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Summary
Objective: To determine the occurrence of association between homocysteine, folate, or vitamin B12 plasma levels and 
acute coronary syndrome in Colombian patients.

Methods: Case control study: cases were 50 patients with acute coronary syndrome and controls were 50 
outpatients without coronary syndrome. Homocysteine, folate and vitamin B12 levels were determined by means 
of chemiluminescence immunoassay. Cholesterol and lipoproteins, triglycerides, BUN, creatinine, hemoglobin and 
hematocrit were also measured.

Results: Mean homocysteine plasma concentrations were significantly different between cases (12.4 µmol/l ± 6.0) and 
controls (9.7 µmol/l ± 2.4), p=0.01. The folic acid levels of the cases were lower than those of the control patients 
(10.5 ng/ml ± 3.5 vs 12.6 ng/ml ± 3.6, respectively, p=0.01). An inverse relationship was found between folate and 
homocysteine levels. No relationship was observed between vitamin B12 levels and homocysteine levels. There was a 
significant difference in triglyceride levels between case and control groups (136.91 ± 67.27 vs 174.3 ± 77.6, respectively, 
p=0.01). The odds ratio for hyperhomocysteinemia in acute coronary syndrome was 4.45 (95% confidence interval: 1.5 
- 13.3).

Conclusion: The present study found a significant association between homocysteine levels and acute coronary syndrome 
in Colombian patients, similarly to the European and North American populations. There was a negative correlation 
between homocysteine plasma levels and folate levels. No association between plasmatic levels of homocysteine and 
those of vitamin B12 was observed. (Arq Bras Cardiol 2007;89(2):71-76)
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Introduction
Cardiovascular diseases are the major cause of morbidity 

and mortality worldwide and are the second cause of death 
in Colombia1. Obesity, hypercholesterolemia, smoking and 
hypertension have been recognized as major risk factors for 
cardiovascular diseases; however, they do not fully explain the 
pathogenesis and causality of these diseases. A new class of 
emerging risk factor for cardiovascular diseases is homocysteine 
plasma levels2. Homocysteine is a sulphur-containing amino 
acid that results as an intermediary product of the methionine 
degradation pathway. Life style and genetic defects such as 
folic acid and vitamin B12 or B6 deficiencies can play a role as 
cofactors that increase homocysteine levels. Some studies have 
shown that up to 10% of coronary events can be attributed 
to the increase in homocysteine levels3. Additional studies 
have shown a negative correlation between homocysteine 
levels and folic acid and vitamin B12 and B6 plasma levels4-

5. Thus, hyperhomocysteinemia is a new cardiovascular risk 
factor that could be modified by reducing homocysteine 

intake or by supplementing the diet with vitamin B12 or B66.
Hyperhomocysteinemia can be present as a cardiovascular 
risk factor or not, depending on the geographic population 
studied; thus, the increased risk due to hyperhomocysteinemia 
seems to be different in Indians as compared to europeans7.
There are few studies about this relationship in latin-american 
populations; therefore, this study aims to determine the 
occurrence of association between homocystinemia and acute 
coronary syndrome in colombian patients.

Methods
General study design - We compared 50 patients with 

acute coronary syndrome - 31 males and 19 females - patients 
with acute coronary syndrome (cases), to 50 individuals - 25 
males  and 25 females - with similar age (between 18 and 
60 years) and body mass index (BMI). The case control ratio 
was 1:1. For sample size calculation, the study was based 
on the estimate that 50 patients would be required for a 
5% significance level with 80% power and an estimated OR 
difference of 1.5. Comparisons involved homocysteine, folic 
acid, and vitamin B12 plasma levels in all 100 subjects. Cases 
were recruited among patients admitted to the emergency 
room of the University Hospital San Juan de Dios in Armenia 
city, with unstable or stable angina or with symptoms of acute 
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myocardial infarction with or without electrocardiographic 
signs of elevated ST segment. Patients out of the age range or 
with history of coronary heart disease resulting from the use 
of drugs such as carbamazepine, amphetamines, estrogens, 
or from cocaine consumption, or who were under current 
or chronic use of certain drugs that influence homocysteine 
levels, such as methotrexate, trimethoprim, cholestyramine 
and cyclosporine were excluded. Patients with chronic or 
acute renal insufficiency, diabetes mellitus, hypothyroidism, 
and other forms of atherosclerosis or chronic heart failure were 
also excluded. Controls were subjects treated in the outpatient 
clinic of the Hospital, who had no cardiovascular disease or 
other chronic diseases such as renal failure. The same exclusion 
criteria for the cases were also applied to the control subjects. 
All subjects were from Colombia; the colombian population 
stems mostly from a mixture of europeans (caucasoids), 
africans (negroids) and amerindians (mongoloids)8. The city 
of Armenia is geographically located between the central and 
eastern branches of the Andean mountains. The population 
of Armenia (600,000 inhabitants) belongs to the self-called 
“paisa community”8. In this population the mixture of 
negroid and amerindian populations has been documented 
to be low8-11. Jimenez et al12 have estimated ancestral racial 
components in the “paisa community” at 85% caucasian and 
15% amerindian. 

Laboratory assays - Venous blood samples from the 
cases were obtained at baseline from eight to twelve hours 
after symptom presentation and before the beginning of 
thrombolysis or anticoagulant treatment, and transferred 
into EDTA-coated tubes (Becton Dickinson). Plasma was 
immediately obtained by centrifugation at 4°C, for 15 minutes 
at 3000 rpm. Aliquots of plasma were stored for batch analysis 
at 20°C within 1 hour of sampling. In the controls, samples 
were obtained after an overnight 12-hour fast.

Plasma levels of homocysteine, vitamin B12 and folic acid 
were assayed by the Immulite analyzer (Diagnostic Products 
Corporation, Los Angeles, California) which is a bench top 
immunoassay analyzer, with continuous random-access 
capabilities, that uses enzyme-amplified chemiluminescence 
chemistry for antibody or antigen detection. Analysis was 
performed according to the manufacturers’ protocols. 
Normal range of homocysteine levels was 5-15 µmol/l, 
hyperhomocysteinemia was considered mild if values were 
between 15.1 to 30 µmol/l, moderate between 30.1 to 100 
µmol/L and severe if > 100 µmol/l. Folic acid levels were 
considered normal between 6 to17 ngr/ml, and those of 
vitamin B12 were considered normal between 187 to 900 pgr/
ml13. Additional laboratory assays were glycemia and lipids. 

Definition of variables - Hypertension was defined as a 
systolic blood pressure above 140 mm Hg and diastolic blood 
pressure above 90 mm Hg; sedentary life style was defined as 
less than three days of exercise per week, and smoking status 
denoted at least one cigarette per month. Hypercholesterolemia 
was defined as cholesterol > 200 mg/dl.

Statistical analysis - For the examination of risk factors for 
acute coronary syndrome (cases) the data were examined 
with univariate analysis. The mean and standard deviation 
(SD) and median of homocysteine, lipid profile, folic acid, 
and vitamin B12 levels of the different groups were measured. 

When appropriate, multivariate analysis adjusted for potential 
confounders (current smoking daily or most days; age; and 
coffee, tea and alcohol intake) was performed. For variables 
with normal distribution the Student’s t test for unpaired values 
was performed to compare the continuous variables between 
the groups. For variables with non-normal distribution the 
Mann-Whitney test was performed. The Chi-square test was 
performed to calculate the differences in discrete variables 
between the groups, and the odds ratio with a 95% confidence 
interval was also calculated. Correlation between continuous 
variables was analyzed by regression analysis using the SPSS 
software version 12.

Ethical considerations - The study was revised and approved 
by the Institutional Review Board (Ethics Committee) of the 
University of Quindio and an informed consent was signed by 
the subjects who agreed to participate in the study. 

Results
Baseline characteristics of the study participants - The 

general characteristics of the study population are shown in 
Table 1. Age, gender and BMI were not significantly different 
between the groups (all p>0.05). The etiologic diagnosis of 
the acute coronary syndrome for the cases shows that most of 
the cases had unstable angina. Major cardiovascular risk factors 
such as hypertension, smoking status, sedentary life stile, and 
a positive family history for hypertension or cardiovascular 
disease were more prevalent in the cases than in the controls, 
p<0.05 for all risk factors. 

Biochemical markers - Results of glycemia, lipid and 
creatinine levels in both groups are shown in Figure 1. Mean 
levels of total cholesterol and low-density lipoproteins (LDL) 
were higher in the cases and lower in the controls but without 
a statistically significant difference. High-density lipoprotein 
(HDL) levels were lower in cases compared to controls, but 
this difference was not statistically significant either. It is 
noteworthy that triglyceride levels were significantly higher in 
controls (p = 0.02). The levels of other markers such as very-
low-density lipoproteins (VLDL), glycemia and creatinine were 
not significantly different between cases and control patients. 
No positive correlation was observed between cholesterol and 
homocysteine levels, either in the case group or in the control 
group. Similar findings were obtained when LDL, HDL, VLDL 
and triglyceride levels were correlated. 

Homocysteine, folic acid and vitamin B12 levels in cases 
and controls - The mean levels of homocysteine, folic acid 
and vitamin B12 in cases and controls are shown in Table 2. 
Homocysteine levels in controls were within normal limits 
(9.7 µmol/l ± 2.4) but were higher in cases (12.4 µmol/l ± 
6.0). The differences in mean homocysteine levels between 
cases and controls were statistically significant (p=0.004). For 
distribution of homocysteine levels, the normal range (1-15 
µmol/l) was found in 80% of cases and 98% of controls. The 
upper range of homocysteine levels (>15 µmol/l) was found 
in 20% of cases and in 2% of controls. Levels higher than 20 
µmol/l were found in cases but not in controls (Figure 2).

Patients in the case group had lower levels of folic acid in 
a statistically significant manner, in comparison with control 
levels. Only 8% of the controls had low levels of folic acid, 
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Table 1- Baseline characteristics of the study population and prevalence of cardiovascular risk factors

Variable Cases
n = 50

Controls
n = 50 p

Age (years)

Total 52.2 ± 6.9 49.6 ± 9.8 0.739

Males 50.86 ± 7.03 48.12 ± 10.2 0.116

Females 54 ± 6.57 51.16 ± 9.28 0.276

Body mass index (Kg/m2) 25.1 ± 4.5 25.5 ± 4.6 0.322

Glycemia (mg/dl) 87 ± 34.6 76 ± 35.8 0.1

Creatinine (mg/dl) 0.8 ± 0.2 0.8 ± 0.2 0.2

Risk factor

Hypertension (%) 60 4.0 0.001

Hypercholesterolemia (%) 26 6.0 0.006

Sedentary life style (%) 36 16 0.02

FHCD (%) 66 30 0.002

FHH (%) 56 30 0.045

p - level of statistical significance; FHCD - family history for coronary disease; FHH - family history for hypertension.

Table 2 - Levels of homocysteine, folic acid and vitamin B12

Variable Cases
n = 50

Controls
n = 50 p

Homocysteine
(µmol/l) 12.4 ± 6.0 9.7 ± 2.4 0.01

Folic acid 
(ng/ml) 10.7 ± 3.9 13.1 ± 4.2 0.005

Vitamin B12 
(pg/ml) 391.9 ± 229.3 368.3 ± 178.3 0.56

p - level of statistical significance.

20% had intermediary levels, and 72% had folic acid levels 
in the upper range. In relation to cases, 16% had low levels, 
40% had intermediary levels, and only 44% had levels in 
the upper range (Figure 3). A statistically significant negative 
relation was observed between homocysteine levels and folic 
acid levels. There were no significant differences between 
cases (381±197 pg/ml) and controls (368±178 pg/ml) in 
relation to mean levels of vitamin B12. Twelve percent of the 
controls but 80% of the cases were in the lower to normal 
range of vitamin B12 levels. Upper levels were most frequent 
in cases than in controls. There was no significant correlation 
between levels of vitamin B12 and homocysteine, either in 
cases or in controls. 

Odd ratio for hyperhomocysteinemia in acute coronary 
syndrome - The odds ratio for hyperhomocysteinemia in acute 
coronary syndrome was 4.45 (95% confidence interval: 1.5-
13.3). Abnormal higher levels of homocysteine were found 
in 56% of the patients with unstable angina, in 34% of the 
patients with elevated ST, in 5% of the patients with stable 
angina and in 5% of the patients with non-elevated ST (Figure 
4). After adjustment for confounding variables (gender, age), 
only homocysteine levels had a strong positive correlation 
with coronary disease.

Discussion
Several studies have been performed to demonstrate 

association between homocysteine levels and cardiovascular 
diseases2,3. Many of them have found a significant association5,14,15 

but others have failed to show this association4,16,17. Differences 
in the characteristics of the study population such as nutritional 
habits, the use of vitamin supplements or ethnic differences 
could explain the contradictory results18,19.

There is some evidence that the mean homocysteine 
concentration varies between countries. Genuine systematic 

Fig. 1 - Mean levels of plasma lipids in the groups. CT - total cholesterol, TG 
- triglycerides. All data are expressed in mg/dl. *p<0.05 between cases and 
controls.
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Fig. 2 - Homocysteine levels (µmol/l) in cases and controls.

Fig. 3 - Folic acid levels in cases and controls.

differences in the characteristics of the populations studied 
may account for the different estimates of effect in various 
studies. We tested the hypothesis that the mean homocysteine 
level was higher in the colombian group of patients with acute 
coronary syndrome than in controls, as occurs in caucasian 
populations. In the group of patients with acute coronary 
syndrome, we found a significant association between this 
disease and hyperhomocysteinemia; most of our patients 
with acute coronary syndrome had abnormally elevated levels 
of homocysteine. Studies in north american and european 
population have estimated that a 10% risk of coronary artery 
disease may be attributable to elevated homocysteine3,17. The 
mechanisms of how hyperhomocysteinemia induces coronary 
disease are poorly understood but there are evidences of an 
endothelial oxidative damage20, endothelial smooth muscle 

proliferation21, oxidation of low-density lipoproteins22 and 
reduction of the nitric oxide production through inhibition 
of the nitric oxide synthase23.

Increased blood levels of homocysteine reflect deficiency 
of folate, and vitamins B6 and B12. Folate deficiency is linked 
to cardiovascular diseases5 and certain cancers, particularly 
colorectal cancer24. These associations are likely due to 
the effects of altered folate metabolism on homocysteine 
remethylation, DNA synthesis, and DNA methylation. 
Reduced homocysteine remethylation can result in an elevated 
plasma homocysteine concentration, which is an independent 
risk factor for cardiovascular disease25. Similarly to previous 
studies5,15,26,27 we found low levels of folic acid in the cases. 
Colombian patients from a university hospital are a population 
predominantly of working class men and women, who, very 
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Fig. 4 - Homocysteine levels in coronary disease. UA - unstable angina, STE 
- steady, NST - no unstable, SA - steady angina.

UA STE NST SA

likely, have a poorer diet . Chambers et al2 and Toole et al27

found that elevated plasma homocysteine concentrations 
in indian asian patients, compared with european white 
controls, were explained by their low folate and vitamin B12 
concentration. In our study patients had low folate when 
compared with controls, similar to indian asian populations 
and other results from previous studies15,19.

Plasma folate in particular is a strong determinant of 
homocysteine concentration; homocysteine levels are inversely 
related to folate consumption, reaching a stable baseline level 
when folate intake exceeds 400 ug/day25. In this way, in Wald 
et al’s26 meta-analysis, they found a strong evidence that the 
association between homocysteine and cardiovascular disease 
is causal and that lowering homocysteine concentrations by 
3 µmol/l from current levels by increasing folic acid intake 
would reduce the risk of cardiovascular disease (ischemic heart 
disease, deep vein thrombosis and stroke) by between 16% to 
38%; these results  are similar to those of other studies such 
as HOPE-2 (Heart Outcomes Prevention Evaluation)26, VISP 
(Vitamin Intervention for Stroke Prevention)27 and WENBIT 
(Western Norway B-vitamin Intervention Trial)28. In our study 
there was a significant correlation between homocysteine 
and folic acid. A lower folate intake that can be enough to 
raise homocysteine levels may be relatively common in the 
general population in many countries, and it was not different 
in the case of the colombians. Jimenez et al12 have estimated 
ancestral racial components in the “paisa community” as 
85% caucasian and 15% amerindian; in this colombian 
group of patients the risk of coronary artery disease (OR 
4.45, 95% confidence interval: 1.5-13.3) was similar to that 
of caucasians (north american and european populations). In 
this respect, Bermudez et al29 found that among 102 healthy 
colombian individuals, 8 were identified with moderate 

hyperhomocysteinemia, of which one at baseline and seven 
post methionine load, perhaps because of vitamin B6 or folic 
acid deficiency. In contrast to folic acid, we did not find a 
correlation between vitamin B12 and homocysteine levels. 
It should be noted that there is a controversy about this 
correlation and that nutritional habits could greatly influence 
the plasmatic levels of vitamin B124,19,26.

On the other hand, for some years, attention focused on the 
role of genetic variables for homocystinuria17,30 as a possible 
cause of the high homocysteine concentrations seen in 
patients with coronary artery disease. Polymorphisms in critical 
enzymes of the biochemical pathways of the homocysteine 
metabolism (cystathionine -synthase, methionine synthase 
and methylenetetrahydrofolate reductase MTHFR) could 
also lead to high homocysteine levels. Deficiencies of 
these enzymes, although rare, have been described, and 
are associated with hyperhomocysteinemia and notably 
with vascular diseases31. Two relatively common variant 
polymorphisms in the gene coding for MTHFR have been 
described31. One of these, the C677T mutation, may also 
be associated with hyperhomocysteinemia especially in 
the presence of lower folate concentrations. In Colombia, 
Bermudez et al29 studied hyperhomocysteinemic patients 
identified by the methionine load test and found a positive 
association with homozygous for MTHFR 677 polymorphism; 
they also found  that the frequency of this polymorphism in 
Colombia is the highest reported in the literature.

In addition, the present study shows that lipid profiles 
were moderately elevated in patients, but, in contrast with 
previous studies, there was no association between the levels 
of total cholesterol, LDL and homocysteine32. Unexpectedly, 
only triglyceride levels were higher in controls compared 
to cases. We think that this cannot be explained by the 
differences in ethnic composition, but our findings raise the 
possibility that genetic defects and or environmental factors 
may influence the homocysteine metabolism in this group 
of patients.

In summary, we have discovered that, like in the findings of 
several studies of european and north american populations, 
there is an association between hyperhomocysteinemia and 
low levels of plasma folate and acute coronary syndrome in 
colombian patients. Further studies should help define the 
role of genetic polymorphism in folate and homocysteine 
metabolism enzymes and their role in coronary disease.
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