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Abstract
Background and aims: This study investigates the long-term prognostic value of homocysteine in patients with acute coronary syndrome
complicated with hypertension.

Methods:The current work is a multicenter, retrospective, observational cohort study. We consecutively enrolled 1288 ACS patients
hospitalized in 11 general hospitals in Chengdu, China, from June 2015 to December 2019. The patients were divided into hypertension and
non-hypertension groups, and each was further classi�ed into hyperhomocysteinemia (H-Hcy) and normal homocysteinemia (N-Hcy) groups
according to the cut-off value of homocysteine predicting long-term mortality during follow-up. In both groups, we used Kaplan-Meier and
multivariate Cox regression analysis to assess the relationship between homocysteine and long-term prognosis.

Results: The median follow-up time was 18 months (range: 13.83-22.37). During this period, 78 (6.05%) death cases were recorded. The
hypertension was further divided into H-Hcy (n=245) and N-Hcy (n=543), with an optimal cut-off value of 16.81 µmol/L. Similarly, non-
hypertension was further divided into H-Hcy (n=200) and N-Hcy (n=300), with an optimal cut-off value of 14 µmol/L. Kaplan-Meier survival
curves revealed that H-Hcy had a signi�cantly lower survival probability than N-Hcy, both in hypertension and non-hypertension (P-
value<0.01). After adjusting for confounding factors, multivariate Cox regression analysis revealed that H-Hcy (HR=2.1923, 95% CI: 1.213-
3.9625, P 0.01) was an independent predictor of long-term all-cause death in ACS with hypertension, but not in non-hypertension.

Conclusion: Elevated homocysteine level predicts risk of all-cause mortality in ACS with hypertension, but not in those without hypertension.
it should be considered when determining risk strati�cation for ACS, particularly those complicating hypertension.

Introduction
Acute coronary syndrome (ACS) remains a serious type of coronary heart disease (CHD) associated with high morbidity and mortality
worldwide [1]. Although percutaneous coronary intervention (PCI) has greatly reduced mortality of these patients, identifying high-risk post-
PCI populations and providing them with optimal comprehensive treatment and nursing remains necessary to further improve their
prognosis. 

Homocysteine (Hcy), derived through methionine (Met) metabolism, has been linked to coronary heart diseases (CHD) [2] by promoting
plaque formation and atherosclerosis [3], causing platelet aggregation and blood coagulation, altering lipid metabolism, and triggering
in�ammatory responses. Previous studies [4-6] demonstrated that elevated Hcy level was independently associated with increased risk of
long-term cardiovascular events in patients undergoing PCI. However, the mean Hcy concentrations varied across these studies, and the H-
Hcy threshold was inconsistent. As a result, risk strati�cation based on de�nite cut values for Hcy may underestimate patients' actual risk.

In addition, the increase in Hcy level is strongly associated with the occurrence and development of hypertension by inhibiting endogenous
hydrogen sul�de generation and activating angiotensin-converting enzymes [7, 8]. Meanwhile, [9, 10] reported that hypertension and
hyperhomocysteinemia have a signi�cant synergistic effect on cardiovascular disease prognosis. Therefore, Hcy may have a different
in�uence on prognosis in hypertensive and non-hypertensive patients. However, most studies currently use the same homocysteine
classi�cation criteria for all ACS patients, regardless of their blood pressure status. Therefore, the study intends to use different cut-off
values in hypertensive and non-hypertensive patients to explore the predictive value of Hcy in the long-term prognosis of ACS patients
undergoing PCI. 

Material And Methods

Study population and design
This work is a multicenter, retrospective, observational cohort study. We consecutively enrolled ACS patients who underwent percutaneous
coronary therapy (PCI) hospitalized in 11 general medical centers in Chengdu, China, from June 2015 to December 2019. The diagnosis of
ACS, including ST-elevation myocardial infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI), and unstable angina pectoris
(UA), is based on the corresponding guidelines [11, 12]. The exclusion criteria are as follows: 1) baseline data is unavailable; 2) loss of
follow-up; 3) patients with shorter life expectancy complicating with severe chronic lung disease, cardiomyopathy, liver dysfunction, terminal
tumor, etc.; and 4) patients died in hospital.

The demographic, clinical, biochemical, and angiographic data were collected by trained professionals from the hospital medical records
system. Patients were classi�ed into two groups based on their discharge diagnosis: hypertension and non-hypertension. To increase the
prognostic importance of the study further, the optimal cut-off value of plasma homocysteine concentration to measure long-term mortality
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was assessed by receiver operating characteristic (ROC) curve analysis. According to the cut-off value of each group, hypertension was
further divided into hyperhomocysteinemia (H-Hcy) (n=245) and normal homocysteinemia(N-Hcy) groups (n=543) (the area under ROC
curve was 0.639, the sensitivity was 58.8%, the speci�city was 71.0%, and the optimal cut-off value was 16.81 µmol/L, P-value < 0.001,
Figure 1). Similarly, non-hypertension was subdivided into H-Hcy (n=200) and N-Hcy groups (n=300) (the area under ROC curve was 0.692,
the sensitivity was 77.8%, the speci�city was 62.2%, and the optimal cut-off value was 14 µmol/L, P-value < 0.001, Figure 2).

The study is registered in the Chinese Clinical Trials Registry in China (ChiCTR1900025138). The local ethics committee approved the study.
Due to the study's retrospective nature, the Committee waived the requirement for formal informed consent. 

Follow-up
After discharge, patients were followed up by a professional cardiologist at 1, 6, and 12 months, and then annually. Prognostic information
was obtained by consulting electronic medical records or telephone inquiries. We discontinued follow-up when death was recorded. The
primary endpoint was all-cause mortality and cardiovascular mortality. The second primary endpoint includes non-fatal myocardial
infarction, revascularization, and non-fatal stroke.

De�nitions
Hypertension was de�ned as a systolic blood pressure≥140 mmHg and/or a diastolic blood pressure≥90 mmHg during hospitalization or a
previous diagnosis of hypertension [13]. Premature acute coronary disease (ACS) refers to the occurrence of ACS in men who are less than
55 years old and women who are less than 65 years old [14]. Multivessel disease [15] was de�ned as stenosis 50% in 1 of major coronary
arteries. 

Cardiovascular mortality [16] was de�ned as death due to acute myocardial infarction, heart failure, and/or arrhythmia, and unexplained
sudden death. Revascularization [17] was de�ned as the revascularization of any lesion, including percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG). Stroke was de�ned as ischemic or hemorrhagic stroke during the follow-up period con�rmed by
imaging and diagnosed by professional neurologists.

Statistical analysis
Continuous data are expressed as mean±SD or inter-quartiles range (IQR). They were compared using Student’s t-test or Mann-Whitney U
test, as appropriate. Categorical variables are expressed as percentages. The comparisons between categorical variables were performed
using 2 test or Fisher exact test. The optimal cut-off value for serum homocysteine was obtained from ROC curve analysis. The time-to-
event data were plotted using Kaplan-Meier method, and a log-rank test was used to evaluate differences between groups. Cox proportional
hazards regression modeling was used to assess whether elevated homocysteine concentration was associated with a worse long-term
prognosis. MedCalc Statistical Software version 19.6.1 (MedCalc Software, Ostend, Belgium) was used for all statistical analyses. All
statistical tests were 2-tailed, and a p-value < 0.05 was considered to be statistically signi�cant.

Results

Baseline characteristics of patients
This study included 1288 ACS patients (595 UA, 396 STEMI, and 297 NSTEMI), with 788 hypertension patients (61.18%). The median
plasma homocysteine level was 13.82 (25th to 75th centiles, 11.04 -18.44) mmol/L in hypertension group and 12.85 (25th to 75th centiles,
10.4-16.5) mmol/L in non-hypertension group. Table 1 summarizes baseline demographic, clinical, biochemical, and angiographic data of
hypertension and non-hypertension strati�ed by cut-off value for plasma homocysteine. 

Table 1

Baseline characteristics
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Characteristics Hypertension n=788 Non-hypertension n=500

H-Hcy n=245 N-Hcy n=543 t/c2 P H-Hcy(n=200) N-Hcy(n=300) t/c2 P

Age (years) 70.82±11.08 67.82±11.08 -3.52/ 0.01 65.52±14.53 61.6±11.23 -3.38/ 0.01

Male (%) 19 77.6% 313 60.9% 20.75/ 0.01 169 84.5% 240(80%) 1.63/0.2

Smoking(%) 78 31.8% 176 32.4% 0.026/0.873 92 46% 146 48.7% 0.34/0.56

previous
Revascularization
therapy(%)

24 9.8% 47 8.7% 0.268/0.605 19 9.5% 22 7.3% 0.748/0.387

Previous stroke(%) 29 11.8% 30(5.5%) 9.71/ 0.01 10 5% 3 1% 7.582/ 0.01

Diabetes mellitus % 92(37.6%) 198(36.5%) 0.086/0.77 35 17.5% 81(27%) 6.08/0.014

BNP pg/mL 175.2 78 577.1 120.4 59.2
378.5

-3.58/ 0.01 170.85 68
435.49

130.9 59.25
365.45

-2.199/0.028

Serum
creatinine(µmol/L)

96(80.15,126.5) 74.7(62.9,87.6) -11.743/
0.01

79.95(68.27,95.5) 70.9(62.37,81.47) -5.78/ 0.01

Triglyceride(mmol/L) 1.41(1.01,2.13) 1.45(1.04,2.2) -0.919/0.358 1.33(0.97,1.99) 1.38(1,1.97) -0.16/0.873

Total cholesterol
(mmol/L)

4.3(3.51,5.11) 4.32(3.6,5.23) -0.989/0.323 4.29(3.51,4.99) 4.47(3.84,5.2) -2.216/0.027

LDL-C(mmol/L) 2.44(1.94,3.08) 2.63(2.06,3.34) -2.453/0.014 2.65(2.1,3.25) 2.76(2.24,3.34) -1.627/0.14

HDL-C(mmol/L 1.09(0.9,1.31) 1.14(0.97,1.37) -2.762/ 0.01 1.11(0.94,1.35) 1.1(0.94,1.32) -0.608/0.543

Lp(a)(mg/L) 133(60.1,265.52) 144(67.9,273.3) -0.833/0.405 189.6 76.9
266.55

163.35 65.77
327.75

-0.462/0.644

Multivessel
disease(%)

150(61.2%) 319(58.7%) 0.43/0.512 110(55%) 153(51%) 0.77/0.38

ejection fraction 53.44±10.17 56.06±8.99 3.629/  0.01 53.45±9.77 56.12±9.33 3.078/ 0.01

EF 40(%) 28 11.4% 32 5.9% 7.354/ 0.01 17 8.5% 19 6.3% 0.843/0.359

calci�ed lesions % 36(14.7%) 70(12.9%) 0.471/0.492 19(9.5%) 13(4.3%) 5.347/0.021

Premature ACS(%) 29(11.8%) 115(21.2%) 9.865/ 0.01 49 24.5% 98 32.7% 3.856/0.05

ACS %     4.528/0.104     1.322/0.516

UA 112 45.7% 287(52.9%)   75 37.5% 121 40.3%  

NSTEMI 68 27.8% 117(21.5%)   50 25% 62 20.7%  

STEMI 65(26.5%) 139(25.6%)   75 37.5% 117 39%  

Hyperhomocysteinemia patients were older and complicated with a higher level of serum BNP, creatinine, and lower ejection fraction in
hypertension and non-hypertension (p-value < 0.05 for both). In addition, in terms of medical history, the proportion of complications with
previous stroke was higher in the population with H-Hcy in both groups (p-value < 0.05 for both). In the hypertension group, H-Hcy group
patients had more males and lower LDL-C and HDL-C levels (p-value < 0.05) than the N-Hcy group. Moreover, the proportion of heart failure
(EF < 40%) was higher in patients with H-Hcy (P 0.05). In non-hypertension group, H-Hcy patients had a higher proportion of calci�ed
coronary lesions, and these patients had lower levels of total cholesterol (p-value < 0.05). Additionally, complicating smoking, previous
revascularization therapy, diabetes mellitus, multivessel disease, triglyceride, and Lp(a) levels did not differ between hypertension and non-
hypertension subgroups (p-value > 0.05).

Long-term clinical outcomes  
The median follow-up time was 18 (range: 13.83-22.37) months. During this period, 78 (6.05%), 34 (2.64%), 104 (8.07%), and 10 (0.77%)
cases of death, non-fatal MI, revascularization, and non-fatal stroke were recorded, respectively. The number of all-cause mortality and
cardiac death events in patients with H-Hcy was higher than in those with normal homocysteine levels in hypertension and non-
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hypertension groups (p-value 0.01) (Table 2). Kaplan-Meier survival curves revealed that H-Hcy group had a signi�cantly lower survival
probability than N-Hcy group, both in hypertension (Figure 3A and B) and non-hypertension (Figure 4A and B) groups (p-value < 0.01).

Table 2  

Long-term clinical outcomes

  Hypertension n=788 Non-hypertension n=500

H-Hcy n=245 N--Hcy n=543 t/c2 P H-Hcy(n=200) N--Hcy(n=300) t/c2 P

All-cause death 30 12.2% 21 3.9% 19.57/ 0.01 21 10.5% 6 2.0% 16.97/ 0.01

Cardiac death 23 9.4% 17 3.1% 13.72/ 0.01 16 8%) 3(1%) 14.23/ 0.01

Non-fatal MI 8(3.3%) 12(2.2%) 0.76/0.383 7 3.5% 7 2.3% 0.6/0.439

Revascularization 22 9%) 43(7.9%) 0.251/0.616 13(6.5%) 26(8.7%) 0.783/0.376

Non-fatal stroke 3 1.2% 4 0.7% 0.07/0.791 1 0.5% 2 0.7% 0.99

Predictors for long-term all-cause mortality 
Cox regression analysis for non-hypertension revealed that independent predictors of all-cause death was age (HR=1.0618, 95% CI: 1.0225-
1.1026, P 0.01), and the protective factor was ejection fraction (HR=0.9387, 95% CI: 0.9023-0.9765, P 0.01) (Table 3). However, for
hypertension, Cox regression analysis revealed that independent predictors of all-cause death were age (HR=1.055, 95% CI: 1.021-1.0902, P
0.01), H-Hcy (HR=2.1923, 95% CI: 1.213-3.9625, P 0.01) and serum creatinine (HR=1.018, 95% CI: 1.0003-1.0032, P 0.01), and the protective
factor also was ejection fraction (HR=0.9505, 95% CI: 0.9279-0.9737, P 0.01) (Table4)..

Table 3

Non-hypertension

Covariate β-value P-value HR 95% CI of HR

H-Hcy 0.9678 0.0521 2.6322 0.9914 to 6.9889

Age 0.05996 0.0018 1.0618 1.0225 to 1.1026

Gender(female) 0.4657 0.3165 1.5932 0.6405 to 3.9628

Serum creatinine 0.007085 0.1606 1.0071 0.9972 to 1.0171

Ejection fraction EF -0.06329 0.0017 0.9387 0.9023 to 0.9765

Table 4 

Hypertension

Covariate β-value P-value HR 95% CI of HR

H-Hcy 0.7850 0.0093 2.1923 1.2130 to 3.9625

Age 0.05355 0.0014 1.0550 1.0210 to 1.0902

Gender(female) 0.3958 0.1856 1.4855 0.8268 to 2.6691

Serum creatinine 0.001765 0.0186 1.0018 1.0003 to 1.0032

Ejection fraction EF -0.05075 <0.0001 0.9505 0.9279 to 0.9737

Discussion
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Elevated serum homocysteine has been reported to be an independent risk factor for cardiovascular and cerebrovascular diseases [6, 18,
19]. However, disputes [20] still exist regarding whether elevated homocysteine levels have predictive value for long-term prognosis in ACS
patients. Therefore, this study sought to determine the relationship between homocysteine and long-term outcome in ACS patients
undergoing PCI. The results unveiled that H-Hcy patients have higher all-cause mortality and cardiac death events than those without H-Hcy
in ACS, regardless of hypertension. On the other hand, elevated serum homocysteine concentration is an independent predictor for long-term
all-cause mortality after discharge in ACS patients with hypertension but not in ACS patients without hypertension.

Homocysteine is associated with plaque formation and atherosclerosis progression [3] by damaging vascular endothelial cells, altering lipid
metabolism, and triggering in�ammatory responses. In addition, it may be involved in acute coronary events by disrupting the balance
between blood coagulation and �brinolysis, leading to platelet aggregation and blood coagulation [21]. Thus, homocysteine has been
identi�ed as a prognostic factor for coronary heart disease. The study of Li, S et al. [22] revealed that H-Hcy (HR=1.075, 95% CI: 1.032-1.120,
P 0.01) is an independent predictor of MACCE in patients with coronary heart disease (CHD) who underwent drug-eluting stent implantation.
Moreover, a meta-analysis [6] of 19 cohort studies (4340 patients) revealed that elevated Hcy levels increased the risk of all-cause mortality
by an average of 3.19-fold (HR = 3.19, 95% CI: 1.90-5.34, P 0.01), MACE by 1.51-fold (HR = 1.51, 95% CI: 1.23-1.85, P 0.01), and cardiac
death by 2.76-fold (HR = 2.76, 95% CI: 1.44-5.32, P 0.01) in post-PCI patient. However, genetic background, eating habits, and living habits
all affected the serum level of Hcy [23]. The mean Hcy levels varied between different studies. Simultaneously, the threshold for H-Hcy was
inconsistent among various studies [22, 24]. Therefore, using de�nite cut-off values of Hcy concentration de�ned by guidelines or previous
classical studies for risk strati�cation may underestimate the actual risk of patients. In addition, because homocysteine and hypertension
have a synergistic effect on the prognosis of cardiovascular disease [9], homocysteine may have different effects on prognosis of ACS
patients with complicated hypertension or not. As a result, we divided ACS patients into hypertension and non-hypertension groups and
used ROC analysis to determine the optimal critical value of homocysteine for predicting long-term death in ACS patients in each of the two
groups. The two groups were then subdivided into two subgroups based on the optimal cut-off value: an H-Hcy group and a normal Hcy
group. As far as we know, the research method we adopted was more scienti�c and reasonable than those previously used.

In our study, Kaplan-Meier survival curves revealed that H-Hcy was associated with long-term mortality, including all-cause mortality and
cardiac death, during 18-month median follow-up period in two groups, consistent with previous studies [4, 6]. Meanwhile, we observed that
patients in the H-Hcy group were older and complicated with higher levels of serum BNP, creatinine, and uric acid levels and lower ejection
fraction. These factors are variables of GRACE risk score, which is closely associated with the prognosis of ACS patients. Aslihan Calim et
al. [5] recently reported a signi�cant positive correlation between homocysteine and GRACE risk scores in ACS patients. Although
controversies exist [25], most observational studies demonstrated that homocysteine is independent of other classic risk factors for
cardiovascular diseases.

After adjusting for other risk factors, including H-Hcy, age, gender, serum creatinine, and ejection fraction, multivariate Cox regression
analyses revealed that H-Hcy was strongly associated with long-term all-cause mortality in hypertension, but not in non-hypertension.
Numerous possible explanations have been proposed, including the following. First, hypertension and homocysteine may have a synergistic
effect on the prognosis of ACS. On the one hand, homocysteine plays a key role in atherosclerosis and plaque formation, strongly
associated with long-term adverse events. On the other hand, ACS patients with hypertension have a poor long-term prognosis.
Homocysteine is closely associated with hypertension development by activating angiotensin-converting enzyme. Thus, when
hyperhomocysteine and hypertension are combined, the effect of “1 + 1 > 2” may occur. Second, the proportion of patients with heart failure
(EF 40%) was higher in H-Hcy patients in the hypertension group, which is signi�cantly linked to long-term prognosis of patients.

Furthermore, we found that the proportion of complicated strokes was higher in H-Hcy group than in N-Hcy group, consistent with the
classical theory [26]. A case-control study conducted in six centers in China revealed that the risk of stroke in high Hcy population increased
by 87% [27]. However, the study we conducted failed to establish a link between homocysteine and non-fatal stroke events in the long-term
follow-up. This is due to the small sample size, short follow-up time, and few endpoints observed in this study.   

However, our investigation has several limitations. First, this study only discussed the relationship between Hcy levels and long-term
prognosis of ACS patients. There has been no discussion of whether lowering Hcy levels can improve the long-term prognosis of ACS
patients, requiring additional research. Second, this was a retrospective study with relatively small sample size and relatively shorter follow-
up duration, introducing bias. Third, there are differences in comprehensive management and treatment ability of ACS patients in different
hospitals, which may in�uence observation results. Additionally, there may be discrepancies in the Hcy detection methods used in different
hospitals. Finally, this paper did not discuss the impact of combined medication, including ACEI/ARB, antiplatelet drugs, statins, and β-
receptor antagonists, on long-term cardiovascular events.

Conclusion
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This paper suggests that elevated homocysteine levels independently predict all-cause mortality risk in ACS patients with hypertension but
not in those without hypertension. Thus, independent risk factors for cardiovascular events should be considered when evaluating risk
strati�cation for ACS patients. Despite this, additional perspective, large sample studies are required to further evaluate the relationship
between elevated homocysteine levels and cardiovascular events.
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Figures

Figure 1

According to the cut-off value of each group, hypertension was further divided into hyperhomocysteinemia (H-Hcy) (n=245) and normal
homocysteinemia(N-Hcy) groups (n=543) (the area under ROC curve was 0.639, the sensitivity was 58.8%, the speci�city was 71.0%, and the
optimal cut-off value was 16.81 µmol/L, P-value < 0.001, Figure 1).
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Figure 2

non-hypertension was subdivided into H-Hcy (n=200) and N-Hcy groups (n=300) (the area under ROC curve was 0.692, the sensitivity was
77.8%, the speci�city was 62.2%, and the optimal cut-off value was 14 µmol/L, P-value < 0.001, Figure 2).

Figure 3

Kaplan-Meier survival curves revealed that H-Hcy group had a signi�cantly lower survival probability than N-Hcy group, both in hypertension
(Figure 3A and B)
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Figure 4

non-hypertension (Figure 4A and B) groups (p-value < 0.01).


