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Abstract
Increased blood homocysteine level is a risk factor for unstable angina and non-ST elevation myocardial

infarction (NSTEMI). This study seek to determine the effect of conventional cardiova cular risk factors - smoking,
diabetes, hypertension, advanced age, and dyslipidemia - on homocysteine levels of atients with unstable angina
and non-ST elevation myocardial infarction (NSTEMI). Data were taken from 219 pati nts with unstable angina and
non-ST elevation myocardiai infarction (NSTEMi) in the past 2 weeks who we e included in a folic acid
supplementation trial. Baseline homocysteine level was positively correlated with a e (p=O.008) and significant
smoking history, both current and past (p=O.028), but negatively correlated with body ass index (BMI) (p=<O.001).
However, there was no significant correlation detected between the risk factors and hi h homocysteine levels (>16
umol/li). No significant association was detected with diabetes mellitus, hypertensi n, dyslipidemia and sex. In
conclusion, advanced age and smoking are associated with increased homocysteine I vels, and BMI is associated
with decreased homocysteine levels, in patients with unstable angina and NSTEMI.
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INTRODUCTION

Non-ST elevation myocardial infarction (NSTEMI) and unstable angina (UA) belongs to

the spectrum of acute coronary syndromes (ACS) that implies partial oce usion of the coronaries

leading to ischemic events. These conditions are significant indicators 0 impending myocardial

infarction that may be fatal or may require intensive hospital care (1 . Unstable angina and

NSTEMI also have high recurrence rates for ACS and mortality 6 months after the event (2). This

makes research in the assessment of its risk factors imperative so that moni oring and control could

be optimized.

Specific conditions are already identified to be traditional risk fac ors for coronary artery

disease, namely: smoking, diabetes, hypertension, advanced age, and dysli idemia. Though several

epidemiologic studies have been done to determine the risk factor pr ile of coronary artery

subjects, studies on unstable angina and NSTEMI has been scarce In pa ients with ACS, about



four-fifths had at least one of the risk factors. Compared to ST-elevati n myocardial infarction,

only smoking was noted to be less common in subjects with unsta le angina or NSTEMI.

Moreover, unstable angina and NSTEMI subjects had a lower age than th se with STEMI. Obesity

and family history of coronary heart disease account for about half of the remaining subjects with

none of the other five risk factors. This pattern was noted to persist in seve al geographic locations:

North and Central America, Europe, Middle East, Africa and Australasi (3). In addition, in the

CRUSADE study, younger age and lack of smoking history were noted be associated with the

occurrence of insignificant coronary heart disease, and of lesser subsequ nt mortality, in patients

with NSTE-ACS (4).

Increased plasma homocysteine has been recently recognized a another risk factor for

cardiovascular diseases. A study showed that the blood homocysteine lev Is are higher in patients

with unstable angina (5). Besides being a potential risk factor for unstab e angina and NSTEMI,

increased homocysteine level has been implicated to poorer outcomes and greater myocardial

injury (6). Moreover, low homocysteine level confers better long-term 0 tcomes among patients

with coronary heart disease (7, 8)

Studies have shown that a blood homocysteine level is affected by the presence of the

traditional risk factors. Age was found to be positively correlated with bl od homocysteine levels

(9,10). A positive association with insulin resistance syndrome was so noted (11). In the

Framingham Offspring study, smoking and hypertension increases with h mocysteine levels (10)

The Hordaland study, involving 7,053 subjects, showed that homocyste ne level increase with

advancing age, male sex, smoking, dyslipidemia, less physical activit and increasing blood

pressure (12). However, recent studies noted that homocysteine level see s to be more correlated

to coronary artery disease than the conventional risk factors of coronary art ry disease (CAD)- age,



diabetes mellitus, smoking, hypertension and dyslipidemia. In a study 0 elderly, homocysteine

level was more correlated with CAD than to age (13). In a study in Thail nd among 301 men and

women with suspected CAD, homocysteine is significantly associated ith angiography-proven

CAD, and the correlation persist even after adjusting for age, sex, diabete mellitus, hypertension,

hyperlipidemia, and smoking (14). Hence, a dilemma presents if homocy teine is affected by the

risk factors. This warrants further data to determine the relationship f homocysteine to the

conventional risk factors. Furthermore, no study has been known on NS

with regards to this relationship.

Thus, the objective of this study is to determine the effect of the t aditional risk factors on

the blood homocysteine levels on patients with intermediate- and high-ri k unstable angina, and

NSTEMI. The results would be potentially helpful especially in the as essment of the role of

homocysteine in CAD as a possibly modifiable risk factor.

METHODS

Subject selection and randomization

From August, 2003 to September, 2006, subjects with unstable a gina (intermediate- and

high-risk) or NSTEMI with onset in the past 2 weeks were screened for inclusion for the study

Folate intervention in non-ST elevation myocardial infarction and unsta Ie angina (FINEST), a

randomized controlled trial on the supplementation of folic acid, vitamin 6 and vitamin B 12 for

secondary prevention of clinical outcomes. The subjects were recruited om 5 hospitals in the

Philippines, namely: Philippine Heart Center (PRC), Philippine General ospital (PGR), Quirino

Memorial Medical Center (QMMC), Ospital ng Maynila Medical Cen er (OMMC), and East

Avenue Medical Center (EAMC). The Ethical Review Board of the Rese ch Implementation and

Development Office of the University of the Philippines College of edicine approved the



protocol and the informed consent. All subjects were able to provid an informed consent

independently.

The exclusion criteria include the following: hemodynamic instab lity (cardiogenic shock,

ongoing chest pain, unresolved and new onset end-organ damage, and u stable congestive heart

failure in the past 2 weeks), significant liver disease (classical signs and s mptoms, or 3 times the

upper limit of normal in liver enzymes, or a deranged PT 1.5x normal), ignificant renal disease

(with creatinine levels more than 180 umolldl or requiring dialysis), hem globin less than 1 g/dl,

high output failure, could not to provide adequate self care, malignancy or ny terminal illness, age

<18 years old, pregnancy, and living outside Metro Manila or the adjacent provinces of Cavite and

Rizal. In lieu with the findings that folic acid supplementation increa es the rate of in-stent

restenosis, all patients with previous revascularization procedures were eluded from the study

(15).

Upon signing the informed consent, the basel ine characteristics ere taken through an

interview. Important features include age, sex, and presence of othe risk factors for ACS

(smoking, diabetes mellitus, dyslipidernia with total cholesterol, LD , triglycerides levels,

menopause and obesity as measured by BMI). Dyslipidernia is defined as the presence of the

following: total cholesterol >190 mg/dl, LDL >160mgldl or the use of ch lesteroI-Iowering drug.

Significant smoking is defined as >20 pack years of cigarette use. Pre ious smoking denotes

discontinuation of smoking in at least 1 month prior to onset of prese NSTEMI or unstable

angina. Homocysteine levels were determined using Abbott llv1x. Since no normative level is

established for Filipinos, arbitrary cutoffs at 9.0 umollli and at 16 umo i were used. The 9.0

umol/li is based on the Hordaland study which demonstrated an increase isk for coronary artery

disease at 9.0 umollli (12). The 16.0 umollli cutoff was based on a previo s study involving post-



Data were analyzed with appropriate tests using STATA ver. 60 software. Descriptive

coronary event patients who showed significant increase in mortality and ecurrent coronary event

(16). Thus, those with <9 umol/li will be designated as low level group; 9-16 umoI/li, moderate

level group; and> 16 umol/li, high level group.

Statistical analysis

statistics were done to discuss the risk factor profiles, ANOVA for para etric test for means, chi

square test for parametric comparison of proportions, and Kruskal-Walli test for nonparametric

comparison of means and proportions. Scatter plots and Pearson correlati tests were constructed

to demonstrate significant relationships with homocysteine levels.

RESULTS

Subject characteristics

Two hundred and forty subjects were assessed for the FINEST s dy. However, only 219

homocysteine results were available for the study because of hemolysis f the blood samples. A

"-intake. The risk factor . i!-~j
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second sample would not be reliable because of the initiation of folic aci
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profile is presented in Table 1. Only 192 data for Blvll js available since s

unable to weigh themselves. In order to prevent significant deviation that results to lack of

normality and homogeneity, a subject with homocysteine level of 159.5 mol/li is removed from

analysis involving means of homocysteine level. However, the subject is included in categorical

studies of homocysteine levels, as well as in the descriptive studies.



Table 1. Risk factor profile of subjects included in the study
Characteristics n=219
Age

in years, mean (SO) 59.2 (10.1)
male >45, female >55 (%) 173 (79.0)

Sex (% male) 128 (58.4)
Diabetes mellitus (%) 50 (22.8)
Hypertension (%) 143 (63.5)
Smoking history (%)

Nonsmokers 93 (42.5)
Ex-smokers 93 (42.5)
Occasional smokers 10 (4.6)
Current smokers 23 (10.5)

Dyslipidemia (%) 69 (31.1)
Body Mass Index"

mean (SO) 24.2 (4.3)
<18 10 (5.2)
18-23 (%) 69 (35.9)
23.1-30 (%) 101 (52.6)
>30 (%) 12 (6.3)

Menopause (%)t 81 (88.0)
Homocysteine levelsr

umolJl, mean (SO) 12.8 (11.3)
<9 umolJl 62 (28.3)
9-16 umoilli 121 (55.3)

I >16 urnol/li 36 (16.4)
·192 data for BMI
t For female subjects only
:j: If subject with skewed levels is (159.5 umollli) not considered, mean is 12.1 (5.25)

The mean age is 59.2±lO years, with 79% in the risk group ( ale >45, female >55).

Typically, majority of the subjects were males, hypertensive, and for m st women, menopausal.

Only 11.2% were currently smoking, but 42.5% were ex-smokers, indjcating that most of the

subjects have significant smoking history. The mean homocysteine level i 12.8 umol/li. Majority

of the subjects (55.3%) have moderate homocysteinernia. Thirty-six subj cts (164%) were found

to have high homocysteine level (> 16 umol/li).

Association of homocysteine to risk factors

Increased mean homocysteine levels were found to be asso iated significantly with

advanced age, increased use of tobacco, and decreased body mass index (Table 2) However, in

stratified analysis of homocysteine levels, the significance was lesser. his could be due to 2



levels.

reasons: the smaller samples in the non-risk group, and the inclusion of tl e outlier, who is a non-

risk 42-year old. Nevertheless, the trend persisted that suggest association of age to homocysteme

Table 2. Effects of traditional risk factors to blood homocysteine levels
Homocysteine levels" Homocysteim categories,

Traditional risk factor frequency ( ~ per row)
Mean, p <9 9-16 >16 P
umoilli value mmoilli mmoilli mmollii value

Age 0.006t 0.088
Male >45, female >55 12.41 (4.88) 43 (25) 100 (58) 30 (1"1)
No 11.08 (6.43) 19 (41) 21 (46) 6 (13)

Sex 0.380 0.280
Male 12.40 (5.48) 31 (24) 75 (59) 22 (17)
Female 11.76 (4.92) 31 (34) 46 (51) 14 (15)

Diabetes mellitus 0.531 0.731
Yes 11.72 (4.55) 16 (32) 25 (50) 9 (18)
No 12.25 (5.45) 46 (27) 96 (57) 27 (16) --

Hypertension 0.737 0.472
Yes 12.05 (5.32) 39 (27) 83 (58) 21 (15)
No 12.30 (5.15) 23 (30) 38 (50) 15 (20)

Smoking history 0.012 0.028
Yes 12.77 (5.56) 24 (21) 70 (60) 22 (19)
No 11.42 (4.81) 38 (36) 51 (50) 14 (14)

Dyslipidemia 0.218 0.290
Yes 12.79 (5.04) 15 (22) 39 (57) 14 (21)
No 11.84 (5.33) 47 (31) 82 (54) 22 (15)

Body Mass Index 0.003 <0.001
<18 19.03 (7.31)* 1 (10) 2 (20) 7 [TO)
18-23 (%) 12.49 (5.15) 18 (26) 38 (55) 13 (19)
23.1-30 (%) 13.10 (15.55) 31 (31) 57 (56) 13 (13)I >30 (%) 9.73 (2.67) , 5 (42)' 7 (58)' 0(0)

Menopause 0.179 0.189

I
Yes

I
11.84 (4.70)

I I
26 (32) 43 (53) 12 (15)

No 10.50 (5.37) 6 (54) 3 (27) 2 (18)
• tests performed without one outlier variable (Hey - 159.5 umollli)
t nonparametrie (Kruskal-Wallis)

Age and homocysteine

Homocysteine level was found to correlated positively with age ( ig. 1). This relationship

1S more evident in the lower levels «16 umol per liter). Of the subjects with high homocysteine

levels, only 4 out of 36 (11%) of them belong to the non-risk age g oup. Extremely high

homocysteine levels (>30 umollli) is noted in 2 out of 4 subjects in the non risk age group.
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Figure 1. Graphs show plots of homocysteine levels versus the age of subjects. The e is a significant positive
correlation of age and homocysteine levels (left; R=0.250; p=<O.001). This association is more evident in low and
moderate homocysteine level (middle; R=O.228; p=O.002) than in the high homocyst ine level (right; R=O.087;
p=O.618).

Smoking and homocysteine

Homocysteine level is lower in nonsmokers than smokers (Fig. ~). This is evident in low

homocysteine levels showing that levels of <10 umol/li is more cc mmon in nonsmokers.

Moreover, there seems to be a higher number of cases of high homocystei e levels in smokers, but

significance is not detected due to sample size limitations. Homocysteine levels are comparable

between current and previous smokers, with a trend towards higher homocysteine levels compared

to nonsmokers (Table 3).

Body mass index and homocysteine

Homocysteine level is inversely correlated with body mass index (Fig. 3). This

relationship seems to involved both in low and high levels of homocy steine, but significance

may not be evident due to lack in sample size. Most of the high homocysteine levels has a BJ\1I

of 12 to 30, including the outlier (BMI=24.3) No obese subjects had a homocysteine level >16

umol/li. About 61% of the subjects either had normal or low BW. Extremely high homocysteine

levels (>30 umol/li) occurs only in BJ\1I <25.
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Figure 2. Graphs show plots of homocysteine levels versus the smoking history f subjects. Upper graphs
compare significant smokers (1) and nonsmokers (2), while iower graph further subgrou ed smokers to current (1)
and previous (2) with the nonsmokers (3). There is a significant positive correlation of S oking and homocysteine
levels in the low and moderate homocysteine levels (upper middle; R=0.272; p=<0.001 . This association is less
evident in the high homocysteine levels (upper right; R=O.056; p=O.750) showing an overall trend (upper left;
R=O.129; p=O.057). There is a trend of higher homocysteine levels in both current and pr vious smokers (lower left;
R=0.116; p=O.089). This is more evident in low to moderate homocysteine levels (lower iddle; R= 0.142; p=0.056)
than in high homocysteine levels (lower right; R=O.161; p=0.356).
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Homocysteine !eve!s'" Homocysteine categories,
Smoking history frequency (0 per row)

Mean, p <9 9-16 >16 P
umolili value mmollli mmol/l! mmolni value

Table 3. Homocysteine levels according to smoking history

Previous, mean (SO) 12.78 (4.91) 19 56 18
0.124

Current, mean (SO) 12.75 (7.90) 5 14 4

0.163

Insignificant, mean (SO) 11.42 (4.81) 62 121 36

Q
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Figure 3. Graphs show plots of homocysteine levels versus the 8MI of subjects. Ther is a significant negative
correlation of 8MI and homocysteine levels (left; R=-O.247; p=O.001). This association is not evident in low and
moderate homocysteine level (middle; R=-O.121; p=O.128) than in the high homocyste ne level (right: R=-O.093;
p=O.614).

DISCUSSION

The study found that a blood homocysteine level is associated wit age, cigarette smoking

and body mass index (BMI) of survivors of non-ST elevation myocardial infarction and unstable

angina The increase in homocysteine levels with age could be due to the d generative loss of renal

function (17,18) or the greater prevalence of blood folate deficiency in t e elderly (19,20). This

has 2 important implications. First, since homocysteine is more common in the elderly, selective

homocysteine determination to select at-risk patients should prioritize the . In a separate analysis

of the FINEST data, homocysteine was noted to be a significant predictor of mortality and serious

outcomes in unstable angina and NSTEMI (unpublished). Second, s lective intervention in

homocysteine modification should focus on subsets with more advanced age. However, both of

these implications work mainly in the assumption that an effective t atment exist to lower

homocysteine-induced adverse outcomes, which is inconclusive at the t me of this report (21).

Moreover, the FINEST data demonstrated a trend towards harm with the u e of folic acid, a potent

homocysteine lowering agent, in unstable angina and NSTEMI.



Extremely high levels ofhomocysteinemia are noted in subjects Ie s than 50 years old. This

subset of patients could have genetic variations associated with pro lems in homocysteine

metabolism. However, the subjects had not been genetically tested before t ey died.

Tobacco use was associated with increased homocysteine lev Is. This was observed

previously in subjects with cardiovascular disease and also in seemingl healthy adults (22,23).

Both smoking and homocysteinemia are considered as independent risk fa tors for coronary artery

disease (CAD) (24,25). Thus, the causative effect of smoking on homoc steinemia could explain

the synergistic effect of homocysteine and smoking in individuals with c rdiovascular disease, as

implied in the findings of another study (26). It is speculated that smokin and homocysteine had

significant overlap in their mechanisms of vascular injury - endotheli I dysfunction, smooth

muscle cell proliferation, etc. - that result to facilitation of the effects of ea h other.

Smoking cessation does not lower homocysteine levels compared to significant smokers.

This was also observed in smokers who ceased smoking for 10-11 weeks (27). However, another

study observed a mean 11.6% reduction in homocysteine levels in healthy smokers (36

cigarettes/day) if they discontinued smoking (28). Considering that the FINEST subsample of

smokers were older and had longer smoking history, it might be that h iocysteinernia is more

difficult to lower by mere cessation in these subjects. Moreover, a selec ion bias is likely since

several of these subjects discontinued smoking after a previous acute co onary event, which, by

itself, is significantly associated with high homocysteine levels.

For BMI, a number of studies had recorded similar negative correl ion with homocysteine

level (9,29) BM! is a risk factor for CAD independent of other conve tional risk factor (30).

Despite the negative correlation to body mass, a high homocysteine level is still associated with

CAD in both obese and non-obese patients (31), suggesting additional ri k independent of BM!

1 1



In summary, homocysteine level is positively associated with age, moking and low BMI in

status. Since homocysteine is a possible risk factor for mortality and serio s outcome in the first 6

months after a non-ST coronary event, the negative relationship with BMI could explain the lesser

outcomes noted in obese subjects compared to nonobese ones after an a ute coronary syndrome.

This effect was called the obesity paradox (32). Nevertheless, contrary t the above observation,

positive correlation was also recorded between body mass and homocystei e (33, 34). These need

to be validated in subsequent studies. For this study, about 13% of th subjects have no BMI

records. A systematic selection bias could exist since the less active subje ts may not be included;

and that will miss out those with higher homocysteine levels or BMI.

subjects with NSTEMI and unstable angina in subjects. No significant as ociation was noted with

diabetes mellitus, hypertension, dyslipidemia and sex. However, a larger sample size is

recommended to establish association of these factors to high levels of ho ocysteine The findings

imply that the potential detrimental effect of age and smoking could be nhanced by consequent

higher homocysteine levels. Because of the lack for evidence to sup ort an effective direct

pharmaceutical treatment in homocysteine lowering, controlling modifia le risk factors, such as

smoking, may have an impact to control the risk due to elevated homocy teine levels. Also, these

findings may also serve to predict conditions associated with homocystein mia, and select patients

at-risk and who may require more aggressive interventions.
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