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Background: The atherosclerotic coronary artery disease (CAD) risk assessment based on conventional 
risk factors have only moderate performance, and residual risks still exist. Thus, we reported here a cohort 
study that aims to identify and validate the new biosignatures (especially the metabolomics, lifestyle 
biomarkers and biological age), and elucidate their predictive effect on CAD and subsequent cardiovascular 
events.
Methods: This prospective, single-center, cohort study commenced in March 2017 and seeks to examine 
patients undergoing coronary angiography (CAG) at the Beijing Hospital. Patients’ baseline demographic 
and medical history data are captured by questionnaires. Blood samples are taken before CAG for clinical 
laboratory tests and metabolomics analyses. Traditional CAD risk factors are analyzed by routine assays. 
CAD-related metabolites from different metabolic pathways and lifestyle biomarkers are measured by liquid 
chromatography-tandem mass spectrometry methods. Biological ages are calculated based on the laboratory 
and metabolomics data. The enrolled patients attend annual follow-up examinations for 10 years. The 
primary end points are the composite end points of major adverse cardiovascular events, including death 
from any cause, non-fatal myocardial infarction, and non-fatal stroke. Quality management and control are 
carried out through the entire research process, including standardized baseline and follow-up investigation, 
intra- and inter-run quality controls for laboratory measurements, etc. 
Results: Baseline data of the enrolled 2,970 patients from 2017 to 2020 were collected and are presented in 
this article. Among them, there were more males (62.5%) than females, and the patients tended to be old and 
overweight. The percentages of diagnosed hypertension and diabetes were 67.3% and 35.2%, respectively. 
A total of 8.5% had a family history of premature CAD. Their lipid profiles were within the normal range, 
probably due to the use of statins. 
Conclusions: This study has successfully initiated an investigation into the roles of new biosignatures in 
predicting CAD among Chinese Han patients undergoing CAG. To the best of our knowledge, this cohort is 
the first study systematically focusing on the association of lifestyle biomarkers and biological age with CAD 
risk. Findings from this study will provide biomarkers to discriminate the presence of CAD and to predict 
subsequent cardiovascular events.
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Introduction

Atherosclerotic coronary artery disease (CAD) is associated 
with an increased risk of mortality and is a primary cause 
of death worldwide (1). Atherosclerosis is the result of a 
complex metabolic disorder caused by the interaction of 
various environmental, lifestyle, and genetic factors. The 
identification and early intervention of atherosclerosis risk 
factors are the key measures for reducing the morbidity and 
mortality of CAD patients in both primary and secondary 
prevention measures. However, the performance of 
conventional risk factors (e.g., age, smoking status, blood 
pressure, and serum lipids) is only moderate (2). The 
current screening method has limitations in identifying 
patients who will develop clinical CAD. Significant numbers 
of recurrent cardiovascular events continue to occur even 
when aggressive treatment strategies are adopted. Such 
events are known as residual risks (3,4). The identification 
of novel risk factors may extend our knowledge of CAD 
physiopathology and enable us to identify patients at high 
risk in the context of primary and secondary cardiovascular 
prevention (4).

Metabolomics refers to a holistic approach for analyzing 
metabolites of low-molecular weight in biological 
samples. Unlike genetic profiles, metabolomics respond to 
environmental influences and represent the chemical basis of 
current physiologic states and clinical phenotypes (5). Due 
to its high sensitivity and specificity, liquid chromatography-
t andem mass  spec t rometry  (LC-MS/MS)-based 
metabolomics technologies have the potential to identify 
novel disease markers and provide insights into biological 
mechanisms (6). In previous studies, metabolomics analyses 
in this field have led to the discovery of novel molecular 
biomarkers associated with CAD, individually or as a group, 
including amino acids, such as branched-chain amino acids 
(BCAAs) (6-9), acylcarnitines, dicarboxylacylcarnitines  
(10-12), trimethylamine N-oxide (TMAO) (13,14), and 
several lipid classes (15-17). Untargeted metabolomics 
provide an unbiased approach to biomarker identification; 
however, the challenges of untargeted approach include 
characterizing unknown metabolites and processing 

extensive raw data. By quantitatively analyzing certain 
metabolites, the targeted metabolomics approach is more 
sensitive and specific than untargeted approach and is 
suitable for the validation of the metabolites. Thus, the 
usefulness of these metabolites in CAD risk assessment 
needs to be confirmed and validated in external independent 
populations with targeted metabolomics to allows for the 
simultaneous measurement of all the potential metabolites 
from different pathways.

Lifestyle choices, such as drinking, smoking, exercising 
and nutrition, are closely related to the development and 
recurrence of CAD (18). Healthy lifestyle choices include 
not smoking, regular physical activity, maintaining a normal 
body mass index (BMI), and moderate alcohol consumption. 
Adherence to a combination of a healthy diet and lifestyle 
behaviors may be the most important and effective way to 
intervene and prevent CAD. However, the relationship 
between lifestyle and disease has conventionally been 
investigated by questionnaires, which have biases and are 
likely to affect the observed associations between lifestyle 
risk factors and clinical outcomes. Conversely, nutritional 
and lifestyle biomarkers may offer a more objective and 
reliable method for CAD risk assessment and nutritional 
intervention (19-21).

Some single blood biomarkers, such as plasma vitamin 
C, and serum carotenoids, have been used as indicators of 
fruit and vegetable intake (22). The use of a combination 
of potential biomarkers may more accurately predict fruit 
and vegetable intake in intervention studies than the use of 
any single biomarker (23,24). In a recent study, Ottosson 
et al. discovered novel independent associations between 
plasma dimethylguanidino valerate (DMGV) and incident 
CAD and cardiovascular mortality (25). Additionally, 
strong associations of DMGV levels with sugar-sweetened 
beverages, vegetable intake, and physical activity suggest 
that lifestyle interventions have the potential effects on 
plasma DMGV levels (25). The identification of lifestyle-
modifiable metabolic pathways related to CAD risk is 
essential for CAD prediction and prevention in susceptible 
individuals.
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Age is the most profound risk factor for almost all non-
communicable diseases, including CAD, and has played 
an important role in CAD risk assessment. However, the 
ageing rate, which is measured as the decline in functional 
capacity and stress resistance, differs in every individual (26). 
Biomarkers of human ageing, which measure biological 
age (BA), could be used to identify individuals at high risk 
of developing age-associated diseases or disabilities. BA 
has been evaluated or calculated by different strategies 
[e.g., telomere length (27), epigenetics (28), proteostasis, 
metabolomics, and laboratory tests (29,30)]. It remains 
unclear whether most biomarkers forecast chronological 
age or BA, but it is likely that the 2 are distinct. As many 
factors can influence single markers, an analysis that uses a 
sole biomarker to describe the complex process of ageing 
may be impossible. Thus, a set of biomarkers should be 
used to determine the BA, all of which should be based 
on mechanisms described by major theories of ageing. In 
the Framingham offspring study, Murabito et al. tested the 
associations of BA measures constructed from different types 
of biomarkers with mortality and disease in a community-
based sample, and found that BA based on laboratory 
and clinical parameters provided the best prediction of  
mortality (31). BA, when substituted for chronological age, 
has the potential to improve the prediction of ageing and 
age-related diseases, such as CAD.

Based on these analyses, we planned to conduct a 
prospective, single-centre, observational cohort study 
in patients undergoing coronary angiography (CAG) in 
Beijing Hospital. Although there were some previous 
cohort studies involved in subjects undergoing CAG  
(32-35), studies systematically focusing on the prediction 
of metabolomics, lifestyle biomarkers and BA on CAD risk 
are rare. For example, the Guangdong Coronary Artery 
Disease Cohort (34) investigated the associations between diet 
and lifestyle and risks for cardiovascular disease. However, 
the information about diet and lifestyle were collected by 
questionnaires, which may have biases in dietary misreporting 
and likely to impact the observed associations between 
lifestyle and disease. Thus, the current cohort may offer a 
valid complementary information to self-reported surveys in 
analyzing the relationships between lifestyle and CAD risk 
in China. Another study included a cohort of 2,324 patients 
who underwent CAG for suspected CAD from 4 independent 
centers in Jiangsu, China (35). Untargeted metabolomic 
profiles were determined in plasma samples, and 89 differential 
metabolites were identified among different CAD subgroups. 
However, the study did not follow up on cardiovascular 

events, so the findings need to be confirmed in prospective 
analysis. Some other cohorts (32,33) focused new biomarkers 
for prediction of the presence of significant CAD and related 
events, but they do not investigate lifestyle biomarkers and BA. 
In our study, baseline analysis of traditional CAD risk factors, 
metabolic and lifestyle-related biomarkers, and BA derived 
from clinical tests and metabolomics will be performed. The 
relationship between these parameters and the presence of 
CAD will be analysed. New factors for the risk of future events 
will be verified. 

Therefore, the ultimate goal of the present cohort study 
is to identify and validate the new biosignatures (especially 
the metabolomics, lifestyle biomarkers and biological age), 
and elucidate their predictive effect on CAD and subsequent 
cardiovascular events. In this report, we present the study 
design/protocol together with baseline data, including 
demographic characteristics, clinical profiles, and medical 
treatment, of the initial 2970 patients enrolled. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-2834/rc). 

Methods

General design

Figure 1 shows the general design of this study. Patients 
who are suspected of having CAD or have a definite history 
of CAD and have been subjected to CAG have been 
enrolled in this study. These patients’ baseline demographic 
information has been recorded. Biochemical parameters, 
metabolomics and lifestyle biomarkers, and BA have been 
recorded and measured. The patients will be followed up 
annually. The associations between the above parameters 
and the occurrence of CAD and the recurrence of CAD 
events will be analyzed. Novel CAD risk factors will be 
screened and validated.

Patient enrolment and exclusion criteria

The subjects comprise all hospitalized patients (aged  
>18 years) who underwent CAG at Beijing Hospital from 
March 2017 to 2020. All potentially eligible patients are 
examined for any diseases or conditions that may exclude 
them from the study. Patients are excluded from the study 
if they meet any of the following exclusion criteria: (I) 
have undergone an aortic dissection, have a pulmonary 
embolism, malignant tumor, autoimmune disorder, 

https://atm.amegroups.com/article/view/10.21037/atm-22-2834/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-2834/rc
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Study consent and enrollment

Clinical and laboratory 
examination

Coronary angiography

NOCA SAP UAP

Annual routine follow-up for major 
cardiovascular events

STEMI NSTEMI

AMI

•	Clinical exams
•	General lab tests
•	Metabolites analysis
•	Dietary and life-style markers
•	Biological age

Figure 1 The general design of  BHAS. NOCA, non-obstructive coronary atherosclerosis; SAP, stable angina pectoris; UAP, unstable angina 
pectoris; AMI, acute myocardial infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation 
myocardial infarction; BHAS, Beijing Hospital Atherosclerosis Study.

severe infectious disease, or trauma, have undergone a 
recent surgical procedure, have had severe heart failure 
with a left ventricular ejection fraction <20%, have 
liver dysfunction [alanine amino transferase (ALT) level  
>135 U/L], severe renal dysfunction [creatinine (Cr)  
>4.0 mg/dL], or blood-borne infectious diseases, including 
human immune-deficiency virus/acquired immune-
deficiency syndrome, hepatitis B, or hepatitis C; (II) have 
a significant malignancy or tumor disease that will require 
advanced medical or surgical therapy or both in the 
following year; (III) have other major systemic diseases that 
will require hospitalization or operation in the following 
year; (IV) are unable or unwilling to be followed up during 
the subsequent 1-year period; (V) have a life expectancy 
of <12 months; (VI) are unable to complete the baseline 
questionnaires; and/or (VII) are pregnant or nursing, 
suffering from alcoholism or drug abuse, or have a mental 
illness for which they are undergoing treatment. The 
confirmed eligible patients are included in this study after 
obtaining their personal consent. All the included patients 
complete a questionnaire with the help of a doctor. Each 
patient’s weight, height, and blood pressure are measured. 
The baseline demographics and medical histories associated 
with CAD, such as smoking, hypertension (HTN), diabetes 

mellitus (DM) and dyslipidemia are recorded by specially 
trained cardiologists. HTN, DM, and dyslipidemia patients 
include those who have already been diagnosed with these 
diseases at enrolment according to certain guidelines  
(36-38). Before the CAG procedure, venous blood samples 
are collected in common vacutainer tubes after overnight 
fasting, and the serum is isolated within 2 h, aliquoted into 
vials and stored at −80 ℃ awaiting analysis.

To guarantee data quality and reliable results, we 
formulated and revised the survey forms, designed the 
standardized investigation guidelines and trained the 
investigators. In the phase of the data collection, the 
contents of questionnaire survey are directly entered on 
the portable computer, and the electronic questionnaire 
software system is set up with logic error checking and 
quality control functions, so possible errors at the time of 
data input were minimized through real-time monitoring.

Ethics and dissemination

This study was reviewed and approved by the Ethics 
Committee of Beijing Hospital (No. 2016BJYYEC-121-02) 
and was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). All patients admitted to 
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the Cardiology Department of Beijing Hospital for CAG 
signed the written consent forms, detailing the purpose of 
this study, its duration, follow-up time and period, sample 
collection procedure, and potential risks. On the final 
completion of this study, we plan to submit the findings 
for publication in relevant peer-reviewed journals. We also 
plan to present the findings of this study at national and 
international conferences and meetings.

CAG and definition of clinical types of CAD

Elective CAG is performed using standard techniques. 
All the targeted coronary lesions of enrolled patients are 
analyzed by the built-in QCA software of the AlluraXper 
FD20 Angiography System (Phi l ips  Heal thcare , 
Netherlands). The measurements are performed in all 
coronary segments according to the 15-segment American 
Heart Association classification. The coronary artery 
segments are carefully selected by 2 cardiologists on the 
basis of smooth luminal borders and the absence of stenosis. 
CAD is defined as stenosis ≥50% in any 1 of the coronary 
arteries or major branches. Individuals with <50% stenosis 
and those with negative findings in computed tomography 
of the coronary arteries or stress myocardial perfusion 
imaging are allocated to the non-CAD group.

The diagnosis of the type of CAD is based on the clinical 
symptoms, laboratory tests, electrocardiogram (ECG), 
and coronary angiographic results by specially trained 
cardiologists. Patients with <50% stenosis in all coronary 
vessels are allocated to the non-obstructive coronary artery 
(NOCA) group. The stable angina pectoris (SAP) group 
includes patients with angina of stable frequency lasting up 
to 10 min or provocative-palliative factors. Patients with a 
history of angina (within 1 month), irregular angina at rest 
or upon minimal exertion, and no elevation in troponin 
are allocated to the unstable angina pectoris (UAP) group. 
Patients who have ischemic chest pain, increased values of 
cardiac enzymes, and dynamic ST-T change on ECG are 
allocated to the acute myocardial infarction (AMI) group, in 
which patients with and without an elevation of ST-segment 
are allocated to the ST-segment elevation myocardial 
infarction (STEMI) and the non-STEMI (NSTEMI) 
groups, respectively. The angiographic data are confirmed 
independently by 2 observers.

Clinical laboratory tests, metabolomics, and BA

Biochemical and immunological profiles, including blood 

glucose, lipids, liver and kidney function, N-terminal 
pro-B-type natriuretic peptide, immunoglobulin M, 
and complete blood count are measured at the clinical 
laboratory of Beijing Hospital before CAG. Biomarkers 
related to oxidative stress and ageing, such as superoxide 
dismutase, and dehydroepiandrosterone, are measured 
by the KingMed Diagnostics Group Co., Ltd. using 
reagents and instruments from Roche Diagnostics Ltd. 
These laboratories routinely participate in external quality 
assessment/proficiency testing programs organized by 
the National Center for Clinical Laboratory in China. To 
monitor inter-run variation, 2 serum samples are included 
as quality controls (QCs) and measured in each run to 
monitor variations between different assays.

Serum metabolites will be screened and identified based 
on a literature review and our previous studies. In our 
previous study, we used LC-MS/MS methods for amino 
acids, lysophosphatiydicholine (LPC), carnitines, choline, 
and metabolites (39-44), as well as lifestyle and nutritional 
biomarkers, such as cotinine, phosphatidyethanol (45), 
and polyphenols (46). In addition to the above-mentioned 
metabolites and lifestyle biomarkers, other substances, 
such as fatty acids, DMGV and vitamins, which have been 
consistently reported to be associated with CAD (22-25), 
will be integrated into our targeted metabolomics approach. 
Serum metabolites are extracted with organic solvents. After 
vortexing, the vials are centrifuged, and the supernatant is 
transferred to another vial and evaporated under a stream 
of nitrogen. The residue is reconstituted with the mobile 
phase and analyzed by LC-MS/MS. LC separation is 
performed using an Agilent 1260 Series High-performance 
liquid chromatography (HPLC) system (Santa Clara, CA, 
USA). Tandem MS/MS detection is carried out on an 
AB Sciex 5500 QTRAP system (Framingham, MA, USA) 
with both positive and negative electronic spray ionization 
in multiple-reaction monitor mode. Quantification is 
carried out by isotopically labelled internal standards and 
calibration curves. All patient samples will be analyzed, 
with 50–98 samples in each run. Additionally, 2 QC 
materials will be measured in each run to monitor inter-run 
variations.

The BA models are based on our previous analysis. We 
have analyzed the changes in over 100 laboratory indices 
with age and disease morbidity using routine clinical data 
from the Physical Examination Center of Beijing Hospital 
(n=200,000). We identified some of the indices that have 
strong relationships with age and established a mathematical 
model for BA (unpublished data) using the basic principle 
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of Klemera-Doubal (31). A total of 14 indicators were used 
to build the BA model, including albumin, ALT, Cr, total 
cholesterol (TC), fasting blood glucose (FBG), inorganic 
phosphorus, and some indicators of complete blood count. 
The BA model will be further optimized and validated in 
the current study.

Clinical follow-up for adverse cardiovascular events

All the studied patients will attend an annual routine 
follow-up appointment for up to 10 years after the CAG 
procedure. The follow-up data will be recorded during 
the outpatient clinic visits as applicable. For those who 
do not visit the clinic, telephone follow-up interviews will 
be conducted by trained physicians. As selection bias can 
occur in a prospective cohort study due to differences in 
retention during the follow-up period after enrolment, we 
will do our best to reduce loss to follow-up by maintaining 
contact with participants at regular intervals and collecting 
baseline information to facilitate the tracking of subjects 
(e.g., the addresses, phone numbers, and email addresses 
of not only the subjects but also possible contacts, such 
as next of kin or close friends). Loss to follow-up will be 
recorded and analyzed to determine if there are differences 
in the likelihood of it being related to exposure status 
and outcome. Follow-up outcomes includes mortality, 
myocardial infarction, stroke, rehospitalization, coronary 
revascularization procedures, and medication use. The 
primary end points for the study are major adverse 
cardiovascular events (MACEs), which are defined as 
death from any cause, non-fatal myocardial infarction, and 
non-fatal stroke. After the follow-up period, associations 
between baseline parameters and cardiovascular events will 
be analyzed to evaluate the risk prediction efficiencies of 
these biomarkers.

Statistical analysis 

In the cross-sectional design for the baseline data, the 
studied subjects will be divided into different groups 
according to clinical, anatomical or prognostic features. 
Missing data will be filled by subsequent measurements. 
Multiple imputation methods will account for additional 
variability in the parameter estimates for clinical variables 
with missing data. Continuous variables will be expressed 
as the mean and standard deviation (SD) if the distribution 
is normal or as the median and interquartile range (IQR) 

if the distribution is skewed. Categorical variables will be 
presented as both absolute frequencies (the number of 
patients) and relative frequencies (percentage). Comparisons 
of continuous variables between groups will be performed 
by an analysis of variance, while subgroup comparisons of 
categorical variables will be assessed by the χ2 or Fisher’s 
exact test.

Baseline clinical, biochemical, angiographic, and novel 
biomarkers that predict MACEs in the prospective study 
will be used to build a predictive model by regression 
analysis. The outcome measures of interest will be 
described as an overall percentage. These outcomes will 
also be expressed as the mean of proportions and their 95% 
confidence intervals (CIs). For the regression models, we 
will report the odds ratio (for the logistic regression) or 
hazard ratio (for the Cox proportional hazards regression), 
the corresponding standard error, the 95% CIs, and the P 
values. Net reclassification improvement and integrated 
discrimination improvement analyses will be performed to 
compare the identification of MACEs between different 
groups using traditional risk factors and novel biomarkers. 
In all the tests, we will use the 2-tailed alpha significance 
level of 0.05.

According to published data (47), the 3-year occurrence 
of MACEs for CAG patients is approximately 13%. Thus, 
we have conservatively estimated that a sample size of 
2,800–3,000 subjects will provide sufficient sensitivity and 
specificity for the detection of the primary outcome using 
biomarkers if the follow-up rate is 80–90%.

Results

Baseline demographic characteristics of the enrolled  
2,970 patients

The demographic, clinical, and biochemical data of 
the enrolled 2,970 patients have been collected and are 
presented in this article. The baseline demographic data 
of the patients are presented in Table 1. The baseline 
biochemical parameters are set out in Table 2. The 
results indicate that there were more males (62.5%) than 
females, and the patients tended to be old and overweight 
with an average age of 65.6 years and a BMI of 25.7. 
The percentages of diagnosed hypertension, diabetes, 
dyslipidemia, and current smokers were 67.3%, 35.2%, 
44.2%, and 31.8%, respectively. A total of 8.5% of the 
patients had a family history of CAD, and 7.7% had 
previously suffered an ischemic stroke. However, the mean 
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Table 1 Baseline demographic data of the study population 
(n=2,970) 

Baseline demographic variable Values

Age at enrolment, years 65.6±10.9

Male 1,855 (62.5)

Body mass index, kg/m2 25.7±3.5

Systolic blood pressure, mmHg 136.7±18.5

Diastolic blood pressure, mmHg 78.3±11.3

Heart rate, bpm 74.5±12.0

Hypertension 2,000 (67.3)

Diabetes mellitus 1,046 (35.2)

Dyslipidaemia 1,312 (44.2)

Smoking 944 (31.8)

Family history of CAD 170 (8.5)

Previous ischemic stroke 229 (7.7)

Values are presented as mean ± SD or n (%). CAD, coronary 
artery disease; SD, standard deviation.

Table 2 Baseline blood biochemical parameters of the study 
population (n=2,970)

Baseline blood biochemical 
parameter

Mean ± SD Median (IQR)

FBG, mmol/L 6.7±2.2 5.9 (5.1–7.5)

TC, mmol/L 3.9±0.9 3.8 (3.2–4.5)

LDL-C, mmol/L 2.4±0.8 2.3 (1.8–2.8)

HDL-C, mmol/L 1.1±0.3 1.0 (0.9–1.2)

TG, mmol/L 1.4±0.7 1.3 (0.9–1.8)

Non-HDL-C, mmol/L 2.9±0.9 2.7 (2.2–3.4)

Cr, μmol/L 71.7±17.2 70.0 (60.0–81.0)

eGFR, mL/min per 1.73 m2 96.8±24.0 95.3 (81.5–110.3)

Uric acid, μmol/L 327.0±88.1 319.0 (266.0–379.0)

White blood cells, /CUMM 6.4±1.8 6.1 (5.2–7.3)

Hemoglobin, g/L 131.5±16.4 132.0 (121.0–143.0)

Platelet, /CUMM 203.0±57.1 198.0 (164.0–235.8)

SD, standard deviation; IQR, interquartile range; FBG, fasting 
blood glucose; TC, total cholesterol; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; TG, triglycerides; Cr, creatinine; eGFR, estimated 
glomerular filtration rate; CUMM, cubic millimetre.

Table 3 Baseline clinical characteristics of the study population 
(n=2,970)

Baseline clinical characteristic Values

Clinical type of CAD*, n (%)

NOCA 532 (17.9)

SAP 617 (20.8)

UAP 1,487 (50.1)

AMI 275 (9.3)

STEMI 81 (2.7)

NSTEMI 194 (6.5)

Gensini score

Mean ± SD 25.8±33.6

Median (IQR) 12.0 (2.0–37.5)

Statins#, n (%)

Not use 1,651 (55.6)

Less than 1 year 267 (9.0)

Over 1 year 754 (25.4)

*, 59 patients could not be classified into any category; #, statin 
use was unclear in 298 records. CAD, coronary artery disease; 
NOCA, non-obstructive coronary atherosclerosis; SAP, stable 
angina pectoris; UAP, unstable angina pectoris; AMI, acute 
myocardial infarction; STEMI, ST-segment elevation myocardial 
infarction; NSTEMI, non-ST-segment elevation myocardial 
infarction; SD, standard deviation; IQR, interquartile range.

levels of TC, triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein 
cholesterol (LDL-C) were within the normal ranges, which 
was probably due to the use of statins.

Baseline clinical characteristics of the study population

The baseline clinical data of the patients are set out in 
Table 3. Based on clinical characteristics and laboratory 
examinations, CAD is divided into 4 different categories: 
NOCA, SAP, UAP, and AMI. The percentages of NOCA, 
SAP, UAP, and AMI were 17.9%, 20.8%, 50.1%, and 9.3% 
respectively. The mean Gensini score was 25.8±33.6, with a 
median of 12.0 (2.0–37.5). The percentage of patients who 
had received statin treatment was 34.4%, of whom, 25.4% 
had continued statin treatment for more than 1 year.
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Discussion

It is recognized that traditional cardiovascular risk factors 
(e.g., age, hypertension, hyperlipidemia, smoking, and 
diabetes) do not fully explain interindividual variations in 
cardiovascular risk. In the case of CAD, most individuals 
have only 1 or none of the classic cardiovascular risk 
factors (48). Thus, the identification of novel risk factors 
that could contribute information in addition to that 
already provided by traditional risk factors is of crucial 
importance. Our ongoing study aims to investigate the 
associations between traditional and novel biomarkers 
and the occurrence of CAD. It also aims to identify novel 
biomarkers either independently or concomitantly to 
predict the occurrence of adverse cardiovascular events 
or aid in CAD interventions. Our target population is 
hospitalized patients at Beijing Hospital undergoing CAG. 
The study subjects have relatively high CAD risks and high 
risks of coronary events in the follow-up periods. Compared 
to low-risk populations, these patients have been adequately 
risk stratified and definitively diagnosed, which allows us to 
conduct biomarker screening in relatively small populations 
with short follow-up periods.

Based on previously published studies and our own 
experience, this study focuses on the following 3 different 
aspects: metabolomics, lifestyle biomarkers, and BA. 
First, circulating metabolites are closely related to cellular 
function and clinical phenotype and have the advantage 
of providing immediate information about physiological 
conditions. Thus, metabolomics provides a potential tool for 
identifying biomarkers for better risk classification and for 
understanding the pathophysiological mechanisms of CAD 
(6,9). The current data are promising, but the potentially 
useful biomarkers need to be verified in independent 
populations, especially in longitudinal studies. Second, 
lifestyle biomarkers not only serve as markers of exposure 
but are also used as indicators for CAD interventions (18), 
which is very important in CAD management. Additionally, 
as ageing in humans is highly variable with wide differences 
in health at a given chronological age, BA will add 
complementary information beyond that provided by 
chronological age to predict disease risk and lifespan (25,27). 
Given their potential to identify novel predictive biomarkers 
of CAD, studies in these fields have generated considerable 
excitement. However, prospective cohort studies need 
to be carried out to establish the relationships between 
biomarkers and CAD, improve CAD risk assessment, and 
verify the predictive values of certain biomarkers.

In previous studies, we developed a series of targeted 
LC-MS/MS methods  to  determine CAD-related 
metabolites, including BCAAs, LPCs, and TMAO (39-41). 
The preliminary data indicated that serum BCAAs, glycine, 
some species of carnitines, and TMAO were significantly 
correlated with traditional CAD risk factors and CAD  
(32-44). We have also established LC-MS/MS methods 
to examine phosphatidyethanol, and polyphenol profiles, 
which not only reflect the frequency of drinking, and the 
dietary intake of fruits and vegetables but are also related to 
CAD risk factors (45,46). Further, we have investigated the 
correlations of all the conventional clinical parameters with 
age and generated a mathematical model for constructing 
BA, which has shown the ability to differentiate among 
individuals with different health conditions (data not 
provided). In this study, all the potentially useful biomarkers 
and lifestyle biomarkers will be integrated into reliable and 
specific targeted metabolomics methods. BA models based 
on clinical examinations, traditional laboratory tests, and 
metabolomics approach will be studied and constructed. 
These biomarkers will be evaluated either independently 
or concomitantly, predicting the occurrence of adverse 
cardiovascular events. Based on pre-existing studies, we 
chose to use death from any cause, non-fatal myocardial 
infarction, and non-fatal stroke as our MACEs.

Limitations

The main limitation of our work is that the Beijing Hospital 
Atherosclerosis Study (BHAS) is a single-center cohort 
study, and all of the subjects included in the study are 
undergoing cardiac catheterization because of suspected 
CAD and carry a high burden of cardiovascular risk. Thus, 
the representativeness of the study cohort may be an issue.

Conclusions

This BHAS, which is a prospective, single-center, 
observational cohort study, has been successfully started. 
Hospitalized patients undergoing CAG were enrolled from 
2017 to 2020. The baseline demographic data, biochemical 
parameters, and clinical characteristics of the enrolled 2,970 
patients were presented in this article. The associations 
between baseline parameters and the presence/severity of 
CAD will be analyzed. All the patients will be followed-
up annually to assess the effects of the standard and novel 
biomarkers on future clinical events. In this study, novel 
metabolic biomarkers, lifestyle and nutritional biomarkers, 
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and BA related to CAD will be investigated. Our primary 
goals are to assess the capability of these biomarkers to 
identify the presence of CAD and to explore their ability 
to predict subsequent cardiovascular events. Findings from 
this study will not only provide novel indicators of potential 
associations between secondary prevention measures and 
future adverse events but will also help to improve our 
understanding of effective therapeutic targets and strategies 
to retard or prevent the progression of CAD.
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