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Abstract
Background: There are no well-established predictors of recurrent ischemic coronary events after 
an acute coronary syndrome (ACS). Higher levels of homocysteine have been reported to be associated 
with an increased atherosclerotic burden. The primary endpoint was to assess the relationship between 
homocysteine at discharge and very long-term recurrent myocardial infarction (MI).
Methods: 1306 consecutive patients with ACS were evaluated (862 with non-ST-segment elevation 
ACS [NSTEACS] and 444 with ST-segment elevation myocardial infarction [STEMI]) discharged 
from October 2000 to June 2003 in a single teaching-center. The relationship between homocysteine at 
discharge and recurrent MI was evaluated through bivariate negative binomial regression accounting 
for mortality as a competitive event.
Results: The mean age was 66.8 ± 12.4 years, 69.1% were men, and 32.2% showed prior diabetes 
mellitus. Most of the patients were admitted for an NSTEACS (66.0%). The median (interquartile 
range) GRACE risk score, Charlson comorbidity index, and homocysteine were 144 (122–175) points, 
1 (1–2) points, and 11.9 (9.3–15.6) µmol/L, respectively. In-hospital revascularization was performed 
in 26.3% of patients. At a median follow-up of 9.7 (4.5–15.1) years, 709 (54.3%) deaths were registered 
and 779 recurrent MI in 478 (36.6%) patients. The rates of recurrent MI were higher in patients in 
the upper homocysteine quartiles (p < 0.001). After a multivariate adjustment, homocysteine along its 
continuum remained almost linearly associated with a higher risk of recurrent MI (p = 0.001) and 
all-cause mortality (p < 0.001). 
Conclusions: In patients with ACS, higher homocysteine levels identified those at a higher risk of 
recurrent MI at very long-term follow-up.  (Cardiol J 2021; 28, 4: 598–606)
Key words: homocysteine, acute coronary syndrome, recurrent myocardial infarction, 
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Introduction

Ischemic heart disease (IHD) remains the 
leading cause of death worldwide, despite advances 
in prevention, diagnosis, and treatment [1]. Identi-
fying those at a higher risk of new cardiovascular 
ischemic events is essential for tailoring monitor-
ing and therapeutics. Unfortunately, there are not 
well established biomarkers for predicting the risk 
of long-term recurrent myocardial infarction (MI) 
after an episode of acute coronary syndrome (ACS). 

Mild elevations of homocysteine, a toxic 
sulfhydryl-containing amino acid formed during 
the demethylation of methionine, have been as-
sociated with an increased incidence of cardio-
vascular, cerebrovascular, or peripheral vascular 
diseases [2–5]. Although the exact biological 
pro-atherogenic effect of homocysteine remains 
to be determined, multiple mechanisms have been 
proposed. Among them, endothelial dysfunction, 
direct effects on platelets, smooth muscle pro-
liferation, oxidative modification of low-density 
lipoproteins, endothelial-leukocyte interactions, 
and inhibition of fibrinolysis have been described 
in vitro and in vivo studies [6–9]. However, some 
studies failed to confirm the relationship between 
higher homocysteine and adverse clinical events 
[10, 11]. Most of these studies were performed in  
a healthy population, with a median follow-up of up 
to 5 years, and evaluated time to a first event [3, 8, 9].  
According to available research, there is no data in 
the literature endorsing the role of homocysteine 
for predicting long-term recurrent MI in patients 
with established IHD.

In this work, the aim was to evaluate whether 
homocysteine was associated with total long-term 
recurrent MI in a historical cohort of patients with 
ACS.

Methods

Population and protocol
A total of 1606 consecutive patients were 

hospitalized in a single-teaching center with  
a diagnosis of ACS from October 2000 to August 
2003. None of these patients were transferred 
from other hospitals due to unsatisfactory clinical 
progress. Patients who died (n = 119) during the 
index admission were excluded from this analysis. 
Additionally, 181 patients without homocysteine 
assessment were excluded. Finally, 1306 patients 
comprised the final population for this analysis (862 
with non-ST-segment elevation ACS [NSTEACS] 
and 444 with ST-segment elevation MI [STEMI]) 

(see flow chart in Suppl. Fig. 1). The baseline 
characteristics between those with and without 
homocysteine assessment are shown in Supple-
mentary Table 1. ACS definition and treatment 
were based on current guidelines operating at the 
time of patient inclusion [12–14]. The Charlson 
comorbidity index [15] and the Global Registry of 
Acute Coronary Events (GRACE) score [16] were 
determined in all patients. 

For STEMI patients, fibrinolysis was the main 
reperfusion strategy at the time of enrolment. It 
was indicated in those presenting with ST-segment 
elevation (greater than 0.1 mV in two or more con-
tiguous leads) or new left bundle branch block and 
clinical history suggesting acute MI, and time to 
therapy of 12 hours or less. Rescue percutaneous 
coronary intervention was considered when the 
pharmacological reperfusion strategy failed [13, 
14]. In patients with NSTEACS, an initial non-
invasive strategy was applied. Cardiac catheteriza-
tion during the index hospitalization was indicated 
in patients with persistent or recurrent episodes of 
symptomatic ischemia with or without associated 
electrocardiogram changes, and in those presenting 
shock, severe pulmonary congestion, or continu-
ing hypotension [13, 14]. The treatment strategy 
followed was established by current national and 
international guides operating at the time of the 
study [13, 14].

Written informed consent was obtained from 
each patient included in the study. The study pro-
tocol conforms to the ethical guidelines of the 1975 
Declaration of Helsinki. The study protocol has 
been priorly approved by the Institution’s ethics 
committee on research on humans.

Blood samples
Plasma total homocysteine at discharge, which 

includes the sum of protein-bound and free homo-
cysteine, was measured by immunoassay of po-
larization of fluorescence (Axsym system, Abbott). 
The coefficients of variation within and between 
days for the analysis were ≤ 5%.

Outcome definition and follow-up
Recurrent spontaneous MI was selected as 

the primary endpoint, whereas all-cause mortality 
was considered as a secondary endpoint. Patient 
clinical status and endpoint ascertainment were 
routinely evaluated by trained cardiologists during 
ambulatory clinic visits or through a review of the 
hospital or outpatient national electronic medical 
records. Only spontaneous MI was selected as an 
endpoint. Spontaneous MI was defined as an eleva-
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tion of myocardial markers (troponin I or creatine 
kinase-MB mass) associated with chest pain or 
compatible symptoms or ST-segment deviation 
[12]. Personnel in charge of events adjudication 
were blinded to the clinical data and exposures.

Statistical analysis
Continuous variables were expressed as mean 

± standard deviation (SD) or median (interquartile 
range [IQR]) when appropriate. Differences among 
homocysteine quartiles were tested with the 
ANOVA or Kruskal-Wallis rank test, respectively. 
Discrete variables were presented as percentages 
and compared with the c2 test. 

Time to death and first MI (adjusting for death 
as a competing event) across quartiles of homo-
cysteine were plotted with the Kaplan-Meier and 
cumulative incidence function plots. Differences 
among the quartiles were tested with the log-rank 
test and Gray’s test, respectively. The primary 
endpoint (recurrent MI) was evaluated by deter-
mining the incidence rate ratio (IRR), which is 
a risk estimate used for this type of method. To 
that end, a negative binomial regression was used 
to assess the association between homocysteine 
and the number of total recurrent MI during the 
entire follow-up. Because an increase of MI is 
most likely associated with an increased risk of 
subsequent death, it has been suggested that 
any analysis of recurrent admissions should also 
account for death as a competitive and terminal 
event. Thus, coefficients from this method were 
estimated by accounting for the positive correla-
tion among the recurrent outcome and death as  
a terminal event, by linking the two simultaneous 
equations (rehospitalization count and death) with 
shared frailty [17]. Thus, within the same model, 
we obtain estimates of risk for both endpoints. 
Covariate selection was performed based on pre-
vious medical knowledge. The multivariable frac-
tional polynomial method was used to determine 
the appropriate functional form of continuous 
covariates [18]. The covariates included in the 
final predictive model for both endpoints were: 
gender, type of ACS (NSTEACS vs. STEMI), 
GRACE risk score, Charlson comorbidity index, 
and revascularization during the index hospital-
ization. 

A two-sided p-value of < 0.05 was set as the 
threshold for statistical significance. All analyses 
were performed with Stata 15.1 (Stata Statistical 
Software, Release 15 [2017]; StataCorp LP, College 
Station, TX, USA).

Results

The mean age of the patients was 66.8 ± 12.4 
years. Most of the patients were admitted for an 
NSTEACS (66.0%) and showed troponin elevation 
(69.5%). The proportion of males was 69.1%, 32.2% 
showed prior diabetes mellitus, 19.4% exhibited 
Killip class > I and 26.3% were revascularized 
during the index hospitalization. The median (IQR) 
GRACE risk score, Charlson comorbidity index, and 
homocysteine were 144 (122–175) points, 1 (1–2) 
points, and 11.9 (9.3–15.6) µmol/L, respectively.

Baseline characteristics among  
homocysteine quartiles

Baseline characteristics among homocysteine 
quartiles are presented in Table 1. Patients in the 
upper quartiles of homocysteine were older, more 
frequently males, and more often showed a history 
of hypertension, IHD, and Killip class > I during 
the index hospitalization. Also, they exhibited  
a higher GRACE score and the Charlson index. 

Homocysteine and risk  
of long-term recurrent MI 

At a median follow-up of 9.7 (4.5–15.1) years, 
709 (54.3%) deaths were registered and 779 re-
current MI in 478 (36.6%) patients (Fig. 1). The 
number of recurrent MIs per patient were 1, 2, 3 
and > 3 in 299 (22.9%), 112 (8.6%), 37 (2.8%), and 
32 (2.3%) patients, respectively. Patients in the 
upper quartile of homocysteine showed the high-
est cumulative incidence rates of a first MI during 
the entire follow-up (Fig. 2). Similarly, the rates of 
total MI were also higher in patients in the upper 
quartile (per 100-person-year): 4.1, 3.6, 3.8, and 7.3 
for Q1, Q2, Q3, and Q4, respectively p < 0.001). 
After a multivariate adjustment, including estab-
lished prognosticators and accounting for death as  
a terminal event, homocysteine along its continuum 
remained almost linearly associated with a higher 
risk of recurrent MI (p = 0.001), as is presented 
in Figure 3. When analyzed as quartiles, compared 
to those in the lower quartile, only patients in the 
upper quartile showed a significantly increased 
risk of recurrent MI (IRR = 1.42, 95% confidence 
interval [CI] 1.11–1.81, p = 0.005). 

Subgroup analyses revealed a non-differential 
effect across most representative subgroups such 
as age (≤ 65 vs. > 65 years), gender, history of 
diabetes, prior IHD, type of ACS (NSTEACS vs. 
STEMI), and Charlson comorbidity index (above 
vs. below median), as depicted in Supplementary 
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Figures 2, 3a and 3b. A significant differential 
association was found for the GRACE risk score 
(above vs. below median: p-value for interaction: 
0.003). This interaction revealed the magnitude of 
the association between homocysteine and the risk 
of recurrent MI was greater in those with GRACE 
risk scores below the median (Suppl. Fig. 3c).

A sensitivity analysis, forcing treatments 
at discharge (antiplatelets [dual treatment with 
acetylsalicylic acid plus clopidogrel], renin–angio-
tensin–aldosterone inhibitors, beta-blockers, and 
statins) and hemoglobin (as a potential confounder) 
as covariates into the multivariate analysis, showed 
that homocysteine remained positively associated 

Table 1. Baseline characteristics among homocysteine quartiles.

Variables Q1  
(0.67–9.27 
µmol/L)

(n = 326)

Q2  
(9.28–11.92 

µmol/L)
(n = 327)

Q3  
(11.93–15.55 

µmol/L)
(n = 327)

Q4  
(15.60–92.3 

µmol/L)
(n = 326)

P-value  
for trend

Demographics and medical history

Age [years] 62.1 ± 12.7 65.5 ± 11.0 66.8 ± 12.2 73.0 ± 11.0 < 0.001

Sex (male) 203 (62.3%) 230 (70.3%) 242 (74.0%) 228 (69.9%) 0.020

Hypertension 176 (54.0%) 206 (63.0%) 197 (60.2%) 225 (69.0%) < 0.001

Diabetes 116 (35.6%) 106 (32.4%) 101 (30.9%) 97 (29.7%) 0.100

Dyslipidemia 152 (46.6%) 139 (42.5%) 143 (43.7%) 122 (37.4%) 0.031

Smoker 121 (37.1%) 104 (31.8%) 111 (33.9%) 72 (20.1%) < 0.001

Prior smoker 70 (21.5%) 85 (26.0%) 99 (30.3%) 101 (31.0%) 0.003

Family history of IHD 45 (13.8%) 30 (9.2%) 24 (7.3%) 21 (6.4%) 0.001

Prior IHD 105 (32.2%) 112 (34.2%) 124 (37.9%) 157 (48.2%) < 0.001

Prior MI 56 (17.2%) 69 (21.1%) 69 (21.1%) 91 (27.9%) 0.002

Previous PCI 21 (6.4%) 18 (5.5%) 19 (5.8%) 14 (4.3%) 0.677

Previous CABG 11 (3.4%) 18 (5.5%) 10 (3.1%) 18 (5.5%) 0.431

Charlson comorbidity index [points]a 1 (1–2) 1 (1–2) 1 (1–2) 1.5 (1–2) < 0.001

ACS type: 0.210

STEMI 
NSTEACS

114 (35.0%) 
212 (65.0%)

116 (35.5%) 
211 (64.5%)

116 (35.5%) 
211 (64.5%)

98 (30.1%) 
228 (69.9%)

Killip class > I 52 (15.9%) 46 (14.1%) 56 (17.1%) 99 (30.4%) < 0.001

GRACE score [points] 136 (110–165) 139 (118–170) 144 (124–173) 164 (136–196) < 0.001

Vital signs on admission

Heart rate [bpm] 85 ± 19 83 ± 19 84 ± 17 87 ± 22 0.073

SBP [mmHg] 145 ± 26 144 ± 24 147 ± 24 145 ± 26 0.542

Electrocardiogram and echocardiography

ST segment deviation 175 (53.7%) 167 (51.1%) 173 (52.9%) 150 (46.0%) 0.088

LVEF [%]b 60 ± 13 59 ± 12 58 ± 13 56 ± 14 0.002

Laboratory

Creatinine [mg/dL] 0.97 ± 0.49 1.05 ± 0.40 1.16 ± 0.85 1.62 ± 1.23 < 0.001

Total cholesterol [mg/dL]c 194 ± 49 194 ± 38 192 ± 44 192 ± 41 0.626

Troponin I elevation (> 1 ng/mL)d 215 (67.6%) 216 (67.5%) 220 (69.2%) 236 (75.5%) 0.092

Revascularization during admission

Coronary angiography 184 (56.4%) 162 (49.5%) 168 (51.4%) 121 (37.1%) < 0.001

Revascularization 105 (32.2%) 91 (27.8%) 87 (26.6%) 60 (18.4%) < 0.001

Continuous variables are expressed as mean (standard deviation) unless otherwise specified. aValues are expressed as median (interquartile 
range); bData available in 976 (74.7%) patients; cData available in 1298 (99.4%) patients; dData available in 1277 (97.8%) patients; ACS — acute 
coronary syndrome; CABG — coronary artery by-pass graft; GRACE — Global Registry of Acute Coronary Events; IHD — ischemic heart dis-
ease; LVEF — left ventricle ejection fraction; MI — myocardial infarction; NSTEACS — non-ST-segment elevation acute coronary syndrome; 
PCI — percutaneous coronary intervention; SBP — systolic blood pressure; STEMI — ST-segment elevation acute myocardial infarction
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Figure 2. Time to a first myocardial infarction among homocysteine quartiles. 

Figure 1. Graphical abstract. 

with the risk of MI (p = 0.002). Indeed, under this 
multivariate scenario, patients in the upper vs. 

lowest quartile displayed a significant excess of 
risk (IRR = 1.41, 95% CI 1.10–1.80, p = 0.006). 
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Homocysteine and risk  
of long-term mortality  

During the follow-up, the incidence of death 
(per 100-person-year) significantly increased 
across homocysteine quartiles (3.7, 4.9, 5.7,  
and 10.7 for Q1, Q2, Q3, and Q4, respectively;   
p < 0.001). The Kaplan-Meier curves revealed  
a stepwise and sustained separation of the curves 
through the entire follow-up, especially for patients 
belonging to the upper quartile (Fig. 4A). Multi-
variate analysis confirmed that higher homocyst-
eine during index admission was associated with  
a higher risk of death (p < 0.001). This adjusted 
association also revealed an almost linear gradient 
of risk (Fig. 4B). When compared to patients in the 
lower quartile, adjusted-risk estimates showed  
a significative and stepwise increase of risk for 
Q2 (1.25, 95% CI 0.95–1.63, p = 0.107), Q3 (1.41, 
95% CI 1.08–1.84, p = 0.012), and Q4 (2.00, 95% 
CI 1.53–2.61, p < 0.001).

Discussion

This work evaluated the relationship between 
homocysteine and recurrent MI and mortality at 
very long-term follow-up in a historical cohort of 
consecutive non-selected patients with an ACS. 
The main finding herein, is that those patients 
with higher homocysteine values, assessed during 
hospitalization for an ACS, showed a higher risk of 
recurrent MI and mortality. Both associations were 
independent of traditional and relevant prognosti-

cators and potential confounders. These findings 
support the role of homocysteine in the pathogen-
esis of new acute coronary events in patients with 
coronary artery disease (CAD). 

Homocysteine and atherosclerosis
Homocysteine, a sulfur-containing amino acid, 

is an intermediate product formed as a result of the 
catabolism of methionine. It is known that severe 
hyperhomocysteinemia (>100 µmol/L) in patients 
with homozygous homocystinuria is associated 
with premature atherosclerosis [19]. Although 
this is a very rare pathology, minor elevated levels 
(15–30 µmol/L) have been described in up to 7% 
of the population [20].

The suggested mechanisms involved in homo-
cysteine-induced atherosclerosis include: a) endothe-
lial injury, which appears to be mediated by oxidative 
stress [21]; b) smooth muscle proliferation [22];  
c) oxidative modification of low-density lipoproteins 
[6, 23, 24]; d) endothelial-leukocyte interactions [25]; 
e) reduced fibrinolytic activity [9, 26], and f) direct ef-
fects on platelets [27]. However, the specific weight of 
each of these mechanisms remains elusive, especially 
because many observations have been obtained from 
in vitro studies with homocysteine concentrations 
much higher than found in humans [8].

Homocysteine and prognosis in CAD
Several epidemiological studies have de-

scribed a high prevalence of elevated plasma levels 
of homocysteine in patients with CAD, stroke, 

0.5

1.0

1.5

2.0

0 10 20 30
Homocysteine [mmol/L]

P < 0.001

R
is

k 
of

 r
ec

ur
re

nt
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 IR
R

Figure 3. Homocysteine and baseline hazard of recurrent reinfarction; IRR — incidence rate ratio.
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peripheral artery disease, and venous thrombosis 
[2–5]. Prospective studies correlated serum homo-
cysteine levels to long-term outcomes in patients 
with STEMI [28], NSTACS [3], and without pre-
vious CAD [29]. In a meta-analysis, Boushey et 
al. [30] estimated that a 5-mmol/L homocysteine 
increment elevates CAD risk by as much as choles-
terol increases of 0.5 mmol/L. However, other au-
thors failed to confirm this association [10, 11]. For 
example, Ubbink et al. [11] showed no significant 
increase in CAD in those with higher homocysteine 

values in 2290 men in the Caerphilly cohort during 
a 5-year follow-up. Also, some randomized clinical 
trials, performed in subject with and without CAD, 
have failed to demonstrate any benefit in terms of 
reducing major cardiovascular events by lowering 
the homocysteine levels with diet supplementation 
with folic acid and B vitamins [31–33].

More recently, a higher risk of short-term 
mortality and nonfatal ischemic events has been 
reported in patients with NSTEACS [34] and STEMI 
[35]. In these studies, the risk of new recurrent coro-

Figure 4. Homocysteine and all-cause mortality; A. Time to all-cause mortality among homocysteine quartiles;  
B. Baseline hazard of all-cause mortality; IRR — incidence rate ratio.
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nary ischemic events at long-term follow-up was not 
addressed. Thus, this is the first study showing that 
higher levels of homocysteine are related to a higher 
risk of new coronary ischemic events.

Clinical implications
Reinfarction risk prediction in patients with 

established CAD is still an unmet need. The utility 
of homocysteine measurement after an index MI 
is not well-established. According to the present 
findings, higher levels of homocysteine may iden-
tify a subset of patients at a higher risk of new 
coronary ischemic events. These patients may 
probably benefit from a closer follow-up and more 
aggressive treatment. Further studies are neces-
sary to confirm the present findings in cohorts 
with more contemporary treatments, elucidate the 
mechanisms behind these findings, and re-evaluate 
the long-term effects of therapies for reducing 
homocysteine in patients with prior ACS.

Strengths and limitations
The main strength of the present study is 

the very-long follow-up, which allowed recording  
a large number of repeated new ischemic coronary 
events. Some important limitations need to be ad-
dressed: a) this is an observational single-center 
study, which may influence the applicability of these 
results to other populations; b) the generalization of 
our findings to the current era is limited by the fact 
that revascularization strategies and medical treat-
ment have substantially changed. In addition, given 
the low proportion of patients that received coronary 
artery bypass during the index admission, the po-
tential differential effect of type of revascularization 
along the continuum of homocysteine could not be 
evaluated; c) we did not assess the revascularization 
procedures nor medical treatment changes during 
the post-discharge follow-up, which may operate 
as important confounders; d) finally, in this study 
the longitudinal trajectory of homocysteine was not 
measured, precluding to infer how its trajectory may 
be associated with the risk of recurrent MI. Neverthe-
less, it has been reported that the occurrence of an 
MI does not change homocysteine plasma levels [36].

Conclusions

In patients with ACS, higher homocysteine 
levels identified those at a higher risk of recurrent 
MI very long-term follow-up. The present study 
results provide new evidence about the utility of 
homocysteine as a potential risk predictor of new 
coronary ischemic events. Further contemporary 

studies are warranted to re-evaluate the applicabil-
ity of the present findings to more contemporary 
cohorts and the role of homocysteine as a thera-
peutic target in this scenario.
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