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Prediction of Residual Risk by Ceramide- 
Phospholipid Score in Patients With Stable 
Coronary Heart Disease on Optimal 
Medical Therapy
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BACKGROUND: Identification of patients with stable coronary heart disease who are at significant residual risk could be helpful 
for targeted prevention. Our aim was to determine the prognostic value of the recently introduced ceramide-  and phospholipid- 
based risk score, the Cardiovascular Event Risk Test (CERT2), in patients with stable coronary heart disease on optimal medi-
cal therapy and to identify biological processes that contribute to the CERT2 score.

METHODS AND RESULTS: Plasma samples (n=11  222) obtained from the STABILITY (Stabilization of Atherosclerotic Plaque 
by Initiation of Darapladib Therapy) trial were analyzed using a tandem liquid chromatography- mass spectrometry method. 
STABILITY was a trial in patients with stable coronary heart disease randomized to the lipoprotein- associated phospholipase 
A2 inhibitor darapladib or placebo on optimized medical therapy at baseline, with a median follow- up of 3.7 years. Hazard 
ratios per SD for the CERT2 risk score were 1.32 (95% CI, 1.25–1.39) for major adverse cardiovascular event, 1.47 (95% CI, 
1.35–1.59) for cardiovascular death, 1.32 (95% CI, 1.16–1.49) for stroke, 1.23 (95% CI, 1.14–1.33) for myocardial infarction, 
and 1.56 (95% CI, 1.39–1.76) for hospitalization due to heart failure, when adjusted for traditional cardiovascular risk factors. 
CERT2 showed correlation (P<0.001, r>0.2) with inflammatory markers high- sensitivity C- reactive protein, interleukin 6, the 
heart failure marker N-terminal pro-B-type natriuretic peptide, and low- density lipoprotein cholesterol. After also adjusting for 
levels of other prognostic biomarkers, the CERT2 score was still independently related to the risk of cardiovascular death but 
not to nonfatal events.

CONCLUSIONS: The CERT2 risk score can detect residual risk in patients with stable coronary heart disease and is associated 
with biomarkers indicating inflammation, myocardial necrosis, myocardial dysfunction, renal dysfunction, and dyslipidemia.

REGISTRATION: URL: https://www.clini caltr ials.gov. Unique identifier: NCT00799903.
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Distinct ceramide lipid species either alone or com-
bined in a score have been shown to be associ-
ated with cardiovascular mortality both in primary 

and secondary prevention.1,2 Recently, the ceramide 
score prognostic value was further improved by add-
ing omega- 3 fatty acid containing phospholipids into 
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the risk algorithm.3 It is not entirely clear why these lipid 
molecules, in several cohorts, have appeared to be 
significantly better prognostic markers than hs-CRP 
(high-sensitivity C-reactive protein) and low- density li-
poprotein cholesterol (LDL- C).1–3 It is known, however, 
that ceramides play a central role in controlling apop-
tosis.4 In addition, ceramides have a bioactive role in 
inflammatory signaling, where there seems to be a vi-
cious cycle between several cytokines and ceramides 

that maintain each other’s biosynthesis, leading poten-
tially to harmful chronic inflammation.5,6 Furthermore, 
there is much evidence that certain ceramide species 
associate tightly with insulin resistance and diabetes 
mellitus (DM) risk.7,8 Recently, sphingolipids, includ-
ing ceramides, have been shown to accelerate low- 
density lipoprotein particle aggregation and infiltration 
into the arterial wall.9

All of the above mechanisms seem theoretically 
relevant and support the role of ceramides as poten-
tially clinically important factors in patients with stable 
coronary heart disease (CHD). However, a better un-
derstanding of the associations between ceramides 
with cardiovascular outcomes and different biological 
processes would help in clinical interpretation and de-
cision making. To this end, we analyzed the ceramide- 
phospholipid score (Cardiovascular Event Risk Test 
[CERT2]) and its components in the STABILITY 
(Stabilization of Atherosclerotic Plaque by Initiation of 
Darapladib Therapy) trial, which is large- scale global 
trial with a rich biobank, including not only carefully de-
fined cardiovascular phenotypes but also information 
on a large variety of other risk factors and biomarkers. 
These new data allowed us to investigate the associa-
tions between CERT2 and conventional cardiovascular 
risk factors and other prognostic biomarkers and also 
to evaluate the associations between CERT2 and car-
diovascular outcomes. The purpose was to increase 
our understanding on the mechanisms behind the as-
sociations between CERT2 and its components and 
residual risk in patients with CHD.

METHODS
As a result of limitations in the informed consent ob-
tained from the participants, the data of the study can-
not be made publicly available. For research use, the 
data can be requested from the corresponding author 
Lars Wallentin, and the proposed collaborations will be 
handled in the STABILITY trial steering committee.

Study Population
STABILITY and its biomarker substudy have been 
previously described in detail.10,11 In brief, the trial 
was performed in 39 countries to investigate the ef-
fect of darapladib, a selective inhibitor of lipoprotein- 
associated phospholipase A2 for cardiovascular 
events in patients with stable CHD taking optimal 
secondary prevention treatment. The inclusion cri-
teria were previous myocardial infarction (MI), per-
cutaneous coronary intervention, coronary artery 
bypass grafting, or demonstrated multivessel coro-
nary artery disease (CAD). In addition, patients had 
to be on statin treatment and have at least 1 of 
the following criteria: age ≥60  years, DM requiring 

CLINICAL PERSPECTIVE

What Is New?
• The Cardiovascular Event Risk Test (CERT2) risk 

score can detect residual risk in patients with 
stable coronary heart disease on optimized 
medical therapy and is associated with inflam-
mation, myocardial necrosis, myocardial dys-
function, renal dysfunction, and dyslipidemia.

• CERT2 showed robust performance in a study 
population covering various geographical loca-
tions worldwide.

What Are the Clinical Implications?
• The CERT2 risk score can be considered as a 

risk indicator in patients with stable coronary 
heart disease and it can be used in evaluating 
residual risk in patients taking guideline-recom-
mended optimal medical therapy.

• CERT2 can be used to detect both lipid and in-
flammatory residual risk in patients with stable 
coronary heart disease.

Nonstandard Abbreviations and Acronyms

CAD coronary artery disease
CHD coronary heart disease
DM diabetes mellitus
HHF hospitalization for heart failure
HR hazard ratio
hs-CRP high-sensitivity C-reactive protein
hs-TnT high-sensitivity troponin T
IL-6 interleukin 6
LDL-C low-density lipoprotein cholesterol
MI myocardial infarction
NI negative ionization
NT-proBNP N-terminal pro-B-type natriuretic 

peptide
PI positive ionization
STABILITY Stabilization of Atherosclerotic Plaque 

by Initiation of Darapladib Therapy
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pharmacotherapy, high- density lipoprotein choles-
terol <40 mg/dL, smoker (defined as at least 5 cig-
arettes per day on average) or a previous smoker 
(defined as at least 5 cigarettes per day on average 
when smoking) who discontinued within the past 
3 months, moderate renal dysfunction, or concomi-
tant cerebrovascular or peripheral arterial disease. 
STABILITY investigators were strongly encouraged 
to treat patients according to local guidelines for sec-
ondary prevention and to ensure that all patients were 
taking antiplatelet therapy and a statin. Investigators 
were also encouraged to address nonpharmaco-
logical preventive care measures to achieve risk 
factor targets for secondary prevention according 
to European Society of Cardiology, American Heart 
Association/American College of Cardiology, or na-
tional guidelines. The exclusion criteria were MI dur-
ing the previous month, coronary revascularization 
during the previous 3 months, or planned coronary 
revascularization procedure. The median follow- up 
time was 3.7 years (interquartile range, 3.5–3.8). In 
patients included in the biomarker substudy, blood 
samples were obtained at randomization. Plasma 
aliquots were stored at −70°C until later analysis. 
The biomarkers in the STABILITY biomarker sub-
study program were analyzed at the Uppsala Clinical 
Research Center Laboratory as  previously de-
cribed.11,12 The trial was approved by the institutional 
review boards and performed in accordance with the 
Declaration of Helsinki. All patients provided written 
informed consent for their participation. The trial was 
funded by GlaxoSmithKline and has been registered 
at ClinicalTrials.gov (NCT00799903; https://clini caltr 
ials.gov/ct2/show/NCT00 799903).

Analysis of CERT2 Score Lipids
The CERT2 score comprises 7 lipids and is calculated 
based on the quartiles of 3 lipid ratios [ceramide(d18:1/24:1)/
ceramide(d18:1/24:0), ceramide(d18:1/18:0)/phosphatidyl-
choline 14:0/22:6, and ceramide(d18:1/16:0)/phosphatidyl-
choline 16:0/22:5] and a single lipid (phosphatidylcholine 
16:0/16:0). The score range was 0 to 12 points and strati-
fied into 4 risk categories (0–3, low; 4–6, moderate; 7–8, 
increased; and 9–12, high). Details of CERT2 and CERT1 
score calculation have been previously described.3

For the measurement of CERT2 lipids, base-
line plasma samples from 11 222 participants were 
analyzed on a hybrid triple quadrupole/linear ion 
trap mass spectrometer (QTRAP 5500, AB Sciex), 
equipped with an ultra- high performance liquid 
chromatography (Nexera- X2, Shimadzu). Ceramide 
lipids were analyzed with a validated method, as 
previously described.13 Phospholipids were analyzed 
from the same extract as ceramides and with a tar-
geted phospholipid platform. The chromatography 

was performed on an ACQUITY UltraPerformance 
LCBEH C18, 2.1×50 mm id 1.7 μm column (Waters 
Corp). Mobile phases consisted of: (A) 10  mmol/L 
ammonium acetate in liquid chromatography- mass 
spectrometry grade water with 0.1% formic acid, and 
(B) 10  mmol/L ammonium acetate in acetonitrile:2- 
propanol (3:4, V/V) with 0.1% formic acid. The fol-
lowing liquid chromatography gradient was used: 
0.5 min at 75% B, linear increase of B from 75% to 
100% in 2.0 min, 1.0 min at 100% B, 100% to 75% 
B in 0.1 min, and 0.9 min equilibration at 75% before 
the next injection. The flow rate was 500 μL/min and 
column temperature was 60°C. The injection volume 
of all samples was 5 μL. Positive ionization (PI) was 
used for ceramide analysis and negative ionization 
(NI) for phospholipid analysis, and the data were col-
lected using multiple reaction monitoring. Mass spec-
trometry settings were the same for all ions, except 
for ion spray voltage, declustering potential, entry 
potential, and collision exit potential. The conditions 
were as following: curtain gas (nitrogen) 25, collision- 
activated dissociation (nitrogen) 6, temperature 300 
C, gas 1: 50, gas2: 50, interface heater on, ion spray 
voltage (PI 5000, NI −4500 V), declustering potential 
(PI 30, NI −100 V), entry potential (PI 10, NI −10 V), 
and collision exit potential (PI 20, NI −20  V). A 10- 
ms dwell time was applied to all analytes. Collision 
energy was applied specifically for each lipid (Table 
S1). Results were processed using Analyst 1.6 and 
MultiQuant 3.0 software (AB Sciex).

Statistical Analysis
Baseline characteristics and patient demographics 
were compared between CERT2 risk groups using 
Kruskall–Wallis test for continuous variables and chi- 
square test for categorical variables. The association 
between the components of the CERT2 risk score 
and other biomarkers were assessed by Spearman 
rank correlation coefficient. Biomarkers were loga-
rithmic transformed when appropriate. The unad-
justed association between CERT2 risk groups and 
clinical outcomes were presented by Kaplan–Meier 
curves.

Definitions of all outcome events were prespecified, 
as previously described,10 and the events were adju-
dicated by an independent clinical events committee. 
We evaluated the models and the included biomark-
ers’ prognostic performance for the primary outcome 
of major adverse cardiovascular event (ie, the compos-
ite of cardiovascular death, stroke and MI, and cardio-
vascular death), as well as secondary outcomes: major 
cardiovascular events, major coronary events, ie, the 
composite of coronary death, MI, urgent revascular-
ization, all- cause death, MI, stroke, hospitalization for 
heart failure (HHF), the composite of cardiovascular 
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death and HHF, and the composite of major adverse 
cardiovascular events and HHF.

Cox proportional hazards models were used to 
investigate the covariate- adjusted association be-
tween CERT2 risk score and outcomes. Four models 
were used, with an incremental addition of covari-
ates. Model 0 included CERT2 risk score and ran-
domized treatment. Model 1 included CERT2 risk 
score, randomized treatment, age, sex, prior MI, 
coronary revascularization (percutaneous coronary 
intervention or coronary artery bypass grafting), mul-
tivessel CAD, DM, hypertension, history of smoking, 
polyvascular disease, race, geographic region, sys-
tolic blood pressure, and body mass index. Model 
2 included hemoglobin, white blood cell count, es-
timated glomerular filtration rate using the Chronic 
Kidney Disease Epidemiology Collaboration equa-
tion, LDL- C, high- density lipoprotein cholesterol, and 
triglycerides in addition to model 1. The final model (3) 
included the following covariates in addition to model 
2: high- sensitivity troponin T (hs- TnT), NT- proBNP 
(N-terminal pro-B-type natriuretic peptide), cystatin 
C, hs- CRP, and interleukin 6 (IL- 6). All continuous 
variables were included as restricted cubic splines 
with 4 knots placed at the 5th, 35th, 65th, and 95th 
sample percentiles, as previously suggested.14 The 
results were presented as the relative hazard for a 
1- SD increase in CERT2 risk score. The proportional 
hazards assumption was assessed by visual inspec-
tion of Schoenfeld residual plots. The discriminative 
value of CERT2 risk score was assessed using the 
C- index. The models with and without CERT2 risk 
score were compared using likelihood ratio tests.

A statement of statistical significance implies a 
2- sided P<0.05, and there were no adjustments for 
multiple comparisons. All statistical analyses were 
performed with SAS 9.4 (SAS Institute Inc). L.W. and 
T.G.L. had full access to all of the data in the study 
and take responsibility for the integrity and data 
analysis.

RESULTS
Characterization of Patients in CERT2 
Risk Groups
CERT2 risk score (0–12) was determined using the 
previously established ceramides and phosphatidyl-
cholines3 that were measured from baseline plasma 
samples of 11 222 patients who participated in the 
STABILITY trial. Patients with renal dysfunction, 
polyvascular disease and multivessel CAD, current 
smokers, and those with high white blood cell count 
showed higher CERT2 risk score (Table  1). There 
were regional differences in the risk groups, as pa-
tients especially from Eastern Europe were enriched 

in the high- risk category (9–12), whereas an opposite 
trend was observed for patients from the Asia/Pacific 
region and North America (Table 1). Regarding race, 
white patients and patients of Central/South/South 
East Asian origin had a tendency for a higher CERT2 
score, while the opposite was evident for black and 
East Asian/Japanese patients (Table  1). There was 
no clear trend for DM, body mass index, systolic 
blood pressure, or history of hypertension (Table 1). 
In contrast, patients with prior percutaneous coro-
nary intervention/coronary artery bypass grafting 
had a tendency for a lower CERT2 score. Patients 
with higher CERT2 score were less likely to be taking 
statins and anti- inflammatory and antiplatelet therapy 
(aspirin, P2Y12) (Table 1). There were significant posi-
tive associations between CERT2 risk categories and 
increased concentrations of biomarkers associated 
with an increased cardiovascular risk, ie, LDL- C, tri-
glycerides, lipoprotein- associated phospholipase 
A2, white blood cell count, hs- CRP, IL- 6, hs- TnT, NT- 
proBNP, growth differentiation factor- 15, creatinine 
clearance, and cystatin C (Table 1).

Prediction of Cardiovascular Risk by 
CERT2 Risk Score
There were statistically significant associations be-
tween CERT2 and all cardiovascular outcomes. For 
CERT2, the highest unadjusted hazard ratios (HRs) 
per SD were observed for cardiovascular death 
(HR, 1.57; 95% CI, 1.45–1.69), all- cause death (HR, 
1.54; 95% CI, 1.45–1.64), and HHF (HR, 1.52; 95% 
CI, 1.35–1.70) (Table  2). Statistically significant as-
sociations were also observed for all other cardio-
vascular end points, including the primary composite 
end point for major adverse cardiovascular events or 
HHF and major coronary events, as well as MI and 
stroke separately (Table  2). The HRs were attenu-
ated only slightly when the models were adjusted for 
multiple traditional cardiovascular risk factors and 
lipid biomarkers (Table  2). However, the HRs de-
creased more when additional biomarkers (hs- TnT, 
NT- proBNP, cystatin C, hs- CRP, and IL- 6) were in-
cluded in the models, after which only the end points 
including cardiovascular death remained significant 
(Table  2). In addition, the previous version of the 
ceramide score (CERT1) showed significant results 
for all of the end points (Table 3) but did not show 
as robust HRs as the improved CERT2 version. The 
unadjusted associations between CERT2 risk groups 
and the occurrence of major adverse cardiovascular 
events, HHF, and cardiovascular death are illustrated 
in Figure 1.

Addition of CERT2 on top of traditional risk factors 
improved the C index for all investigated end points. 
However, the CERT2 score provided very limited if any 
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Table 1. Patient Characteristics at the Time of Randomization by CERT2 Risk Score Categories

CERT2: 0 to 3 CERT2: 4 to 6 CERT2: 7 to 8 CERT2: 9 to 12 P Value

No. 1708 4943 2795 1776

Age, y 64 (58–70) 65 (59–71) 65 (59–71) 65 (58–72) 0.0004

Men, No. (%) 1405 (82.3) 4028 (81.5) 2287 (81.8) 1428 (80.4) 0.520

Geographic region, No. (%)

Asia/Pacific 327 (19.1) 734 (14.8) 321 (11.5) 198 (11.1) <0.0001

Eastern Europe 317 (18.6) 1341 (27.1) 974 (34.8) 784 (44.1)

North America 524 (30.7) 954 (19.3) 384 (13.7) 184 (10.4)

South America 49 (2.9) 167 (3.4) 121 (4.3) 55 (3.1)

Western Europe 491 (28.7) 1747 (35.3) 995 (35.6) 555 (31.3)

Race, No. (%)

Black 66 (3.9) 108 (2.2) 50 (1.8) 23 (1.3) <0.0001

Central/South/South East 
Asian

93 (5.4) 331 (6.7) 202 (7.2) 152 (8.6)

East Asian/Japanese 202 (11.8) 317 (6.4) 91 (3.3) 40 (2.3)

Other 40 (2.3) 114 (2.3) 44 (1.6) 31 (1.7)

White 1307 (76.5) 4073 (82.4) 2408 (86.2) 1530 (86.1)

Diabetes mellitus, No. (%) 677 (39.6) 1855 (37.5) 1064 (38.1) 736 (41.4) 0.023

Body mass index, kg/m2 28.4 (25.8–31.7) 28.3 (25.6–31.5) 28.5 (25.8–32.0) 28.4 (25.3–32.0) 0.154

Systolic blood pressure, mm Hg 130 (120–142) 131 (121–143) 131 (120–143) 131 (120–144) 0.029

History of hypertension, No. (%) 1217 (71.3) 3513 (71.1) 1962 (70.2) 1270 (71.5) 0.765

Significant renal dysfunction, 
No. (%)*

416 (24.4) 1416 (28.6) 868 (31.1) 615 (34.6) <0.0001

Prior MI, No. (%) 1025 (60.0) 3012 (60.9) 1761 (63.0) 1125 (63.3) 0.062

Prior percutaneous coronary 
intervention or coronary artery 
bypass grafting, No. (%)

1309 (76.6) 3606 (73.0) 2025 (72.5) 1230 (69.3) <0.0001

Family history of premature CHD, 
No. (%)

456 (26.7) 1256 (25.5) 665 (23.9) 415 (23.4) 0.057

Polyvascular disease, No. (%) 191 (11.2) 738 (14.9) 478 (17.1) 375 (21.1) <0.0001

Multivessel CAD, No. (%) 205 (12.0) 700 (14.2) 440 (15.7) 294 (16.6) <0.0001

Smoking status, No. (%)

Never smoked 570 (33.4) 1540 (31.2) 802 (28.7) 488 (27.5) <0.0001

Current smoker 255 (14.9) 874 (17.7) 590 (21.1) 434 (24.4)

Former smoker 882 (51.7) 2529 (51.2) 1403 (50.2) 854 (48.1)

Missing 8 (0.2) 7 (0.3) 4 (0.2)

Statin treatment, No. (%) 1677 (98.2) 4838 (97.9) 2733 (97.8) 1708 (96.2) 0.0002

High- intensity statin treatment, 
No. (%)

119 (7.0) 326 (6.6) 168 (6.0) 101 (5.7) 0.329

Aspirin, No. (%) 1622 (95) 4591 (92.9) 2557 (91.5) 1579 (88.9) <0.0001

P2Y12, No. (%) 609 (35.7) 1662 (33.6) 917 (32.8) 556 (31.3) 0.047

ACEI or ARB, No. (%) 1340 (78.5) 3831 (77.5) 2189 (78.3) 1426 (80.3) 0.111

β- Blocker, No. (%) 1323 (77.5) 3907 (79.0) 2318 (82.9) 1457 (82.0) <0.0001

Randomization to darapladib, 
No. (%)

823 (48.2) 2441 (49.4) 1388 (49.7) 933 (52.5) 0.059

White blood cell count, GI/L 6.3 (5.4–7.3) 6.5 (5.5–7.7) 6.8 (5.7–8.0) 7.1 (5.9–8.4) <0.0001

LDL- C, mmol/L 1.90 (1.53–2.33) 2.10 (1.66–2.61) 2.21 (1.76–2.82) 2.42 (1.90–3.08) <0.0001

HDL- C, mmol/L 1.17 (1.00–1.36) 1.19 (1.00–1.40) 1.15 (0.98–1.37) 1.14 (0.95–1.36) <0.0001

Triglycerides, mmol/L 1.44 (1.06–1.95) 1.52 (1.10–2.10) 1.53 (1.12–2.19) 1.57 (1.12–2.29) <0.0001

 (Continued)
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incremental prognostic information when added to 
a model of 21 risk factors including also hs- TnT, NT- 
proBNP, cystatin C, hs- CRP, and IL- 6 (Table 2).

Correlation of CERT2 Components With 
Other Cardiovascular Risk Biomarkers
Association of CERT2 and its components with other bi-
omarkers was investigated, and the highest correlations 
for the score were observed for hs- CRP, IL- 6, NT- proBNP, 
and LDL- C (Figure  2). Of the CERT2  components, 
ceramide(d18:1/24:1)/ceramide(d18:1/24:0) showed only 
modest correlation with any other biomarker, whereas 
ceramide(d18:1/18:0)/phosphatidylcholine (14:0/ 22:6) and  
ceramide(d18:1/16:0)/phosphatidylcholine (16:0/22:5) lipid  
ratios were especially correlated with the inflammatory 
markers hs- CRP and IL- 6. The fourth component, phos-
phatidylcholine 16:0/16:0 showed a strong correlation 
with LDL- C, as did individual ceramide molecules that 
were also associated with triglycerides (Figure 2).

DISCUSSION
The present results confirmed an earlier associa-
tion between CERT2 and cardiovascular events, 
especially all- cause and cardiovascular death.3 In 
addition, for the first time we report an association 
between CERT2 and HHF. CERT2 was associated 
with clinical characteristics, cardiovascular risk fac-
tors and contemporary biomarkers, but, despite 
this, showed independent prognostic value after ad-
justment with numerous clinical variables including 
randomized treatment, age, sex, prior MI, prior per-
cutaneous coronary intervention or coronary artery 
bypass grafting, presence of multivessel CAD, DM, 
history of hypertension, history of smoking, periph-
eral vascular disease, geographic region, systolic 

blood pressure, and body mass index. Furthermore, 
addition of standard laboratory information such as 
hemoglobin, white blood cell count, estimated glo-
merular filtration rate, LDL- C, high- density lipoprotein 
cholesterol, and triglycerides on top of the above- 
listed clinical parameters did not attenuate the pre-
dictive value of CERT2. However, after adding hs- TnT, 
NT- proBNP, cystatin C, hs- CRP, and IL- 6 as adjust-
ing factors, CERT2 was significantly associated only 
with fatal outcomes.

A clear strength of the present study was the valida-
tion of the performance of the CERT2 score in a large 
(N=11 222) clinical trial, which was conducted across 
different geographic regions and has a rich database 
of cardiovascular phenotypes and biomarkers. A lim-
itation of the study was that the mass spectrometry 
method did not include standard compounds for all 
CERT2 components.

Future research will show whether patients with 
high CERT2 score will benefit from more aggressive 
lipid lowering by highest statin doses or PCSK9 (pro-
protein convertase subtilisin/kexin type 9) inhibitors. 
In the present study, patients with high CERT2 score 
were significantly less frequently treated with aspirin. It 
remains to be evaluated whether aspirin treatment truly 
affects CERT2 score and serum concentrations of its 
components and whether the association is attribut-
able to anti- inflammatory or antithrombotic processes, 
or both. In contrast, patients with high CERT2 risk 
score were more frequently treated with β- blockers. 
This observation, together with the other results, war-
rants systematic clinical and mechanistic investigations 
on how different medications affect ceramides and 
phosphatidylcholines. Moreover, systematic lifestyle 
intervention studies are needed to evaluate their use-
fulness in risk reduction in patients with high CERT2 
score. Importantly, a ceramide synthesis inhibitor has 

CERT2: 0 to 3 CERT2: 4 to 6 CERT2: 7 to 8 CERT2: 9 to 12 P Value

eGFR (Chronic Kidney Disease 
Epidemiology Collaboration), mL/
min/1.73 m2

76.6 (64.4–88.1) 75.1 (63.3–86.9) 73.7 (61.0–86.2) 73.3 (59.1–86.1) <0.0001

hs- CRP, mgL 0.9 (0.5–1.9) 1.2 (0.6–2.6) 1.8 (0.8–3.8) 2.5 (1.1–5.8) <0.0001

hs- TnT, ng/L 8.4 (5.7–12.4) 8.9 (6.1–13.5) 10.0 (6.5–15.0) 10.9 (6.9–17.3) <0.0001

NT- proBNP, ng/L 130 (64–262) 163 (82–344) 214 (103–464) 283 (123–691) <0.0001

IL- 6, pg/mL 1.7 (1.2–2.4) 2.0 (1.4–2.9) 2.3 (1.6–3.5) 2.7 (1.8–4.5) <0.0001

Cystatin C, mg/L 0.96 (0.85–1.11) 0.99 (0.86–1.16) 1.03 (0.89–1.21) 1.06 (0.92–1.99) <0.0001

GDF15, pg/mL 1138 (861–1654) 1198 (887–1711) 1283 (942–1852) 1438 (1040–2170) <0.0001

Lp- PLA2 activity, μmol/min per L 161 (134–191) 169 (141–200) 178 (149–209) 190 (156–224) <0.0001

Chi- square or Kruskal–Wallis test. CAD indicates coronary artery disease; CERT, Cardiovascular Event Risk Test; CHD, coronary heart disease; GDF15, 
growth differentiation factor- 15; HDL- C, high- density lipoprotein cholesterol; hs- CRP, high- sensitivity C- reactive protein; hs- TnT, high- sensitivity troponin T; 
IL- 6, interleukin 6; LDL- C, low- density lipoprotein cholesterol; Lp- PLA2, lipoprotein- associated phospholipase A2; MI, myocardial infarction; and NT- proBNP, 
N-terminal pro-B-type natriuretic peptide.

*Significant renal dysfunction defined as estimated glomerular filtration rate [eGFR] ≥30 and ≤59 mL/min per 1.73 m2 OR urine albumin creatinine ratio ≥30 mg 
albumin/g creatinine.

Table 1. Continued
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been shown to significantly reduce lipid- induced insu-
lin resistance.15 Thus, it would be interesting to perform 
studies evaluating the effect of ceramide inhibition on 

the occurrence of complications in patients with sta-
ble CHD. CERT2 score contains omega- 3 fatty acid–
containing phosphatidylcholine molecules. Thus, the 

Table 2. HRs Per 1- SD (2.4) Increase of CERT2 for Different End Points and C- Indices for Models With and Without CERT2

End Point HR (95% CI) C- Statistic −CERT2 C- Statistic +CERT2 P Value

MACE or HHF

Model 0 1.32 (1.26–1.39) 0.510 (0.498–0.522) 0.579 (0.565–0.594) <0.0001

Model 1 1.35 (1.28–1.42) 0.665 (0.651–0.678) 0.684 (0.671–0.697) <0.0001

Model 2 1.26 (1.20–1.33) 0.693 (0.680–0.706) 0.701 (0.688–0.715) <0.0001

Model 3 1.08 (1.02–1.15) 0.750 (0.737–0.763) 0.751 (0.738–0.764) 0.009

MACE

Model 0 1.30 (1.24–1.37) 0.508 (0.495–0.521) 0.575 (0.559–0.590) <0.0001

Model 1 1.32 (1.25–1.39) 0.654 (0.640–0.669) 0.672 (0.658–0.686) <0.0001

Model 2 1.23 (1.16–1.31) 0.682 (0.667–0.696) 0.689 (0.675–0.704) <0.0001

Model 3 1.08 (1.02–1.15) 0.731 (0.717–0.745) 0.732 (0.718–0.746) 0.012

Major coronary event

Model 0 1.26 (1.19–1.33) 0.515 (0.502–0.529) 0.566 (0.550–0.582) <0.0001

Model 1 1.28 (1.21–1.36) 0.642 (0.627–0.657) 0.656 (0.641–0.671) <0.0001

Model 2 1.20 (1.13–1.27) 0.671 (0.656–0.687) 0.676 (0.661–0.692) <0.0001

Model 3 1.07 (1.00–1.14) 0.717 (0.702–0.732) 0.717 (0.702–0.732) 0.053

Cardiovascular death

Model 0 1.57 (1.45–1.69) 0.510 (0.490–0.529) 0.625 (0.602–0.648) <0.0001

Model 1 1.47 (1.35–1.59) 0.729 (0.710–0.749) 0.752 (0.733–0.770) <0.0001

Model 2 1.38 (1.26–1.50) 0.760 (0.741–0.779) 0.771 (0.752–0.789) <0.0001

Model 3 1.14 (1.04–1.26) 0.831 (0.815–0.847) 0.831 (0.815–0.847) 0.005

MI

Model 0 1.16 (1.08–1.25) 0.512 (0.493–0.531) 0.542 (0.521–0.564) 0.0001

Model 1 1.23 (1.14–1.33) 0.649 (0.628–0.670) 0.657 (0.636–0.678) <0.0001

Model 2 1.15 (1.06–1.25) 0.675 (0.655–0.696) 0.680 (0.659–0.700) 0.0009

Model 3 1.06 (0.97–1.16) 0.707 (0.687–0.728) 0.708 (0.688–0.729) 0.176

HHF

Model 0 1.52 (1.35–1.70) 0.523 (0.495–0.551) 0.619 (0.587–0.652) <0.0001

Model 1 1.56 (1.39–1.76) 0.761 (0.736–0.787) 0.787 (0.763–0.811) <0.0001

Model 2 1.45 (1.28–1.64) 0.800 (0.777–0.822) 0.811 (0.789–0.833) <0.0001

Model 3 1.02 (0.89–1.17) 0.892 (0.875–0.909) 0.892 (0.875–0.909) 0.763

Stroke

Model 0 1.29 (1.15–1.46) 0.499 (0.470–0.529) 0.575 (0.541–0.610) <0.0001

Model 1 1.32 (1.16–1.49) 0.655 (0.623–0.687) 0.672 (0.640–0.703) <0.0001

Model 2 1.29 (1.14–1.48) 0.678 (0.644–0.711) 0.687 (0.655–0.720) 0.0001

Model 3 1.15 (0.99–1.33) 0.719 (0.689–0.750) 0.722 (0.692–0.752) 0.059

All- cause death

Model 0 1.54 (1.45–1.64) 0.502 (0.486–0.518) 0.624 (0.605–0.643) <0.0001

Model 1 1.44 (1.35–1.54) 0.711 (0.695–0.727) 0.736 (0.721–0.752) <0.0001

Model 2 1.34 (1.25–1.44) 0.743 (0.727–0.758) 0.754 (0.738–0.770) <0.0001

Model 3 1.12 (1.04–1.21) 0.800 (0.785–0.815) 0.801 (0.786–0.815) 0.003

Model 0 includes the Cardiovascular Event Risk Test (CERT2) score and randomized treatment. Model 1 includes CERT2 score, randomized treatment, age, 
sex, prior myocardial infarction (MI), coronary revascularization (percutaneous coronary intervention or coronary artery bypass grafting), multivessel coronary 
artery disease), diabetes mellitus, hypertension, history of smoking, polyvascular disease, geographic region, systolic blood pressure, and body mass index. 
Model 2 includes the following covariates in addition to model 1: hemoglobin, white blood cell count, Chronic Kidney Disease Epidemiology Collaboration, 
low- density lipoprotein cholesterol, high- density lipoprotein cholesterol, and triglycerides. Model 3 includes the following covariates in addition to model 2: 
high- sensitivity troponin T,  pro-B-type natriuretic peptide, cystatin C, high- sensitivity C- reactive protein, and interleukin 6. P value relates to the significance of 
the hazard ratio (HR). HHF indicates hospitalization for heart failure; and MACE, major adverse cardiovascular event.
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protective effect of fish oils16 might be associated with 
these particular phosphatidylcholines and they may 
serve as a proxy of supplementation efficacy.

Evaluation of associations between CERT2 score 
and clinical characteristics as well as other biomarkers 
revealed no significant relationship between CERT2 

Table 3. HRs Per 1- SD (3.4) Increase of CERT1 for Different End Points and C- Indices for Models With and Without CERT1

End Point HR (95% CI) C- Statistic −CERT C- Statistic +CERT P Value

MACE or HHF

Model 0 1.20 (1.14–1.26) 0.510 (0.498–0.522) 0.554 (0.540–0.569) <0.0001

Model 1 1.24 (1.18–1.31) 0.664 (0.650–0.677) 0.674 (0.661–0.688) <0.0001

Model 2 1.21 (1.14–1.27) 0.693 (0.680–0.706) 0.697 (0.684–0.711) <0.0001

Model 3 1.09 (1.03–1.15) 0.750 (0.737–0.763) 0.751 (0.738–0.763) 0.0031

MACE

Model 0 1.19 (1.13–1.25) 0.508 (0.495–0.522) 0.551 (0.536–0.566) <0.0001

Model 1 1.22 (1.16–1.29) 0.653 (0.639–0.668) 0.663 (0.649–0.677) <0.0001

Model 2 1.18 (1.11–1.24) 0.682 (0.667–0.696) 0.685 (0.671–0.699) <0.0001

Model 3 1.08 (1.02–1.15) 0.731 (0.717–0.745) 0.732 (0.718–0.746) 0.0126

Major coronary event

Model 0 1.17 (1.11–1.23) 0.515 (0.502–0.529) 0.549 (0.533–0.565) <0.0001

Model 1 1.21 (1.15–1.28) 0.641 (0.626–0.656) 0.649 (0.634–0.664) <0.0001

Model 2 1.16 (1.10–1.24) 0.671 (0.656–0.686) 0.674 (0.658–0.689) <0.0001

Model 3 1.08 (1.02–1.15) 0.716 (0.701–0.731) 0.717 (0.702–0.732) 0.0107

Cardiovascular death

Model 0 1.26 (1.17–1.36) 0.511 (0.491–0.530) 0.566 (0.543–0.589) <0.0001

Model 1 1.25 (1.16–1.35) 0.727 (0.707–0.747) 0.734 (0.715–0.754) <0.0001

Model 2 1.22 (1.12–1.33) 0.758 (0.739–0.778) 0.761 (0.742–0.781) <0.0001

Model 3 1.07 (0.98–1.17) 0.831 (0.815–0.847) 0.830 (0.814–0.847) 0.1462

MI

Model 0 1.15 (1.07–1.24) 0.512 (0.493–0.531) 0.543 (0.522–0.565) 0.0001

Model 1 1.22 (1.13–1.32) 0.648 (0.627–0.669) 0.657 (0.636–0.678) <0.0001

Model 2 1.15 (1.06–1.25) 0.675 (0.655–0.696) 0.678 (0.658–0.699) 0.0008

Model 3 1.10 (1.01–1.20) 0.706 (0.686–0.727) 0.708 (0.688–0.729) 0.0242

HHF

Model 0 1.33 (1.20–1.49) 0.523 (0.495–0.551) 0.590 (0.558–0.621) <0.0001

Model 1 1.39 (1.25–1.56) 0.762 (0.736–0.787) 0.779 (0.754–0.803) <0.0001

Model 2 1.39 (1.23–1.56) 0.800 (0.777–0.822) 0.808 (0.786–0.830) <0.0001

Model 3 1.09 (0.96–1.23) 0.892 (0.875–0.909) 0.892 (0.875–0.909) 0.1892

Stroke

Model 0 1.24 (1.10–1.39) 0.499 (0.470–0.529) 0.567 (0.534–0.600) 0.0002

Model 1 1.28 (1.13–1.44) 0.655 (0.623–0.687) 0.669 (0.638–0.701) <0.0001

Model 2 1.27 (1.12–1.44) 0.678 (0.645–0.712) 0.688 (0.655–0.720) 0.0003

Model 3 1.16 (1.02–1.33) 0.720 (0.689–0.750) 0.723 (0.692–0.753) 0.028

All- cause death

Model 0 1.29 (1.21–1.37) 0.503 (0.487–0.519) 0.574 (0.555–0.593) <0.0001

Model 1 1.25 (1.17–1.33) 0.710 (0.693–0.726) 0.720 (0.704–0.736) <0.0001

Model 2 1.21 (1.13–1.29) 0.742 (0.726–0.758) 0.746 (0.730–0.762) <0.0001

Model 3 1.07 (1.00–1.15) 0.800 (0.785–0.815) 0.800 (0.785–0.815) 0.0663

Model 0 includes the Cardiovascular Event Risk Test (CERT) score and randomized treatment. Model 1 includes CERT score, randomized treatment, age, 
sex, prior myocardial infarction (MI), coronary revascularization (percutaneous coronary intervention or coronary artery bypass grafting), multivessel coronary 
artery disease, diabetes mellitus, hypertension, history of smoking, polyvascular disease, geographic region, systolic blood pressure, and body mass index. 
Model 2 includes the following covariates in addition to model 1: hemoglobin, white blood cell count, Chronic Kidney Disease Epidemiology Collaboration, 
low- density lipoprotein cholesterol, high- density lipoprotein cholesterol, and triglycerides. Model 3 includes the following covariates in addition to model 2: high- 
sensitivity troponin T,  pro-B-type natriuretic peptide, cystatin C, high- sensitivity C- reactive protein, and interleukin 6. HHF indicates hospitalization for heart 
failure; and MACE, major adverse cardiovascular event.
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score and age or sex. For the first time, CERT2 was 
tested and showed robust performance in a study 
population covering various geographical locations 
worldwide. Nevertheless, there were differences in 
the score distribution in different locations, and fur-
ther investigations are needed to investigate the fac-
tors behind this phenomenon. Here, we showed that 
the CERT2 score was associated with smoking as 
well as polyvascular disease and multivessel CAD. 
Patients with renal dysfunction had higher CERT2 
scores, while the association with high blood pres-
sure and DM was much weaker. CERT2 was strongly 
associated with the levels of lipid biomarkers (LDL- C 
and triglyceride), which is in line with recently pub-
lished lipidomic data,17 and suggests that ceramides, 
constituents of the circulating lipoproteins, are asso-
ciated with hyperlipidemia. However, it is noteworthy 
that the CERT2 score was prognostic even after ad-
justment for LDL- C and triglyceride levels. This in-
dicates that the sphingolipids might have additional 
pathophysiologic importance for cardiovascular dis-
ease beyond conventional lipids. The CERT2 score 
was also significantly associated with inflammatory 

markers (hs- CRP and IL- 6), suggesting that vari-
ations in ceramide levels might be a reflection of 
vascular inflammation. Thus, these findings imply 
that CERT2 could reflect both lipid and inflamma-
tory residual risk in patients with stable CHD. Higher 
CERT2 score was also associated with higher hs- 
TnT and NT- proBNP concentrations. These findings 
indicate that alterations of ceramides might be asso-
ciated with, and possibly contribute to, myocardial 
necrosis and myocardial dysfunction. Thus, CERT2 
score could potentially be useful as a tool to deter-
mine residual risk in patients with stable CHD as it 
is associated with all cardiovascular events and re-
flects disturbances of several key mechanisms for 
cardiovascular disease such as dyslipidemia, inflam-
mation, myocardial necrosis, and myocardial and 
renal dysfunction.

CONCLUSIONS
The CERT2 risk score is associated with all cardio-
vascular outcomes and with biomarkers related to 

Figure 1. CERT2 is associated with the risk of future cardiovascular events.
Kaplan–Meier curves of the cumulative event rate by the Cardiovascular Event Risk Test (CERT2) risk groups for (A) major adverse 
cardiovascular event (MACE)/hospitalization for heart failure (HHF), (B) MACE, (C) cardiovascular (CV) death, and (D) HHF.
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inflammation, myocardial necrosis, myocardial dysfunc-
tion, dyslipidemia, and renal dysfunction. The CERT2 
risk score can be considered as a risk indicator in pa-
tients with stable CHD and it could be useful in evaluat-
ing residual risk in patients on guideline- recommended 
evidence- based optimal medical therapy.
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Figure 2. CERT2 is associated with lipid and inflammatory biomarkers.
The figure presents Spearman correlations of the Cardiovascular Event Risk Test (CERT2) and its components with other 
biomarkers. eGFR indicates estimated glomerular filtration rate; GDF15, growth differentiation factor- 15; HDL- C, high- density 
lipoprotein cholesterol; hs- CRP, high- sensitivity C- reactive protein; hs- TnT, high- sensitivity troponin T; IL- 6, interleukin 6; LDL- C, 
low- density lipoprotein cholesterol; Lp- PLA2, lipoprotein- associated phospholipase A2; and proBNP, N-terminal pro-B-type 
natriuretic peptide.
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Table S1. Precursor ion, product ion, dwell time and collision energy applied for 

ceramides and phospholipids. 

Precursor ion 

(m/z) 

Product ion 

(m/z) 

Dwell 

Time 
Lipid 

Collision 

Energy 

Positive polarity 

538.5 264.25 10 Cer(d18:1/16:0) 40 

566.5 264.25 10 Cer(d18:1/18:0) 40 

650.6 264.25 10 Cer(d18:1/24:0) 40 

648.6 264.25 10 Cer(d18:1/24:1) 40 

545.5 271.25 10 IS d7-Cer(d18:1/16:0) 40 

573.5 271.25 10 IS d7-Cer(d18:1/18:0) 40 

657.6 271.25 10 IS d7-Cer(d18:1/24:0) 40 

655.6 271.25 10 IS d7-Cer(d18:1/24:1) 40 

Negative polarity 

782.6 255.2 10 IS D4-PC 32:0-16:0 -50

778.6 255.2 10 PC 32:0-16:0 -50

822.5 227.2 10 PC 36:6-14:0 -50

852.6 255.2 10 PC 38:5-16:0 -50
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