSTEMI - with hype ension, diabetes and

hyperlipidemia being more common. Moreover, unstable angina nd NSTEMI subjects

were younger than those with STEML Obesity and family hist ry of coronary heart

disease account for about half of the remaining subjects who did n t have the other four

risk factors. This pattern was noted to persist in several geographi locations: North and

Central America, Europe, Middle East, Africa and Australasia (3). owever, no data was

provided for East or Southeast Asians. In addition, sex could lso be important in

prognostication of NSTE-ACS. In the CRUSADE study, female ex is associated with

the occurrence of insignificant coronary heart disease, with lower s bsequent mortality in

the affected subjects (4).

Homocysteinemia IS considered a risk factor for car iovascular diseases.

Extensive systematic reviews summarized the numerous clinical studies and found a

strong association of high homocysteine levels to coronary hea disease, stroke and

peripheral venous thrombosis - indicative of cardiovascular disei se (5-8). In patients

with unstable angina, a study showed that the blood homocyste ne levels are higher

compared to unaffected controls (9). Besides being a potential ri k factor for unstable

angina and NSTEMI, increased homocysteine level has been mplicated to poorer

outcomes and greater myocardial injury (10). In epidemiologic studi s, low homocysteine



level confers better long-term outcomes among patients with c ronary heart disease

(11,12).

Blood homocysteine level is affected by the presence f the traditional risk

factors. The Hordaland study, involving 7,053 subjects, showed t t homocysteine level

increased with advancing age, male sex, smoking, dyslipidemia, les physical activity and

increased blood pressure (13). In a recent prospective case-coh rt study, it was also

observed noted that smokers have higher homocysteine levels (1 ). In another study, a

positive association of homocysteinemia with hyperinsulinemi , was demonstrated,

indicating a possible connection to insulin resistance and diabetes ( 5).

Hence, if other risk factors are associated with horn cysteinemia, then a

confounder effect could be suspected if homocysteine could i deed predict clinical

outcomes. However, since the studies cited above are mainly cross-sectional, it is

difficult to determine jfthere is really an active interaction between omocysteine and the

other risk factors; or if there is an independent addition of clinica risk provided for by

homocysteinemia, even if the other risk factors significantly affect mocysteine levels.

Thus, the objectives of this study are: to determine the rol of homocysteinemia

and other cardiovascular risk factors as clinical predictors of compo ite adverse outcomes

(death, nonfatal acute coronary syndrome, serious rehospitalizat on) and of death in

subjects with NSTE-ACS, and to determine interactions amon significant clinical

predictors of the clinical outcomes of these subjects.



METHODS

Subject selection and randomization

From August, 2003 to September, 2006, subjects w th unstable angina

(intermediate- and high-risk) or NSTEMI with onset in the past 2 eeks were screened

for inclusion for the study Folate intervention in non-ST elevation iyocardial infarction

and unstable angina (FINEST), a randomized controlled trial on t e supplementation of

folic acid, vitamin B6 and vitamin B 12 for secondary prevention f clinical outcomes.

The subjects were recruited from 5 hospitals in the Philippines, na ely: Philippine Heart

Center (PHC), Philippine General Hospital (pGH), Quirino Mem rial Medical Center

(QM1v1C), Ospital ng Maynila Medical Center (OMMC), and ast Avenue Medical

Center (EAMC). The Ethical Review Board of the Research

Development Office of the University of the Philippines College f Medicine approved

the protocol and the informed consent All subjects were able to provide an informed

consent independently.

The exclusion criteria include the following: instability

(cardiogenic shock, ongoing chest pain, unresolved and new ons t end-organ damage,

and unstable congestive heart failure in the past 2 weeks), sig ificant liver disease

(classical signs and symptoms, or 3 times the upper limit of normal n liver enzymes, or a

deranged PT 15x normal), significant renal disease (with creatinine levels more than 180

umolldl or requiring dialysis), hemoglobin less than 1 g/dl, high ou put failure, could not

to provide adequate self care, malignancy or any terminal illnes , age <18 years old,

pregnancy, and living outside Metro Manila or the adjacent pro inces of Cavite and

Rizal. In lieu with the findings that folic acid supplementation in reases the rate of in-



stent restenosis, all patients with previous revascularization proc dures were excluded

from the study (16).

Upon signing the informed consent, the baseline chara eristics were taken

through an interview. Important features include age, sex, prese e of risk factors for

ACS (smoking, hypertension, diabetes, dyslipidemia with tot I cholesterol, LDL,

triglycerides levels, menopause and obesity as measured by BMI), and previous

cardiovascular events (ACS, cerebrovascular disease, and other acu e thrombotic events).

Dyslipidemia is defined as the presence of the following: total ch lesterol >] 90 mg/dl,

LDL > 160mg/dl or the use of cholesterol-lowering drug. Horn cysteine levels were

determined using Abbott IMx. Since no normative level is esta lished for Filipinos,

arbitrary cutoffs at 9.0 umol/li and at 16 umollli were used. The 90 umoI!1i is based on

the Hordaland study which demonstrated an increase risk for core ary artery disease at

9.0 umoIlli (17). The 16.0 umollli cutoff was based on a previous tudy involving post-

coronary event patients who showed significant increase in m rtality and recurrent

coronary event (18). Thus, those with <9 urnol/li will be designated s low level group; 9-

16 umoIlli, moderate level group; and> 16 umollli, high level group.

Outcomes

The study used 2 clinical endpoints: all-cause mortalit and the composite

outcome of all-cause mortality, nonfatal acute coronary sy drome and serious

rehospitalization up to 6 months after the subjects are included in th study.



Statistical analysis

Data were analyzed with appropriate tests usmg ver. 6.0 software

Quantitative comparisons were analyzed using ANDV A. Qualitatjve analysis used chi-

square test. Univariate analyses were done to determine comp ative risk. Log-rank

Kaplan-Meier probability tests were done to assess time-effect reiat onships.

RESULTS

One hundred and twenty-four subjects were included as pa of the control group

of the FINEST study. The treatment group was not included due to significant differences

in the composite outcomes. Only 111 out of 124 homocysteine res lts were available for

the study because of hemolysis of the blood samples. A second s pie was deemed not

be reliable because of the initiation offoiic acid intake.

according to the

the study. High

Table 1 summarized the characteristics of subjects

occurrence of death from all causes 6 months after inclusio

homocysteine level (> 16 umol/li) is a significant predictor of mo ality (OR 4.95 vs low

level group; OR 4.57 vs moderate level group). There was no sig ificant risk difference

between the low and moderate level groups. No significant diffe ence was detected for

the conventional risk factors: age, sex, diabetes mellitus, hyperte

dyslipidemia Previous history of an acute coronary syndrome is a ignificant predictor of

mortality (OR 2.49 [1.07-580], p=028). In univariate analysis,

confer a significant risk compared to intermediate-risk unstable an ina (OR 3.45 [Cl: 102-

12.5], p=O.045) (Table 2). Using multivariate analysis, homocy teine level remains a

significant predictor even if adjusted for the other conventional ris factors (Table 3).



Table 1. Characteristics of subjects according to all-cause mortal it
Characteristic Subjects who Subjects who p value

survived (n=89) died
(n=35)

Age
Mean, years (SO) 60.9 (12.8) 59.4 (12.5) 0.566

Male::.45, female::.55 85 10 0.231
Male <45, female <55 19 6

Sex 0.824
Male 60 11
Female 44 9

Diabetes mellitus 0.517
Yes 28 4
No 76 16

Hypertension 0.215
Yes 72 11
No 32 9

Smoking history 0.319
Yes 55 13

No 49 7
Oyslipidemia

I
0.917

Yes 30 6
No 74 14

Homocysteine levels * 0.004
<9 umol/l (low) 29 2
9-16 umolll (normal) 52 7
> 16 umol/l (high) 13 I 8

I IPrevious history of ACS I I 0.028
Yes 40 13
No 64 7

Previous stroke 0.855
Yes 14 3
No 90 17

Creatinine level 0.072
>130mmol/l 12 6
< 130 mmolll 77 14

Type of NSTE-ACS 0.078
NSTEMI 38 11
UA-HR 17 5
UA-IR 48 4

*limited to 111 valid homocysteine determinations

Table 2. Univariate analysis of selected parameters for
all-cause mortality
Parameter Univariate analysis

Odd ratio p value
Age 0.59 0.25-1.37) 0.231
Sex 0.91 0.41-2.04) 0.824
Diabetes mellitus 0.72 0.26-199} 0.517
Hypertension 0.60 0.27-134) 0.215
Smorong history 1.53 (065-3-57) 0.319
Oyslipidemia 1.05 0.44-2.51 0.917
Previous history of ACS 2.49 107-580 0.028
Stroke 1.11 0.36-3.39 0.855
Creatinine level 2.17 0.96-4.88 0.072
Homocysteine levels

High vs low 4.95 (1.50-16.33) 0.009
High vs moderate 4.57 (1.79-52.34) 0.008
Moderate vs low 1.95 (0.38-10.02) 0.423

Type of NSTE-ACS
UA-HR vs UA-IR 1.02 (0.31-3.38) 0.127
NSTEMI vs UA-IR 3.45 (1.02-12.5) 0.045
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Table 3. Multivariate analysis of homocysteine with other clinical
t for all rparame ers or a -cause morta Ity

Parameter
Odd ratio o value

Conventional risk factors
Homocysteine levels

._ ..

0.0043.71 (1.51-9.15)
Age 033(009·127) 0.108
Diabetes mellitus 1.06 (0.27-411) 0.937
Hypertension 0.58 0.18-1.83 0.351
Smoking history 1.56 0.45-5.45 0.487
Dyslipidemia 1.05 0.30-3.62 0.941
Significant parameters
Homocysteine levels
Qualitative 2.97 (1.24-714) 0.015

Previous history of ACS 3.20 (0.98-10.42) 0.054
Type of ACS 1.62 (0.82-3.18 0162

Table 4 summarized the characteristics of subjects strati led according to the

occurrence of an event (death, nonfatal ACS, serious rehospitaliz tion) 6 months after

inclusion to the study. Homocysteinemia is a significant predictor f an event (OR 3.79

vs low level group; OR 3.21 vs moderate level group) No significa t difference between

the low level and moderate level group is detected Similar to the ortality analysis, no

significant difference was detected for the conventional risk facto s: age, sex, diabetes

mellitus, hypertension, smoking history, dyslipidernia. Other signi cant predictors of the

composite events include previous history of ACS (OR 2.27 [1.2 -4.07] p=0004) and

previous stroke (OR 2.18 [l.25-3.81], p=O.OI5) (Table 5). Corn ared to the data on

mortality, previous ACS tends to predict an increased possibilit of both death and

nonfatal events, while previous stroke tends to predict more nonfa al events. Review of

the data showed that there is an increased in the number of both non atal ACS and serious

rehospitalization in patients with previous stroke, but there is no difference detected for

each event due to the smaller sample size There is no significant di erence in the events

among the NSTE-ACS types, but there is a trend towards more dverse outcomes in

high-risk angina and NSTEMI compared to intermediate-risk unst le angina (OR 2.77

[CI: 1.10-6.99], p=0.030).



The association of homocysteine levels to the composite ou co

by adjustments from the conventional risk factors. However, con side

previous stroke, previous ACS, or the type of NSTE-ACS, th

homocysteinemia to the outcomes becomes insignificant. These cliric

to increase with increased levels of homocysteine, but significant as OCl

establish probably because of inadequate sample size.

Table 4. Characteristics of subjects accordlnq to composite outcomes
Characteristic Subjects Subjects p valle

without with
outcome (n=89) .outcome

(n=35)
Age

Mean years (SO) 59.2 (10.8) 60.7 (11.1) 0.50
Male?:.45, female?:.55 74 25 0.14
Male <45, female <55 15 10

Sex 022(
Male 54 17
Female 35 18

Diabetes mellitus I . 0.16 I
Yes 26 6
No 63 29

Hypertension 0.50'
Yes 58 25
No 31 10

Smoking history 0.741
Yes 48 20

No 41 15
Oyslipidemia 0.41!

Yes 24 12
No 65 23

Homocysteine levels 0.04,
<9 umol/l (low) 25 6
9-16 umol/l (normal) 46 13
> 16 umol/l (high) 11 10

Previous history of ACS O.OO~
Yes 31 22
No 58 13

Previous stroke O.01t:
Yes 8 9
No 81 26

Creatinine level 0.685
>130mmol/1 12 6
< 130 mmol/l 65 26

Type of NSTE-ACS 0.086
NSTEMI 31 18
UA-HR 15 7
UA-IR 42 10

rnes is not affected

ring the effect of

e association of

al parameters tend

ation could not be
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Table 5. Univariate analysis of selected parameters for
composite outcomes
Parameter Univariate analvsis

Risk ratio p value
Age 0.63 0.35-1.14 0.143
Sex 0.71 0.40-1.23 0.220
Diabetes mellitus 0.59 0.27-1.30) 0167
Hvoertension 1.23 0.66-2.32 0.505
Smokino history 1.10(0.62-1.94 0.746
Dyslioidemia 1.28 0.71-2.28 0.419
Previous history of ACS 2.27 1.26-4.07 0.004
Stroke 2.18 1.25-3.81 0.015
Creatinine level 1.17 0.56-2.42 0.680
Homocysteine levels

High vs low 3.79 (1.10-13.04) 0.023
High vs moderate 3.21 (1.12-9.24) 0.030
Moderate vs low 1.17 (0.40-348) 0.781

Type of NSTE-ACS
NSTEMI vs UA-IR 2.77 (1.10-6.99) 0.030
UA-HR vs UA-IR 209 (0.67-6.55) 0.206
NSTEMI vs UA-HR 1.33 (0.46-3.84) 0.601

Table 6. Multivariate analysis of homocysteine with other clinical
parameters for composite endpoints

. Parameter
Odd ratio p value

Conventional risk factors
Homocysteine levels 2.19 1.10-4.33 0025
Age 0.41 0.14-1.21 0.108
Diabetes mellitus 0.69 0.23-2.07 0.937
Hypertension 1.47 0.54-4.03) 0.451
Smokinq history 1.20 (0.45-3.21) 0.487
Dyslipidemia 1.71 0.66-4.43 0.269

Significant parameters
Homocysteine

vs stroke 1.90 (0.99-3.67 0.054
vs previous history of ACS 1.82 (0.94-3.54 0.078
vs tvoe of NSTE-ACS 1.82 (0.94-3.54 0.076

DISCUSSION

Homocysteinemia is significantly associated with more adv er
In subjects with non-ST elevation myocardial infarction and un t

reliable predictor of mortality and serious nonfatal events 6 mOf:h

NSTE-ACS. This association is not affected by adjustments for co v

composed of age, diabetes mellitus, hypertension, smoking hisn

Increased homocysteine level has been noted in several studies it v

se clinical outcomes

able angina. It is a

s after the onset of

entional risk factors

ry and dyslipidemia.

olving patients with
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CAD proven by coronary angiography, and this association with C was also observed

to be independent of the other risk factors (19-23). A case co trol study in elderly

subjects stratified to age concluded that CAD is more stro gly associated with

homocysteine levels than age (24). However, in two of the above dies, the severity of

coronary vessel involvement is not associated with homocysteine I vels, implying that a

certain threshold exists that promotes rapid progression of atherosc erosis, and which the

incidence of outcomes suddenly increases after the threshold i reached (20,21). A

homocysteine level of 14 to 16 umol/li is either assigned or det rmined in the CAD-

proven patients, indicating that somewhere in this level the hypothe ical threshold exist.

In our study, the reliability of homocysteine as a predictor depends significantly

on blood levels (Figure 1). Low levels «9 umol/Ii) and moderate levels (9-16 umollli)

and did not vary in their association to the composite events an all-cause mortality.

However, levels >I 6 umol/li had a significantly higher mortality r te and more nonfatal

serious complications after 6 months. Furthermore, the events mai ly occur in the first 8

weeks suggesting that homocysteine could be a vascular toxin ith subacute effects.

Unfortunately, a causal role for homocysteine is not determinable by the study design,

and treatment of homocysteinemia is not justified especially in th face of inconclusive

evidence from homocysteine-lowering strategies. Nevertheless, ch predictability of

adverse outcomes in the presence of high blood homocysteine Ie Is could suggest the

possible use of homocysteine as a marker for high-risk patients. In ddition, since 19% of

the total NSTE-ACS sample has high homocysteine levels, homoc steine could serve to

predict a significant number of high-risk cases that need more a .gressive therapy and

monitoring.
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Figure 1. Survival and event-free probability of subjects stratified to h mocysteine levels. All
data were set at 27weeks after inclusion to the study. Subjects with hi h homocysteine levels
(>16 urnol/li, red line) had a lower survival (left. p=O.0018) and eve -free probability (right.
p=O.024) than those with moderate (9-16 umol/li. green line) and low «9 mol/li, violet line) levels
of homocysteine. There is no significant difference between m erate and low level
homocysteinemia.

None of the conventional risk factors was noted significant y to predict death or

the composite endpoints. Many studies showed that most conventio al risk factors do not

predict clinical outcomes. However, age has been consistent! noted as a major

determinant. For example, in the GRACE study, involving 17,142 patients with various

ACS, age and a previous history of myocardial infarction are con idered as significant

predictors of mortality (25). It estimated that odds ratio increases y 70% for every 10-

year increment in age. Furthermore, in the PURSUIT trial, age was found to be the most

important determinant of mortality in NSTE-ACS, and the only co ventional risk factor

detected as such (2). In the CRUSADE study, involving 38,301 P tients, a subgroup of

NSTE-ACS without significant CAD «50% stenosis) was identi led in about 9% of

NSTE-ACS population. These patients have significantly lesser in-hospital mortality

(0.65% vs. 2.36% in those with significant CAD). In addition to se , the other important

predictors of insignificant CAD include younger age and lack of cu ent smoking history

(4). For this study, it is speculated that the sample size is ina equate to detect the

1')



significance of age. Furthermore, the association of age to adver e outcomes could be

blunted in NSTE-ACS, particularly in unstable angina. Indeed, the significance of age as

a predictor in the PURSUIT study was found to be lesser in unstabl angina compared to

STEMI or NSTEMI, which is relevant considering that majority 0 the FINEST subjects

had unstable angina.

The significant relationship of previous ACS and type f NSTE-ACS to the

composite outcomes is likely to be related to the degree of myoc dial necrosis. In the

PURSUIT study, the type of ACS has been the most important dete inant of subsequent

nonfatal ACS - more common in NSTEMl than unstable angin (2), - while in the

GRACE study, previous myocardial infarction significantly predict mortality. Moreover,

increased CK-J\1B level has also been demonstrated to be a strong predictor of

subsequent mortality and morbidity (25). In effect, homocystei e causes progresslve

injury which is less tolerated in the presence of more extensive yocardial damage. In

addition, in lieu of the stronger association of homocysteine toortality than nonfatal

events, it seems that homocysteine-induced injury involves larger coronary vessels that

are more fatal than the more peripheral and smaller vessels.

Previous history of stroke was found to be a determinant 0 nonfatal events, but

not mortality. This could imply that such condition may be ore associated with

progressive, diffuse vascular disease that is less fatal compared t those affected with

cardiac involvement alone. In a stratified analysis done in the FINEST study, the

subgroup with previous stroke respond better to folic acid treatme in the prevention of

nonfatal events compared to the subgroup without previous stroke (unpublished). Thus,

this suggest that a different mechanism for vascular occlusion is in effect for the portion

of patients with stroke, and this mechanism may involve the smaller vessels.



In conclusion, high homocysteine levels (> 16 umol/li) is a si nificant predictor of

adverse events in patients with NSTE-ACS. This relationship rema ns significant even if

adjusted for the conventional cardiovascular risk factors. No conv ntional risk factor is

observed to be predictive of adverse outcomes. Previous stro is associated with

subsequent nonfatal events, and previous history of ACS and N TEMI, indicators of

greater myocardial damage, are significant determinants of adverse
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