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Background
Homocysteine (Hcy) is a sulfhydryl 

containing non-protein coding amino 
acid formed mainly as a byproduct in the 
methionine metabolism and is a metabolic 
intermediate of the methionine-cysteine 
pathway, which is linked with a number of 
vascular diseases including hypertension, 
coronary artery disease, stroke, etc. The 

reference of tHcy in plasma is in range 5–10 
μM in human. Under normal conditions, 
plasma Hcy concentrations do not exceed 
15 μM [1]. Elevation of plasma Hcy is 
manifested as hyperhomocysteinemia (hHcy) 
and has long been suggested as a risk factor 
for atherosclerosis and is an independent risk 
factor for arterial and deep venous thrombosis 
[2]. Positive correlation between hHcy and 
cardiovascular diseases led to the postulation 
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Abstract

Objective: The aim is to demonstrate the clinical outcomes in non-valvular atrial fibrillation 
with low CHA 2 DS 2 -VASc score after coronary stent implantation with and without 
hyperhomocysteinemia. 

Methods: In a retrospective, multicenter, cohort study (2011–2013) in Beijing, China (n=1713), we 
compared non-valvular AF patients with CHA 2 DS 2 -VASc score =0 or 1 receiving dual antiplatelet 
therapy at discharge after coronary artery stent implantation and estimated absolute risks and 
relative risks (RRs) of major adverse cardiac events (MACE) within 1 year . They were divided 
into two groups according to the plasma HCY levels before catheterization: group normal (1135 
patients, <15 µmol/L) and group hHcy (553 patients, ≥15 µmol/L). The primary endpoint, which 
was occurrence of major adverse cardiac events (MACE). 

Results: After 1year follow-up, the group hHcy patients had a higher MACE rate (p=0.017). The 
main differences between two groups were ischemic stroke (p=0.009), cardiac death (p=0.046) 
and non-fatal MI (p=0.044). 

Conclusions: Elevated Hcy level was independently associated with increased risk of MACE events 
in non-valvular atrial fibrillation patients with low CHA 2 DS 2 -VASc score after coronary artery 
stents implantations.
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that homocysteine is an independent risk factor for 
cardiovascular diseases [3].

Atrial fibrillation (AF) frequently occurs with 
coronary artery diseases and adds complexity to the 
selection of an appropriate antithrombotic strategy. 
The optimal antithrombotic treatment strategy is 
unresolved in patients with multiple indications. Non-
valvular AF is independently associated with a four- to 
five-fold increased risk of ischemic stroke [4]. Current 
evidence supports the use of both aspirin and adenosine 
diphosphate receptor antagonists in patients to reduce 
the risk of stent thrombosis or recurrent myocardial 
infarction (MI) [5].

In patients with non valvular AF, the CHA 2 DS 2 
-VASc score is recommended for assessment of stroke 
risk [6]. Patients with CHA 2 DS 2 -VASc score ≥2 were 
defined as the high risk and would be recommended 
to oral anticoagulation therapy. Patient with score of 0 
and 1 were defined as the low risk, no antithrombotic 
therapy or treatment with an oral anticoagulant 
or aspirin may be considered, while there were a 
proportion of these patients to suffer from ischemic 
stroke. Coronary artery disease is present in ≥20% of 
the AF population. Whether uncomplicated coronary 
artery disease predisposes to AF and how AF interacts 
with coronary perfusion are uncertain [7]. Meta-analysis 
of several studies on folate metabolism and CVD has 
shown an association with hHcy and cardiovascular 
events, including vessel damage, atherosclerotic and 
thrombosis [8]. Previous studies also have reported the 
role of Hcy in AF patients [9].

However, the outcomes of non-valvular AF patients 
receiving DAPT with low CHA2DS2-VASc score after 
coronary stent implantation is not clear. Accordingly, we 
undertook this study retrospectively to describe the risk 
of major adverse cardiac events (MACE) in non-valvular 
AF patients receiving DAPT with low CHA2DS2-
VASc score after coronary stent implantation with and 
without hyperhomocysteinemia.

Methods
Study cohort

This is a retrospective study that all of the outcome 
data were collected post hoc. This study was conducted 
including all AF patients receiving dual antiplatelet 
therapy after coronary stent implantation at discharge 
in 7 centres in Beijing between January 2011 and 
December 2013 with hospital discharge diagnoses 
of International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) codes 

410–411.Patients received coronary stent implantation 
this admission regardless of the treatment before. 
To minimize the effects of stent property differences 
between drug eluting stents (DES) and bare metal stents 
(BMS) on long-term clinical outcomes, only patients 
with DES implantations were included into analysis.

AF is defined as a cardiac arrhythmia with the 
following characteristics:

(1) The surface ECG shows ‘absolutely’ irregular RR 
intervals (AF is therefore sometimes known as 
arrhythmia absoluta), i.e. RR intervals that do 
not follow a repetitive pattern.

(2) There are no distinct P waves on the surface 
ECG. Some apparently regular atrial electrical 
activity may be seen in some ECG leads, most 
often in lead V1. 

(3) The atrial cycle length (when visible), i.e. the 
interval between two atrial activations, is usually 
variable and, 200 ms (.300 bpm).

AF events occurring prior to admission or during the 
hospitalization were identified using ECGs and ICD-
9-CM codes 427.31 or 427.32. Patient demographics, 
cigarette smoking status, homocysteine and discharge 
medications were obtained from review of patient 
medical record. Body mass index (BMI) was calculated 
as weight (in kilograms) divided by height (in meters) 
squared. It was identified for history of hyperlipidemia, 
hypertension, heart failure (HF), chronic obstructive 
pulmonary disease (COPD), cancer, diabetes mellitus, 
stroke or transient ischemic attack prior. Glomerular 
filtration rate (eGFR) was estimated using the 
closest serum creatinine. CHA2DS2-VASc Risk 
Stratification Scores for Subjects With Non-valvular 
AF(the Congestive heart failure, Hypertension, Age 
>75 (doubled), Diabetes mellitus, and prior Stroke or 
transient ischemic attack (doubled), Vascular disease, 
Age 65-75, Sex category i.e. females) is a predictor of 
stoke and the patients may experience a higher stoke 
risk with higher CHA2DS2-VASc score.

End point

The primary endpoint which was occurrence of 
major adverse cardiac events (MACE), including 
ischemic stroke, cardiac death, nonfatal myocardial 
infarction, stroke, coronary artery revascularization. 
Participants were followed within 1 year following at 
discharge from any cause. For ischemic stroke which 
should be with concomitant brain imaging including 
magnetic resonance imaging or computed tomography, 
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the ICD-9-CM codes 433.x1, 434.x1 and 436 were 
used to identify.

Statistical analysis

All statistical analysis was performed with 
SPSS19.0.Values were presented as mean±SD for 
normally distributed continuous variables, and 
proportions for categorical variables. The differences 
between continuous values were assessed using an 
unpaired two-tailed t-test for normally distributed 
continuous variables. Statistical significance was set at 
p ≤ 0.05. All Ors were given with the 95% confidence.

Results
Baseline characteristics of patients

Between 2011 and 2013, 1756 non-valvular AF 
incident with coronary stent implantation with 
CHA2DS2-VASc score = 0 or1 were identified, who 
received dual antiplatelet therapy and 25 died in 
hospital, leaving 1731 incident patients (mean age 62.5 
± 9.5 years, 75% male) for our study were followed up 
for 1 year and 43 with missing relevant data from a 
follow-up, and 1688 for analysis finally.

The baseline characteristics of the study population 
are showed in Table 1. 10 (1.1%) had congestive heart 
failure defined as New York Heart Association (NYHA) 
class II or higher, and 120 (14%) had dyslipidaemia. 
Notably, none of the patients had previous history of 
Stroke/TIA. 348 (20.6%) patients had hypertension, 

190 (11.2%) had diabetes mellitus, patients in HHcy 
group is elder and have higher proportion of current 
smokers than that in normal group, on the contrary,  
never-smokers share a lower percentage in HHcy 
group compared with normal group. The patients were 
divided into two groups according to baseline plasma 
total HCY level with a cut off value of 15 µmol/L: 
normal (1135 patients, HCY<15µmol/L), HHcy (553 
patients, ≥15µmol/L).

One year clinical outcomes

Within 1 year, MACE events occurred in 30 patients 
30 (5.41%), 37 (3.23%) respectively. The patients in 
HHcy group had a higher rate of MACE than those in 
normal group (5.41% vs. 3.23%, p=0.017), and main 
differences were ischemic stroke (2.17% vs. 0.61%, 
p=0.009), cardiac death (0.36% vs. 0.24%, p=0.046) 
and non-fatal MI (1.44% vs. 0.94%, p=0.044) between 
two group (Table 2).

Hyperhomocysteinemia and CHA 2 DS 2 -VASc 
score

Baseline Hcy was independently associated with 
ischemic strokes in non-valvular atrial fibrillation 
patients with low CHA 2 DS 2 -VASc score (Table 3). 
Elevated Hcy significantly increased the risk of MACE 
in patients in non-valvular atrial fibrillation patients 
with low CHA 2 DS 2 -VASc score (Table 4 and Figures 
1 and 2).

Table1: Baseline characteristics of patients with or without HHcy

variable HHcy normal P-value

(n= 553 ) (n= 1135 )

Age, year 63±9 53±7 0.017
Male, n(%) 409(74%) 840(76%) 0.065
BMI, kg/m2 26±7 25±5 0.067

Smoking status

Never 132 (23.8%) 374 (32.9%) 0.033
Former 177 (32.0%) 397 (34.9%) 0.182
Current 244 (43.2%) 364 (32.2%) 0.036

Hypertension 110 (19.9%) 238 (21.0 %) 0.991
Hyperlipidemia 50 (9.0%) 91 (8.0%) 0.904
Diabetesmellitus 66 (11.9%) 124  (10.9%) 0.986
Heart failure 55 (1.0%) 115 (1.0%) 0.877
Previous stroke/TIA 0 0 -
GFR(mL/min 85±15 83±14 0.357
Homocysteine, mean ± SD, 16.2 ± 6.5 8.7 ± 2.0 ＜0.001

µmol/l

Values are expressed as mean (SD) for continuous variables and N (%) for categorical variables.
BMI: Body Mass Index; TIA: Transient Ischemic Attack
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Table 2: Clinical events during 1 year follow-up (n = 1,688)

Number of patients HHcy Normal P-value

(n=553) (n=1,153)
Non-fatal ischemic stroke, n (%) 12 (2.17) 7（0.61） 0.009
Overall mortality, n (%) 4（0.72） 7（0.61） 0.178
Cardiac, n (%) 2（0.36） 3（0.24） 0.046
Non-cardiac, n (%) 2（0.36） 4（0.37） 0.129

Non-fatal MI, n (%) 8（1.44） 11（0.95） 0.044
Coronary artery revascularization, n (%) 6（1.08）） 12（1.06） 0.217
MACE, n (%) 30（5.41） 37（3.23） 0.017

Table 3 Hyperhomocysteinemia and risk of ischemic stroke in different CHA2 DS2 -VASc score

CHA2DS2 –VA 
Scscore

n Ischemic stroke (HHcy vs. 
normal)

OR(HHcy 
normal)

vs.   95% CI P-value

0 912 1.79% (6/334) vs. 0. (4/578) 2.392 1.053-4.734 0.043
1 776 2.28% (5/219) vs. 0. (4/557) 4.534 1.018-8.923 0.026

Table 4: Hyperhomocysteinemia and risk of MACE in different CHA2DS2 -VASc score

CHA2DS2 –VASc score n MACE  (HHcy  vs. normal) OR (HHcy normal) vs.   95% CI P-value

0 912 4.79% (16/334) vs. (17/578) 2.573 1.008-5.236 0.023
1 776 7.76% (16/219) vs. (18/557) 2.718 1.015-5.133 0.016
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Figure 1: The prevalence of MACE according to Hcy and CHA 2 DS 2 VASc score.

Figure 2: The MACEs-free survival by Kaplan–Meier analysis between two groups

The event-free survival rate was significantly higher in the group1 patients with lower homocysteine levels at admission (<15 µmol/L) 
(Log-rank test, p=0.017). MACE: Major Adverse Cardiac Event.
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Discussion
Now, it is widely accepted that an elevated level 

of Hcy (more than 15 μM) is an independent risk 
factor for cardio and cerebrovascular diseases. Hcy 
has been recognized as an independent risk factor for 
cardiovascular diseases (CVD) [10,11]. It has been 
estimated that there is a significant positive correlation a 
2.5 µM rise in plasma tHcy concentrations is associated 
with 10% increase in CVD risk [12].

Moreover, it was shown that increased plasma tHcy 
levels (above 20 μM) should be associated with nine-
fold increase of myocardial infarction and also with 
subsequent stroke risk comparing to concentration 
below 9 μM [13]. Numerous studies have demonstrated 
a positive correlation between HHcy and increased 
inflammatory markers in acute coronary syndrome [14].

In our retrospective analysis of a multicentre registry, 
1,688 AF patients with coronary artery diseases after 
drug eluting stents implantation with CHA 2 DS 
2–VASc score of 0 and 1 were included for 1 year 
follow-up. The patients with hyperhomocysteinemia 
(≥15 µmol/L) had a higher MACE rate compared to 
normal group. After adjusting for multiple clinical, 
angiographic, and PCI-related variables, the association 
remained significant (respectively, CHA 2 DS 2–VASc 
score=0:HR, 2.573; 95% CI: 1.008–5.236; CHA 2 DS 
2–VASc score=1, HR, 2.718; 95% CI: 1.015–5.133).

In this study, we for the first time found that elevated 
plasma Hcy increased the risk of MACE , demonstrating 
a significant predictive value for the non-valvular AF 
patients after coronary stent implantation with CHA 2 
DS 2–VASc score of 0 and 1.Although there is debatable 
for the fact that whether Hcy is a cause or a consequence, 
a number of prospective cohort studies have found the 
moderate elevation of Hcy is an independent risk factor 
for cardiovascular diseases, ischaemic stroke, venous 
thromboembolic diseases, etc. [15]. 

As the studies have shown, elevated plasma HCY 
levels increase the risk of cardiovascular events. 
However, the pathophysiological mechanisms were 
not fully clear. As implied from basic research on the 
mechanism of HCY associated with vascular injury, 
HCY produced reactive oxygen species and caused 
lipid peroxidation, platelets and leukocytes activation, 
and increased prothrombotic factors, which resulted 
in vascular inflammation which may interact with AF 
and accelerate thrombus formation [16]. Furthermore, 
HCY causes endothelial dysfunction with impaired 
release of nitric oxide and vasodilatation leading to shear 

stress in vascular wall, which contributes to atheroma 
progression, and ultimately gives rise to vascular events.

Also, in further human studies, Kosokabe et al. 
observed a positive correlation between plasma 
HCY levels and atherosclerotic plaque areas in 
reference segments of coronary arteries, which were 
measured by intravascular ultrasound 6 months after 
the intervention [17]. This evidence supports the 
atherogenic propensity of HCY and also could explain 
our study results that worse outcomes in our patients 
with hyperhomocystinemia in 1 year follow-up.

In this data, the mean age in hHcy group is older 
than that in normal group. Similar results were found 
by Friedman et al. these findings suggest that elevated 
Hcy levels might be one of the explanations for the 
increased rate of stroke in elderly AF patients [18]. 
Hcy level increases with age, partly attributed to the 
increasing deficiency of vitamin B12 observed in the 
elderly, as result mostly by its poor absorption from 
food, and also due to declining renal function.

In the present study, we also found that elevated 
Hcy conferred a higher risk of ischemic stroke in non-
valvular AF patients with low CHA 2 DS 2 - VASc score 
of 0 and 1. Similar results were found by Marcucci et al. 
studied 310 AF patients on oral anticoagulant treatment 
and observed elevated Hcy levels were an independent 
risk factor for ischaemic events in non-valvular AF 
[19]. In present study, compared with CHA 2 DS 2 
-VASc score of 1, it showed higher OR value and more 
significant difference in CHA 2 DS 2 -VASc score of 0. 
The difference might lie in the baseline characteristics 
of patients and the sample size.

Atrial fibrillation is associated with increased risk of 
stroke. At present, the CHA 2 DS 2 -VASc score is a 
widely used and well validated clinical risk prediction 
tool for ischemic stroke in non-valvular AF. However, 
it provides only modest discrimination of risk for 
individual patients with C-statistic that range from 
0.549 to 0.638 [20]. The clinical significance of the 
present study was to identify individuals at high risk 
of ischemic stroke who had a low stroke risk at baseline 
according to CHA 2 DS 2 -VASc score. It is indicated 
that an improved decision should be support in the care 
of these relatively complicated condition.

Some limitations of our study should be considered. 
Firstly, it is the retrospective nature of the study. 
Secondly, whether there is a dose dependent association 
between HCY levels and risks for MACE should be 
analyzed.
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Conclusion
In conclusion, our findings manifested that non-

valvular AF patients with hyperhomocysteinemia after 
coronary stent implantation had higher risk of MACE, 
especially ischemic stroke in spite of low CHA2DS2-
VASc score. The next step will be to verify the clinical 
outcomes over a long follow-up period.
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Executive summary

Objective: The aim is to demonstrate the clinical outcomes in non-valvular atrial fibrillation with low CHA 2 DS 2 -VASc score after 
coronary stent implantation with and without hyperhomocysteinemia. 

Methods: In a retrospective, multicenter, cohort study (2011–2013) in Beijing, China (n=1713), we compared non-valvular AF 
patients with CHA 2 DS 2 -VASc score =0 or 1 receiving dual antiplatelet therapy at discharge after coronary artery stent implantation 
and estimated absolute risks and relative risks (RRs) of major adverse cardiac events (MACE) within 1 year . They were divided into 
two groups according to the plasma HCY levels before catheterization: group normal (1135 patients, <15 µmol/L) and group hHcy 
(553patients, ≥ 15 µmol/L). The primary endpoint, which was occurrence of major adverse cardiac events (MACE). 

Results: After 1year follow-up, the group hHcy patients had a higher MACE rate (p=0.017). The main differences between two 
groups were ischemic stroke (p=0.009), cardiac death (p = 0.046) and non-fatal MI (p=0.044). 

Conclusions: Elevated Hcy level was independently associated with increased risk of MACE events in non-valvular atrial fibrillation 
patients with low CHA 2 DS 2 -VASc score after coronary artery stents implantations.
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