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Analysis of biomarkers and metabolic pathways in patients
with unstable angina based on ultra-high-performance liquid
chromatography-quadrupole time-of-flight mass spectrometry
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Abstract. Unstable angina (UA) is a coronary disease with
a high mortality and morbidity worldwide. The present
study aimed to use non-invasive techniques to identify urine
biomarkers in patients with UA, so as to provide more infor-
mation for the early diagnosis and treatment of the disease.
Based on metabolomics, urine samples from 28 patients
with UA and 28 healthy controls (HCs) were analyzed using
ultra-high-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry (UPLC-Q-TOF/MS). A
total of 16 significant biomarkers that could distinguish
between patients with UA and HCs, including D-glucuronic
acid, creatinine, succinic acid and N-acetylneuraminic
acid, were identified. The major metabolic pathways associ-
ated with UA were subsequently analyzed by non-targeted
metabolomics. The results demonstrated that amino acid
and energy metabolism, fatty acid metabolism, purine
metabolism and steroid hormone biosynthetic metabolism
may serve important roles in UA. The results of the current
study may provide a theoretical basis for the early diagnosis
of UA and novel treatment strategies for clinicians. The trial
was registered with the Chinese Clinical Trial Registration
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Introduction

According to National Health and Nutrition Examination
Survey data between 2011 and 2014, the prevalence of coronary
heart disease (CHD) in the USA was 6.3% in adults =20 years
of age (1). Unstable angina (UA) is a severe and common
complication of CHD. On the basis of administrative claims
data for US Medicare beneficiaries, hospitalization for UA
decreased from 1.5% in 1997 to 0.6% in 2009 (1). A previous
study in Denmark has demonstrated that with the introduc-
tion of the high-sensitivity troponin test, the accuracy of UA
diagnosis has been improved (2). Overall, ~10% of all internal
medicine emergency patients present to the emergency depart-
ment with chest pain, but only 10% of these patients have an
acute myocardial infarction as the underlying cause (3). UA
is more severe compared with fatigue stable angina, but less
severe compared with acute myocardial infarction (4). The
main symptom of UA is severe chest pain, which can occur
during rest (4). Coronary atherosclerotic plaque rupture,
platelet aggregation and thrombosis are the main causes of
coronary blood flow occlusion, which induces UA (5). Due to
the unique pathophysiological mechanism UA, patients may
develop acute myocardial ischemia or acute myocardial infarc-
tion if UA is not detected and treated in time (6). Therefore,
the timely diagnosis of UA is essential. The diagnosis of UA is
primarily based on electrocardiograms and the clinical symp-
toms of patients (7); however, the subjective nature of clinical
symptoms and transient changes of electrocardiograms are
limitations. Although coronary angiography is a reliable and
accurate diagnostic method for UA, it is an invasive procedure
that may be unacceptable for certain patients. Therefore, there
is an urgent requirement for a non-invasive technique to diag-
nose UA quickly and accurately.

As an emerging method of systematic biological tech-
nology, metabolomics has provided application prospects in
a range of subject areas, such as disease pathophysiological
process research and molecular diagnosis of cancer (8,9).
Elucidating differences between healthy and diseased states
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is of important clinical use (10). Metabolomics techniques
aim to quantitatively measure the systemic effects of endog-
enous small molecule metabolites produced by exogenous
substances in the body (11,12). Additionally, it elucidates
pathological processes and the dynamic metabolic responses
of substances in the body (13). The use of metabolomics to
identify potential disease biomarkers has allowed for early
diagnoses and the determination of associated biological
mechanisms (14,15). In a recent study, the phospholipid
profile in serum of patients with Alzheimer's disease was
studied by multi-platform metabonomics to find a new diag-
nostic method (16). In this study, sera from 19 patients with
Alzheimer's disease and 17 healthy volunteers were collected
and significant changes were detected in the levels of several
phosphatidylcholine, phosphatidylethanolamine, plasma
alkenylcholine, plasma alkenylethanolamine and different
lysophospholipids, which provided a global insight into the
possible factors that triggered membrane rupture, a possible
underlying mechanism of Alzheimer's disease. Although
the human urine metabolome is a subset of the human
serum metabolome, compounds that are below the limit of
detection in the blood are detectable in urine (17,18). Urine
is therefore becoming a surrogate to blood for monitoring
disease biomarkers. Samples are easy to collect, repeat-
edly available and can be obtained in large quantities from
patients of all ages. Urine also contains low cell and protein
content, and rich chemical compositions, which provides
valuable bioinformation on metabolism (19,20). In recent
years, metabolomics has made progress in cardiovascular
research. Wang et al (21) used ultra-high-performance liquid
chromatography-quadrupole time-of-flight mass spectrom-
etry (UPLC-Q-TOF/MS) to conduct urine metabolomics on
patients with acute coronary syndrome. The results revealed
that nine biomarkers, such as isobutyryl-1-carnitine, were
significantly upregulated, and that the expression of 11
biomarkers, including 1-lactic acid, were downregulated;
in addition, fatty acid metabolism, fatty acid -oxidation
metabolism, amino acid metabolism and the tricarboxylic
acid (TCA) cycle were demonstrated to serve important roles
in acute coronary syndrome. Li et al (22) also performed
UPLC-Q-TOF/MS for metabolomics, and the results revealed
the interacting mechanism between Danhong injection and
low-dose aspirin, providing a reference for cardiovascular
disease research, which suggested that the emerging altera-
tions caused by interaction between Danhong injection and
low-dose aspirin might influence the co-administration
of other drugs or the treatment of relevant diseases. Urine
metabolomics has therefore become a powerful non-invasive
technique for diagnosing and monitoring various human
diseases (18,23).

The current study aimed to use a UPLC-Q-TOF/MS-based
untargeted metabolomics platform to screen urine biomarkers
in patients with UA by principal component analysis (PCA) and
partial least squares discriminant analysis (PLS-DA). Receiver
operating characteristic (ROC) curves were used to determine
whether these biomarkers exhibited diagnostic significance
for UA, and changes in metabolic pathways during UA were
examined using the metabolomics pathway analysis (MetPA)
web-based tool. The present findings provide new insights into
UA pathogenesis and its clinical diagnosis.
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Materials and methods

Clinical trial registration and ethics statement. A total
of 28 patients with UA and 28 healthy controls (HCs) were
recruited from Tianjin Chest Hospital (Tianjin, China) and
the General Hospital of Tianjin Medical University (Tianjin,
China). All participants enrolled in the current study provided
written informed consent. The present study conformed to
the Declaration of Helsinki and was approved by the Ethics
Committee of Tianjin University of Traditional Chinese
Medicine (approval no. TJUTCM-EC20180003).

Inclusion criteria. According to the Guidelines for
the Diagnosis and Treatment of Unstable Angina and
Non-ST-Segment Elevation Myocardial Infarction issued by
the Chinese Medical Association Cardiovascular Branch and
the Editorial Board of the Chinese Journal of Cardiovascular
Diseases in 2007 (24), all patients were enrolled with the
following subtypes: i) Resting angina (the episode occurs at
rest with a duration >20 min; ii) initial angina (new angina
occurring within 1 month); iii) worsening exertional angina
pectoris (a history of angina pectoris with pain worsening
in the last month); and iv) variant angina pectoris (transient
ST-segment elevation with self-remission). The age-matched
HCs adhered to strict standards for inclusion: i) No abnormali-
ties detected during physical examination, including blood
pressure, height, weight, gait and appearance; ii) no abnormal
medical history, family history or female reproductive history;
and iii) no abnormalities in any of the following examinations:
Cardiopulmonary, physical, electrocardiogram, blood (routine,
blood glucose, blood lipid, liver function and renal function)
and special examination for female gynecology.

Exclusion criteria for patients. All patients were aged between
45-65 years and met the diagnostic criteria for UA. Patients
were excluded if they: i) Had diseases that may cause chest
pain, such as other heart diseases, psychoneuroses, menopause,
hyperthyroidism, cervical spondylotic myelopathy, vertebral
arteriopathy cervical spondylosis, gastro-esophageal reflux
disease or hiatal hernia; ii) used >3 of the four types of drugs:
B-receptor blockers, calcium channel antagonists, energy
metabolism drugs and nitrate drugs; iii) exhibited hyperten-
sion following antihypertensive drug treatment [systolic
blood pressure (SBP) =160 mmHg, diastolic blood pressure
(DBP) =100 mmHg], severe cardiopulmonary insufficiency
or severe arrhythmia (rapid atrial fibrillation, atrial flutter
and paroxysmal ventricular tachycardia); iv) presented active
liver disease or unexplained elevated serum transaminase and
alanine aminotransferase levels, with aspartate aminotrans-
ferase twice the upper limit of the normal reference value;
v) had renal dysfunction; vi) exhibited severe primary disease
such as hematopoietic system tumors or malignant tumors;
vii) were pregnant, lactating or of childbearing age and
preparing for pregnancy; viii) were mentally ill or exhibited
impaired cognition; ix) had severe metabolic diseases such
as diabetic or gouty nephropathy; and x) participated in other
clinical trials within the last 3 months.

Processing and preparation of sample. Fasting morning blood
was collected in the Tianjin Chest Hospital and the General
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Hospital of Tianjin Medical University and stored at 4°C.
Fasting morning urine was collected from the subjects and
centrifuged at 4°C and 1,370 x g for 15 min within 2 h. The
supernatant was removed and centrifuged at 1,000 x g for 8 min
at 4°C. Subsequently, sodium azide was added to the sample
at a volume ratio of 1:100 for preservation at -80°C for the
metabonomic analysis. Each group of samples was completely
thawed at room temperature, and 300 ul of each sample was
centrifuged at 4°C and 11,180 x g for 10 min. Subsequently,
150 pl of the supernatant was added and to 150 1 distilled
water and vortexed for 1 min. Following centrifugation at
18,890 x g for 15 min, 200 ul of the supernatant was analyzed
in the vial for metabolomic analysis. In addition, 100 pl of each
urine sample was pipetted into a centrifuge tube to prepare
quality control (QC) samples to validate the experimental
precision, repeatability and stability.

UPLC-Q-TOF/MS. Data were acquired using a
UPLC-Q-TOF/MS system (Waters Corporation). UPLC anal-
ysis was performed in a Waters Acquity UPLC system (Waters
Corporation). MS was performed on a Waters Micro mass
Q/TOF micro Synapt High Definition Mass Spectrometer.
Detailed parameters of the instrument are presented in the
Supplementary Materials and Methods (Data S1).

Statistical analysis. Raw UPLC-Q-TOF/MS data were
subjected to peak discovery, peak alignment and peak filtering
through the MarkerLynx applications manager data processing
system (version 4.1; Waters Corporation) for the identification
of potential discriminant variables. Subsequently, processed
data (Excel format) were imported into SIMCA-P 12.0 statis-
tical software (Umetrics; Sartorius AG), and unsupervised
PCA was performed using SIMCA-P software. If PCA could
not completely separate data, a supervised orthogonal PLS-DA
was performed.

M/z values of the candidate markers were searched in
the human metabolome database (HMDB; http://www.hmdb.
ca/) and were further determined based on the secondary
fragments obtained from the mass spectrum. The ‘Statistical
Analysis’ (MetaboAnalyst 4.0; https://www.metabo-
analyst.ca/) was used to analyze the correlation between the
biomarkers and Pearson correlation analysis was used, and
a correlation coefficient (Pearson's r) >0.3 was considered to
indicate a correlation if P<0.05. The ‘Pathway Analysis’ online
tool (MetaboAnalyst 4.0) was used to identify the metabolic
pathways associated with potential biomarkers.

ROC curves (IBM SPSS Statistics 21.0, IBM Corp.)
were used to determine whether these biomarkers exhibited
diagnostic significance for UA. The ROC curve had sensi-
tivity (true-positive rate) as the ordinate and 1-specificity
(false-positive rate) as the abscissa, which allows for the visual
observation of the association between sensitivity and speci-
ficity. The area under the curve (AUC), reflects the diagnostic
value of the biomarker. The closer the AUC value is to 1, the
more effective the diagnostic effect.

Data between the UA and HC groups were compared by
independent sample Student's t-test using SPSS 21.0. Data are
presented as the mean + SD for Gaussian variables or as the
median and IQR when normality was not tenable. P<0.05 was
considered to indicate a statistically significant difference.
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Table I. Demographic information of patients with UA and
HCs.

Parameter UA (n=28) HC (n=28) P-value
Age, years 51.86+3.83 50.18+5.29 0.179
Sex, male/female 19/9 15/13 0412
Height, cm 169.43+7.14 165.93+7.72 0.083
SBP, mmHg 132.32+11.85  122.68+9.53 0.001
DBP, mmHg 81.96+11.01 77.14+£5.77 0.045

Data are presented as the mean + SD. UA, unstable angina; HC,
healthy control; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

Table II. Quality control experiment results.

Experiment Peak area, % Retention time, %
Instrument precision 0.10 0.89
Method repeatability 0.10 0.98
Sample stability 1.88 1.47

Results

Demographic information. No significant differences were
observed between patients with UA and the HCs in age or
height (P>0.05). SBP and DBP levels were higher in the
UA group compared with those in the HCs (P<0.05). The
detailed demographic analysis results are presented in
Table I. The biochemical indicators of the subjects in the HC
group are listed in supplementary materials (Table SI), all
values of blood glucose, blood lipid and renal function were
within the normal range. The medications administered to
patients with UA following blood collection are presented
in Table SII, including antiplatelet drugs, statins drugs, beta
blocker drugs, nitrates drugs, energy metabolism drugs, and
$O on.

Metabolomics analysis. The relative standard deviation
(RSD) of peak areas and retention times of 20 randomly
selected chromatographic peaks were <15%, indicating that
metabolomics requirements were met. The QC results are
presented in Table II. Based on UPLC-Q-TOF/MS analysis
technology, the base peak intensity (BPI) chromatograms
of urine metabolomics were obtained from 56 patients with
UA and HCs, as well as QC samples. The positive and nega-
tive ion maps of the QC samples are presented in Fig. 1, and
the PCA score map is presented in Fig. 2A and C. It can be
observed from the PLS-DA score plots in Fig. 2B and D that
the samples from different groups were sorted into different
quadrants, with no overlap, which demonstrated that a well-
fitted PLS-DA model was established. The two groups of
samples exhibited acceptable classification and aggregation,
indicating that the metabolic patterns of the UA and HC
groups were different.
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Table III. Metabolites associated with unstable angina based on ultra-high-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry.

Marker no. RT, min Observed, m/z Calculated, m/z Compound Molecular formula Parent ion Change
1 1.8841 330.0704 330.0736 Glutathione C,oH;,0,N,S M-+Na 1°
2 0.8751 117.0177 117.0188 Succinic acid CHO, M-H 1°
3 1.1444 103.0393 103.0395 Succinic acid semialdehyde C,H,O, M+H 1P
4 42378 112.0505 112.0511 Creatinine C,H;N,0 M-H 1
5 7.3885 175.0239 175.0243 D-Glucurono-6,3-lactone CsH3O4 M-H 1?
6 4.2493 193.0348 193.0348 D-Glucuronic acid C¢H,,0; M-H 1
7 0.8662 308.0953 308.0982 N-Acetylneuraminic acid C,H,,NO, M-H 1°
8 5.7765 171.0642 171.0657 2-Octenedioic acid CH,,0, M-H 1
9 11.2255 327.2304 327.2300 Arachidonic acid C,H3,0, M+Na 10

10 0.8245 131.0345 131.0344 Glutaric acid C;H;0, M-H 1°

11 10.6419 201.1108 201.1127 Sebacic acid C,H;5s0, M-H 1™

12 11.3095 273.1864 273.1855 Estradiol C,sH,,0, M+H 1°

13 2.8365 225.0855 225.0875 Porphobilinogen C,H,,N,0O, M-H 1°

14 11.5345 313.2173 313.2143 Dihydrotestosterone C,,H;,0, M+Na 1P

15 9.7406 363.2197 363.2171 Cortisol C,,H;,0; M+H b

16 3.3935 134.0480 134.0467 Adenine CsH,N; M-H 1

1P<0.05 and "P<0.01 vs. healthy controls. 1, content increased significantly; |, content decreased significantly. RT, retention time.
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Figure 1. BPI chromatogram of urine in the QC samples with positive (top)
and negative ion mode (bottom) based on ultra-high-performance liquid chro-
matography-quadrupole TOF/MS. qc, quality control; TOF, time-of-flight;
MS, mass spectrometry; BPI, base peak intensity; ES, electrospray.

Identification of potential biomarkers. According to the
PLS-DA model and the t-test results, substances with
significant differences between the UA and HC groups

were screened. Subsequently, differentially expressed
small molecules were identified in patients with UA
based on the m/z values obtained from the HMDB. The
urine biomarkers of 16 patients with UA were analyzed
by comparing the secondary characteristic fragments of
compounds such as D-glucuronic acid, creatinine, succinic
acid and N-acetylneuraminic acid; the details are presented
in Table III. Compared with the HC groups, the levels of
biomarkers such as glutathione, succinic acid semialde-
hyde, dihydrotestosterone and cortisol in the UA group
decreased significantly, whereas the levels of succinic acid,
N-acetylneuraminic acid, arachidonic acid, glutaric acid and
estradiol increased significantly. The metabolic pathways
can be further analyzed through the change trend of the
biomarkers, providing insight into the biological relevance
of these markers for UA.

Analysis of potential biomarker metabolic pathways. Small
molecule metabolites were screened in patients with UA to
further elucidate the underlying metabolic pathways of the
disease. The association and metabolic pathways between
the small molecule metabolites were clarified using MetPA
(Fig. 3). Metabolic pathways with a greater contribution to
the effects of UA relative to the HC groups were considered
to be involved in UA pathogenesis. The following path-
ways were identified: ‘Alanine, aspartate and glutamate
metabolism’; ‘steroid hormone biosynthesis’; ‘butanoate
metabolism’, ‘ascorbate and aldarate metabolism’; ‘tyrosine
metabolism’; ‘the citrate cycle’; ‘glutathione metabolism’;
‘lysine degradation’, ‘pentose and glucuronate interconver-
sions’; and ‘arachidonic acid metabolism’. These may be the
main pathways that lead to the metabolic disorders of UA
pectoris.
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Figure 2. PCA and PLS-DA multivariate statistical analysis for UA and HC groups. (A) PCA and (B) PLS-DA scores of UA and HCs in positive ion mode.
(C) PCA and (D) PLS-DA scores of UA and HCs in negative ion mode. PCA, principal component analysis; PLS-DA, partial least squares discriminant

analysis; UA, unstable angina; HC, health control.
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Figure 3. Summary of pathway analysis with MetPA for unstable angina.
(A) ‘Alanine, aspartate and glutamate metabolism’ (P=0.009; impact=0.057).
(B) “Steroid hormone biosynthesis’ (P=0.021; impact=0.063). (C) ‘Butanoate
metabolism’, (P=0.025; impact=0.051). (D) ‘Ascorbate and aldarate
metabolism’. (E) ‘Tyrosine metabolism’. (F) ‘Citrate cycle’. (G) ‘Glutathione
metabolism’. (H) ‘Lysine degradation’. (I) ‘Pentose and glucuronate
interconversions’. (J) ‘Arachidonic acid metabolism’. The impact value is
proportional to the size of the circle. P-values are represented by a colour
scale from yellow (low P-value) to red (high P-value).

ROC curve analysis of potential biomarkers. After 16 potential
UA biomarkers were identified, ROC curves were constructed

and used to determine whether these biomarkers exhibited
diagnostic significance for UA. The different colored ROC
curves in Fig. 4A represent an individual diagnostic biomarker.
The AUC for each diagnostic biomarker was >0.6 (Table IV).
Overall, the 16 potential biomarkers demonstrated diagnostic
value for UA in Fig. 4B. The AUC for all diagnostic biomarkers
was 1, indicating a good accuracy for UA diagnosis.

Correlation analysis of potential biomarkers. The corre-
lation between the 16 UA biomarkers was subsequently
determined (Fig. 5). The results revealed that D-glucuronic
acid was strongly correlated with creatinine, succinic acid and
N-acetylneuraminic acid, (Pearson's r, 0.449, 0.527 and 0.502,
respectively; P<0.001), suggesting that UA may be caused
by a metabolic disorder. The correlation coefficient between
adenine and arachidonic acid was 0.488 (P<0.001), indicating
a potential role for purine and fatty acid metabolism in UA.
In addition, the correlation coefficient between 2-octene-
dioic acid and sebacic acid was 0.669 (P<0.001), suggesting
a potential association between fatty acid metabolism and
UA. Other biomarkers were also closely correlated, such as
porphobilinogen, cortisol and glutathione, which may explain
the pathogenesis of UA.

Discussion

The current study identified 16 UA biomarkers via urinary
metabolomics analysis. The associations among these
biomarkers identified metabolic pathways that may be
involved in UA. Amino acid and energy metabolism, fatty
acid metabolism, purine metabolism and steroid hormone
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Table IV. AUC of metabolites associated with unstable angina.
Asymptotic 95% CI
Compound AUC Standard error Lower bound Upper bound
Sebacic acid 0.714 0.068 0.581 0.848
Succinic acid 0.778 0.063 0.655 0.901
Creatinine 0.670 0.072 0.528 0.812
Glutaric acid 0.810 0.057 0.699 0921
Adenine 0.656 0.073 0512 0.800
D-Glucurono-6,3-lactone 0.618 0.076 0.468 0.768
D-Glucuronic acid 0.697 0.071 0.557 0.837
N-Acetylneuraminic acid 0.753 0.066 0.624 0.881
2-Octenedioic acid 0.682 0.071 0.542 0.822
Estradiol 0.686 0.072 0.545 0.827
Porphobilinogen 0.716 0.071 0.576 0.855
Dihydrotestosterone 0.693 0.073 0.550 0.835
Glutathione 0.760 0.064 0.635 0.885
Succinic acid semialdehyde 0.755 0.066 0.625 0.885
Arachidonic acid 0.675 0.075 0.529 0.822
Cortisol 0.724 0.067 0.593 0.856
AUC, are under the curve.
A B
10 ————— 10
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Figure 4. ROC curves of metabolites associated with unstable angina. (A) Single ROC curve of 16 potential biomarkers. (B) Overall ROC curve of 16 potential

biomarkers. ROC, receiver operating characteristic.

biosynthesis metabolic pathways may be the main underlying
cause of UA. The biomarkers and associated-metabolic
pathways are presented in Fig. 6.

Amino acid metabolism, as a precursor of energy metabolism,
serves a crucial role in increasing the formation of ATP (25).
Glucuronolactone is a stable form of glucuronic acid; since
glucuronic acid is usually absent in free fatty acids, an increase
of glucuronic acid and a decrease of glucuronolactone indicates
that amino acid metabolism may be disturbed in patients with
UA (26). Creatinine arises from creatine and phosphocreatine,
which is a type of nitrogenous organic acid naturally produced

in the human body (27-29). In normal biological systems, the
majority of creatine is converted to phosphocreatine by reversible
enzymes, increasing creatine phosphate levels and maintaining
and improving ATP levels during tissue oxygen depletion (30,31).
In the absence of enzymes, creatine is converted to creati-
nine (32,33). A previous study analyzed the plasma creatinine
level of 10,489 individuals and found that with the increase of
age and creatinine level, the cumulative incidence of myocardial
infarction and ischemic heart disease increased and the survival
rate decreased (logarithmic rank trend <0.001), suggesting that
creatinine is related to heart disease (34).
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Glutathione is an endogenous antioxidant that protects
cells from reactive oxygen species, which makes it essential
for maintaining an appropriate immune response (35). A
previous study has demonstrated that glutathione peroxidase
deficiency overstimulates the proinflammatory pathway,
leading to endothelial dysfunction and the development of
cardiovascular disease (36). Additionally, the low glutathione
peroxidase is associated with UA severity (37,38). Succinic
acid hemialdehyde can be oxidized by succinic acid dehy-
drogenase to succinic acid, which is an intermediate in the
TCA cycle (39). A previous study has demonstrated that the
accumulation of succinic acid in tissue is a universal meta-
bolic feature of ischemia (39). The secretion of succinic acid
induces inflammation and neovascularization, which may
contribute to the pathogenesis of cardiovascular disease (40).

N-acetylneuraminic acid is an N-acetylated derivative of
neuraminic acid, which is regulated by neuraminidase-1 (41).
Zhang et al (41) used functional metabolomics to explore its
role as a signaling molecule in triggering myocardial damage,
and identified a key role for N-acetylneuraminic acid in acute
myocardial infarction, and targeting neuraminidase-1 may
represent an unrecognized therapeutic intervention for CAD
coronary artery disease.

Fatty acids are the main source of energy for the heart,
accounting for 40-80% of the heart's energy source (21). A
previous study has demonstrated that elevated free fatty acids
levels are simply a biomarker of poor overall health, associ-
ated with an increased risk of cardiovascular (42). Glutaric,
octenedioic and sebacic acids are dicarboxylic acids with 5,
8 and 10 carbon atoms, respectively; they are converted into
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Figure 6. Metabolites and their corresponding pathways in the urine of patients with unstable angina. TCA, tricarboxylic acid.

acetyl-CoA through oxidation, which is subsequently further
oxidized into the TCA cycle, providing necessary energy
for the body (43,44). Compared with the healthy controls,
these biomarkers are significantly increased in the urine of
patients with UA, indicating that peroxisome dysfunction and
[-oxidation processes are reduced, causing excessive accumu-
lation of dicarboxylic acid, it causes swelling of mitochondria
and inhibits respiration of mitochondria (45,46). It has also
been reported that high levels of glutaric acid indicates that the
body may be more susceptible to hematological toxicity (47).
Arachidonic acid is a polyunsaturated w-6 fatty acid that
occurs in the phospholipids of cell membranes; it is a precursor
molecule during the synthesis of thromboxane A2 (48).
Arachidonic acid generates thromboxane A2 through the
thromboxane pathway to cause platelet aggregation, which
triggers various cardiovascular diseases (49). For instance,
previous study has shown that platelet aggregation induced by
thromboxane A2 produced by arachidonic acid metabolism
and thrombosis mediated by vasoconstriction sometimes cause
myocardial infarction (50). Other studies have also shown
that thromboxane A2, isoprostaglandin and prostacyclin can
promote the formation and development of atherosclerosis by
controlling platelet activation and leukocyte-endothelial cell

interaction (51,52). Platelet activation serves a role in blood
clotting and thrombosis, and high levels of arachidonic acid
are therefore associated with cardiovascular disease (53).
Platelet activation serves an important role in the pathology
of UA (54). Under normal circumstances, uric acid is in a state of
metabolic equilibrium. Elevated levels of adenine can cause an
imbalance of uric acid metabolism, further promoting platelet
aggregation (55). Highuric acid levels are associated with the
mortality of patients with cardiovascular disease (56,57). The
antioxidant function of uric acid was previously considered
to result in resistance to aging and oxidative stress; however,
a recent clinical study has demonstrated that hyperuricemia
may be one of the risk factors for cardiovascular disease (58).
Endogenous androgens represent a cardiovascular risk
factor in humans (59). Previous studies have demonstrated
that low testosterone levels can lead to an increased risk
of cardiovascular disease (60-62). Dihydrotestosterone is
an important hemostatic steroid with inhibitory effects on
platelets (63). Dihydrotestosterone cannot be converted to
estrogen by aromatase, but a previous study has indicated that
testosterone can be converted to estradiol and act through
estrogen receptors (64). In the current study, a significant
decrease in dihydrotestosterone and estradiol levels were



3870

observed in patients with UA, indicating that the body had
entered extreme androgen deficiency, which may lead to
cardiovascular disease. In addition, high levels of cortisol
may lead to increased cardiovascular disease risk through
its associated effects on glucose, blood pressure and lipid
metabolic functions (65). Porphobilinogen can generate
heme via porphobilinogen deaminase; a previous study has
demonstrated that angioedema may be accompanied with
the temporary destruction of the blood-brain barrier, which
may be induced by intermediates in the heme biosynthetic
pathway (66).

Metabolomics systematically reveals the molecular
mechanism of metabolic pathways, determining the patho-
physiological processes of disease development and searching
for novel disease biomarkers. Based on the established
non-targeted metabolomics analysis platform, the current
study assessed 16 biomarkers that were associated with UA by
analyzing the levels of metabolites in patient urine. The results
revealed strong correlations between 2-octenedioic acid and
sebacic acid, amino acid metabolism, fatty acid metabolism,
purine metabolism and biosynthesis and steroid hormone
metabolism, indicating that these metabolic pathways were
affected in patients with UA pectoris. These pathways may
also be associated with UA pathogenesis. The results of the
present study also demonstrated the potential of biomarkers to
assist in the early diagnosis of UA, thus providing patients with
personalized clinical solutions that enable effective treatment
of UA within a feasible time frame, preventing progression
to acute myocardial ischemia and myocardial infarction.
However, the biological mechanisms of abnormal metabolic
biomarkers in metabolic pathways requires further study to
provide more information for the clinical diagnosis and treat-
ment of UA.
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