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Abstract

Background: Coronary artery disease (CAD) remains one of the leading causes of mortality and morbidity world-
wide. As oxygen and nutrient supply to the myocardium significantly decrease during ischemic periods, important
changes occur regarding myocardial intermediary energy metabolism. Metabolomics is an emerging field in systems
biology, which quantifies metabolic changes in response to disease progression. This study aims to evaluate the
diagnostic utility of plasma metabolomics-based biomarkers for determining the complexity and severity of CAD, as it
is assessed via the SYNTAX score.

Methods: Corlipid is a prospective, non-interventional cohort trial empowered to enroll 1065 patients with no previ-
ous coronary intervention history, who undergo coronary angiography in University Hospital AHEPA, Thessaloniki.
Venous blood samples are collected before coronary angiography. State-of the-art analytical methods are performed
to calculate the serum levels of novel biomarkers: ceramides, acyl-carnitines, fatty acids, and proteins such as galec-
tin-3, adiponectin, and the ratio of apolipoprotein B/apolipoprotein A1. Furthermore, all patients will be categorized
based on the indication for coronary angiography (acute coronary syndrome, chronic coronary syndrome, preopera-
tive coronary angiography) and on the severity of CAD using the SYNTAX score. Follow-up of 12 months after enroll-
ment will be performed to record the occurrence of major adverse cardiovascular events. A risk prediction algorithm
will be developed by combining clinical characteristics with established and novel biomarkers to identify patients at
high risk for complex CAD based on their metabolite signatures. The first patient was enrolled in July 2019 and com-
pletion of enrollment is expected until May 2021.

Discussion: Corlipid is an ongoing trial aiming to investigate the correlation between metabolic profile and com-
plexity of coronary artery disease in a cohort of patients undergoing coronary angiography with the potential to sug-
gest a decision-making tool with high discriminative power for patients with CAD. To our knowledge, Corlipid is the
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first study aspiring to create an integrative metabolomic biomarkers-based algorithm by combining metabolites from
multiple classes, involved in a wide range of pathways with well-established biochemical markers.

Trial registration CorlLipid trial registration: ClinicalTrials.gov number: NCT04580173. Registered 8 October 2020—Ret-
rospectively registered, https://clinicaltrials.gov/ct2/show/NCT04580173.
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Background

Atherosclerosis is a pathological process strongly cor-
related with metabolic disorders of lipid oxidation
stress [1]. Its consequent inflammatory alterations on
the endothelium could lead to coronary artery disease
(CAD), including stable and acute coronary syndrome.
Risk factors associated with the initiation and the prop-
agation of the atherosclerotic process have been identi-
fied as a result of the intense investigation over the last
decades in this scientific field. Apart from traditional risk
factors, such as age, sex, race, smoking, LDL and HDL
cholesterol, systolic blood pressure, family history of pre-
mature myocardial infarction, diabetes mellitus and tri-
glycerides, there are multiple studies integrating novel
biomarkers, such as a genetic ones, cardiac troponin-T,
high sensitivity C-reactive protein, apolipoprotein B/
apolipoprotein A-1 ratio, homocysteine or coronary
artery calcium in CAD risk stratification [2, 3].

However, despite the remarkable progress in diagnos-
ing and treating CAD during the last decade, it remains
the leading cause of morbidity and mortality worldwide
[4], while prognostic prediction remains challenging
in this cohort of patients. This could be attributed to a
lack of effective diagnostic methods for CAD in its early
stages, and a poor understanding of its pathophysiology.
Thus, further studies are still warranted to increase our
understanding of the complex pathophysiological mecha-
nisms underlying CAD and to shed light on novel CAD
risk parameters.

Recently emerging scientific evidence supports that
cardiac metabolism disturbances indicate high prob-
ability of cardiovascular disease [5]. Hence, metabo-
lomics, one of the newest and most rapidly evolving
omics techniques, could be employed as a targeted tool
for determining cardiac metabolism perturbation [6, 7].
According to the American Heart Association, cardio-
vascular metabolomics is a promising field able to pro-
vide detailed metabolic profiling of biospecimens and
investigate both the intrinsic and extrinsic factors that
contribute to CAD risk [8]. More specifically, multiple
studies revealed that various metabolites such as BCAAs
(branched-chain amino acids), specific unsaturated
lipid species [8], trimethylamine-N-oxide [9], choline
[10, 11], cysteine, N-acetylalanine and theophylline [12]

are linked with an advanced cardiometabolic risk pro-
file derived through metabolomics-based analysis using
Liquid Chromatography-Mass Spectrometry or Nuclear
Magnetic Resonance Spectroscopy. Furthermore, there
are also data suggesting that other already established
biochemical markers, such as cholesterol and triglycer-
ides, have been strongly associated with CAD pathogen-
esis [6]. Therefore, their clinical importance in prediction
and risk stratification of cardiovascular events should be
thoroughly evaluated.

The rationale of this real-world observational study is
by measuring metabolic profiles to expand our knowl-
edge on the biochemical process of atherogenesis and to
identify clinically significant metabolic biomarkers asso-
ciated with the pathogenesis and the prognosis of CAD.
Previous studies have already been conducted trying to
establish potential correlations between metabolic profil-
ing and CAD [11-14]. However, to the best of our knowl-
edge, this is the first study aiming to associate the severity
and the complexity of CAD, as assessed by the SYNTAX
score [15] with patients’ metabolic profile. This study’s
ultimate goal is to suggest a clinical tool of personalized
medicine based on the patients’ metabolic fingerprint to
distinguish the patients at high risk for adverse cardio-
vascular events.

Methods

Study design and population

CORLIPID (ClinicalTrials.gov Identifier: NCT04580173)
is an investigator-initiated, prospective, non-interven-
tional cohort trial involving patients undergoing coro-
nary angiography.

Every trial procedure was conducted following the
principles set by the declaration of Helsinki and the
International Conference on Harmonization Guidelines
for Good Clinical Practice [16]. The Scientific Com-
mittee of AHEPA University Hospital has approved the
study protocol (reference number 12/13-06-2019). Every
patient attested informed consent before being enrolled
in our study.

A total of 1065 patients presenting to AHEPA Univer-
sity Hospital, who undergo scheduled or emergency cor-
onary angiography, will be enrolled in the study. Patients
with a history of previous Coronary Artery Bypass Graft
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or Percutaneous Coronary Intervention are excluded,
as it is not possible to calculate the SYNTAX score for
these patients. Detailed eligibility criteria are described
in Table 1.

The following clinical characteristics were recorded for
each patient: demographics, medical history and medica-
tion, as well as serum biochemical markers obtained on
the enrollment day. Furthermore, patients were catego-
rized into: (1) patients without CAD symptoms (under-
going preoperative coronary angiography prior to cardiac
valve surgery), (2) patients with stable angina, (3) patients
with acute coronary syndrome (unstable angina, non-ST
elevation myocardial infarction (NSTEMI) and ST-eleva-
tion myocardial infarction (STEMI)).

In addition, coronary angiographic images of every
patient were evaluated by two experienced independ-
ent interventional cardiologists blinded to the clinical
aspects and the outcome of the patients and the SYN-
TAX score was calculated. Based on SYNTAX score,
patients were classified into: (1) patients with low SYN-
TAX score (0-22), (2) patients with intermediate SYN-
TAX score (23-32) and (3) patients with high SYNTAX
score (>32) [15].

Venous blood sample was collected from all partici-
pants prior to coronary angiography. The blood collection
vials were placed for incubation for 30 min. Immediately
after centrifugation at 4000 rpm for 10 min at room tem-
perature, the serum samples were stored at — 80 °C.

Telephone follow-up will be performed on the 12
month after study entrance for each patient to docu-
ment the occurrence of CAD symptoms, major adverse
cardiovascular and cerebrovascular events (MACCE-
cardiovascular death, acute myocardial infarction,
need for revascularization, stroke episode) or bleeding
complications.

Biochemical analysis-metabolomics

Metabolomics-based analysis using Gas Chromatog-
raphy tandem Mass Spectrometry (GC-MS) as well as
targeted methods based on Liquid Chromatography tan-
dem Mass Spectrometry (LC-MS) and Gas Chromatog-
raphy with Flame Ionization Detector (GC-FID) will be
performed. The untargeted approach will be used as it
offers the advantages of novel biomarkers discovery from
a wide range of compounds. The quantification of four
ceramide species (C18:0/16:0, C18:0/18:0, C18:0/24:0
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and C18:0/24:1) with their respective ratios and of fifteen
short-, medium- and long chain acylcarnitines in serum
CAD patients will be achieved with targeted methods
by applying a developed RPLC and HILIC LC -MS/
MS method, respectively. The composition of total fatty
acids will be quantitatively measured in patients’ serum
samples using a developed GC-FID based method. In
addition, protein markers associated with CAD, namely
Galectin-3, adiponectin, NGAL and ApoB/ ApoA-I will
be measured by enzyme-linked immunosorbent assay
(ELISA) in serum patients’ samples in order to enhance
the predictive value of the CorLipid panel.

Statistical considerations

Sample size estimation

Sample size estimation for studies utilizing metabolomic
data in various degrees is not straightforward as effect
sizes are not readily established in this very active area
of research. The primary endpoint of the study is to dis-
cover potential correlations of clinical types of Coronary
Artery Disease with patients’ metabolic profile. Syntax
score as a descriptor of CAD complexity could be prob-
ably correlated with an array of known and novel small
molecule biomarkers to determine if the varying level of
CAD complexity is related to metabolism.

Targeted analyses on concentrations of known mole-
cules, such as Ceramides, Galectin-3, Adiponectin, NGal
etc. will be the majority of the metabolic profile analyses
conducted and we intent to explore potential correla-
tions of them with the Syntax score. This multiparamet-
ric approach hinders a more accurate estimation of an
effect size, as there is a multitude of factors at play. Thus,
using a pilot study of 100 patients, we performed a linear
multiple regression random model to establish an effect
size for a direct effect on the SYNTAX score from vari-
ous parameters. In this pilot study we chose 10 predic-
tors (concentrations of current and potential biomarkers
and categorical parameters) as in the expanded study we
will aim to choose smaller more concise models with less
than 10 predictors of better biological interpretations.

Using the G*Power tool [17] and a calculated effect
based on a regression model R* of 0.370, an effect size
of H1 p? 0.30 was yielded. We expect other factors, not
explicitly measured by this study, to also independently
influence CAD complexity as measured by Syntax score,

Table 1 Selection criteria for the enrollment in the CorLipid study

Inclusion criteria

Exclusion criteria

Patients undergoing coronary angiography without medical history of coronary

artery disease
Age > 18 years old
Informed consent for study participation

Medical history of prior percutaneous coronary intervention
Medical history of prior coronary artery bypass grafting
Cardiopulmonary arrest

Severe concomitant disease with a life expectancy less than 1 year
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so we arbitrary assume a HO p? of 0.20. So for an A of 0.01
and a Power of 0.95 a sample size of 1014 is sufficient.
This initial sample size will be increased by 5%, as some
study participants might be lost to follow-up. Hence, we
aim for a total of 1065 patients.

Statistical analysis

Normally distributed data will be analyzed using para-
metrical tests, such as Student ¢-test and for non-nor-
mally distributed data nonparametric test such are
Mann-Whitney and multiparametric Kruscal-Wallis
H test will be utilized, as indicated by the Kolmogorov-
Smirnoff Test for normality. Categorical variables will
be compared using the x* test. Continuous data will be
presented as mean=+SD, whereas categorical variables
will be displayed as counts and percentages. Univariable,
multivariable and correlations analysis will be carried out
to clarify independent predictors of various CAD char-
acteristics, biochemical measurements and associations
with SYNTAX score, metabolic biomarkers individually
as well as follow up MACCE.

Linear and logistic regression, using stratified boot-
strapping if needed to account for potential non-par-
ametric data, will be used to identify independent
predictors of CAD characteristics and Syntax Score.
Receiver operating characteristic (ROC) curve analysis
-and derived area under the curve (AUC) -will be uti-
lized when appropriate. Cox regression analyses and
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Kaplan—Meier survival will be calculated for the 1 year
follow-up for Syntax score groups and to check the valid-
ity of potential predictive models that will emerge, with
the difference between different patient sub-groups ana-
lyzed by the log-rank test. Patients that are lost to follow-
up will be censored at their last study encounter. The level
of statistical significance will be considered at a=0.05
and every statistical test will be performed via SPSS v. 26.

Endpoints

The study primarily aims to combine clinical character-
istics with established and novel biomarkers, in order to
develop a risk prediction model, which could optimally
identify patients at high risk for CAD and most impor-
tantly, patients at high risk for complex CAD based on
their metabolite signatures.

A secondary endpoint of this study is the identification
of a biomarkers’ panel for the distinction of acute from
chronic coronary syndromes by detecting metabolite pat-
tern differences. Finally, all patients will be followed-up
via telephone for 12 months for any MACCE to develop
a new prognostic metabolomics-based model for CAD
patients (Fig. 1).

Patient recruitment and baseline characteristics

From o till September 2020, a total of 596 patients were
enrolled in the study. Mean age was 63.71 (SD £12.68)
years. 266 patients (44.63%) presented with acute

Ceramides
C16:1, C18:1, C24:1, C24:0

third-party

C3rLipid

VWA
Acyl L-carnitines ™ YY°
bl
Amino acids ?1 o
Fatty acids YAAA
Proteins
NGAL
Gal-3
Adiponectin
ApoB/ApoAt
Biochemical & U
Blood tests W
o
Age & @
Medical History

Fig. 1 Visual overview of the CorLipid study. This figure is original and, therefore, permission for publication was not needed to be obtained from a

C.A.D.
event &
severity risk

N\

M.A.C.C.E. risk

An

Acute vs Chronic




Karagiannidis et al. BMC Cardiovasc Disord (2021) 21:79

coronary syndrome, of whom 106 patients were diag-
nosed with STEMI, 99 patients were diagnosed with
NSTEMI and 66 patients suffered from unstable angina.
330 patients presented with Chronic Coronary Syn-
dromes. Hypertension was found in 56.5% of patients.
About 28.7% were diabetics, while dyslipidemia was
observed in 38.4%. Smoking was reported by 41.5% of
patients. During the aforementioned recruitment period
the mean SYNTAX score of the patients was 11.5. The
baseline characteristics of study participants are shown
in Table 2. Completion of enrollment is expected until
May 2021.

Discussion

CorLipid is an ongoing trial aspiring to create a unique
tool to complement traditional risk factor assessment by
applying novel metabolomics-based techniques. These
techniques enable combined profiling of different metab-
olites that could serve as disease biomarkers with the
potential to inform clinical decision-making for patients
with CAD.

Currently it is an established concept that alterations
in the serum metabolome may be detectable in at-risk
individuals and other relative studies have already dem-
onstrated strong correlation between metabolites’ lev-
els and CAD risk [8]. For instance, a multi-center trial
in China determined the plasma metabolomic profiles
of 2,324 patients undergoing coronary angiography by
liquid chromatography-quadrupole time-of-flight mass
spectrometry and made 12 cross-comparisons to and

Table 2 Baseline characteristics of study participants

Baseline characteristics N %
Male gender 438 735
Age groups

65< 318 535
65> 277 46.5
Hypertension 337 56.5
Diabetes mellitus 171 287
Dyslipidemia 229 384
Acute coronary syndrome 266 44.5
NSTEMI 99 16.6
STEMI 106 17.8
Angina

Unstable 66 11
Stable 9% 16.1
Use of statins 286 475
SYNTAX score groups

0-22 490 822
23-32 72 12.1
>32 34 5.7
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within CAD identifying 89 differential metabolites closely
related to the occurrence and development of CAD [14].
Distinct plasma ceramide ratios have been found to be
significant predictors of cardiovascular death both in
patients with stable CAD and acute coronary syndrome,
over and above currently used lipid markers [18, 19].

Another study conducted by Jiang et al. [13] analyzed
the serum metabolomics pertubation on atherosclerotic
plaque stability of 252 patients sustaining acute coro-
nary syndrome and also undergoing emergency coronary
angiography and revealed significantly altered betaine,
acetylcarnitine, 1-heptadecanoyl-sn-glycero-3-phospho-
choline, and isoundecylic acid levels in patients with vul-
nerable plagues. Furthermore, they proposed a combined
model of serum betaine and ejection fraction as a poten-
tial diagnostic biomarker to distinguish stable from vul-
nerable plagues patients. Eventually, an insight from the
STABILITY trial [20] featured a Ceramide-Phospholipid
based risk (CERT2) score as a risk indicator in patients
with stable coronary heart disease.

The present study seeks to contribute to the litera-
ture as mentioned above by examining the association
between the complexity and the severity of CAD with
novel metabolomics biomarkers in a large patient cohort
with the potential to implement a sensitive metab-
olomics-based risk score for the assessment of such
patients. State-of-the-art advanced metabolomics-based
techniques, which enable targeted and untargeted profil-
ing of a wide range of metabolites (ceramides, acyl-carni-
tines, fatty acids, small molecules and polar compounds)
and protein markers serving as precursors and products
in different metabolic pathways, will be employed aiming
to reveal potential metabolites differences amongst the
participants. Metabolomic profiling will not only provide
useful insights into the understanding of the underlying
mechanisms of CAD by uncovering novel disease-related
pathways, but it will also enable us to accurately identify
patients at risk of CAD and predict patients’ response to
specific treatments. To this end, the metabolomics-based
algorithm will be combined with patients’ clinical and
angiographic characteristics in order to enhance and sup-
port clinical diagnosis and disease prognosis.

In this trial, there are also some limitations that should
be acknowledged. The main limitation of our study is
the single-center character of its design and thus cover-
ing specific geographical location. Our study popula-
tion mainly consists of Greek patients. In future studies,
the scope could be widened to include other ethnici-
ties within Europe and other races such as Africans in
order to account for inherent variability of different
patient populations. Additionally we should consider
that potential differences in the nutritional and medi-
cal history among the participants could make difficult
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the interpretation of our results, since they could affect
their metabolism. In order to identify such confounders,
detailed information about dietary habits and medical
treatment will be recorded upon recruitment.

Future studies should include the integration of metab-
olomics platform with other "omics" techniques directing
to the application of multi- “omics” In that way the car-
diovascular scientific community will gain deep insight
into pathophysiological interactions of genes, proteins,
metabolites and disease states, while promoting individu-
alized medicine.

In conclusion, deciphering the details of serum metab-
olome has the potential to identify novel cardiovascular
disease biomarkers, which can accurately predict the risk
for coronary artery disease and subsequent cardiovascu-
lar events, and to significantly alter the risk stratification
strategies of coronary artery disease.

Abbreviations

CAD: Coronary artery disease; STEMI: ST elevation myocardial infarction;
NSTEMI: Non-ST elevation myocardial infarction; MACCE: Major adverse cardio-
vascular and cerebrovascular events.

Acknowledgements

This research has been co-financed by the European Regional Development
Fund of the European Union and Greek national funds through the Opera-
tional Program Competitiveness, Entrepreneurship and Innovation, under
the call RESEARCH-CREATE-INNOVATE (project code: T1EDK-04005). We also
want to acknowledge Paraskevi Daskalaki and Nikolaos Otountzidis for their
contribution in blood samples collection.

Authors’ contributions

HK, HG, GT and GS2 developed the concept and the trial protocol. EK and AP1
wrote the manuscript. GS1 and GS2 were responsible for coronary angiog-
raphy execution and SYNTAX score calculation. EP, AK and LS contributed to
the research data management and statistical considerations. DM, NS and
AP2 were responsible for patient recruitment and blood sample collection,
whereas OD, HG and GT were responsible for the biochemical analysis of

the study. The principal investigator and supervisor of the whole study was
GS2. All authors have read and approved the final manuscript (AP1 refers to
Andreas Papazoglou and AP2 refers to Anastasios Papadopoulos, whereas GS1
refers to Georgios Sofidis and GS2 refers to Georgios Sianos).

Funding

The specific project has been co-financed through the call for Proposals for
the Action "Competitiveness, entrepreneurship and innovation”in the frame-
work of the Operational Programme “Research, Create, Innovate” (project code:
T1EDK-04005) of the Partnership Agreement for the Development Programme
2014-2020 by the European Social Fund (ESF) and Greek National funds. The
project has undergone peer review and has been approved for funding, being
awarded a grant of 873,821.00 €. The funder had no role in the design or
conduct of the study, preparation, review or approval of the manuscript and
decision to submit the manuscript for publication.

Availability of data and materials
Data are available from Georgios Sianos (e-mail: gsianos@auth.gr) upon rea-
sonable request and with permission of AHEPA University Hospital.

Ethics approval and consent to participate

The study protocol has been approved by the Scientific Committee of AHEPA
University Hospital (reference number 12/13-06-2019) and by the Directory
Board of AHEPA University Hospital (reference number 17/29-08-2019). Each
subject provides written informed consent before participating in the study.

Page 6 of 7

Consent for publication
Written informed consent for publication was obtained by patients.

Competing interests
The authors declare that they have no competing interests.

Author details

! First Department of Cardiology, AHEPA University Hospital, Aristotle Uni-
versity of Thessaloniki, St. Kiriakidi 1, 54636 Thessaloniki, Greece. 2 Laboratory
of Forensic Medicine and Toxicology, School of Medicine, Aristotle University
of Thessaloniki, 54124 Thessaloniki, Greece. * Biomic_AUTh, CIRI-AUTH Center
for Interdisciplinary Research and Innovation Aristotle University of Thes-
saloniki, 57001 Thessaloniki, Greece. * Laboratory of Analytical Chemistry,
Department of Chemistry, Aristotle University of Thessaloniki, Thessaloniki,
Greece. ° 15t Propaedeutic Internal Medicine Department, AHEPA Hospital
Aristotle University of Thessaloniki, Thessaloniki, Greece. ¢ Lab of Computing,
Medical Informatics and Biomedical Imaging Technologies, Aristotle University
of Thessaloniki, 54124 Thessaloniki, Greece.

Received: 1 December 2020 Accepted: 13 January 2021
Published online: 08 February 2021

References

1. Madamanchi NR, Vendrov A, Runge MS. Oxidative stress and vascular
disease. Arterioscler Thromb Vasc Biol. 2005;25(1):29-38. https://doi.
org/10.1161/01.ATV.0000150649.39934.13.

2. Rafieian-Kopaei M, Setorki M, Doudi M, Baradaran A, Nasri H. Athero-
sclerosis: process, indicators, risk factors and new hopes. Int J Prev Med.
2014;5(8):927-46.

3. Fruchart JC, Nierman MC, Stroes ESG, Kastelein JJP, Duriez P. New risk
factors for atherosclerosis and patient risk assessment. Circulation.
2004;109(23 SUPPL.):15-9. https://doi.org/10.1161/01.cir0000131513
.33892.5b.

4. Benjamin EJ, Muntner P, Alonso A, et al. Heart Disease and Stroke Statis-
tics-2019 Update: A Report Ffrom the American Heart Association, vol. 139.
2019. https://doi.org/10.1161/CIR.0000000000000659.

5. McGarrah RW, Crown SB, Zhang G-F, Shah SH, Newgard CB. Cardiovascu-
lar metabolomics. Circ Res. 2018;122(9):1238-58. https://doi.org/10.1161/
CIRCRESAHA.117.311002.

6. Ussher JR, Elmariah S, Gerszten RE, Dyck JRB. The emerging role of
metabolomics in the diagnosis and prognosis of cardiovascular disease.
J Am Coll Cardiol. 2016;68(25):2850-70. https://doi.org/10.1016/j.
jacc.2016.09.972.

7. Pouralijan Amiri M, Khoshkam M, Salek RM, Madadi R, Faghanzadeh
Ganiji G, Ramazani A. Metabolomics in early detection and prognosis of
acute coronary syndrome. Clin Chim Acta. 2019;495:43-53. https://doi.
0rg/10.1016/j.cca.2019.03.1632.

8. Cheng S, Shah SH, Corwin EJ, et al. Potential impact and study considera-
tions of metabolomics in cardiovascular health and disease: a scientific
statement from the American Heart Association. Circ Cardiovasc Genet.
2017. https://doi.org/10.1161/HCG.0000000000000032.

9. Kaysen GA, Johansen KL, Chertow GM, et al. Associations of Trimethyl-
amine N-oxide with nutritional and inflammatory biomarkers and car-
diovascular outcomes in patients new to dialysis. J Ren Nutr Off J Counc
Ren Nutr Natl Kidney Found. 2015;25(4):351-6. https://doi.org/10.1053/].
jrm.2015.02.006.

10. Bidulescu A, Chambless LE, Siega-Riz AM, Zeisel SH, Heiss G. Usual choline
and betaine dietary intake and incident coronary heart disease: the
Atherosclerosis Risk in Communities (ARIC) study. BMC Cardiovasc Disord.
2007,7:20. https://doi.org/10.1186/1471-2261-7-20.

11. Yin X, de Carvalho LP, Chan MY, Li SFY. Integrated metabolomics and
metallomics analyses in acute coronary syndrome patients. Metallomics.
2017;9(6):734-43. https://doi.org/10.1039/c7mt0007 Te.

12. Wang Z, Zhu C, NambiV, et al. Metabolomic pattern predicts incident
coronary heart disease findings from the Atherosclerosis Risk in com-
munities study. Arterioscler Thromb Vasc Biol. 2019;39(7):1475-82. https
;//doi.org/10.1161/ATVBAHA.118.312236.


https://doi.org/10.1161/01.ATV.0000150649.39934.13
https://doi.org/10.1161/01.ATV.0000150649.39934.13
https://doi.org/10.1161/01.cir.0000131513.33892.5b
https://doi.org/10.1161/01.cir.0000131513.33892.5b
https://doi.org/10.1161/CIR.0000000000000659
https://doi.org/10.1161/CIRCRESAHA.117.311002
https://doi.org/10.1161/CIRCRESAHA.117.311002
https://doi.org/10.1016/j.jacc.2016.09.972
https://doi.org/10.1016/j.jacc.2016.09.972
https://doi.org/10.1016/j.cca.2019.03.1632
https://doi.org/10.1016/j.cca.2019.03.1632
https://doi.org/10.1161/HCG.0000000000000032
https://doi.org/10.1053/j.jrn.2015.02.006
https://doi.org/10.1053/j.jrn.2015.02.006
https://doi.org/10.1186/1471-2261-7-20
https://doi.org/10.1039/c7mt00071e
https://doi.org/10.1161/ATVBAHA.118.312236
https://doi.org/10.1161/ATVBAHA.118.312236

Karagiannidis et al. BMC Cardiovasc Disord

(2021) 21:79

Jiang H, Jiang H, Zhang J, et al. The serum metabolic biomarkers in

early diagnosis and risk stratification of acute coronary syndrome. Front
Physiol. 2020;11:776. https://doi.org/10.3389/fphys.2020.00776.

Fan, LiY, ChenY, et al. Comprehensive metabolomic characterization of
coronary artery diseases. J Am Coll Cardiol. 2016;68(12):1281-93. https://
doi.org/10.1016/jjacc.2016.06.044.

Sianos G, Morel M-A, Kappetein AP, et al. The SYNTAX Score: an
angiographic tool grading the complexity of coronary artery disease.
Eurolntervent J Eur Collab with Work Gr Interv Cardiol Eur Soc Cardiol.
2005;1(2):219-27.

World Medical Association declaration of Helsinki. Ethical principles for
medical research involving human subjects. JAMA J Am Med Assoc.
2013;310(20):2191-4. https://doi.org/10.1001/jama.2013.281053.

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175-91. https://doi.org/10.3758/
bf03193146.

20.

Page 7 of 7

Laaksonen R, Ekroos K, Sysi-Aho M, et al. Plasma ceramides predict
cardiovascular death in patients with stable coronary artery disease

and acute coronary syndromes beyond LDL-cholesterol. Eur Heart J.
2016;37(25):1967-76. https://doi.org/10.1093/eurheartj/ehw148.
Meeusen JW, Donato LJ, Bryant SC, Baudhuin LM, Berger PB, Jaffe AS.
Plasma ceramides a novel predictor of major adverse cardiovascular
events after coronary angiography. Arterioscler Thromb Vasc Biol.
2018;38(8):1933-9. https://doi.org/10.1161/ATVBAHA.118.311199.

Hilvo M, Wallentin L, Ghukasyan Lakic T, et al. Prediction of residual risk by
ceramide-phospholipid score in patients with stable coronary heart dis-
ease on optimal medical therapy. J Am Heart Assoc. 2020;9(10):e015258.
https://doi.org/10.1161/JAHA.119.015258.

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3389/fphys.2020.00776
https://doi.org/10.1016/j.jacc.2016.06.044
https://doi.org/10.1016/j.jacc.2016.06.044
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.1093/eurheartj/ehw148
https://doi.org/10.1161/ATVBAHA.118.311199
https://doi.org/10.1161/JAHA.119.015258

	Correlation of the severity of coronary artery disease with patients’ metabolic profile- rationale, design and baseline patient characteristics of the CorLipid trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Methods
	Study design and population
	Biochemical analysis-metabolomics
	Statistical considerations
	Sample size estimation

	Statistical analysis
	Endpoints

	Patient recruitment and baseline characteristics

	Discussion
	Acknowledgements
	References


