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Abstract

Background: As a classical biomarker associated with hypertension, the prognostic value of homocysteine (Hcy) in the intermediate-
term outcome of acute coronary syndrome (ACS) remains controversial. This study aimed to investigate the role of homocysteine in
ACS patients with different blood pressure statuses. Methods: A total of 1288 ACS patients from 11 general hospitals in Chengdu,
China, from June 2015 to December 2019 were consecutively included in this observational study. The primary endpoint was defined
as all-cause death. Secondary endpoints included cardiac death, nonfatal myocardial infarction (MI), unplanned revascularization and
nonfatal stroke. The patients in the hypertension group (n = 788) were further stratified into hyperhomocysteinemia (H-Hcy, n = 245)
and normal homocysteinaemia subgroups (N-Hcy, n = 543) around the cut-off value of 16.81 µmol/L. Similarly, the nonhypertensive
patients were stratified into H-Hcy (n = 200) and N-Hcy subgroups (n = 300) around the optimal cut-off value of 14.00 µmol/L. The
outcomes were compared between groups. Results: The median follow-up duration was 18 months. During this period, 78 (6.05%)
deaths were recorded. Kaplan‒Meier curves illustrated that H-Hcy had a lower survival probability than N-Hcy in both hypertension
and nonhypertension groups (p < 0.01). Multivariate Cox regression analysis revealed that H-Hcy was a predictor of intermediate-term
mortality in ACS, regardless of blood pressure status. Conclusions: Elevated Hcy levels predict intermediate-term all-cause mortality in
ACS regardless of blood pressure status. This association could be conducive to risk stratification of ACS. Clinical Trial Registration:
The study was registered in the Chinese Clinical Trials Registry in China (ChiCTR1900025138).
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1. Introduction
Acute coronary syndrome (ACS) remains a serious

type of coronary atherosclerotic disease (CAD) with high
morbidity and mortality worldwide [1]. Despite receiv-
ing the optimum treatment recommended by modern guide-
lines, including early revascularization of lesions, dual an-
tiplatelet treatment and intensive lipid-lowering therapy,
some ACS patients are still at risk for recurrence of ad-
verse cardiovascular events. Identifying high-risk ACS
populations based on prognostic risk factors, including
cardiometabolic factors, and providing them with optimal
comprehensive treatment and nursing care is necessary to
further improve their prognosis [2].

Homocysteine (Hcy), derived from methionine
(Met) metabolism, along with uric acid, proinflamma-
tory molecules (such as C-reactive protein), glucose
metabolism, dyslipidemia, overweight or obesity and
hypertension, has received attention as a newly emerging

cardiometabolic risk factor for cardiovascular disease
(CVD) [3] by promoting plaque formation and atheroscle-
rosis, causing platelet aggregation and blood coagulation,
altering lipid metabolism, and triggering inflammatory
responses [4]. Previous studies have illustrated that
elevated serum Hcy was associated with higher risks of
cardiovascular events in ACS patients [5–7]. In contrast, a
Mendelian randomization study indicated that there is no
causal relationship between plasma Hcy and CVD or acute
myocardial infarction (AMI) [8]. Thus, the conflicting
findings from current studies render the relationship
between Hcy and the outcome of ACS controversial.

In addition, an elevated Hcy level is strongly associ-
ated with the occurrence and progression of hypertension
by inhibiting endogenous hydrogen sulfide generation and
activating angiotensin-converting enzymes [9,10]. Previ-
ous studies have reported that hypertension and hyperho-
mocysteinemia have a significant synergistic effect on the
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prognosis of CVD [11,12]. Hcy could have a different in-
fluence on prognosis in ACS patients with or without hy-
pertension. However, most studies currently adopt the def-
inite Hcy classification criteria for all ACS patients to guide
risk stratification, regardless of their blood pressure status,
which might misestimate their actual risk. Therefore, our
study intended to adopt different cut-off values determined
by receiver operating characteristic (ROC) curve analysis in
hypertensive and nonhypertensive patients with ACS to ex-
plore the prognostic significance of Hcy in the intermediate-
term outcomes of patients with different blood pressure sta-
tuses.

2. Materials and Methods

2.1 Study Population and Design

A total of 1288 ACS patients from 11 general hospi-
tals in Chengdu from June 2015 to December 2019 were
consecutively included in this observational study. The
diagnosis of ACS, including ST-elevation myocardial in-
farction (STEMI), non-ST-elevation myocardial infarction
(NSTEMI), and unstable angina pectoris (UA), was guided
by the corresponding guidelines [13,14]. The exclusion cri-
teria were as follows: (1) age younger than 18 years; (2)
incomplete baseline data; (3) loss to follow-up; (4) uncom-
pensated chronic renal dysfunction with creatinine clear-
ance (CrCl) <15 mL/min; (5) complicated severe chronic
disease with a life expectancy <1 year; and (6) death in
hospital.

The demographic, clinical, biochemical, and angio-
graphic data and discharge medications were gathered by
trained professionals from the hospital medical records sys-
tem. Patients were classified into two groups based on
their discharge diagnosis: hypertension and nonhyperten-
sion. To further increase the prognostic importance of the
study, the optimum cut-off value for plasma Hcy concentra-
tion to measure intermediate-term mortality was evaluated
by ROC curve analysis. According to the optimum cut-off
value of each group, hypertensive patients were further sub-
divided into hyperhomocysteinemia (H-Hcy) (n = 245) and
normal homocysteinemia (N-Hcy) groups (n = 543) (the
area under the ROC curve (AUC) was 0.639, the sensitivity
was 58.8%, the specificity was 71.0%, and the optimal cut-
off value was 16.81 µmol/L, p< 0.001, Fig. 1A). Similarly,
nonhypertensive patients were subdivided into H-Hcy (n =
200) and N-Hcy groups (n = 300) (the AUC was 0.692, the
sensitivity was 77.8%, the specificity was 62.2%, and the
optimal cut-off value was 14.0 µmol/L, p< 0.001, Fig. 1B).

The study was registered in the Chinese Clinical Trials
Registry in China (ChiCTR1900025138). We affirm that
our protocol was conducted in compliance with the Decla-
ration of Helsinki and approved by the local ethics commit-
tee. Due to its retrospective nature, the committee waived
the requirement for formal informed consent.

2.2 Follow-up and Definitions

After discharge, regular follow-up was performed by
a professional cardiologist at 1, 3, 6, and 12 months and
then annually thereafter. Prognostic information was ob-
tained by consulting electronic medical records or tele-
phone inquiries. We discontinued follow-up when death
was recorded. The primary endpoint was defined as
all-cause death. The secondary endpoints included car-
diac death, nonfatal myocardial infarction (MI), unplanned
revascularization, and nonfatal stroke.

Hypertension was defined as a systolic blood pressure
(SBP)≥140mmHg and/or a diastolic blood pressure (DBP)
≥90 mmHg during hospitalization or a history of hyper-
tension [15]. Premature ACS referred to the occurrence of
ACS in men younger than 55 years old and women younger
than 65 years old [16]. Multivessel disease meant stenosis
>50% in >1 of the major coronary arteries [17].

Cardiac death meant death driven by MI, heart failure
(HF) and/or arrhythmia and included sudden death without
a definite cause [18]. Unplanned revascularization meant
the recurrent revascularization of any lesion by percuta-
neous coronary intervention (PCI) or coronary artery by-
pass grafting (CABG) [19]. Stroke was defined as is-
chaemic or hemorrhagic stroke during the follow-up period
as confirmed by imaging and diagnosed by professional
neurologists.

2.3 Statistical Analysis

Continuous data are expressed as the mean ± stan-
dard deviation (SD) or interquartile range (IQR). They were
compared using Student’s t-test or the Mann‒Whitney U
test. Categorical variables are expressed as percentages and
were compared using the chi-square test or Fisher’s exact
test. The optimum cut-off value of serum Hcy was ob-
tained from ROC curve analysis. The time-to-event data
were plotted using the Kaplan‒Meier method, and the log-
rank test was applied to evaluate discrepancies between the
groups. With all-cause death as the dependent variable, uni-
variate Cox analysis was conducted. Then, multivariate
Cox analysis was done to evaluate whether elevated Hcy
concentrations were linked to a worse prognosis. Med-
Calc Statistical Software, version 19.6.1 (MedCalc Soft-
ware, Ostend, Belgium), was used for all statistical analy-
ses. All statistical tests were 2-tailed, and a p value < 0.05
was considered to be statistically significant.

3. Results
3.1 Baseline Characteristics

This analysis included 1288 ACS patients (595 UA,
396 STEMI, and 297 NSTEMI), including 788 hyperten-
sive patients (61.2%) and 500 nonhypertensive patients
(38.8%), with an average age of 66.58 ± 12.12 years. The
median plasma Hcy level was 13.82 (IQR, 11.04–18.44)
µmol/L in the hypertension group and 12.85 (IQR, 10.4–
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Fig. 1. ROC curve analysis determined the optimumcut-off value of plasma homocysteine concentration tomeasure intermediate-
termmortality. (A) ROC curve analysis in hypertension. (B) ROC curve analysis in nonhypertension. AUC, area under the ROC curve;
ROC, receiver operating characteristic.

16.5) µmol/L in the nonhypertension group. The baseline
characteristics stratified by different blood pressure statuses
are presented in Table 1. The hypertension group was older;
included more women; had a higher prevalence of diabetes
mellitus, stroke history, multivessel disease and calcified
lesions; and had higher levels of SBP, serum creatinine, uric
acid, and plasma Hcy (p < 0.05). However, their propor-
tions of current smokers, thrombosis, and AMI were lower
than those in nonhypertensive patients (p < 0.05). Re-
garding discharge medications, there were significant dif-
ferences in the use of angiotensin converting enzyme in-
hibitor/angiotensin II receptor blocker (ACEIs/ARBs) and
diuretics between the patients with and without hyperten-
sion.

Table 2 summarizes the baseline demographic, clin-
ical, biochemical, and angiographic data of hypertension
and nonhypertension groups when stratified by the cut-off
value for plasma Hcy. H-Hcy subjects were older and had
higher levels of serum B-type natriuretic peptide (BNP),
creatinine, and uric acid and lower left ventricular ejec-
tion fraction (LVEF) in both hypertension and nonhyper-
tension groups (p < 0.05 for both). In addition, the pro-
portions of patients with a history of stroke and the use
of diuretics were higher in the population with H-Hcy in
both groups (p< 0.05 for both). In the hypertension group,
the H-Hcy subgroup had fewer women and lower SBP,
heart rate (HR), low-density lipoprotein cholesterol (LDL-
C) and high-density lipoprotein cholesterol (HDL-C) levels
(p < 0.05) than the N-Hcy group. Moreover, the propor-
tion of heart failure (LVEF<40%) in the subgroup with H-

Hcy was higher (p < 0.05). In the nonhypertension group,
H-Hcy patients had a larger proportion of calcified coro-
nary lesions, and these patients had a lower level of total
cholesterol (p < 0.05). Additionally, smoking habit, previ-
ous revascularization therapy, diabetes mellitus, multives-
sel disease, and the levels of triglycerides and Lp(a) did
not differ between hypertension and nonhypertension sub-
groups (p > 0.05).

3.2 Intermediate-Term Clinical Outcomes

The median follow-up duration was 18 (range: 13.83–
22.37) months, and 78 (6.05%), 59 (4.58%), 34 (2.64%),
104 (8.07%), and 10 (0.77%) cases of all-cause death, car-
diac death, nonfatal MI, revascularization, and nonfatal
stroke were recorded, respectively. The number of all-
cause mortality and cardiac death events was higher in the
H-Hcy subgroup than in the N-Hcy subgroup of both hy-
pertensive and nonhypertensive patients (p < 0.01) (Ta-
ble 3). The survival analysis illustrated that the H-Hcy
subgroup had a lower survival probability from all-cause
death and cardiac death than the N-Hcy subgroup in both
the hypertension (Fig. 2A,B) and nonhypertension groups
(Fig. 2C,D) (p < 0.01).

3.3 Predictors of Intermediate-Term All-Cause Death

The univariate analysis results are presented in Sup-
plementary Table 1. In the nonhypertension group, H-
Hcy, age, creatinine, LVEF <40%, smoking, uric acid, di-
uretics, and PCI were relevant to the risk of all-cause death.
After adjusting for confounding factors, multivariate Cox
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Table 1. Baseline characteristics of the study patients stratified by blood pressure status.
Variable Total population Hypertension (n = 788) Non-hypertension (n = 500) p

Age, years 66.58 ± 12.12 68.75 ± 11.16 63.17 ± 12.79 <0.001
Female, n (%) 358 (27.8) 267 (33.9) 91 (19.2) <0.001
Smoking, n (%) 492 (38.2) 254 (32.2) 238 (47.6) <0.001
Previous PCI, n (%) 112 (8.7) 71 (9.0) 41 (8.2) 0.615
Previous stroke, n (%) 72 (5.6) 59 (7.5) 13 (2.6) <0.001
Diabetes mellitus, n (%) 406 (31.5) 290 (36.8) 116 (23.2) <0.001
SBP, mmHg 132.78 ± 22.82 138.13 ± 23.62 124.42 ± 18.68 <0.001
HR, bpm 77.72 ± 15.91 76.92 ± 15.12 78.97 ± 17.04 0.024
cTnT, pg/mL 24.65 (9.88, 434.33) 22.17 (10.34, 289.00) 33.96 (8.47, 1042.5) 0.109
BNP, pg/mL 135.80 (66.95, 429.18) 131.75 (67.13, 429.18) 139.35 (62.25, 429.18) 0.857
Creatinin, µmol/L 77.05 (65.03, 92.40) 79.85 (65.80, 96.00) 73.95 (64.50, 87.93) <0.001
Uric acid, µmol/L 378.44 ± 114.76 387.00 ± 120.79 364.94 ± 103.27 0.001
FBG, mmol/L 7.31 ± 3.69 7.42 ± 3.95 7.15 ± 3.22 0.202
Triglyceride, mmol/L 1.40 (1.02, 2.13) 1.44 (1.03, 2.18) 1.37 (1.00, 1.98) 0.132
Total cholesterol, mmol/L 4.37 (3.62, 5.18) 4.31 (3.58, 5.20) 4.40 (3.43, 5.15) 0.617
LDL-C, mmol/L 2.64 (2.09, 3.28) 2.59 (2.05, 3.28) 2.71 (2.19, 3.28) 0.064
HDL-C, mmol/L 1.12 (0.95, 1.34) 1.14 (0.96, 1.35) 1.11 (0.94, 1.33) 0.532
Lp (a), mg/L 153.20 (66.23, 276.15) 138.8 (65.7, 267.88) 173.5 (69.63, 308.43) 0.148
Hcy, µmol/L 13.40 (10.70, 17.59) 13.83 (11.04, 18.44) 12.85 (10.40, 16.50) 0.001
H-Hcy, n (%) 445 (34.5) 245 (31.1) 200 (40.0) 0.001
Multivessel disease, n (%) 732 (56.8) 469 (59.5) 263 (52.6) 0.015
Calcified lesions, n (%) 138 (10.7) 106 (13.5) 32 (6.4) <0.001
Thrombosis, n (%) 49 (3.8) 22 (2.8) 27 (5.4) 0.017
LVEF 55.18 ± 9.50 55.25 ± 9.45 55.05 ± 9.59 0.715
LVEF <40 (%) 95 (7.5) 60 (7.6) 36 (7.2) 0.783
Premature ACS (%) 291 (22.6) 144 (18.3) 147 (29.4) <0.001
AMI, n (%) 693 (53.8) 389 (49.4) 304 (60.8) <0.001
Diagnosis, n (%) <0.001

UA 595 (46.2) 399 (50.6) 196 (39.2)
NSTEMI 297 (23.1) 185 (23.5) 112 (22.4)
STEMI 396 (30.7) 204 (25.9) 192 (38.4)

PCI, n (%) 1102 (85.6) 674 (85.5) 428 (85.6) 0.973
Discharge medications

Aspirin, n (%) 1224 (95.0) 756 (95.9) 468 (93.6) 0.060
P2Y12 receptor inhibitor, n (%) 1265 (98.2) 778 (98.7) 487 (97.4) 0.079
Statins, n (%) 1231 (95.6) 750 (95.2) 481 (96.2) 0.385
β-blockers, n (%) 893 (69.3) 547 (69.4) 346 (69.2) 0.935
ACEI/ARB, n (%) 584 (45.3) 458 (58.1) 126 (25.2) <0.001
Diuretics, n (%) 225 (17.5) 162 (20.6) 63 (12.6) <0.001

Note: 1 mmHg = 0.133 kPa.
Abbreviations: cTnT, troponin T; BNP, B-type natriuretic peptide; UA, unstable angina; LDL-C, low-density lipoprotein; HDL-C,
high-density lipoprotein; FBG, fasting blood glucose; Hcy, homocysteine; H-Hcy, hyperhomocysteinemia; LVEF, left ventricular
ejection fraction; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; PCI, percutaneous coronary
intervention; SBP, systolic blood pressure; AMI, acute myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction;
STEMI, ST-elevation myocardial infarction; HR, heart rate; Lp (a), lipoprotein (a).

analysis indicated that H-Hcy was an independent predic-
tor of all-cause death (HR 2.916, 95% CI: 1.058 to 8.037, p
= 0.039) (Fig. 3, Supplementary Table 2). Conversely, in
the hypertension group, multivariate Cox regression anal-
ysis implied that the independent predictors of all-cause
death were age (HR = 1.054, 95% CI: 1.019 to 1.090, p

= 0.003), H-Hcy (HR = 1.851, 95% CI: 1.009 to 3.393, p =
0.047), creatinine (HR = 1.002, 95% CI: 1.000 to 1.004, p =
0.031), LVEF<40% (HR = 2.600, 95% CI: 1.261 to 5.359,
p = 0.010), and uric acid (HR = 1.003, 95% CI: 1.001 to
1.005, p = 0.006) (Fig. 4, Supplementary Table 2).
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Table 2. Baseline characteristics of patients in different Hcy subgroups.

Variable
Hypertension (n = 788) Non-hypertension (n = 500)

H-Hcy (n = 245) N-Hcy (n = 543) p H-Hcy (n = 200) N-Hcy (n = 300) p

Age, years 70.82 ± 11.08 67.82 ± 11.08 <0.01 65.52 ± 14.53 61.6 ± 11.23 <0.01
Female, n (%) 55 (22.4) 212 (39.0) <0.01 31 (15.5) 60 (20.0) 0.20
Smoking, n (%) 78 (31.8) 176 (32.4) 0.873 92 (46) 146 (48.7) 0.56
previous PCI, n (%) 24 (9.8) 47 (8.7) 0.605 19 (9.5) 22 (7.3) 0.387
Previous stroke, n (%) 29 (11.8) 30 (5.5) <0.01 10 (5) 3 (1) <0.01
Diabetes mellitus, n (%) 92 (37.6) 198 (36.5) 0.77 35 (17.5) 81 (27) 0.014
SBP, mmHg 134.35 ± 23.42 139.72 ± 23.30 0.003 125.76 ± 19.22 123.61 ± 18.22 0.208
HR, bpm 74.87 ± 15.42 77.84 ± 14.90 0.011 80.34 ± 18.45 78.06 ± 15.96 0.143
cTnT, pg/mL 28.13 (13.62, 285.90) 19.71 (8.77, 290.00) 0.013 37.94 (8.43, 1231.00) 33.96 (8.47, 730.70) 0.876
BNP, pg/mL 175.2 (78, 577.1) 120.4 (59.2, 378.5) <0.01 170.85 (68, 435.49) 130.9 (59.25, 365.45) 0.028
Creatinin, µmol/L 96 (80.15, 126.5) 74.7 (62.9, 87.6) <0.01 79.95 (68.27, 95.5) 70.9 (62.37, 81.47) <0.01
Uric acid, µmol/L 441.93 ± 130.38 362.22 ± 107.42 <0.01 397.24 ± 122.47 343.41 ± 81.57 <0.01
FBG, mmol/L 7.21 ± 3.45 7.36 ± 3.88 0.602 7.34 ± 3.74 7.31 ± 3.50 0.919
Triglyceride, mmol/L 1.41 (1.01, 2.13) 1.45 (1.04, 2.2) 0.358 1.33 (0.97, 1.99) 1.38 (1, 1.97) 0.873
Total cholesterol, mmol/L 4.3 (3.51, 5.11) 4.32 (3.6, 5.23) 0.323 4.29 (3.51, 4.99) 4.47 (3.84, 5.2) 0.027
LDL-C, mmol/L 2.44 (1.94, 3.08) 2.63 (2.06, 3.34) 0.014 2.65 (2.1, 3.25) 2.76 (2.24, 3.34) 0.14
HDL-C, mmol/L 1.09 (0.9, 1.31) 1.14 (0.97, 1.37) <0.01 1.11 (0.94, 1.35) 1.1 (0.94, 1.32) 0.543
Lp (a), mg/L 133 (60.1, 265.52) 144 (67.9, 273.3) 0.405 189.6 (76.9, 266.55) 163.35 (65.77, 327.75) 0.644
Multivessel disease, n (%) 150 (61.2) 319 (58.7) 0.512 110 (55) 153 (51) 0.38
Calcified lesions, n (%) 36 (14.7) 70 (12.9) 0.492 19 (9.5) 13 (4.3) 0.021
Thrombosis, n (%) 7 (2.9) 15 (2.8) 0.940 9 (4.5) 18 (6.0) 0.467
LVEF 53.44 ± 10.17 56.06 ± 8.99 <0.01 53.45 ± 9.77 56.12 ± 9.33 <0.01
LVEF <40 (%) 28 (11.4) 32 (5.9) <0.01 17 (8.5) 19 (6.3) 0.359
Premature ACS (%) 29 (11.8) 115 (21.2) <0.01 49 (24.5) 98 (32.7) 0.05
AMI, n (%) 133 (54.3) 256 (47.1) 0.064 125 (62.5) 179 (59.7) 0.525
PCI, n (%) 205 (83.7) 469 (86.4) 0.319 166 (83.0) 262 (87.3) 0.176
Diagnosis, n (%) 0.104 0.516
UA 112 (45.7) 287 (52.9) 75 (37.5) 121 (40.3)
NSTEMI 68 (27.8) 117 (21.5) 50 (25.0) 62 (20.7)
STEMI 65 (26.5) 139 (25.6) 75 (37.5) 117 (39)
Discharge medications
Aspirin, n (%) 236 (96.3) 520 (95.8) 0.711 183 (91.5) 285 (95.0) 0.117
P2Y12 receptor inhibitor, n (%) 242 (98.8) 53.6 (98.7) 0.940 193 (96.5) 294 (98.0) 0.302
Statins, n (%) 237 (96.7) 513 (94.5) 0.171 191 (95.5) 290 (96.7) 0.504
β-blockers, n (%) 159 (64.9) 388 (71.5) 0.064 134 (67.0) 212 (70.7) 0.384
ACEI/ARB, n (%) 133 (54.3) 325 (59.9) 0.143 62 (31.0) 64 (21.3) 0.015
Diuretics, n (%) 65 (26.5) 97 (17.9) 0.005 34 (17.0) 29 (9.7) 0.015
Note: 1mmHg= 0.133 kPa. Abbreviations: cTnT, troponin T; BNP, B-type natriuretic peptide; UA, unstable angina; HR, heart rate;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; N-Hcy, normal homocysteinemia; FBG,
fasting blood glucose; Hcy, homocysteine; H-Hcy, hyperhomocysteinemia; LVEF, left ventricular ejection fraction; ACEI/ARB,
angiotensin converting enzyme inhibitor/angiotensin II receptor blocker; SBP, systolic blood pressure; AMI, acute myocardial
infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation
myocardial infarction; Lp (a), lipoprotein (a).

4. Discussion
The results of this study revealed that (1) H-Hcy

patients had higher all-cause mortality and cardiac death
events than those with normal Hcy in ACS, regardless of the
status of blood pressure; (2) elevated serum Hcy concen-
tration was an independent predictor of intermediate-term
all-cause mortality in ACS patients with or without hyper-

tension; and (3) ACS patients with or without hypertension
could have different thresholds of serum Hcy for predicting
intermediate-term mortality, which might be conducive to
optimizing the risk stratification of ACS in clinical practice.

Serum Hcy, as a classic biomarker, has been reported
to be an independent risk factor for cardio-cerebrovascular
diseases [3,7,20,21] and is associatedwith plaque formation
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Table 3. Intermediate-term clinical outcomes.
Hypertension (n = 788) Non-hypertension (n = 500)

H-Hcy (n = 245) N-Hcy (n = 543) p H-Hcy (n = 200) N-Hcy (n = 300) p

All-cause death, n (%) 30 (12.2) 21 (3.9) <0.01 21 (10.5) 6 (2.0) <0.01
Cardiac death, n (%) 23 (9.4) 17 (3.1) <0.01 16 (8.0) 3 (1.0) <0.01
Non-fatal MI, n (%) 8 (3.3) 12 (2.2) 0.383 7 (3.5) 7 (2.3) 0.439
Unplanned revascularization, n (%) 22 (9.0) 43 (7.9) 0.616 13 (6.5) 26 (8.7) 0.376
Non-fatal stroke, n (%) 3 (1.2) 4 (0.7) 0.791 1 (0.5) 2 (0.7) >0.99
N-Hcy, normal homocysteinemia; H-Hcy, hyperhomocysteinemia; MI, myocardial infarction.

Fig. 2. Kaplan-Meier curves of intermediate-term clinical outcomes. Kaplan-Meier curves for the survival probability of all-cause
death (A) and cardiac death (B) in the hypertension group and all-cause death (C) and cardiac death (D) in the nonhypertension group.
H-Hcy, hyperhomocysteinemia; N-Hcy, normal homocysteinemia.

and atherosclerosis progression [4,22] by damaging vascu-
lar endothelial cells, altering lipid metabolism, and trigger-
ing inflammatory responses. In addition, it can participate
in acute coronary events by disrupting the balance between

blood coagulation and fibrinolysis, leading to platelet ag-
gregation and blood coagulation [23]. Thus, Hcy has been
regarded as a prognostic factor for CAD. Li S et al. [24]
found that H-Hcy (HR = 1.075, 95% CI: 1.032–1.120, p <

6

https://www.imrpress.com


Fig. 3. Forest plot of all-cause death in the nonhypertension group. CI, confidence interval; LVEF, left ventricular ejection fraction;
PCI, percutaneous coronary intervention; H-Hcy, hyperhomocysteinemia; HR, hazard radio.

0.01) is an independent predictor of adverse cardiovascular
and cerebrovascular events in patients with CAD who un-
derwent drug-eluting stent implantation. A meta-analysis
revealed that elevated serumHcy in patients who underwent
PCI increased the risks of all-cause mortality by an average
of 3.19-fold (HR = 3.19, 95%CI: 1.90–5.34, p< 0.01), ma-
jor adverse cardiovascular events 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) [7].

Genetic background, eating habits, and living habits
all affect the serum level of Hcy [25]. The mean Hcy levels
vary between different regions or races. The threshold for
H-Hcy has been inconsistent among various studies [24,26].
Therefore, using definite cut-off values of Hcy concentra-
tions defined by guidelines or previous classical studies to
guide risk stratification might misestimate the actual risk in
a given patient. In addition, because Hcy and hypertension
have a synergistic effect on the prognosis of cardiovascular
disease [11], Hcy could have different effects on the prog-
nosis of ACS patients with different blood pressure statuses.
Based on this fact, we divided ACS patients into hyper-
tension and nonhypertension groups and used ROC curve
analysis to determine the optimum critical value of Hcy for
predicting intermediate-termmortality inACS patients with
hypertension and the critical value in those without hyper-
tension. The two groups were then subdivided into two sub-
groups based on their respective optimum cut-off values:
an H-Hcy subgroup and a normal Hcy subgroup. We think

the research method we adopted in this study may be more
reasonable than those used in other studies. The results ulti-
mately showed that the cut-off value of Hcy for predicting
intermediate-term mortality was 16.81 µmol/L in patients
with hypertension and 14.0 µmol/L in patients without hy-
pertension, which could be conducive to individualized risk
stratification of ACS patients.

Kaplan‒Meier curves demonstrated that H-Hcy was
associated with intermediate-term mortality, including all-
cause mortality and cardiac death, during the 18-month me-
dian follow-up in the two groups, consistent with previous
studies [5,7]. After adjusting for other risk factors, multi-
variate Cox regression revealed that H-Hcywas strongly as-
sociated with intermediate-term mortality in both hyperten-
sive and nonhypertensive patients. We speculate that this
outcome could have the following explanations. The pa-
tients in the H-Hcy group were older and had higher levels
of serum BNP, creatinine, and uric acid and a lower ejection
fraction. Some of the above factors are part of the GRACE
score, which is an established tool that well predicts the
prognosis of ACS patients [27,28]. Calim A et al. [6] re-
cently reported a significant positive correlation between
Hcy and GRACE risk score in ACS patients. Homocys-
teine, together with uric acid, proinflammatory molecules
(represented by C-reactive protein), glucose metabolism,
dyslipidemia, overweight or obesity and hypertension, are
emerging cardiometabolic risk factors that could aggravate
poor prognosis by resulting in systemic inflammation, ox-
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Fig. 4. Forest plot of all-cause death in the hypertension group. CI, confidence interval; LVEF, left ventricular ejection fraction; PCI,
percutaneous coronary intervention; H-Hcy, hyperhomocysteinemia; AMI, acute myocardial infarction; HR, heart rate.

idative stress, and ultimately the progression of atheroscle-
rosis and CVDs [3,29]. Although controversies exist [8],
Hcy has received attention as an independent prognostic
factor for CVDs.

Consistent with classical theory [30], we also found
that the proportion of complicated strokes was higher in the
H-Hcy group than in the N-Hcy group. A study conducted
in six centers in China revealed that the risk of stroke in a
high-Hcy population increased by 87% [31]. However, the
study that we conducted failed to establish a link between
Hcy and nonfatal stroke during the follow-up. This out-
come could be due to the small sample size, short follow-
up time, and few endpoints observed in this study. In ad-
dition, previous studies have shown that the use of folate
can reduce the risk of stroke but not the risk of heart attack
[32–34]. Patients with hyperhomocysteinemia can receive
folic acid treatment early, so an increased risk of stroke in
patients with hyperhomocysteinemia was not observed in
this study.

Our investigation has several limitations. First, this
study only explored the relationship between Hcy lev-
els and the intermediate-term prognosis of ACS. Whether
homocysteine-lowering therapy could improve the progno-

sis of ACS was not evaluated because critical data were
not available in some centers. Second, there was inevitable
bias due to the retrospective nature of this study with its
relatively small sample size and relatively short follow-up
duration. Third, there are differences in the ability of dif-
ferent hospitals to comprehensively manage and treat ACS
patients, which might have influenced the observed results.
Additionally, there could be discrepancies in the Hcy detec-
tion ability in different hospitals.

5. Conclusions
This paper suggests that elevated serum Hcy level is

independently associated with all-cause mortality in ACS
patients regardless of hypertension. For these patients,
Hcy levels should be monitored during in-hospital stays
and follow-up to help with risk stratification and manage-
ment decisions, and positive and individualized interven-
tions should be performed if necessary.

Availability of Data and Materials
The datasets used or analyzed during the current study

are available from the corresponding author on reasonable
request.

8

https://www.imrpress.com


Author Contributions
QC, SX, and XD drafted the manuscript, and were ma-

jor contributors in the collection, analysis and interpretation
of data. XY, CC, HS, YLuo, YLong, and ZZ were major
contributors in the acquisition and interpretation of data and
contributed to revision of the manuscript. HL designed the
study and provided constructive suggestions for revision of
the manuscript. TX and LC designed the study, and finally
approved the manuscript submitted. All authors read and
approved the final manuscript. All authors have partici-
pated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
The study was registered in the Chinese Clinical Trials

Registry in China (ChiCTR1900025138). The study was
approved by Ethics Committee of Chengdu Third People’s
Hospital ([2019] S-67). Due to the study’s retrospective na-
ture, the Committee waived the requirement for formal in-
formed consent. We stated that our protocol was performed
in accordance with the relevant guidelines and the Declara-
tion of Helsinki.

Acknowledgment
We gratefully acknowledge the support of the Science

and Technology Department of Sichuan, China.

Funding
This research was supported by the Science and

Technology Department of Sichuan, China (grant number
2021YJ0215), the National Natural Science Foundation of
China (31600942), and Chengdu High-level Key Clinical
Specialty Construction Project.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2407210.

References
[1] Toušek P, Bauer D, Neuberg M, Nováčková M, Mašek P, Tu Ma

P, et al. Patient characteristics, treatment strategy, outcomes, and
hospital costs of acute coronary syndrome: 3 years of data from
a large high-volume centre in Central Europe. European Heart
Journal Supplements. 2022; 24: B3–B9.

[2] Qi LY, Liu HX, Cheng LC, Luo Y, Yang SQ, Chen X, et al.
Prognostic Value of the Leuko-Glycemic Index in Acute My-
ocardial Infarction Patients with or without Diabetes. Diabetes,
Metabolic Syndrome and Obesity. 2022; 15: 1725–1736.

[3] Li JJ, Liu HH, Li S. Landscape of cardiometabolic risk factors
in Chinese population: a narrative review. Cardiovascular Dia-
betology. 2022; 21: 113.

[4] McCully KS. Homocysteine and the pathogenesis of atheroscle-
rosis. Expert Review of Clinical Pharmacology. 2015; 8: 211–
219.

[5] Zhu M, Mao M, Lou X. Elevated homocysteine level and prog-
nosis in patients with acute coronary syndrome: a meta-analysis.
Biomarkers. 2019; 24: 309–316.

[6] Calim A, Turkoz FP, Ozturkmen YA,Mazi EE, Cetin EG, Demir
N, et al. The Relation between Homocysteine Levels in Patients
with Acute Coronary Syndrome and Grace Score. Sisli Etfal
Hastanesi Tip Bulteni. 2020; 54: 346–350.

[7] Zhang Z, Xiao S, Yang C, Ye R, Hu X, Chen X. Association of
Elevated Plasma Homocysteine Level with Restenosis and Clin-
ical Outcomes After Percutaneous Coronary Interventions: a
Systemic Review and Meta-analysis. Cardiovascular Drugs and
Therapy. 2019; 33: 353–361.

[8] Miao L, Deng GX, Yin RX, Nie RJ, Yang S, Wang Y, et al. No
causal effects of plasma homocysteine levels on the risk of coro-
nary heart disease or acute myocardial infarction: A Mendelian
randomization study. European Journal of Preventive Cardiol-
ogy. 2021; 28: 227–234.

[9] Fu L, Li YN, Luo D, Deng S, Wu B, Hu YQ. Evidence on
the causal link between homocysteine and hypertension from
a meta-analysis of 40,173 individuals implementing Mendelian
randomization. Journal of Clinical Hypertension. 2019; 21:
1879–1894.

[10] Onyemelukwe OU, Maiha BB. Prevalence of hyperhomocys-
teinaemia, selected determinants and relation to hypertension
severity in Northern-Nigerian hypertensives: the ABU homo-
cysteine survey. Ghana Medical Journal. 2020; 54: 17–29.

[11] Liu M, Fan F, Liu B, Jia J, Jiang Y, Sun P, et al. Joint Effects of
PlasmaHomocysteine Concentration and Traditional Cardiovas-
cular Risk Factors on the Risk of New-Onset Peripheral Arterial
Disease. Diabetes, Metabolic Syndrome and Obesity. 2020; 13:
3383–3393.

[12] Li J, Jiang S, Zhang Y, Tang G, Wang Y, Mao G, et al. H-type
hypertension and risk of stroke in chinese adults: A prospec-
tive, nested case-control study. Journal of Translational Internal
Medicine. 2015; 3: 171–178.

[13] Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J,
Bhatt DL, et al. 2020 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persis-
tent ST-segment elevation. European Heart Journal. 2021; 42:
1289–1367.

[14] Bhatt DL, Lopes RD, Harrington RA. Diagnosis and Treatment
of Acute Coronary Syndromes: A Review. The Journal of the
American Medical Association. 2022; 327: 662–675.

[15] Krist AH, Davidson KW, Mangione CM, Cabana M, Caughey
AB, , Davis EM, et al. Screening for Hypertension in Adults: US
Preventive Services Task Force Reaffirmation Recommendation
Statement. The Journal of the American Medical Association.
2021; 325: 1650–1656.

[16] Menezes Fernandes R, Mota T, Costa H, Bispo J, Azevedo P,
Bento D, et al. Premature acute coronary syndrome: understand-
ing the early onset. Coronary Artery Disease. 2022; 33: 456–
464.

[17] Akbari T, Al-Lamee R. Percutaneous Coronary Interven-
tion in Multi-Vessel Disease. Cardiovascular Revascularization
Medicine. 2022; 44: 80–91.

[18] Batra G, Lindbäck J, Becker RC, Harrington RA, Held C, James
SK, et al. Biomarker-Based Prediction of Recurrent Ischemic
Events in Patients With Acute Coronary Syndromes. Journal of
the American College of Cardiology. 2022; 80: 1735–1747.

[19] Xu B, Tu S, Song L, Jin Z, Yu B, Fu G, et al. Angiographic
quantitative flow ratio-guided coronary intervention (FAVOR
III China): a multicentre, randomised, sham-controlled trial.
Lancet. 2021; 398: 2149–2159.

9

https://doi.org/10.31083/j.rcm2407210
https://doi.org/10.31083/j.rcm2407210
https://www.imrpress.com


[20] Li N, Tian L, Ren J, Li Y, Liu Y. Evaluation of homocysteine
in the diagnosis and prognosis of coronary slow flow syndrome.
Biomarkers in Medicine. 2019; 13: 1439–1446.

[21] Wang D, Wang W, Wang A, Zhao X. Association of Severity
and Prognosis With Elevated Homocysteine Levels in Patients
With Intracerebral Hemorrhage. Frontiers in Neurology. 2020;
11: 571585.

[22] Zeng Y, Li FF, Yuan SQ, Tang HK, Zhou JH, He QY, et al.
Prevalence of Hyperhomocysteinemia in China: An Updated
Meta-Analysis. Biology. 2021; 10: 959.

[23] Ekmekçi H, Ekmekçi OB, Erdine S, Sönmez H, Ataev Y, Oztürk
Z, et al. Effects of serum homocysteine and adiponectin levels
on platelet aggregation in untreated patients with essential hy-
pertension. Journal of Thrombosis and Thrombolysis. 2009; 28:
418–424.

[24] Li S, Sun L, Qi L, Jia Y, Cui Z, Wang Z, et al. Effect of High
Homocysteine Level on the Severity of Coronary Heart Disease
and Prognosis After Stent Implantation. Journal of Cardiovascu-
lar Pharmacology. 2020; 76: 101–105.

[25] Ma T, Sun XH, Yao S, Chen ZK, Zhang JF, Xu WD, et al. Ge-
netic Variants of HomocysteineMetabolism, Homocysteine, and
Frailty - Rugao Longevity and Ageing Study. The Journal of Nu-
trition, Health & Aging. 2020; 24: 198–204.

[26] Bickel C, Schnabel RB, Zengin E, Lubos E, Rupprecht H, Lack-
ner K, et al. Homocysteine concentration in coronary artery dis-
ease: Influence of three common single nucleotide polymor-
phisms. Nutrition, Metabolism, and Cardiovascular Diseases.
2017; 27: 168–175.

[27] Tang EW, Wong CK, Herbison P. Global Registry of Acute
Coronary Events (GRACE) hospital discharge risk score ac-
curately predicts long-term mortality post acute coronary syn-
drome. American Heart Journal. 2007; 153: 29–35.

[28] Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van
de Werf F, et al. A validated prediction model for all forms of
acute coronary syndrome: estimating the risk of 6-month post-
discharge death in an international registry. The Journal of the
American Medical Association. 2004; 291: 2727–2733.

[29] Xu L, Zhang H, Wang Y, Yang A, Dong X, Gu L, et al.
FABP4 activates the JAK2/STAT2 pathway via Rap1a in the
homocysteine-induced macrophage inflammatory response in
ApoE−/− mice atherosclerosis. Laboratory Investigation. 2022;
102: 25–37.

[30] Zhang H, Huang J, Zhou Y, Fan Y. Association of Homocysteine
Level with Adverse Outcomes in Patients with Acute Ischemic
Stroke: A Meta-Analysis. Current Medicinal Chemistry. 2021;
28: 7583–7591.

[31] Li Z, Sun L, Zhang H, Liao Y, Wang D, Zhao B, et al. Elevated
plasma homocysteine was associated with hemorrhagic and is-
chemic stroke, but methylenetetrahydrofolate reductase gene
C677T polymorphism was a risk factor for thrombotic stroke:
a Multicenter Case-Control Study in China. Stroke. 2003; 34:
2085–2090.

[32] Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF, et al.
Efficacy of folic acid therapy in primary prevention of stroke
among adults with hypertension in China: the CSPPT random-
ized clinical trial. The Journal of the American Medical Associ-
ation. 2015; 313: 1325–1335.

[33] Qin X, Li J, Spence JD, Zhang Y, Li Y,Wang X, et al. Folic Acid
Therapy Reduces the First Stroke Risk AssociatedWith Hyperc-
holesterolemia Among Hypertensive Patients. Stroke. 2016; 47:
2805–2812.

[34] Bønaa KH, Njølstad I, Ueland PM, Schirmer H, Tverdal A,
Steigen T, et al. Homocysteine lowering and cardiovascular
events after acute myocardial infarction. The NewEngland Jour-
nal of Medicine. 2006; 354: 1578–1588.

10

https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	2.1 Study Population and Design
	2.2 Follow-up and Definitions
	2.3 Statistical Analysis

	3. Results
	3.1 Baseline Characteristics
	3.2 Intermediate-Term Clinical Outcomes 
	3.3 Predictors of Intermediate-Term All-Cause Death 

	4. Discussion 
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

