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Abstract

Background: The prevalence of acute coronary syndrome (ACS) continues to increase among young Chinese adults.
Homocysteine (HCY) has been suggested as a promoter of atherosclerosis leading to coronary artery disease (CAD).
Yet, it remains uncertain whether HCY is associated with the ACS and the severity of coronary artery stenosis in young
adults.

Methods: Young patients (18-35 years of age) diagnosed with ACS who underwent coronary angiography (CAG) at
Anzhen Hospital between January 2013 and June 2019 were assigned to the ACS group. As confirmed by CAG during
the same period, an equivalent age-matched population without CAD was assigned to the non-CAD group. A serum
HCY level > 15 umol/L was defined as hyperhomocysteinemia (HHCY). The Gensini score assessed the severity of
coronary artery stenosis.

Results: A total of 1103 participants, including 828 ACS patients and 275 non-CAD subjects, were enrolled in this
study. Young ACS patients had higher level of serum HCY and greater prevalence of HHCY compared with non-
CAD subjects [for HCY, 16.55 (11.93-29.68) vs 12.50 (9.71-17.42), P<0.001; for HHCY prevalence, 62.08% vs 26.18%,

P <0.001]. Multivariate logistic regression analysis with the stepwise method indicated that HHCY was an independ-
ent predictor associated with the presence of ACS, after adjusting for traditional confounders (OR, 4.561; 95% C|,
3.288-6.327, P<0.001). Moreover, young ACS patients with HHCY had increased prevalence of ST-segment eleva-
tion myocardial infarction (STEMI) (P=0.041), multi-vessel disease (P=0.036), and decreased value of left ventricular
ejection fraction (LVEF) (P=0.01). Also, the HCY level was significantly correlated with Gensini Score in ACS patients
(r=0.142, P<0.001).

Conclusion: HHCY is significantly associated with the presence of ACS and the severity of coronary artery stenosis in
young adults < 35 years of age.
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Introduction

Acute coronary syndrome (ACS) has become a sig-
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Several traditional risk factors for coronary artery disease
(CAD), which include current smoking status, elevated
body mass index (BMI), and a family history of prema-
ture acute myocardial infarction (AMI), have been asso-
ciated with younger age [3]. In addition, non-traditional
risk factors, such as hyperhomocysteinemia (HHCY),
have also been suggested as novel markers for CAD and
are supposed to be added to Framingham Risk Factors
(FRFs) to boost their predictive value [4, 5]. In an obser-
vational study conducted in elderly patients undergoing
coronary angiography (CAG), the elevation of homocyst-
eine (HCY) level was closely associated with severity of
coronary artery stenosis [6]; still, the impact of HHCY
on ACS in young adults has not drawn much attention
among research community due to the relatively low
prevalence of ACS among young adults.

Since general HHCY prevalence has increased over
the last two decades in China [7], as well as prevalence
among young individuals, the aim of the current study
was to analyze the association between HHCY and ACS,
including the presence and the severity of coronary
artery stenosis among young adults who are 35 years of
age and younger.

Methods

Study population

In this single-center observational study, young patients
(18-35 years of age) diagnosed with ACS who under-
went coronary angiography (CAG) at Anzhen Hospital
between January 2013 and June 2019 were assigned to the
ACS group. An equivalent age-matched population who
underwent CAG for suspected CAD during the same
time period at the center, but were finally confirmed as
not having the coronary disease, were assigned to the
non-CAD group. Participants who met any of the fol-
lowing exclusion criteria were excluded from the study:
(1) missing homocysteine data; (2) repeated hospitaliza-
tion; (3) moderate renal impairment (an estimated glo-
merular filtration rate [eGFR] <60 mL/min per 1.73 m?),
pernicious anaemia, hypothyroidism, various cancers,
psoriasis; (4) myocarditis, cardiomyopathy, valvular heart
disease, congenital heart disease, infective endocardi-
tis, multiple arteritis, Kawasaki disease, rheumatic heart
disease; (5) vitamin or folate supplementation within
3 months.

This study was approved by the Institutional Ethics
Committee at Beijing Anzhen Hospital. The data used in
the study were retrospectively obtained from electronic
medical records.

Data collection and related definitions
Baseline fasting venous blood samples were collected
from all participants and the level of HCY and other
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laboratory indicators, such as triglycerides (TG), total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-
C), uric acid (UA), creatinine and high-sensitivity
C-reactive protein (hs-CRP) were analyzed. HCY was
measured by a Beckman Coulter AU5400 automatic
biochemical analyzer using an HCY commercial kit
(enzymatic cycling method). LDL-C was tested through
direct LDL-C assays. eGFR was calculated with the
MDRD formula according to the age, creatinine and
gender of the patients. According to the testing results,
TG>1.7 mmol/L was considered as hypertriglyceri-
demia, TC >5.2 mmol/L was considered as hypercho-
lesterolemia, LDL-C > 3.4 mmol/L was considered as a
high LDL-C level, and HDL-C< 1.0 mmol/L was con-
sidered as a low HDL-C level [8]. In addition, HHCY
was defined as HCY level > 15 pmol/L [9], while hyper-
uricemia was defined as UA level >420 mmol/L in
males and > 357 mmol/L in females [10].

Participants’ demographic and clinical data were col-
lected from electronic medical records. Hypertension
was defined as a systolic pressure (SBP)>140 mmHg
and/or diastolic pressure>90 mmHg, or currently
taking antihypertensive medications [11]. DM was
defined as FBG>7.0 mmol/L and/or random glu-
cose level>11.1 mmol/L or previously diagnosed
DM treated with diet, oral agents, or insulin [12].
Familial hypercholesterolemia (FH) was defined
by satisfying two or more of the following criteria:
LDL-C>4.68 mmol/L, tendon/skin xanthomas, and
FH history or family history of premature CAD [13].
Smoking status was defined as occasional or regular
smoking > 1cig/day, and former smokers with a cessa-
tion period <1 year were also included [14]. Drinker
was defined as someone with an average alcohol
intake > 50 g/day.

All participants received coronary angiography via
standard techniques. Major coronary vessels, including
the left main, left anterior descending, left circumflex,
right coronary artery, and main branches with a more
than 2.0 mm diameter, were evaluated. Major coro-
nary arteries with luminal diameter stenosis >50% were
considered as a lesion coronary artery. Left main ste-
nosis >50% was considered as a double-vessel disease.
Moreover, ACS diagnosis was determined by the Euro-
pean Society of Cardiology 2015 guidelines [15]. Young
ACS patients were divided into AMI and unstable angina
pectoris (UAP) groups according to the clinical diagno-
sis, single-vessel and multi-vessel groups according to the
number of lesion vessels, left ventricular ejection fraction
(LVEF) >50% and LVEF<50% groups according to the
cardiac function. The severity of coronary artery stenosis
was evaluated by the Gensini Score [16].
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Statistical analysis

Statistical software SPSS 22.0 (IBM-SPSS Inc., Chicago,
USA) was used to conduct all the analysis. The normality
of data was evaluated by the Kolmogorov—Smirnov test.
Accordingly, continuous variables with normal distribu-
tion were expressed as meandstandard deviation (SD)
and compared between two groups using the independ-
ent samples ¢-test. Otherwise, data were expressed as the
median and interquartile range (IQR) in case of skewed
distribution, and the Mann—Whitney U test determined
differences between the two groups. Categorical vari-
ables were presented as counts and percentages (%) and
compared using the Chi-square test. The relationship
between serum HCY level and Gensini Score was evalu-
ated using Spearman analysis. Univariate logistic regres-
sion analysis was performed first, then variables with
a P-value<0.2 were selected and added into multivari-
ate logistic regression model using the stepwise method
(entry, 0.05; removal, 0.05) so as to determine their inde-
pendent risk associated with ACS, which was calculated
by odds ratio (OR) with 95% confidence intervals (95%
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CI). A value of P<0.05 in a two-sided test was considered
statistically significant. A power test was conducted by
Power/Sample Size Calculator online.

Results

Baseline clinical characteristics

A total of 1103 participants, including 828 ACS patients
and 275 non-CAD individuals, were enrolled in this
study. The flowchart of the study is shown in Fig. 1.
Clinical characteristics and biochemical findings of
involved participants are listed in Table 1. The majority of
young patients with ACS were male (96.01% vs. 89.09%,
P<0.001). The higher prevalence of current smoker sta-
tus, hypertension, DM, family history of CAD, and famil-
ial hypercholesterolemia was found in the ACS group
compared to the non-CAD group. ACS patients also had
higher HR, BMI, and increased levels of FBG, HbAlc,
TG, TC, LDL-C, UA as well as hs CRP. Moreover, there
was a greater percentage of patients with HHCY in the
ACS group compared to the non-CAD group (62.08% vs.
26.18%, P<0.001). On the contrary, the HDL-C level and

1505 participants, 18-35 years of age,
underwent coronary angiography
Non-CAD, n= 280

ACS, n=1225

Patients excluded (n=293)
Repeated hospitalization (n=224)

Patients assessed for eligibility, n=1212
Non-CAD, n= 280
ACS, n=932

k No homocysteine data (n=69)

/Patients excluded (n=109) \

Severe renal insufficiency (n=5)
Hypothyroidism (n=2)
Psoriasis (n=1)

Myocarditis (n=20)
Cardiomyopathy (n=35)

Patients finally included, n=1103
Non-CAD, n=275
ACS, n=828

Fig. 1 Flow chartillustrating the process of a participant enrolled in the study

Valvular heart disease (n=5)
Congenital heart disease (n=17)
Infective endocarditis (n=2)
Multiple arteritis (n=16)
Kawasaki disease (n=2)

KRheumatic heart disease (n=4)/
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Table 1 Baseline clinical characteristics of study participants

Characteristics ACS (n=828) Non-CAD (n=275) P

Age (years) 33 (30-34) 32 (30-34) 0.206
Male, n (%) 795 (96.01) 245 (89.09) <0.001
SBP (mmHg) 126.044+16.01 12569+ 14.66 0.64
DBP (mmHg) 7771+£13.26 7695+ 1148 0.297
HR (bpm) 7573+£11.94 73.45+£12.09 0.004
Drinker, n (%) 148 (17.87) 56 (20.36) 0.361
Medical history and coronary risk factors

Smoker, n (%) 572 (69.08) 139 (50.55) <0.001
BMI (kg/mz) 2852 +4.64 26.80+£4.75 <0.001
Hypertension, n (%) 402 (48.55) 92 (33.45) <0.001
Diabetes mellitus, n (%) 62 (19.57) 21 (7.64) <0.001
Hypertriglyceridemia, n (%) 468 (56.52) 89 (32.36) <0.001
Hypercholesterolemia, n (%) 257 (31.04) 52(18.91) <0.001
High LDL-C, n (%) 237 (28. 62) 44 (16.00) <0.001
Low HDL-C, n (%) 580 (70.05) 138 (50.18) <0.001
Family history of CAD, n (%) 6(14.01) 24 (8.73) 0.023
Familial hypercholesterolemia, n (%) 25 (302) 1(0.36) 0.01
Hyperuricemia, n (%) 367 (44.32) 97 (35.27) 0.008
Hyperhomocysteinemia, n (%) 514 (62.08) 72 (26.18) <0.001
Prior stroke, n (%) 4(0.48) 0(0.00) 0.577
Laboratory results

BUN (mmol/L) 494+£1.39 479+£134 0.1
CR (umol/L) 74.68+15.14 74.69+14.08 0.988
eGFR (mL/min/1.73 m?) 106.30 (92.80, 120.60) 103.40 (93.60, 116.20) 0.064
FBG (mmol/L) 5.35(4.91-6.43) 5.04 (4.79-5.60) <0.001
HbA1c (%) 56 (5.2-6.2) 54 (5.1-5.7) <0.001
TG (mmol/L) 1.88(1.31-2.89) 145 (1.01-2.18) <0.001
TC (mmol/L) 472+£178 4344103 <0.001
HDL-C (mmol/L) 091+0.21 1.02+022 <0.001
LDL-C (mmol/L) 301£161 265+0.98 <0.001
UA (umol/L) 410.19+96.67 385.834+93.82 <0.001
HCY (umol/L) 16.55 (11.93-29.68) 12.50(9.71-17.42) <0.001
hs CRP (mg/L) 3.11(1.09-11.40) 1.12 (0.49-2.80) <0.001
Cardiac function

LVEF 60 (54-65) 66 (62-68) <0.001

Data are expressed as mean =+ standard deviation, medians with interquartile range or number (%)

CAD coronary artery disease, ACS acute coronary syndrome, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, BMI body mass index, BUN blood
urea nitrogen, CR creatinine, eGFR estimated glomerular filtration rate, FBG fasting blood glucose, HbATc glycosylated hemoglobin, TG triglyceride, TC total cholesterol,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, UA uric acid, HCY homocysteine, hs CRP high-sensitivity C-reactive protein, LVEF

left ventricular ejection fraction

Bold values indicate statistical significance

LVEF were significantly lower in ACS patients compared
to non-CAD subjects.

Univariate analysis of different ACS risk factors

As shown in Table 2, traditional ACS risk factors such
as male gender, BMI, current smoker status, hyperten-
sion, DM, hypertriglyceridemia, hypercholesterolemia,

High LDL-C, low HDL-C, family history of CAD, and
familial hypercholesterolemia were obviously associ-
ated with the occurrence of ACS (P<0.05). On the
contrary, age, eGFR and drinker status showed no sig-
nificant association with ACS. Moreover, non-tradi-
tional risk factors, such as hyperuricemia, especially
HHCY, were also apparently related to ACS (for HHCY,
OR, 4.615; 95% ClI, 3.408-6.250; P<0.001).
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Table 2 Univariate logistic regression analysis Table 3 Multivariate logistic  regression  analysis
of the association of ACS with variables of different ACS risk factors

Variables OR 95% Cl P Variables OR 95% Cl P

Age 0970 0.925-1.017 0.206 Male 1.930 1.021-3.649 0.043
Male 3.628 2.199-5.985 <0.001 BMI 1.069 1.030-1.109 <0.001
BMI 1.104 1.067-1.142 <0.001 eGFR 1.014 1.006-1.022 0.001
eGFR 1.005 0.999-1.012 0.101 Smoker 1.563 1.124-2.174 0.008
Drinker 0.851 0.604-1.200 0.357 Diabetes mellitus 2.594 1.539-4.372 <0.001
Smoker 2.186 1.655-2.188 <0.001 Hypertriglyceridemia 1910 1.383-2.636 <0.001
Hypertension 1.712 1.287-2.277 <0.001 High LDL-C 1.728 1.166-2.562 0.006
Diabetes mellitus 2.875 1.783-4.634 <0.001 Low HDL-C 1.926 1.399-2.651 <0.001
Hypertriglyceridemia 2717 2.038-3.622 <0.001 Hyperhomocysteinemia 4.561 3.288-6.327 <0.001
Hypercholesterolemia 1.930 1.380-2.700 <0.001 ACS acute coronary syndrome, BM/ body mass index, eGFR estimated glomerular
High LDL-C 2.105 1.475-3.005 <0.001 filtration rate, LDL-C low-density lipoprotein cholesterol, HDL-C high-density
Low HDL-C 2327 1756-3.070 <0.001 lipoprotein cholesterol, OR odds ratio, C/ confidence interval

Family history of CAD 1704 1073-2.706 0.024 Bold values indicate statistical significance

Familial hypercholesterolemia 8.531 1.15-63.252 0.036

Hyperuricemia 1461 1.101-1.938 0.009  and decreased value of LVEF (P=0.01). In addition, the
Hyperhomocysteinemia 4615 3.408-6.250 <0.001 Gensini Score was also obviously elevated in the HHCY

CAD coronary artery disease, ACS acute coronary syndrome, BM/ body mass
index, eGFR estimated glomerular filtration rate, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, OR odds ratio, C/
confidence interval

Bold values indicate statistical significance

Multivariate logistic regression analysis of different ACS
risk factors

Multivariate analysis with stepwise method further indi-
cated that variables including male gender, BMI, eGEFR,
current smoker status, DM, hypertriglyceridemia, high
LDL-C, and low HDL-C were identified as the independ-
ent predictors associated with the occurrence of ACS
among young adults, while hypercholesterolemia, hyper-
tension, family history of CAD, familial hypercholester-
olemia, and hyperuricemia were not. After adjusting for
the traditional risk factors mentioned above, HHCY was
also significantly related to the presence of ACS in young
subjects (OR, 4.561; 95% CI, 3.288-6.327; P<0.001)
(Table 3).

Clinical characteristics of young ACS patients in normal
homocysteine and hyperhomocysteinemia groups

Young ACS patients were divided into two groups based
on HCY levels (<15,>15 pmol/L). As shown in Table 4,
young patients with HHCY were more likely to be male
(97.28% vs. 93.95%, P=0.026). In the HHCY group,
the levels of CR and UA were elevated, while the level
of eGFR was decreased and the prevalence of DM was
lower. Moreover, the HHCY group had an increased
prevalence of ST-segment elevation myocardial infarc-
tion (STEMI) (P=0.041), multi-vessel disease (P =0.036),

group (P=0.043).

Serum HCY level in different groups of young ACS patients
As shown in Fig. 2a, the serum HCY was higher in
patients with AMI (P=0.046). Moreover, 49 ACS
patients had no lesion coronary arteries (major coronary
arteries with luminal diameter stenosis > 50%) according
to coronary angiography. So, except for these patients,
the others were classified into a single-vessel group
(n=351) and multi-vessel group (n=428). Similarly, as
shown in Fig. 2b, increased HCY level was observed in
the multi-vessel group (P=0.012). Finally, since LVEF
data were lost for 117 patients, ACS patients were
divided into LVEF > 50% group (n=606) and LVEF <50%
group (n=105). Figure 2c indicated that serum HCY was
elevated in LVEF <50% group.

Correlation of serum HCY levels with Gensini Scores

in young ACS patients

Figure 3 showed that serum HCY levels were significantly
correlated with Gensini Score in ACS patients (r=0.142,
P<0.001).

Discussion
In this observational study that included young patients
who were <35 years of age, HHCY was found to be sig-
nificantly associated with the presence of ACS, which
was independent of traditional risk factors. In addition,
HHCY had a strong correlation with the severity of coro-
nary artery stenosis.

Due to lifestyle changes, especially the increased obe-
sity and reduced physical activity, the onset age for CAD
has been gradually decreasing [17]. A previous study
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Table 4 Clinical characteristics of young ACS patients according to homocysteine levels

Characteristics HCY <15 pmol/L (n=314) HCY > 15 pumol/L (n=514) P
Baseline characteristics

Age (years) 33 (30-34) 32 (30-34) 0.303
Male, n (%) 295 (93.95) 500 (97.28) 0.026
Drinker, n (%) 64 (20.38) 84 (16.34) 0.161
Traditional coronary risk factors

BMI (kg/m?) 2838+4.09 28.60+4.95 0.553
Smoker, n (%) 215 (6847) 357 (69.46) 0.816
Hypertension, n (%) 154 (49.04) 248 (48.25) 0.830
Diabetes mellitus, n (%) 91 (28.98) 71 (13.81) <0.001
Family history of CAD, n (%) 41 (13.06) 75 (14.59) 0.606
Laboratory results

TG (mmol/L) 1.84 (1.26-3.06) 1.94 (1.36-2.84) 0.571
TC (mmol/L) 480+1.56 465+1.69 0213
HDL-C (mmol/L) 091£0.22 0.90£0.20 0.729
LDL-C (mmol/L) 3.06+1.55 297+£152 0.386
CR (umol/L) 71.83£13.30 76.16+13.04 <0.001
eGFR (ml/min/1.73 m?) 109.30 (96.80—-126.00) 104.70 (91.10-118.65) 0.002
hs CRP (mg/L) 3.10(1.12-11.9) 2.97(0.98-11.77) 0818
UA (umol/L) 397.56489.78 417.65+99.77 0.004
Clinical type of ACS

STEMI, n (%) 100 (31.85) 201 (39.11) 0.041
NSTEMI, n (%) 73 (23.25) 94 (18.29) 0.090
UAP n (%) 141 (44.90) 219 (42.61) 0.563
CAG characters

None 25(7.96) 24 (4.67) 0.068
Single-vessel, n (%) 142 (45.22) 209 (40.66) 0218
Double-vessel, n (%) 71(22.61) 132 (25.68) 0.360
Triple-vessel, n (%) 76 (24.20) 149 (28.99) 0.147
Multi-vessel, n (%) 147 (46.82) 281 (54.67) 0.036
Gensini Score 30 (12-48) 32(16-62) 0.043
Cardiac function

LVEF 60 (56-65) 60 (52-65) 0.01

Data are expressed as mean =+ standard deviation, medians with interquartile range or number (%)

CAD coronary artery disease, ACS acute coronary syndrome, BMI body mass index, HCY homocysteine, TG triglyceride, TC total cholesterol, HDL-C high-density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, CR creatinine, eGFR estimated glomerular filtration rate, UA uric acid, STEMI ST-segment elevation
myocardial infarction, NSTEMI non ST-segment elevation myocardial infarction, UAP Unstable Angina Pectoris, CAG coronary angiography, hs CRP high-sensitivity

C-reactive protein, UA uric acid, LVEF left ventricular ejection fraction

Bold values indicate statistical significance

showed that nearly 4-10% of AMI patients were younger
than 45 years old [18]. In contrast, the prevalence of AMI
among young patients (<35 years old) in China has dou-
bled over a decade [19], causing serious consequences
for families and society. Compared with older patients,
younger ones may have different coronary risk factor
profiles. Results from a review identified male gender,
current smoking status, alcohol consumption, diabetes,
hypertension, dyslipidemia, psychosocial factors, seden-
tary lifestyle, obesity, and family history of premature MI
as the leading causes of ACS in most young patients [20].

In the current study, the age range of young participants
were narrowed to 18-35 years to determine the associa-
tion between HHCY and ACS. The results showed that
young ACS patients were more likely to have HHCY.
Studies performed over the last two decades iden-
tified HHCY as a crucial promoter for atheroscle-
rotic vascular disease. There is a great controversy on
the association between HHCY and the incidence of
CAD, and whether it is casual, since lowering HCY
levels in patients with CAD has not shown any benefit
[4]. Nevertheless, many observational studies found
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that HHCY, which acted as an important marker, was
strongly associated with CAD and major adverse car-
diac events (MACE) (death, reinfarction, restenosis)
after PCI [5]; however, most of these studies were con-
ducted in older people. Despite the increasing popu-
lation of young ACS and the growing proportion of
sudden death among these patients, there is limited
evidence on the effect of HHCY on the risk of ACS in
young adults. Additionally, the results of a few available
studies were conflicting. A case—control study carried
out among patients aged <40 years showed a positive
correlation between HHCY and CAD occurrence [21].
In comparison, another study showed no difference of
serum HCY level between healthy controls and young
AMI patients aged < 35 years [22]. Thus, this large-scale
observational study was conducted, which revealed that
young patients with ACS had higher HCY level than
non-CAD participants [16.55 (11.93-29.68) vs. 12.50
(9.71-17.42), P<0.001], and HHCY was identified as an

independent predictor associated with the presence of
ACS (OR, 4.561; 95% CI, 3.288-6.327; P<0.001).

Except for HHCY and other conventional risk factors,
the present study found eGFR was also associated with
ACS among young adults (OR, 1.014; 95% CI, 1.006—
1.022; P<0.001). This result was consistent with the
study of Sasso et al. [23], which suggested a liner cor-
relation between eGFR and cardiovascular events. But
Sasso et al. study was conducted in DM patients who
were much older. In addition, eGFR was decreased in
patients with HHCY in the study, while the prevalence
of DM was identified to be lower, which was unex-
pected. A study involving 3056 middle-aged and elderly
patients with CAD or Heart valve disease suggested
there was no correlation between DM and plasma HCY
concentrations [24]. Glowinska et al. [25] investigated
new atherosclerosis risk factors in diabetic children and
adolescents, and found diabetic patients had lower con-
centrations of HCY compared with healthy subjects,
but with no statistical significance. Giannattasio and
colleagues [26] showed young adults with type 1 diabe-
tes mellitus without microvascular complications had
significant lower HCY levels and obvious higher vita-
min B12 concentrations compared with controls. Fur-
thermore, previous study indicated plasma HCY levels
in young individuals at increased risk of type 2 diabe-
tes mellitus were associated with subtle differences in
GER, but not with insulin resistance [27]. In this study,
due to the young age and exclusion of lower eGFR in
the participants, eGFR of most patients were in a nor-
mal range, which may partially affect the correlation
between HHCY and DM. Since plasma HCY levels are
determined by genetic and nutritional factors, the asso-
ciation of HHCY and DM in young ACS patients need
more in-depth research.
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The relationship between HCY and the severity of
coronary artery stenosis has been investigated by several
studies before. Still, the current study is the only one con-
ducted among the young ACS population. The results of
this study showed a positive correlation between HHCY
and angiographic severity expressed by Gensini Score.
Li et al. [28] studied 667 middle-aged and elderly CAD
patients who underwent drug-eluting stent implantation
and reported that patients with HHCY had a higher ste-
nosis degree, as indicated by elevated SYNTAX scores.
In their study, Shenoy et al. [29] suggested that serum
HCY level was significantly correlated with the Gensini
Score of CAD patients (r=0.443), which was consistent
with this study. However, the sample size in the study
conducted by Shenoy et al. [29] was smaller, and the
participants of Li et al. [28] and Shenoy et al. [29] study
were much older. In addition, Li et al. [28] also showed
that the number of coronary artery target vessels in the
HHCY group was obviously higher, and patients with
high HCY levels had a higher proportion of coronary
lesions. Another study involving HCY levels and prema-
ture CAD (56.1+6.2 years of age) in 2019 [30] showed
that the HCY levels were significantly higher in patients
with multi-vessel disease. These findings were consistent
with the current study on the association between HHCY
and the number of lesion vessels. Nonetheless, their par-
ticipants were older than the participants in the present
study. In this study, decreased value of LVEF was found
in young ACS patients with HHCY, which might be due
to the relatively high prevalence of AMI in patients with
higher HCY.

Many possible mechanisms have been reported as
relevant for the association between HCY and CAD.
A recent review [31] showed that HCY had a vast array
of toxic effects on the vasculature, including impairing
endothelial function by reducing the production of nitric
oxide (NO), inducing vascular remodeling and vessel
stiffening by increasing the synthesis of smooth muscle
cells (SMC), as well as elevating adventitial inflamma-
tion, which might lead to the development of athero-
sclerosis. This review [31] also hypothesized that besides
serum HCY, tissue-bound HCY and the incorporation of
HCY into proteins could cause toxicity to the vascula-
ture. In their study, Yun et al. [32] indicated the enhance-
ment of arterial stiffness in HHCY might be attributed
to HCY-related LDL atherogenesis, such as small LDL
particle size and its oxidative modification. Bianca et al.
[33] suggested that HCY exerted a prothrombotic effect
by enhancing platelet aggregation. Several studies also
showed that HHCY might enhance the adverse effects of
CAD risk factors such as essential hypertension, smok-
ing, dyslipidemia, and diabetes mellitus [34—37]. These
were probably related to the formation and progression
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of CAD in young adults. Furthermore, some pathophysi-
ological mechanisms of acute coronary damage are often
not taken into consideration which, although relevant, we
do not yet know adequately [38, 39].

Although traditional risk factors have a vital role devel-
oping cardiovascular disease, only 50% of these diseases
could be explained by classical factors, which is why
non-traditional risk factors have drawn more attention.
The clinical significance of this article is to identify that
HHCY plays an important role in the occurrence and
progression of ACS, which increased awareness of the
importance of the HCY level among patients <35 years
of age. Since excessive weight, current smoker status,
alcohol and caffeine intake, and insufficient vitamin B
and folic acid levels could increase HCY concentration,
young adults should adhere to a healthy lifestyle so as to
maintain HCY levels within the normal range.

Limitations

Our study has a few limitations. First, this was a ret-
rospective study. Although the serum HCY levels are
mainly determined by vitamin B and folic acid intake,
vitamin B and folate levels were not measured in the
study. Second, albuminuria has been identified to cor-
relate linearly with cardiovascular risk, especially com-
bined with eGFR [23, 40]. Due to the retrospective nature
of this study, albuminuria was not dosed and unable to be
analyzed in the study. Third, since all the medical history
data of participants were obtained from electronic medi-
cal records, it was hard to ensure that they were accurate.
Finally, the majority of patients with ACS who had high
homocysteine levels were males; therefore, the results
had limited value for the young female population.

Conclusion

HHCY is significantly associated with the presence of
ACS and the severity of coronary artery stenosis in young
adults < 35 years of age.

Abbreviations

ACS: Acute coronary syndrome; HCY: Homocysteine; CAD: Coronary artery
disease; CAG: Coronary angiography; HHCY: Hyperhomocysteinemia; STEMI:
ST-segment elevation myocardial infarction; LVEF: Left ventricular ejection frac-
tion; BMI: Body mass index; AMI: Acute myocardial infarction; FRFs: Framing-
ham risk factors; TG: Triglycerides; TC: Total cholesterol; HDL-C: High-density
lipoprotein cholesterol; UA: Uric acid; SBP: Systolic pressure; FH: Familial
hypercholesterolemia; LVEF: Left ventricular ejection fraction; SD: Standard
deviation; IQR: Interquartile range; MACE: Major adverse cardiac events.

Acknowledgements
We would like to thank our colleagues from the Department of Cardiology,
Beijing Anzhen Hospital, Capital Medical University.

Authors’ contributions

Study conception and design: WL, JS. Literature search: JS. Data collection and
analysis: JS, WH, SW, SJ, ZY, YG. Data interpretation: WL, YZ, YZ, JS. Writing: JS. All
authors read and approved the final manuscript.



Sun et al. BMC Cardiovasc Disord

(2021) 21:47

Funding

This work was supported by the National Key Research and Development
Program of China (2017YFC0908800), Beijing Municipal Administration of
Hospitals'Ascent Plan (DFL20150601) and Mission plan (SML20180601), Beijing
Municipal Health Commission “Project of Science and Technology Innovation
Center” (PXM2019_026272_000006) (PXM2019_026272_000005).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was complied with the Declaration of Helsinki and approved by the
Institutional Ethics Committee of Beijing Anzhen Hospital. Written informed
consent was waived by the ethics committee because of the data retrospec-
tively obtained from electronic medical records.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 November 2020 Accepted: 8 January 2021
Published online: 23 January 2021

References

1.

Ma LY, Chen WW, Gao RL, Liu LS, Zhu ML, Wang YJ, et al. China cardio-
vascular diseases report 2018: an updated summary. J Geriatr Cardiol.
2020;17(1):1-8. https://doi.org/10.11909/j.issn.1671-5411.2020.01.001.
Wang X, Gao M, Zhou S, Wang J, Liu F, Tian F, et al. Trend in young
coronary artery disease in China from 2010 to 2014: a retrospective study
of young patients < 45. BMC Cardiovasc Disord. 2017;17:18. https://doi.
0rg/10.1186/512872-016-0458-1.

Jortveit J, Pripp AH, Langargen J, Halvorsen S. Incidence, risk factors

and outcome of young patients with myocardial infarction. Heart.
2020;106:1420-6. https://doi.org/10.1136/heartjnl-2019-316067.
Chrysant SG, Chrysant GS. The current status of homocysteine as a risk
factor for cardiovascular disease: a mini review. Expert Rev Cardiovasc
Ther. 2018;16:559-65. https://doi.org/10.1080/14779072.2018.1497974.
Ganguly P, Alam SF. Role of homocysteine in the develop-

ment of cardiovascular disease. Nutr J. 2015;14:6. https://doi.
0rg/10.1186/1475-2891-14-6.

Han K, Lu Q, Zhu WJ, Wang TZ, Du Y, Bai L. Correlations of degree of
coronary artery stenosis with blood lipid, CRP, Hcy, GGT, SCD36 and
fibrinogen levels in elderly patients with coronary heart disease. Eur
Rev Med Pharmacol Sci. 2019;23:9582-9. https://doi.org/10.26355/eurre
v_201911_19453.

Yang B, Fan S, Zhi X, Wang Y, Wang Y, Zheng Q, et al. Prevalence of
hyperhomocysteinemia in China: a systematic review and meta-analysis.
Nutrients. 2014;7:74-90. https://doi.org/10.3390/nu7010074.

[2016 Chinese guideline for the management of dyslipidemia in adults].
Zhonghua Xin Xue Guan Bing Za Zhi. 2016;44:833-53. https.//doi.
org/10.3760/cma.j.issn.0253-3758.2016.10.005.

[Chinese guidelines for prevention of cardiovascular diseases]. Zhonghua
Xin Xue Guan Bing Za Zhi. 2011,39:3-22.

Guo LX. Interpretation of the Chinese expert consensus: recommen-
dations for diagnosis and treatment of asymptomatic hyperuricemia
complicated with cardiovascular diseases. J Transl Intern Med. 2014;2.
Mansia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano

G, et al. 2007 ESH-ESC Guidelines for the management of arterial
hypertension: the task force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the European
Society of Cardiology (ESC). Blood Press. 2007;16:135-232. https://doi.
org/10.1080/08037050701461084.

Report of the expert committee on the diagnosis and classification of
diabetes mellitus. Diabetes Care. 2003;26 Suppl 1:55-20. https://doi.
org/10.2337/diacare.26.2007.s5.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9 of 10

Harada-Shiba M, Arai H, Ishigaki Y, Ishibashi S, Okamura T, Ogura M, et al.
Guidelines for diagnosis and treatment of familial hypercholesterolemia
2017. ) Atheroscler Thromb. 2018;25:751-70. https://doi.org/10.5551/jat.
CR0O03.

Alkerwi A, Baydarlioglu B, Sauvageot N, Stranges S, Lemmens P, Shivappa
N, et al. Smoking status is inversely associated with overall diet quality:
findings from the ORISCAV-LUX study. Clin Nutr. 2017;36:1275-82. https://
doi.org/10.1016/j.cInu.2016.08.013.

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al.
2015 ESC guidelines for the management of acute coronary syndromes
in patients presenting without persistent ST-segment elevation. Kardiol
Pol. 2015;73:1207-94. https://doi.org/10.5603/kp.2015.0243.

Rampidis GP, Benetos G, Benz DC, Giannopoulos AA, Buechel RR. A guide
for Gensini Score calculation. Atherosclerosis. 2019;287:181-3. https://doi.
org/10.1016/j.atherosclerosis.2019.05.012.

Blumenthal D, Hsiao W, Blumenthal DM. Caring for coronary artery
disease in China: managing modernization. JAMA Intern Med.
2016;176:521-3. https://doi.org/10.1001/jamainternmed.2016.0198.
Doughty M, Mehta R, Bruckman D, Das S, Karavite D, Tsai T, et al. Acute
myocardial infarction in the young—the University of Michigan
experience. Am Heart J. 2002;143:56-62. https://doi.org/10.1067/
mhj.2002.120300.

Shen CF, Zhang Y, Zhang H, Song GD, Li W, Xue XD, et al. Fifteen-year
trend in incidence of myocardial infarction in Tianjin of China. Chin J
Cardiol. 2017;45:154-9.

Gupta MD, Gupta P, Mp G, Roy A, Qamar A. Risk factors for myocardial
infarction in very young South Asians. Curr Opin Endocrinol Diabetes
Obes. 2020;27:87-94. https://doi.org/10.1097/med.0000000000000532.
Shah H, Jan MU, Altaf A, Salahudin M. Correlation of hyper-homocysteine-
mia with coronary artery disease in absence of conventional risk factors
among young adults. J Saudi Heart Assoc. 2018;30:305-10. https://doi.
0rg/10.1016/}j5ha.2018.04.002.

Gupta MD, Girish MP, Sarkar PG, Gupta A, Kategari A, Bansal A, et al. Role
of ApoE gene polymorphism and nonconventional biochemical risk
factors among very young individuals (aged less than 35 years) present-
ing with acute myocardial infarction. Indian Heart J. 2018;70(Suppl
3):5146-56. https://doi.org/10.1016/}.ihj.2018.08.013.

Sasso FC, Chiodini P, Carbonara O, De Nicola L, Conte G, Salvatore T, et al.
High cardiovascular risk in patients with Type 2 diabetic nephropathy: the
predictive role of albuminuria and glomerular filtration rate. The NID-2
Prospective Cohort Study. Nephrol Dial Transplant. 2012;27(6):2269-74.
https://doi.org/10.1093/ndt/gfr644.

Schaffer A, Verdoia M, Cassetti E, Marino P, Suryapranata H, De Luca G,
Novara Atherosclerosis Study Group (NAS). Relationship between homo-
cysteine and coronary artery disease. Results from a large prospective
cohort study. Thromb Res. 2014;134(2):288-93. https://doi.org/10.1016/j.
thromres.2014.05.025.

Glowinska B, Urban M, Koput A, Galar M. New atherosclerosis risk

factors in obese, hypertensive and diabetic children and adolescents.
Atherosclerosis. 2003;167(2):275-86. https://doi.org/10.1016/50021
-9150(03)00003-0.

Giannattasio A, Calevo MG, Minniti G, Gianotti D, Cotellessa M, Napoli

F et al. Folic acid, vitamin B12, and homocysteine levels during fasting
and after methionine load in patients with Type 1 diabetes mellitus. J
Endocrinol Invest. 2010;33(5):297-9. https://doi.org/10.1007/BF03346589.
Schafer SA, Mussig K, Stefan N, Haring HU, Fritsche A, Balletshofer BM.
Plasma homocysteine concentrations in young individuals at increased
risk of type 2 diabetes are associated with subtle differences in glomeru-
lar filtration rate but not with insulin resistance. Exp Clin Endocrinol
Diabetes. 2006;114(6):306-9. https://doi.org/10.1055/5-2006-924073.
LiS,SunL, Qil, JiaY, Cui Z,Wang Z et al. Effect of high homocysteine
level on the severity of coronary heart disease and prognosis after

stent implantation. J Cardiovasc Pharmacol. 2020;76:101-5. https://doi.
0rg/10.1097/f;c.0000000000000829.

Shenoy V, Mehendale V, Prabhu K, Shetty R, Rao P. Correlation of serum
homocysteine levels with the severity of coronary artery disease.

Indian J Clin Biochem. 2014,29:339-44. https://doi.org/10.1007/51229
1-013-0373-5.

Li S, Pan G, Chen H, Niu X. Determination of serum homocysteine and
hypersensitive C-reactive protein and their correlation with premature


https://doi.org/10.11909/j.issn.1671-5411.2020.01.001
https://doi.org/10.1186/s12872-016-0458-1
https://doi.org/10.1186/s12872-016-0458-1
https://doi.org/10.1136/heartjnl-2019-316067
https://doi.org/10.1080/14779072.2018.1497974
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.1186/1475-2891-14-6
https://doi.org/10.26355/eurrev_201911_19453
https://doi.org/10.26355/eurrev_201911_19453
https://doi.org/10.3390/nu7010074
https://doi.org/10.3760/cma.j.issn.0253-3758.2016.10.005
https://doi.org/10.3760/cma.j.issn.0253-3758.2016.10.005
https://doi.org/10.1080/08037050701461084
https://doi.org/10.1080/08037050701461084
https://doi.org/10.2337/diacare.26.2007.s5
https://doi.org/10.2337/diacare.26.2007.s5
https://doi.org/10.5551/jat.CR003
https://doi.org/10.5551/jat.CR003
https://doi.org/10.1016/j.clnu.2016.08.013
https://doi.org/10.1016/j.clnu.2016.08.013
https://doi.org/10.5603/kp.2015.0243
https://doi.org/10.1016/j.atherosclerosis.2019.05.012
https://doi.org/10.1016/j.atherosclerosis.2019.05.012
https://doi.org/10.1001/jamainternmed.2016.0198
https://doi.org/10.1067/mhj.2002.120300
https://doi.org/10.1067/mhj.2002.120300
https://doi.org/10.1097/med.0000000000000532
https://doi.org/10.1016/j.jsha.2018.04.002
https://doi.org/10.1016/j.jsha.2018.04.002
https://doi.org/10.1016/j.ihj.2018.08.013
https://doi.org/10.1093/ndt/gfr644
https://doi.org/10.1016/j.thromres.2014.05.025
https://doi.org/10.1016/j.thromres.2014.05.025
https://doi.org/10.1016/s0021-9150(03)00003-0
https://doi.org/10.1016/s0021-9150(03)00003-0
https://doi.org/10.1007/BF03346589
https://doi.org/10.1055/s-2006-924073
https://doi.org/10.1097/fjc.0000000000000829
https://doi.org/10.1097/fjc.0000000000000829
https://doi.org/10.1007/s12291-013-0373-5
https://doi.org/10.1007/s12291-013-0373-5

Sun et al. BMC Cardiovasc Disord

31.

32.

33

34.

35.

(2021) 21:47

coronary heart disease. Heart Surg Forum. 2019;,22:E215-7. https://doi.
0rg/10.1532/hsf.2223.

Balint B, Jepchumba VK, Guéant JL, Guéant-Rodriguez RM. Mechanisms
of homocysteine-induced damage to the endothelial, medial and
adventitial layers of the arterial wall. Biochimie. 2020;173:100-6. https://
doi.org/10.1016/j.biochi.2020.02.012.

Yun J, Kim JY, Kim OV, Jang Y, Chae JS, Kwak JH, et al. Associations of
plasma homocysteine level with brachial-ankle pulse wave velocity,

LDL atherogenicity, and inflammation profile in healthy men. Nutr
Metab Cardiovasc Dis. 2011;21:136-43. https://doi.org/10.1016/j.numec
d.2009.08.003.

d’Emmanuele di Villa Bianca R, Mitidieri E, Di Minno MN, Kirkby NS,
Warner TD, Di Minno G, et al. Hydrogen sulphide pathway contributes to
the enhanced human platelet aggregation in hyperhomocysteinemia.
Proc Natl Acad Sci U S A. 2013;110:15812-7. https://doi.org/10.1073/
pnas.1309049110.

Liu B, Chen Z, Dong X, Qin G. Association of prehypertension and
hyperhomocysteinemia with subclinical atherosclerosis in asymptomatic
Chinese: a cross-sectional study. BMJ Open. 2018;8:2019829. https://doi.
0rg/10.1136/bmjopen-2017-019829.

Glueck CJ, Jetty V, Rothschild M, Duhon G, Shah P, Prince M, et al. Asso-
ciations between serum 25-hydroxyvitamin D and lipids, lipoprotein
cholesterols, and homocysteine. N Am J Med Sci. 2016;8:284-90. https://
doi.org/10.4103/1947-2714.187137.

36.

37.

38.

39.

40.

Page 10 of 10

Huang F, Chen J, Liu X, Han F, Cai Q, Peng G, et al. Cigarette smoking
reduced renal function deterioration in hypertensive patients may be
mediated by elevated homocysteine. Oncotarget. 2016;7:86000-10. https
;//doi.org/10.18632/oncotarget.13308.

Mohammad G, Kowluru RA. Homocysteine disrupts balance between
MMP-9 and its tissue inhibitor in diabetic retinopathy: the role of DNA
methylation. Int J Mol Sci. 2020. https://doi.org/10.3390/jjms21051771.
Marfella R, Ferraraccio F, Rizzo MR, Portoghese M, Barbieri M, Basilio C,

et al. Innate immune activity in plaque of patients with untreated and
L-thyroxine-treated subclinical hypothyroidism. J Clin Endocrinol Metab.
2011;96(4):1015-20. https://doi.org/10.1210/jc.2010-1382.

Torella D, Ellison GM, Torella M, Vicinanza C, Aquila |, laconetti C, et al.
Carbonic anhydrase activation is associated with worsened pathological
remodeling in human ischemic diabetic cardiomyopathy. J Am Heart
Assoc. 2014;3(2):e000434. https://doi.org/10.1161/JAHA.113.000434.
Minutolo R, Gabbai FB, Provenzano M, Chiodini P, Borrelli S, Garofalo

C, et al. Cardiorenal prognosis by residual proteinuria level in diabetic
chronic kidney disease: pooled analysis of four cohort studies. Nephrol
Dial Transplant. 2018;33(11):1942-9. https://doi.org/10.1093/ndt/gfy032.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1532/hsf.2223
https://doi.org/10.1532/hsf.2223
https://doi.org/10.1016/j.biochi.2020.02.012
https://doi.org/10.1016/j.biochi.2020.02.012
https://doi.org/10.1016/j.numecd.2009.08.003
https://doi.org/10.1016/j.numecd.2009.08.003
https://doi.org/10.1073/pnas.1309049110
https://doi.org/10.1073/pnas.1309049110
https://doi.org/10.1136/bmjopen-2017-019829
https://doi.org/10.1136/bmjopen-2017-019829
https://doi.org/10.4103/1947-2714.187137
https://doi.org/10.4103/1947-2714.187137
https://doi.org/10.18632/oncotarget.13308
https://doi.org/10.18632/oncotarget.13308
https://doi.org/10.3390/ijms21051771
https://doi.org/10.1210/jc.2010-1382
https://doi.org/10.1161/JAHA.113.000434
https://doi.org/10.1093/ndt/gfy032

	Associations between hyperhomocysteinemia and the presence and severity of acute coronary syndrome in young adults ≤ 35 years of age
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Data collection and related definitions
	Statistical analysis

	Results
	Baseline clinical characteristics
	Univariate analysis of different ACS risk factors
	Multivariate logistic regression analysis of different ACS risk factors
	Clinical characteristics of young ACS patients in normal homocysteine and hyperhomocysteinemia groups
	Serum HCY level in different groups of young ACS patients
	Correlation of serum HCY levels with Gensini Scores in young ACS patients

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


