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The relationship between homocysteine gk

and cardiopulmonary exercise testing
in patients with acute coronary syndrome
after percutaneous coronary intervention

Jun-Ting Luo'?, Chun-Mei Zeng?, Yan-Mei Zhao? and Zhi-Yu Zeng'*

Abstract

Objective The purpose of this study was to investigate the relationship between homocysteine (Hcy) levels and
cardiopulmonary exercise testing (CPET) in patients with acute coronary syndrome (ACS) after percutaneous coronary
intervention (PCl). We also explored the relationship between Hcy levels and cardiac ultrasonography.

Methods This study comprised 261 patients with ACS who underwent coronary angiography and PCl at Yulin First
Hospital from January 2020 to June 2021. All subjects completed basic data collection, laboratory examination,

CPET and cardiac ultrasonography. The CPET includes the peak oxygen uptake (peak VO,), anaerobic threshold (AT),
metabolic equivalents (METs), exercise load (load), oxygen pulse (O, pulse), end-tidal CO, partial pressure (PETCO,),
ventilatory equivalents for carbon dioxide (VE/VCO,) and Oxygen uptake efficiency (OUES). Cardiac ultrasonography
was used to evaluate the left ventricular end diastolic diameter (LVEDD), interventricular septal thickness (IVST), left
ventricular posterior wall thickness (LVPWT) and left ventricular ejection fraction (LVEF). A serum Hcy level > 15 umol/L
was defined as hyperhomocysteinemia (HHcy). The patients were divided into the Hcy < 15 umol/L group (n=189)
and the Hcy > 15 umol/L group (n=72).

Results The average age of the participating patients was 58.94 10.1 years. The majority of participants were male
(86.6%). The CPET indices of METs, load, VO,/kg, and PETCO, were significantly decreased in the Hcy > 15 umol/L
group compared with the Hcy < 15 umol/L group. Additionally, the CPET index of the VE/VCO, slope and the cardiac
ultrasonography indices of IVST and LVPWT were significantly increased in the Hcy > 15 umol/L group compared with
the Hcy < 15 umol/L group. These differences were statistically significant (P < 0.05). Correlation analysis showed that
Hcy levels were negatively correlated with METs, VO,/kg and PETCO, and positively correlated with the VE/VCO, slope
(P<0.05). Partial correlation analysis showed that Hcy levels were negatively correlated with METs and VO,/kg in the
AT state. The correlation coefficients were —0.172 and — 0.172, respectively (P < 0.05). Hcy levels were negatively cor-
related with METs, VO,/kg and PETCO, in the peak state. The correlation coefficients were —0.177,-0.153 and —0.129,
respectively (P<0.05). After further adjustment for confounders, multiple linear regression analysis showed that Hcy
levels were negatively correlated with METs and VO,/kg in the AT state and peak state. The standardized regression
coefficients were —0.035,-0.122,-0.048 and — 0.128, respectively (P <0.05). Correlation analysis showed that Hcy
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levels were positively correlated with the IVST and LVPWT (P < 0.05), but after adjusting for confounding factors, partial
correlation analysis showed that there was no correlation between them.

Conclusion A high Hcy level is associated with lower METs and VO,/kg and worse cardiopulmonary function in

patients with ACS after PCl.

Keywords Homocysteine, Acute coronary syndrome, Cardiopulmonary exercise testing

Introduction

Acute coronary syndrome (ACS) is a common cardiovas-
cular emergency that includes unstable angina pectoris
(UAP), non-ST elevated myocardial infarction (NSTEMI)
and ST elevated myocardial infarction (STEMI). It has an
acute onset, rapid progression and a high mortality rate,
which endangers the lives, health and safety of people [1].
PCI is the best treatment for patients with blocked blood
vessels. After PCI treatment, the blood and oxygen sup-
ply of patients is improved to a certain extent, which can
lead to improved motor function. Through cardiac reha-
bilitation treatment, the cardiopulmonary function of
patients can be greatly improved.

Cardiopulmonary exercise testing (CPET) is a nonin-
vasive test method to evaluate cardiopulmonary func-
tion and exercise endurance. It can objectively and
comprehensively evaluate cardiopulmonary function,
which cannot be done by traditional equipment. Dur-
ing CPET, measures of pulmonary ventilation (VE), oxy-
gen uptake (VO,) and carbon dioxide output (VCO,)
can be obtained. Then, we can calculate indices such as
the peak oxygen uptake (peak VO,), anaerobic thresh-
old (AT), metabolic equivalents (METs), exercise load
(load), oxygen pulse (O, pulse), end-tidal CO2 partial
pressure (PETCO,), ventilatory equivalents for carbon
dioxide (VE/VCO,) and the oxygen uptake efficiency
(OUES) [2]. VO, measured at peak and AT exercise are
the most important indices to evaluate the patient’s car-
diopulmonary function. We used peak VO, and AT VO,
to evaluate cardiac function grading and exercise toler-
ance. It can also reflect the severity of heart failure (HF),
coronary heart disease (CHD), pulmonary hypertension
and cardiomyopathy [3, 4]. The AT values represent the
moment at which anaerobic metabolism increases. AT is
not affected by the subjective factors of patients. It is usu-
ally used to formulate the exercise intensity in an indi-
vidual exercise prescription and evaluate the degree of
cardiac function damage in combination with peak VO,
[5]. METs are the oxygen consumption required to main-
tain resting metabolism, and it is measured by peak VO,
using exercise tests. The exercise intensity load is calcu-
lated according to METs to guide the exercise program
for patients. In the process of treadmill movement, the
load increases with increasing oxygen consumption. We
can calculate the exercise load (load) at peak and AT. The

O, pulse is the ratio of the VO, and heart rate (O,/HR),
which depends on cardiac output (CO) and the arte-
riovenous oxygen difference (A-VO,Diff). The O, pulse
plays an important role in the diagnosis of myocardial
ischaemia [4, 6]. PETCO, can evaluate ventilation perfu-
sion and cardiac function to reflect the disease severity
of patients with HF, cardiomyopathy, pulmonary hyper-
tension, chronic obstructive ventilatory dysfunction
(COPD) and other pulmonary ventilation disorders [3, 4,
7]. The VE/VCO, slope is an important index of ventila-
tory efficiency and the severity of systemic disease [8]. In
CPET, the VE/VCO, slope is negatively correlated with
ventilation efficiency. It is related to age and ventilation.
The more severe the degree of heart failure is, the higher
the value of the VE/VCO, slope [9-11]. The OUES is not
affected by subjective factors and are related to the sever-
ity of HF [12]. In conclusion, CPET is important in the
diagnosis and treatment of cardiovascular and respira-
tory diseases.

Clinically, left ventricular hypertrophy (LVH) is a
strong risk factor for the occurrence and development
of cardiovascular disease, and it has been a focal point
for cardiovascular physicians. LVH is highly prevalent in
patients with ischaemic heart disease and increases the
risk of myocardial infarction [13, 14]. The left ventricular
end diastolic diameter (LVEDD), interventricular septal
thickness (IVST), left ventricular posterior wall thickness
(LVPWT) and left ventricular ejection fraction (LVEF)
indices can be obtained through cardiac ultrasonography,
and then, the cardiac function and LVH can be further
evaluated.

Previous studies have shown that higher levels of
homocysteine (Hcy) are associated with a higher risk
of cardiovascular and cerebrovascular diseases [15].
Abnormal homocysteine metabolism leads to hyperho-
mocysteinemia (HHcy). There is no absolute limit to the
homocysteine level in the clinic, but a level of homocyst-
eine of more than 15umol/L is defined as HHcy [16].
This can lead to the development of atherosclerosis and
further lead to ACS [17]. The possible mechanisms of
action may include vascular endothelial cell damage and
a decrease in the synthesis of high-density lipoprotein
[18]. A recent study on ACS in individuals < 35 years old
showed that HHcy was significantly associated with ACS.
Moreover, it has an effect on the severity of coronary
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artery stenosis [19]. In another study, HHcy was related
to the prognosis of ACS in Chinese patients. The all-
cause mortality of ACS increases with increasing levels of
plasma Hcy [20]. CPET and LVH play important roles in
evaluating cardiovascular disease. However, the mecha-
nism is not fully clear. More importantly, the relationship
between Hcy and CPET is still unclear. Therefore, the
primary objective of this study was to evaluate the rela-
tionship between Hcy and CPET to provide important
information for clinical risk assessment and to investigate
new opportunities for disease prevention and treatment.

Methods

Study population

In this single-centre observational study, 261 patients
diagnosed with ACS aged 20 to 80 years who underwent
coronary angiography (CAG) and PCI at the Sixth Affili-
ated Hospital of Guangxi Medical University from Janu-
ary 2020 to June 2021 were selected. They were divided
into two groups according to their concentration of Hcy.
One of the groups was Hcy<15pumol/L (n=189), and
the other group was Hcy > 15 pumol/L (n=72). All hospi-
tal in-patients were routinely screened for Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-Cov2) on
admission to hospital. All the patients we included were
SARS-Cov2 negative.

The exclusion criteria were as follows: (1) incomplete
medical records (for example, missing homocysteine
data); (2) severe renal insufficiency (end-stage renal dis-
ease requiring chronic dialysis); (3) pernicious anaemia,
myocarditis, cardiomyopathy, valvular heart disease, con-
genital heart disease, rheumatic heart disease, malignant
tumours, a recent history of surgery or trauma, preg-
nancy, and patients under 18 years of age; and (4) vitamin
or folate supplementation within 3 months.

This study was approved by the Ethics Committee of
the Sixth Affiliated Hospital of Guangxi Medical Uni-
versity. All patients provided written informed consent
to participate in this study. This study complied with the
principles of the Declaration of Helsinki for investiga-
tions involving human beings.

Data collection and related definitions

General information

The basic information of each patient at admission was
recorded in detail. These include age, sex, body mass
index (BMI), smoking, diabetes, primary hypertension,
hyperlipidaemia and chronic renal failure. We also col-
lected laboratory indicators such as plasma levels of Hcy,
triglycerides (TG), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein
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cholesterol (HDL-C), D-dimer, PT, Fibrinogen, uric acid
(UA) and serum creatinine (Cr).

Serum Hcy measurement

First of all, Venous blood was drawn from the subjects
in the fasting state (>10 h). Hcy was determined by
enzymatic colorimetry (DiaSys). The examination was
conducted using Roche Cobas C 701/702 automatic
biochemical analyzer (China, Roche Diagnostics) and
Hcy test kit (China, Roche Diagnostics). The detection
process and results were judged in strict accordance
with the kit instructions by an experienced laboratory
physician. All parameters of the instrument shall be
kept constant during measurement.

CPET

CPET was detected by MasterScreen CPX tester from
German yeger. The procedures of CPET include: (1)
patient preparation: the patient should wear loose and
comfortable sports shoes, socks and clothing. Avoid
full meals or long periods of fasting and smoking or
drinking strong coffee before exercise before exercise.
(2) Sign the informed consent: patients were informed
of the purpose, significance, exercise plan, potential
risks and normal reactions during exercise of CPET,
and sign the informed consent. (3) Test preparation:
inform the patient of the pedal speed (60r/min), adjust
the height of the bicycle seat and handle to the optimal
position, common reasons for stopping the movement
and nonverbal communication methods that are obvi-
ously inappropriate during the movement. (4) Evalu-
ation of the trial physician: according to the different
severity of the patient’s disease, combined with gender,
age and functional state, select the appropriate power
increasing rate, and complete the maximum extreme
exercise in about 10 min. Stop exercise in case of one of
the following conditions: chest pain, dyspnea, pale face,
fatigue, dizziness, lower limb pain and instability; ECG
indicates myocardial ischemia; Severe arrhythmia; Sys-
tolic blood pressure >250 mmHg, diastolic blood pres-
sure>115 mmHg or systolic blood pressure drop >20
mmHg.

CPET was arranged when the patient’s condition was
stable after PCI and informed consent was obtained.
Subjects wore appropriate masks and were connected
to ECG monitors to dynamically monitor ECG, blood
pressure and oxygen saturation. CPET was performed
on a power bike, and AT was measured by the v-slope
method. The changes in oxygen consumption, blood
pressure, exercise load, pulmonary ventilation index
and ECG were continuously monitored during exer-
cise. Thus, the peak VO,, O, pulse, AT, PETCO,, METs,
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Table 1 Baseline clinical characteristics of study participants
Characteristics Participants (n=261) Hcy <15umol/L (n=189) Hcy> 15pmol/L (n=72) P value
Age (years) 589410.1 582495 608+114 0.063
Male [n (%)] 226 (86.6) 159 (84.1) 67 (93.1) 0.058
Smoker [n (%)] 138(52.9) 100 (52.9) 38(52.8) 0.985
BMI (kg/mz) 2425+£2.76 2428+£270 241942091 0.813
Total cholesterol (mmol/L) 453+1.07 459+1.10 438+0.96 0.173
Triglyceride (mmol/L) 1674097 1.73+1.01 1544084 0.119
Serum creatinine (umol/L) 90.5426.1 84.87+189 1054+352 < 0.001
Uric acid (umol/L) 3688+102.6 359.8+97.6 392741119 0.020
D-dimer 0.67+£0.76 0.63+0.76 0.77+£0.75 0.197
PT (s) 11494138 1146+1.18 11.5841.80 0.549
Fibrinogen 4.01+1.60 3.99+1.57 4064170 0.753
hypertension [n (%)] 139 (53.3) 91 (48.1) 48 (66.7) 0.007
Diabetes [n (%)] 62 (23.8) 47 (24.9) 15(20.8) 0494
hyperlipidemia [n (%)] 96 (36.8) 76 (40.2) 20(27.8) 0.063
ACS type [n (%)] 0.066

STEMI [N (%)] 185 (70.9) 140 (74.1) 45 (62.5)

NSTEMI [n (%)] 76 (29.1) 49 (25.9) 27 (37.5
Culprit vessel 0.119

LAD [n (%)] 139 (53.3) 107 (56.6) 32 (44.4)

LCx [n (%)] 50 (19.1) 31(164) 19 (264)

RCA [n (%)] 72(27.6) 51(27.0) 21(29.2)
Resting SBP (mmHg) 111.3£16.8 110.7£171 1128+£16.2 0.355
Resting DBP (mmHg) 720£114 71.2£11.0 741£123 0.069
Resting HR (bpm) 7601129 755+12.8 77.14+£129 0.398
Hey (umol/L) 13.08 £3.60 11.37£203 17.57+£2.89 < 0.001

BMI body mass index, Hcy homocysteine, PT prothrombin time, ACS acute coronary syndrome, STEMI ST elevated myocardial infarction, NSTEMI non-ST elevated
myocardial infarction, LAD left anterior descending, LCx left circumflex, RCA right coronary artery, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart

rate

exercise load, VE/VCO, slope and OUES were further
calculated.

Cardiac ultrasonography

Patients underwent colour Doppler ultrasound during
their hospitalization. Cardiac ultrasonography was used
to evaluate the LVEDD, IVST, LVPWT and LVEF.

Statistical analysis

The survey data are entered by EpiData V3.1 software.
Statistical software SPSS 19.0 (Chicago, USA) was used
for data analysis. Accordingly, continuous variables with
normal distribution were expressed as mean = stand-
ard deviation (SD) and compared between two groups
using the independent samples t-test. The count data
are expressed as number of cases and percentage (%).
A chi-square test was used for the comparison between
groups. Correlation analysis or partial correlation analy-
sis was performed using Spearman correlation analysis.

The relationship between CPET and Hcy was analyzed
by multiple linear regression. A value of P<0.05 in a two-
sided test was considered statistically significant.

Results

Baseline clinical characteristics

A total of 261 participants, including 189 Hcy < 15 umol/L
patients and 72 Hcy>15umol/L patients, were
enrolled in the study. Clinical characteristics and bio-
chemical findings of involved participants are listed in
Table 1. The average age of participating patients was
58.9110.1 years. The majority of participants were male
(86.6%). The higher prevalence of hypertension in the
Hcy> 15 pmol/L group compared to the Hcy <15umol/L
group (66.7% vs. 48.1%, P<0.05). There were no sig-
nificant differences in age, sex, BMI, smoking history,
hyperlipidemia, diabetes mellitus, triglyceride, total cho-
lesterol, D-dimer, PT, Fibrinogen, resting systolic blood
pressure (SBP), resting diastolic blood pressure (DBP)
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Table 2 Comparison of CPET, Cardiac Ultrasonography between Hcy < 15 umol/L group and Hcy > 15 umol/L group
Hcy <15 pumol/L (n=189) Hcy > 15 pmol/L(n=72) P value
AT
METs 4254092 392+£085 0.009
Load (w) 74.1£20.6 6734185 0.015
VO,/kg [ mL/(min kg)] 1487 +3.24 13.724£297 0.009
O, pulse (mlL/beat) 892+2.10 8.54+2.06 0.194
PETCO, 31.27£428 30.02£345 0.028
Peak
METs 5184+1.14 4.70£0.99 0.002
Load (w) 94.84£25.06 86.28+19.92 0.005
VO,/kg [ mL/(min kg)] 18.20+3.86 16.67£3.14 0.003
O, pulse (mlL/beat) 997+2.32 9.524+2.04 0.154
PETCO, 3045+£4.34 28.88+3.56 0.007
VE/NCO, slope 3556+£5.77 37.32+£649 0.034
OUES 140220+ 364.58 1339.42+£368.27 0216
Cardiac ultrasonography
VST (mm) 11.00+1.61 11.54+£1.62 0.018
LVPWT (mm) 10.884+1.53 11.394+144 0.016
LVEDD (mm) 46.394+4.50 47311642 0.268
LVEF (%) 56.17£9.31 55.64+£10.63 0.690

Hcy homocysteine, AT anaerobic threshold, METs metabolic equivalents, O, pulse oxygen pulse, PETCO, End-tidal CO2 partial pressure, VE/VCO, Ventilatory equivalents
for carbon dioxide, OUES oxygen uptake efficiency, IVST interventricular septal thickness, LVPWT left ventricular posterior wall thickness, LVEDD left ventricular end

diastolic diameter, LVEF left ventricular ejection fraction

and resting heart rate (HR) between the two groups
(P>0.05). There were a significant difference in the cre-
atinine, uric acid and plasma Hcy level between the two
groups (P<0.05). We found that all the patients have
TIMI3 flow after PCI. In our study, 70.9% were STEMI
patients and 29.1% were NSTEMI patients. There were
more NSTEMI patients and in the Hcy>15umol/L
group compared to the Hcy <15 pumol/L group, but there
were no difference between the two groups (P>0.05).
According to the angiographic data, we further analyzed
the culprit vessel and there were no difference between
the two groups (P> 0.05).

Comparison of Hcy with CPET and cardiac ultrasonography
Compared with the Hcy<15pumol/L group, patients with
Hcy > 15 umol/L showed a significant decrease in the CPET
index (METs, Load, VO,/kg, PETCO,). while showed a sig-
nificant increase in the CPET index (VE/VCO, slope) and
cardiac ultrasonography (IVST, LVPWT). The difference
was statistically significant (P<0.05, Table 2).

Correlation analysis of Hcy with CPET and cardiac
ultrasonography

Correlation analysis showed that Hcy correlated nega-
tively with (METs, VO,/kg, PETCO,) and positively with
VE/VCO, slope, IVST and LVPWT. The difference was
statistically significant (P<0.05, Table 3; Figs. 1, 2 and 3).

Table 3 Correlation analysis of Hcy with CPET and cardiac
ultrasonography

r P value
AT
METs —0.152 0.014
Load (w) —0.101 0.103
VO,/kg [ mL/(min kg)] —0.152 0014
O, pulse (mL/beat) —0.029 0.636
PETCO, —0.126 0.043
Peak
METs —0.160 0.009
Load (w) —0.079 0.202
VO,/kg [ mL/(min kg)] —0.139 0.024
O, pulse (mL/beat) —0.027 0.663
PETCO, —0.137 0.026
VENCO, slope 0.136 0.028
OUES 0.010 0.878
Cardiac ultrasonography
VST (mm) 0.142 0.023
LVPWT (mm) 0.162 0.009
LVEDD (mm) 0.090 0.148
LVEF (%) -0.007 0.905

AT anaerobic threshold, METs metabolic equivalents, O, pulse oxygen pulse,
PETCO, End-tidal CO2 partial pressure, VE/VCO, Ventilatory equivalents for
carbon dioxide, OUESs oxygen uptake efficiency, /VST interventricular septal
thickness, LVPWT left ventricular posterior wall thickness, LVEDD left ventricular
end diastolic diameter, LVEF left ventricular ejection fraction
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Relationship between CPET, cardiac ultrasonography

and Hcy

After adjusting for age, sex and BMI, partial correla-
tion analysis showed that Hcy was negatively correlated
with (METs, VO,/kg) in AT state. The correlation coef-
ficients were —0.172 and —0.172 (P<0.05). Hcy was
negatively correlated with (METs, VO,/kg, PETCO,)
in peak state. The correlation coefficients were —0.177,
—0.153 and —0.129 (P<0.05). Hcy was positively with
VE/VCO, slope, IVST and LVPWT. But the differ-
ence is not statistically significant (P>0.05). Multiple

Hey Cpmol/L)

Hey ( nmol/L)

linear regression analysis was performed with (METs,
VO,/kg, PETCO,) as independent variables and Hcy as
dependent variables. Model 1 no factors were adjusted;
Model 2 adjusts for age, sex, BMI, hypertension, dia-
betes, hyperlipidemia, uric acid and creatinine. After
further adjustment for confounders (model 2), Hcy was
negatively correlated with (METs, VO,/kg) in AT state
and peak state. The standardized regression coefficients
were — 0.035, — 0.122, — 0.048 and — 0.128 respectively.
(P<0.05, Table 4).
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Table 4 Relationship between CPET, cardiac ultrasonography

and Hcy
r Multiple linear regression
Model 1 (B) Model 2 (B)
AT
METs —0.172% —0039" —0035"
VO/kg[mL/  — 0172 —0.135 —0122°
(min kg)]
PETCO, -0109" - -
Peak
METs — 0177 —0.050" —0.048"
VOkg[ml/  —0.153% —0.145 —0.128
(min kg)]
PETCO, —0.129* —0.160" —0.111
VE/VCO2 slope 0113% - -
IVST (mm) 0100 - -
LVPWT (mm) 0113% - -

Hcy homocysteine, AT anaerobic threshold, METs metabolic equivalents, PETCO,
End-tidal CO2 partial pressure, VE/VCO, Ventilatory equivalents for carbon
dioxide, IVST interventricular septal thickness, LVPWT left ventricular posterior
wall thickness. Model 1 no factors were adjusted; Model 2 adjusts for age, sex,
BMI, hypertension, diabetes, hyperlipidemia, uric acid and creatinine

#P<0.1;*P < 0.05; *P<0.01

Discussion
Hcy is a sulfur-containing amino acid metabolite that
is synthesized in the process of methionine metabo-
lism. A high Hcy level can lead to cardiovascular and
cerebrovascular diseases. Studies have reported that
an elevated level of Hcy is a risk factor for CHD, stroke
and hypertension [15, 21]. HHcy is an important indi-
cator for the evaluation of human health, especially for
hypertension, hyperlipidaemia and hyperglycaemia.
A systematic review of HHcy in China found that the
prevalence of high Hcy was 27.5% [22]. HHcy diagnos-
tic criteria are defined as Hcy>15pmol/L. Therefore,
we used 15umol/L as the cut-off value for grouping
patients according to Hcy levels for further research.
The Hcy level is related to 30-day cardiovascular events
in patients with ACS [23]. In our study, we analysed the
clinical baseline data of 261 patients with ACS after PCL.
There is still no consistent opinion about the relationship
between the Hcy level and long-term outcomes of ACS
patients. We found that, compared with patients in the
Hcy < 15umol/L group, patients in the Hcy > 15umol/L
group had a higher prevalence of hypertension and
higher levels of creatinine and uric acid. These findings
are consistent with previous studies [24—28]. In addition,
HHcy increased with age and was higher in men than in
women.

CHD seriously threatens human health and greatly
increases the risk of death. ACS is even more fatal. Pre-
vious studies have shown that CPET is helpful in the
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diagnosis of CHD [10, 29]. International guidelines on
CPET also put forward the importance of the CPET
index in the diagnosis of CHD [8]. ECG, blood pressure
and heart rate can be monitored during CPET. Another
study showed that AT and peak oxygen uptake in patients
with CHD were significantly lower than in those without
CHD [30]. CPET can detect the cardiopulmonary func-
tion reserve and the degree of functional impairment of
patients and help understand the gas exchange rate of
patients [31]. The worse the cardiopulmonary function is,
the worse the prognosis. Previous studies have suggested
that CPET is of great significance in the assessment of
cardiovascular, respiratory, and metabolic diseases[2,
32]. However, there is no relevant study on Hcy level and
CPET. This study was the first time to propose that the
correlations between Hcy level and CPET.

In the process of the CPET, a gradual increase in the
exercise load should gradually increase the cardiac out-
put. The degree of myocardial ischaemia and prognosis
can be detected and evaluated through CPET. The prog-
nosis of patients with CHD can be improved by cardiac
rehabilitation according to cardiac ultrasonography and a
quality of life scale. However, it cannot replace the accu-
racy and objectivity of CPET indicators. By evaluating
AT, peak VO, and other related indicators, we can formu-
late the best indicators of aerobic exercise prescription [8,
33]. We hypothesize that high Hcy levels may affect the
cardiopulmonary function of ACS patients. Our study
confirms this hypothesis. In the present study, we found
that, compared with the Hcy>15pumol/L group, the
Hcy <15 pmol/L group had better cardiopulmonary func-
tion. Hcy was negatively correlated with METs and VO,/
kg in the AT state and peak state. We speculate that the
possible mechanism by which Hcy aggravates the dam-
age to cardiopulmonary function in patients with ACS is
that Hcy promotes myocardial hypertrophy and damages
myocardial systolic function through oxidative reactions
and the activation of sympathetic nerves. Hcy-lowering
interventions should be considered to prevent cardiovas-
cular events [34] and improve cardiopulmonary function.
Folic acid and B vitamins can reduce Hcy levels [35, 36].

Previous studies have found that Hcy levels are associ-
ated with cardiac systolic function in patients with CAD
[37]. With an increase in the Hcy level, echocardiographic
indices, such as left ventricular (LV) hypertrophy and
cardiac diastolic dysfunction, could change in patients
with obstructive sleep apnoea syndrome (OSAS) [38]. In
our study, when we compared the Hcy < 15 pmol/L group
and Hcy > 15 pmol/L group, the IVST and LVPWT were
significantly increased in the Hcy>15pumol/L group.
Correlation analysis showed that Hcy levels positively
correlated with the IVST and LVPW'T. However, after
adjusting for confounding factors, partial correlation
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analysis showed that there was no correlation between
these parameters. The results of this study are inconsist-
ent with those of previous studies[39-41]. We consider
that this may be related to the small sample size and the
fact that some patients underwent bedside cardiac col-
our Doppler ultrasound. Moreover, the cardiac colour
Doppler ultrasound indices of ACS patients changed
greatly. Therefore, we need to conduct long-term follow-
up monitoring and expand the sample size for further
confirmation.

This study is the first report the relationship between
Hcy levels and CPET. However, due to the limited num-
ber of patients in this study, more evidence is needed to
draw a conclusion about this issue. Moreover, this study
included only ACS patients after PCI. More patients with
other diseases should be studied in the future. These
patients can be followed up for a long time to understand
the improvements in cardiopulmonary function after fur-
ther treatment.

Conclusion

There was a correlation between Hcy levels and CPET. A
higher Hcy level was associated with worse cardiopulmo-
nary function in patients with ACS after PCI. Attention
should be given to blood Hcy levels in patients with ACS.
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