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Abstract
Background: Ceramide and phosphatidylcholine lipids- based risk score 
(CERT2) has shown a strong prognostic value in predicting cardiovascular (CV) 
events in patients with ischemic heart disease. This study aimed to investigate the 
prognostic value of CERT2 risk score in patients with heart failure (HF).
Methods: The current study combines data for 4234 subjects from the 
COMMANDER- HF trial and 1227 subjects from the GISSI- HF trial, which en-
rolled patients with a history of HF. The CERT2 risk score was calculated for all 
the participants as previously described. The primary outcome was CV death, but 
all- cause death and major adverse CV events (three- point MACE) were analysed 
as well.
Results: After adjustment for established CV risk factors and potential confound-
ers, patients with the highest CERT2 risk category remained at almost three- fold 
higher risk of CV death (COMMANDER- HF: HR 2.80, 95% CI 2.18–3.60, GISSI- HF: 
2.84, 95% CI 1.70–4.74), all- cause death (COMMANDER- HF: HR 2.97, 95% CI 
2.36–3.75, GISSI- HF: 2.83, 95% CI 1.83–4.38) and MACE (COMMANDER- HF: 
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1  |  INTRODUCTION

Heart failure (HF) is a clinical syndrome resulting from 
a cardiac disorder that can be associated with many 
cardiovascular (CV) diseases, such as coronary artery 
disease (CAD).1 HF is becoming a major health crisis 
with over 60 million people affected globally.2 With 
an increasing global prevalence of HF, the number of 
HF- related hospitalisations is also rising and any sub-
sequent hospitalization increases the mortality risk of 
patients with HF.3

Ceramides (Cer) are a class of bioactive lipids playing 
a vital role in many cellular functions and their increased 
circulating levels have been linked to low- grade inflam-
mation and cardiometabolic diseases.4 Cer containing 
C16, C18 and C24:1 acyl chains and their ratios have 
been shown to have a predictive value of CV death in 
patients with stable CAD and acute coronary syndrome 
(ACS).5 Notably, higher levels of C16 were found to be as-
sociated with an increased risk of HF events.6 Data from 
the Framingham Heart study and the Study of Health 
in Pomerania has reported that a higher C16:0/24:0 Cer 
ratio was significantly associated with an increased risk 
of incident HF.7 Another study found that higher levels 
of Cer d18:1/24:0 were associated with an increased risk 
of CV death in patients with chronic HF.8 Therefore, 
different plasma Cer appear to have a strong prognostic 
value and can be used as risk factors for assessing car-
diac pathology irrespective of traditional plasma lipid 
markers.

The Cardiovascular Event Risk Test (CERT) risk score, 
which is based on specific circulating Cer and phospho-
lipid species, has been developed and validated to improve 
the CV risk prediction in patients with CAD and ACS, and 
it has been shown to be a superior tool compared to more 
traditional CV risk markers.5 The CERT1 risk score uses 
distinct plasma Cer and their ratios to assess the risk for 
major CV events and can be further improved by combin-
ing these plasma Cer with phosphatidylcolines (PCs).5,9 
Superior to the CERT1 risk score as a prognostic marker 
in several clinical settings, the CERT2 risk score, based on 
plasma Cer and PCs, has been shown to efficiently iden-
tify patients with CAD that are at an increased risk of CV 

death.9 To our knowledge, however, the prognostic value 
of CERT risk scores has not been evaluated in patients 
with HF.

Therefore, we used data obtained from the 
COMMANDER- HF and GISSI- HF trials to examine the 
relationship between distinct plasma Cer and phospho-
lipid species and the risk of developing major adverse CV 
events.

2  |  METHODS

2.1 | Ethical approval

COMMANDER HF has been conducted in keeping with 
Good Clinical Practice guidelines, the principles outlined 
in the Declaration of Helsinki, and applicable local laws 
and regulations. All participating centres/countries had 
to obtain approval from appropriate independent ethics 
committees or institutional review boards, and patients 
had to give written informed consent.

The GISSI- HF trial was approved by each local 
Institutional Review Board of all the participating centres. 
A written informed consent was obtained from each study 
participant before the study enrolment.

2.2 | Study populations

The COMMANDER- HF (NCT01877915) study design 
and main results have been previously described.10 The 
trial randomized 5022 patients with a history of HF 
and significant CAD following a recent symptomatic 
exacerbation of HF, 2515 in the placebo group and 2507 
in the rivaroxaban group. The median follow- up was 
1.7 years. The present study includes 4234 patients with 
available baseline samples for CERT risk score analyses, 
2129 in the placebo group and 2105 in the rivaroxaban 
group, respectively. The baseline characteristics of the 
study population can be found in Table 1.

The GISSI- HF (NCT00336336) trial was a pragmatic, 
double- blind, placebo- controlled, randomized, mul-
ticentre study to assess the efficacy and safety of n- 3 

HR 2.73, 95% CI 2.20–3.38, GISSI- HF: 2.67, 95% CI 1.67–4.26) compared to those 
with the lowest CERT2 risk category.
Conclusions: The CERT2 risk score is strongly associated with an increased risk 
of CV death, all- cause death and MACE in patients with HF.

K E Y W O R D S

cardiovascular event, ceramides, plasma biomarkers, risk score, sphingolipids
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T A B L E  1  Baseline characteristics of the study participants.

COMMANDER- HF 
(n = 4234) GISSI- HF (n = 1227)

Age (years) 67 (59–74) 71 (63–78)

Female sex 968 (22.9%) 239 (19.5%)

BMI (kg/m2) 27.3 (24.5–30.9) 26.4 (24.0–29.4)

Systolic BP (mmHg) 122 (110–132) 120 (110–140)

Diastolic BP (mmHg) 74 (68–80) 80 (70–80)

Ischemic heart failure 100% 626 (51.0%)

eGFR (mL/min/1.73m2) 65.9 (51.4–81.2) 65.8 (49.0–76.1)

eGFR

<30 mL/min/1.73m2 133 (3.1%) 53 (4.3%)

30–59.9 mL/min/1.73m2 1546 (36.5%) 483 (39.4%)

60–89.9 mL/min/1.73m2 1896 (44.8%) 540 (44.0%)

≥90 mL/min/1.73m2 659 (15.6%) 144 (11.7%)

LVEF (%) 34 (28–38) 33 (27–38)

NYHA class

Class I 132 (3.1%) 0

Class II 1905 (45.0%) 907 (73.9%)

Class III–IV 2196 (51.8%) 320 (26.1%)

Haemoglobin (g/dL) 13.6 (12.4–14.8) 13.7 (12.6–14.7)

Medical history

History of MI 3293 (77.8%) 539 (43.9%)

History of stroke 385 (9.1%) 55 (4.5%)

History of diabetes 1731 (40.9%) 320 (26.1%)

History of hypertension 3290 (77.7%) 673 (54.8%)

History of PCI/CABG 2659 (62.8%) 369 (30.1%)

Cardiac device 575 (13.6%) N/A

Cardiac resynchronization therapy 83 (2.0%) N/A

Implantable cardioverter defibrillator 387 (9.1%) 101 (8.2%)

Pacemaker 183 (4.3%) 173 (14.1%)

Drug therapy

Diuretic 4221 (99.7%) 1113 (90.7%)

ACEI/ARB 3967 (93.7%) 999 (81.4%)

Nitrate 819 (19.3%) 385 (31.4%)

Hydralazine 45 (1.1%) N/A

Beta- blocker 3936 (93.0%) 835 (68.1%)

MRA 3189 (75.3%) 529 (43.1%)

Digoxin 264 (6.2%) 416 (33.9%)

Aspirin 3962 (93.6%) 599 (48.8%)

Thienopyridine 1645 (38.9%) 143 (11.7%)

Antiplatelet therapy

Aspirin alone 2529 (59.7%) 568 (46.3%)

Thienopyridine alone 212 (5.0%) 112 (9.1%)

Dual antiplatelet 1433 (33.8%) 31 (2.5%)

None 60 (1.4%) 516 (42.1%)
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polyunsaturated fatty acids [PUFAs] and rosuvastatin in 
patients with symptomatic chronic HF with any left ven-
tricular ejection fraction. Not all patients had a history 
of CAD, but an ischemic aetiology (e.g. previous acute 
myocardial infarction or chronic CAD) was documented 
in 50% of these. patients. The trial was conducted in 357 
Italian centres and enrolled 6975 patients with clinical 
evidence of chronic and stable HF from August 2002 to 
February 2005 and obtained permission from ethical com-
mission. The median follow- up was 3.9 years. Primary 
endpoints of the trial were time to death, and time to 
death or admission to hospital for CV reasons.11 For 1227 
patients baseline samples where available of whom 1063 
had samples assessed also at month 3.

2.3 | End- point assessment

The primary outcome of interest for this analysis was CV 
death in association with plasma lipid variables while 
utilizing the prognostic value of CERT1 and CERT2 risk 
scores.9 Since the CERT2 risk score is the evolution of the 
CERT1 risk score, the present analysis is mainly focused on 
CERT2. Additional outcomes of interest for this analysis 
included all- cause death and major CV events, that is, a 
three- point MACE defined as a composite endpoint of 
nonfatal myocardial infarction, nonfatal stroke or CV 
death.

2.4 | Quantification of ceramides and 
phosphatidylcholines

The plasma levels of Cer(d18:1/16:0), Cer(d18:1/18:0), 
Cer(d18:1/24:0), Cer(d18:1/24:1), PCs(14:0/22:6), 
PCs(16:0/16:0), PCs(16:0/22:5) were quantified on a 5500 
QTRAP mass spectrometer equipped with an UHPLC 
system as described recently.5,12 PCs were analysed from 
the same lipid extract as the Cer.9

2.5 | CERT2 risk score

The CERT2 risk score comprises distinct plasma Cer and 
PCs lipid ratios combined with a single PCs:

 (i) Cer(d18:1/24:1)/Cer(d18:1/24:0),
 (ii) Cer(d18:1/16:0)/PCs(16:0/22:5),
 (iii) Cer(d18:1/18:0)/PCs(14:0/22:6),
 (iv) PCs(16:0/16:0)

Patients were assigned a score between 0 and 3 (CERT2) 
for quartiles 1–4 respectively as specified in Table 2. A pa-
tient's CERT2 risk score was then calculated by adding 
all four components to create a score ranging from 0 to 
12, subsequently stratified into four risk categories rang-
ing from low to high risk. More details of the CERT2 risk 
score calculation have been previously described.9

2.6 | Statistical analyses

Comparison of baseline characteristics and distinct lipid 
variables (i.e. lipids, lipid ratios and CERT2 score) be-
tween patients allocated to active treatment (i.e. rivar-
oxaban or n- 3PUFA) and placebo was carried out using 
the non- parametric Wilcoxon test for continuous vari-
ables and the Fisher's exact test for categorical variables. 
Continuous variables were expressed as median (inter-
quartile range) and categorical variables as frequency 
(percentage). No differences were observed by study 
treatment groups at baseline, and therefore, within the 
two study populations, patients were treated as a single 
group. All analyses in the GISSI- HF trial were adjusted 
by study treatments when applied to changes after 3- 
month follow- up.

To assess the association between each lipid variable 
and each study endpoint (CV death, all- cause death or 
three- point MACE), time- to- event analyses were per-
formed using three progressive Cox regression models 
adjusted as follows: model 1: unadjusted; model 2: ad-
justed for age and sex; model 3: adjusted for age, sex, 
body mass index, arterial hypertension, diabetes, left 
ventricular ejection fraction (LVEF), estimated glo-
merular filtration rate (eGFR, calculated with the sim-
plified Modification of Diet in Renal Disease (MDRD) 
equation), and treatment group; model 4: model 3 + ad-
justment for Ln- transformed NT- proBNP. Hazard ratios 
(HRs) are presented with their 95% confidence inter-
vals (95% CI). Cox models were used to assess interac-
tions between lipid variables (quartiles for lipids and 

CERT2 Q1 Q2 Q3 Q4 Score

Cer(d18:1/24:1)/Cer(d18:1/24:0) 0 1 2 3 0–12

Cer(d18:1/16:0)/PCs(16:0/22:5) 0 1 2 3

Cer(d18:1/18:0)/PCs(14:0/22:6) 0 1 2 3

PCs(16:0/16:0) 0 1 2 3

T A B L E  2  CERT2 risk score assigned 
based on plasma Cer and PCs lipid ratios 
for quartiles (Q) 1–4.
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lipid ratios, and risk groups for CERT2 score) and the 
study treatment. HR of study treatment vs. placebo in 
each subgroup was reported (HR > 1: placebo was bet-
ter, HR < 1: study/treatment was better). Changes of 
CERT2 over 3 months in the GISSI- HF trial were calcu-
lated as relative to the value at randomization and com-
pared using the Mann–Whitney test between treatment 
groups.

Cumulative events for CV death, all- cause death and 
three- point MACE according to lipid groups (quartiles 
for lipids and lipid ratios, CERT2 risk score groups) were 
illustrated using the Kaplan–Meier analyses. Difference 
between survival curves were analysed using the log- rank 
test. Kaplan–Meier analyses were used to show the added 
value of CERT2 highest scores 9–12 on top of NT- proBNP 
higher than 450 pg/mL (upper limit of first tertile). This 
was possible only for the GISSI- HF cohort, since NT- 
proBNP had been assayed.

All statistical analyses were performed using R soft-
ware (the R foundation for Statistical Computing). The 
two- tailed significance level was set at p- value < 0.05.

3  |  RESULTS

3.1 | CERT2 risk score, all- cause 
death and cardiovascular endpoints

The performance of the CERT2 risk score was evaluated 
for CV death, all- cause death and three- point MACE. In 
the unadjusted risk of CV death in the COMMANDER- HF 
trial (Table  3A), an increase was observed across 
increasing CERT2 risk score categories with more than a 
three- fold higher risk of CV death observed for patients in 
the highest CERT2 risk group (unadjusted HR 3.56, 95% 
CI 2.78–4.56). In the unadjusted risk of all- cause death, 
a slightly higher increase was observed compared to CV 
death for the CERT2 risk score (unadjusted HR 3.82, 95% 
CI 3.04–4.80). In the unadjusted risk for MACE, the same 
trend was observed, an increase across increasing CERT2 
risk categories (unadjusted HR 3.46, 95% CI 2.80–4.28). 
Similar results were found in the GISSI- HF trial: for 
all three endpoints, risks increased significantly along 
with the CERT2 risk score (Table 3B). The progressively 
increased risks for CV death, all- cause death and MACE 
are also visualized in the Kaplan–Meier curves in Figure 1. 
Upon including a correction for NT- proBNP in model 
4, CERT2 9–12 independently predicted all cause death 
(HR 1.79, 95% CI 1.14–2.81) and MACE (HR 1.62, 95% CI 
1.00–2.63).

Overall, in both studies the higher CERT2 risk score 
category remained significantly associated with a greater 
risk of CV death, all- cause death and three- point MACE 

after adjusting for age and sex (model 2). After fur-
ther adjustment for other CV risk factors and potential 
confounders (age, sex, BMI, hypertension, diabetes, 
LVEF, eGFR and treatment allocation) Rivaroxaban 
(COMMANDER- HF) or n- 3PUFA (GISSI- HF), adjusted 
model 3), a significant association remained between 
the highest CERT2 risk score category and the risk of 
CV death (COMMANDER- HF: HR 2.80, 95% CI 2.18–
3.60; GISSI- HF: 2.84, 95% CI 1.70–4.74). Same results 
for all- cause death (COMMANDER- HF: HR 2.97, 95% 
CI 2.36–3.75; GISSI- HF: 2.83, 95% CI 1.83–4.38) and 
MACE (COMMANDER- HF: HR 2.73, 95% CI 2.20–3.38; 
GISSI- HF: 2.67, 95% CI 1.67–4.26). In the GISSI- HF co-
hort, when Ln- transformed NT- proBNP was included, a 
significant association was observed with all- cause death 
(HR 1.79, 95% CI 1.14–2.81) and MACE (HR 1.62, 95% 
CI 1.00–2.63) for individuals in the highest CERT2 risk 
score category. The added value of CERT2 was evident 
from univariate Kaplan–Meier curves (Figure 2).

Upon performing this analysis in the subgroup of 626 
GISSI- HF participants with HF of ischemic aetiology, 
similar significant results were found for the CERT2 risk 
score, despite a lower number of patients included in this 
analysis, see Table S1.

3.2 | Lipid species level association 
with all- cause death and cardiovascular 
endpoints

The prognostic performance of different plasma Cer/
PCs species and their distinct ratios was also explored 
(Table  S2A,B). Robust associations were recorded 
between the prespecified lipid ratios and the risk of all 
study endpoints, both before and after multivariable 
adjustments.

3.3 | Standard lipid variable association 
with all- cause death and cardiovascular 
endpoints

For the GISSI- HF trial, the following standard plasma 
lipid variables were measured locally: total cholesterol, 
HDL- cholesterol, LDL- cholesterol, and triglycerides 
allowing comparison with Cer and phospholipid spe-
cies (Table 4). In the unadjusted risk for CV death and 
all- cause death, all four lipids have shown a significant 
inverse association opposite to the positive association 
between the CERT2 risk score and the risk of CV out-
comes. After adjusting for age and sex (model 2), these 
associations remained statistically significant. However, 
after further adjustment for other covariates (age, sex, 
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BMI, hypertension, diabetes, LVEF, eGFR and treat-
ment allocation, model 3), the significance of associa-
tions tended to attenuate and remained significant only 
for plasma total cholesterol and triglyceride concentra-
tions. Similar lipid associations were also observed for 
the three- point MACE.

We have assessed the change over 3 months of the 
CERT2 score by treatment with n- 3PUFA or placebo in 
GISSI- HF. While no differences in CERT2 score were found 
at baseline, after 3 months of n- 3PUFA intake the CERT2 
scores were reduced with 15% as compared to patients who 
were randomized to placebo (p < 0.001), see Table 5.

F I G U R E  1  Kaplan–Meier curves of the progressively increased risks for CV death, all- cause death and MACE.

F I G U R E  2  Kaplan–Meier curves of NT- proBNP for CV death, all- cause death and MACE.
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4  |  DISCUSSION

The findings of the present large study demonstrate that 
a plasma Cer and phospholipid- based score efficiently 
identifies patients with HF who are at higher risk of CV 
death. The CERT2 risk score can also be used to identify 
those patients who are at higher risk of all- cause death 
and three- point MACE (defined as nonfatal myocardial 
infarction, nonfatal stroke and CV mortality). Therefore, 
CERT2 provides incremental information for risk stratifi-
cation of patients with HF. Notably, independent analyses 
were done in the plasma samples of the two cohorts of pa-
tients from the COMMANDER- HF and GISSI- HF trials. 
We believe that this increases the strength and generaliz-
ability of our results.

It is noteworthy that despite the very high event rate 
in the COMMANDER- HF trial, the CERT2 risk score en-
abled a clear risk stratification in the HF patient popula-
tion. In fact, patients with the highest CERT2 risk score 
had over 3.5- fold increased risk for CV death, 3.8- fold 

increased risk for all- cause death and 3.4- fold increased 
risk for three- point MACE compared to those with the 
lowest CERT2 risk score. After adjusting for important 
clinical variables, such as age and sex, there still was an al-
most three- fold increased risk of death for patients at the 
highest CERT2 risk score.

Whenever a new biomarker of risk is tested in HF, its 
added value on top of the benchmark of a natriuretic pep-
tide has to be assessed. When the model was adjusted for 
the benchmark biomarker NT- proBNP, CERT2 was no lon-
ger independently related to CV- death and it's relation with 
MACE was of borderline significance, while a strong asso-
ciation for Ln- transformed NT- proBNP could be observed: 
1.95 (1.69–2.26) and 1.76 (1.55–2.00), respectively for CV 
death and MACE. Nonetheless CERT2 independently 
predicted all- cause death even with a statistically signifi-
cant adjustment for NT- proBNP which had a HR of 1.71 
(1.51–1.93). The two markers of risk may reflect different 
pathophysiological pathways. which confirms the prognos-
tic value of NT- proBNP for cardiac events in HF.

T A B L E  4  Associations of standard lipid variables with all- cause death and cardiovascular endpoints in Cox models for the GISSI- HF 
participants.

nevent/n

Model 1 Model 2 Model 3

HR (CI 95%) p- value HR (CI 95%) p- value HR (CI 95%) p- value

Total cholesterol

CV death 241/1222 0.73 (0.65–0.82) <0.0001 0.68 (0.58–0.79) <0.0001 0.50 (0.26–0- 96) 0.038

All cause death 327/1222 0.74 (0.66–0.82) <0.0001 0.68 (0.59–0.78) <0.0001 0.46 (0.27–0.78) 0.004

3- point MACE 607/1222 0.84 (0.78–0.91) <0.0001 0.85 (0.76–0.95) 0.005 1.15 (0.56–2.33) 0.708

LDL- C

CV death 217/1134 0.82 (0.73–0.92) <0.0001 0.82 (0.70–0.97) 0.019 1.20 (0.87–1.66) 0.268

All cause death 295/1134 0.83 (0.75–0.92) <0.0001 0.84 (0.73–0.98) 0.021 1.27 (0.95–1.70) 0.106

3- point MACE 561/1134 0.86 (0.80–0.93) <0.0001 0.87 (0.78–0.97) 0.016 1.05 (0.86–1.28) 0.632

HDL- C

CV death 235/1204 0.82 (0.72–0.94) 0.003 0.79 (0.66–0.95) 0.011 0.96 (0.79–1.16) 0.671

All cause death 319/1204 0.88 (0.79–0.99) 0.029 0.78 (0.67–0.91) 0.002 0.94 (0.80–1.11) 0.485

3- point MACE 597/1204 0.89 (0.82–0.96) 0.005 0.86 (0.76–0.96) 0.007 0.92 (0.81–1.05) 0.207

Triglycerides

CV death 240/1218 0.82 (0.72–0.94) 0.004 0.76 (0.63–0.91) 0.003 0.79 (0.64–0.98) 0.030

All cause death 326/1218 0.80 (0.71–0.90) <0.0001 0.76 (0.65–0.89) <0.0001 0.81 (0.67–0.97) 0.019

3- point MACE 605/1218 0.94 (0.87–1.02) 0.142 0.98 (0.87–1.10) 0.719 1.01 (0.89–1.14) 0.937

CERT2 score
Placebo 
(n = 610)

n- 3PUFA 
(n = 617)

Relative 
difference (%)** p- value*

Baseline 6 (5–9) 6 (4–9) −3.19 0.155

3 months 6 (4–8) 5 (3–7) −14.99 1.0 × 10−7

Note: Values are median (Q1–Q3).
*Mann–Whitney test for difference between treatment groups. **Relative difference is for the means with 
placebo as reference.

T A B L E  5  CERT2 scores in placebo 
and n- 3PUFA groups after 3 months of 
treatment in GISSI- HF.
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The CERT2 risk score has been previously validated 
as an important tool for predicting CV events in patients 
with CAD.5 The present study provides clear evidence that 
the CERT2 risk score can also be used as a prognostic bio-
marker in addition to established biomarkers of outcome 
in patients with HF or CAD.

Notably, the results were replicated in the GISSI- HF 
study, which showed similar results to those of the 
COMMANDER- HF trial, both in univariate analyses and 
even after adjusting for age and sex. It is important to note 
the two cohorts included patients with HF, however, in 
the COMMANDER- HF trial all patients had LVEF ≤ 40%, 
CAD and a recent episode of worsening of HF, while in 
the GISSI- HF trial all patients had symptomatic HF of any 
LVEF and about half of them with ischemic aetiology of 
HF. Furthermore, the cumulative rates of all- cause mor-
tality in the COMMANDER- HF and GISSI- HF trials were 
22% over a median of 1.7 years and 28% over a median of 
3.9 years, respectively.

As previously reported, while in the 
COMMANDER- HF trial all patients had HF of ischemic 
aetiology, only half of those included in the GISSI- HF 
trial had an ischemic aetiology of HF. That said, the 
aetiology of HF in the GISSI- HF participants did not 
influence either the prognostic value or the changes 
of CERT2 risk score over time. These apparently un-
expected findings from the GISSI- HF trial may suggest 
that the CERT2, a score specifically developed and tar-
geted to estimate the mortality risk in CAD,9 may lose, at 
least in part, its specificity in the context of chronic HF. 
It may well be that overt HF overrides lipid and inflam-
matory pathways in predicting patient outcomes.

Various plasma Cer and PCs species are potential risk 
markers in different pathologies. Long and very- long- 
chain plasma Cer appear to be the main contributors to an 
increased risk of CV death in patients with chronic HF.8 
A strong association between Cer(d18:1/18:0) and risk of 
MACE has been previously reported.13 Our data supports 
a strong association between distinct plasma Cer species 
and increased risk of MACE in patients with HF. An in-
creased Cer ratio of Cer(d18:1/16:0)/Cer(d18:1/24:0) has 
been previously found to be strongly associated with the 
risk of CV death in patients with ACS and CAD.5 An in-
creased Cer(d18:1/16:0)/Cer(d18:1/24:0) ratio is also sig-
nificantly associated with a higher risk of CV death in 
patients with HF, as can be seen in our study. Moreover, the 
Cer(d18:1/16:0)/Cer(d18:1/24:0) ratio shows a strong asso-
ciation with risks of all- cause death and MACE. Another 
study found that increased levels of Cer(d18:1/24:1) and the 
ratios Cer(d18:1/16:0)/Cer(d18:1/24:0), Cer(d18:1/18:0)/
Cer(d18:1/24:0), Cer(d18:1/24:1)/Cer(d18:1/24:0) and 
Cer(d18:1/16:0)/PCs(16:0/22:5) are strongly associated 
with a higher risk of MACE.14 Numerous studies have 

explored specific plasma Cer and PCs, and their involve-
ment in the increased risk of adverse CV outcomes. Our 
data contributes to the importance of utilizing plasma 
lipid ratios and Cer risk scores in identifying patients with 
cardio metabolic diseases at high risk for major CV events.

Evolving research underscores the linkage between 
Cer lipids and CVD risk, shedding light on the molec-
ular mechanisms underlying the pathogenesis of CV 
disorders.15 Cer have gained attention due to their mul-
tifaceted involvement in cellular processes that contrib-
ute to CV health.4 These lipids, known for their role in 
membrane structure and signalling pathways, exhibit 
pro- inflammatory properties, promoting endothelial dys-
function and vascular inflammation. The impact of Cer 
extends beyond inflammation, encompassing oxidative 
stress and apoptosis, processes intricately linked to the 
progression of CVD. Cer have also been implicated in 
insulin resistance further amplifying CVD risk. Finally, 
through their influence on lipid metabolism and cellular 
signalling cascades, Cer contribute to a milieu conducive 
to atherosclerosis and plaque formation.16,17

Standard lipid variables have been suggested to have 
prognostic value in predicting CV events.18 In the cur-
rent study, a standard lipid panel was measured allowing 
comparison between routinely used plasma lipids and 
CERT2 risk score as well as its Cer components. Opposite 
results were observed between standard lipids and Cer 
species, Cer/phospholipid ratios and CERT2 risk score. 
Interestingly, it appeared that while the CERT2 risk score 
and its Cer components were positively associated with 
the risk of CV outcomes, the routinely used lipids, such as 
plasma total cholesterol and LDL- C concentrations, had 
an unexpected inverse association with CV events during 
the follow- up. This observation also supports earlier stud-
ies demonstrating a lack of association between plasma 
LDL- C concentration and the risk of CV events in elderly 
or patients with established CAD.19,20 Based on the pres-
ent results, it appears that plasma LDL- C concentration 
cannot be used as a reliable CV risk marker in people with 
chronic HF, despite its causal role in the development 
of atherosclerosis. However, as most circulating Cer are 
transported in LDL particles, they remain of clinical in-
terest as their manipulation might be of therapeutic value.

The present study has some limitations. The most 
important is the heterogeneity between the two popula-
tions: all patients in COMMANDER- HF had documented 
ischemic heart disease (IHD), while GISSI- HF included 
unselected HF patients. However, adjusting for the trial 
factor did not diminish the prognostic value of CERT2 
in the multivariable analysis. NT- proBNP was not mea-
sured in COMMANDER- HF, so we were only able to 
evaluate the added prognostic value of CERT2 alongside 
NT- proBNP in the 1227 patients from GISSI- HF. Lastly, 
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the GISSI- HF samples had been stored for approximately 
20 years at −70°C in an ISO 9001:2015 certified biobank, 
part of BBMRI, with continuous temperature monitoring. 
Despite the long storage time, the absolute concentra-
tions of the six components of the CERT2 score were well 
within the expected ranges.

5  |  CONCLUSIONS

The strength of the present analysis is that two independ-
ent large cohorts of patients with HF with slightly different 
characteristics were studied, and in both patient cohorts, 
the prognostic value of the CERT2 risk score showed su-
perimposable trends. Sphingolipids and Cer were assayed 
in plasma with the same analytical methods. The apparent 
differences in risk estimates between the two patient co-
horts cannot be addressed adequately since the GISSI- HF 
cohort of 1227 patients is much smaller than that of the 
COMMANDER- HF cohort of 4234 patients.

In conclusion, in this study of patients with a history 
of HF and significant CAD we found for the first time that 
plasma Cer- phospholipid risk score (i.e. the CERT2 risk 
score) was significantly associated with an increased risk 
of CV death, all- cause death and three- point MACE inde-
pendent of traditional CV risk factors and risk markers. 
This risk score provides significant predictive value in risk 
stratification and can improve the prediction of major CV 
events, including death in people with HF, most with sig-
nificant CAD. Combining the CERT2 risk score and other 
risk stratification methods might further improve the 
identification of patients at an increased risk of develop-
ing major CV events.

5.1 | Clinical perspectives

The CERT2 risk score provides significant predictive 
value in risk stratification and improves the prediction 
of major CV events. Combining the CERT2 risk score 
with other risk stratification can be a tool for clinicians to 
identify patients at an increased risk of developing major 
CV events.

ACKNOWLEDGEMENTS
We are indebted to the participants in the study and 
to the cardiologists, nurses, ethical committees, and 
administrative staff in hospitals who helped with the 
conduct of GISSI- HF trial.

FUNDING INFORMATION
This work has been supported by Fondazione Regionale 
per la Ricerca Biomedica (Regione Lombardia), Project 

ERAPERMED2022- 113, GA 779282. This project has also 
received funding from the European Union's Horizon 
2020 research and innovation programme under the grant 
agreement No. 848056 (CoroPrevention) and Horizon 
Europe grant agreement No. 101095413 (CARE- IN- 
HEALTH). Views and opinions expressed are those of the 
author(s) only and do not necessarily reflect those of the 
European Union or the European Commission. Neither 
the European Union nor the granting authority can be 
held responsible for them.

CONFLICT OF INTEREST STATEMENT
Zora Biosciences Oy holds patent disclosures related 
to the diagnostic and prognostic use of ceramides 
and phospholipids in CVD. M.H., A.J., and R.L. are 
employees and R.L. a shareholder of Zora Biosciences 
Oy. All other authors have nothing to disclose. This 
work has been supported by Fondazione Regionale 
per la Ricerca Biomedica (Regione Lombardia), project 
ERAPERMED2022- 113, GA779282 under the frame of 
ERA PerMed. The GISSI- HF clinical trial was funded by 
Società Prodotti Antibiotici (SPA; Italy), Pfizer, Sigma 
Tau, and AstraZeneca.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are 
available on request from the corresponding author, 
JMTAM. The data are not publicly available due to 
containing information that could compromise the 
privacy of research participants.

ORCID 
Jennifer M. T. A. Meessen   https://orcid.
org/0000-0002-1744-6899 
Marianna Cerrato   https://orcid.
org/0009-0007-6254-8337 
Deborah Novelli   https://orcid.org/0000-0002-2749-304X  

REFERENCES
 1. Roger VL. Epidemiology of heart failure. Circ Res. 

2013;113:646-659.
 2. World Heart Federation. Heart Failure. 2023. https:// world -  

heart -  feder ation. org/ what-  we-  do/ heart -  failu re/ 
 3. Lahoz R, Fagan A, McSharry M, Proudfoot C, Corda S, Studer 

R. Recurrent heart failure hospitalizations are associated with 
increased cardiovascular mortality in patients with heart fail-
ure in clinical practice research datalink. ESC Heart Fail. 
2020;7:1688-1699.

 4. Choi RH, Tatum SM, Symons JD, Summers SA, Holland WL. 
Ceramides and other sphingolipids as drivers of cardiovascular 
disease. Nat Rev Cardiol. 2021;701–11:701-711.

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

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14359 by C

H
U

 N
ancy, W

iley O
nline L

ibrary on [16/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-1744-6899
https://orcid.org/0000-0002-1744-6899
https://orcid.org/0000-0002-1744-6899
https://orcid.org/0009-0007-6254-8337
https://orcid.org/0009-0007-6254-8337
https://orcid.org/0009-0007-6254-8337
https://orcid.org/0000-0002-2749-304X
https://orcid.org/0000-0002-2749-304X
https://world-heart-federation.org/what-we-do/heart-failure/
https://world-heart-federation.org/what-we-do/heart-failure/


12 of 12 |   WITOSLAWSKA et al.

artery disease and acute coronary syndromes beyond LDL- 
cholesterol. Eur Heart J. 2016;37:1967-1976.

 6. Lemaitre RN, Jensen PN, Hoofnagle A, et al. Plasma ceramides 
and sphingomyelins in relation to heart failure risk: the cardio-
vascular health study. Circ Heart Fail. 2019;12:e005708.

 7. Peterson LR, Xanthakis V, Duncan MS, et al. Ceramide remod-
eling and risk of cardiovascular events and mortality. J Am 
Heart Assoc. 2018;7:e007931.

 8. Targher G, Lunardi G, Mantovani A, et  al. Relation between 
plasma ceramides and cardiovascular death in chronic heart 
failure: a subset analysis of the GISSI- HF trial. ESC Heart Fail. 
2020;7:3288-3297.

 9. Hilvo M, Meikle PJ, Pedersen ER, et al. Development and val-
idation of a ceramide-  and phospholipid- based cardiovascular 
risk estimation score for coronary artery disease patients. Eur 
Heart J. 2020;41:371-380.

 10. Zannad F, Greenberg B, Cleland JGF, et  al. Rationale and 
design of a randomized, double- blind, event- driven, mul-
ticentre study comparing the efficacy and safety of oral 
rivaroxaban with placebo for reducing the risk of death, myo-
cardial infarction or stroke in subjects with heart failure and 
significant coronary artery disease following an exacerbation 
of heart failure: the COMMANDER HF trial. Eur J Heart Fail. 
2015;17:735-742.

 11. Tavazzi L, Maggioni AP, Marchioli R, et al. Effect of n- 3 poly-
unsaturated fatty acids in patients with chronic heart failure 
(the GISSI- HF trial): a randomised, double- blind, placebo- 
controlled trial. Lancet. 2008;372:1223-1230.

 12. Kauhanen D, Sysi- Aho M, Koistinen KM, Laaksonen R, Sinisalo 
J, Ekroos K. Development and validation of a high- throughput 
LC- MS/MS assay for routine measurement of molecular cera-
mides. Anal Bioanal Chem. 2016;408:3475-3483.

 13. Havulinna AS, Sysi- Aho M, Hilvo M, et  al. Circulating 
Ceramides Predict Cardiovascular Outcomes in the Population- 
Based FINRISK 2002 Cohort. Arterioscler Thromb Vasc Biol. 
2016;36:2424-2430.

 14. Timmerman N, Waissi F, Dekker M, et al. Ceramides and phos-
pholipids in plasma extracellular vesicles are associated with 
high risk of major cardiovascular events after carotid endarter-
ectomy. Sci Rep. 2022;12:5521.

 15. Zietzer A, Düsing P, Reese L, Nickenig G, Jansen F. Ceramide 
metabolism in cardiovascular disease: a network with 
high therapeutic potential. Arterioscler Thromb Vasc Biol. 
2022;42:1220-1228.

 16. Zelnik ID, Kim JL, Futerman AH. The complex tail of circulat-
ing sphingolipids in atherosclerosis and cardiovascular disease. 
J Lipid Atheroscler. 2021;10:268-281.

 17. Zhu Q, Scherer PE. Ceramides and Atherosclerotic 
Cardiovascular Disease: A Current Perspective. Circulation. 
2024;149(21):1624-1626.

 18. Li S, Hou L, Zhu S, et al. Lipid variability and risk of cardiovas-
cular diseases and all- cause mortality: a systematic review and 
meta- analysis of cohort studies. Nutrients. 2022;14:2450.

 19. Ravnskov U, Diamond DM, Hama R, et al. Lack of an associa-
tion or an inverse association between low- density- lipoprotein 
cholesterol and mortality in the elderly: a systematic review. 
BMJ Open. 2016;6:e010401.

 20. Kronmal RA, Cain KC, Ye Z, Omenn GS. Total serum choles-
terol levels and mortality risk as a function of age: a report based 
on the Framingham data. Arch Intern Med. 1993;153:1065-1073.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Witoslawska A, Meessen 
JMTA, Hilvo M, et al. Ceramide and 
phosphatidylcholine lipids- based risk score predicts 
major cardiovascular outcomes in patients with 
heart failure. Eur J Clin Invest. 2024;00:e14359. 
doi:10.1111/eci.14359

 13652362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/eci.14359 by C

H
U

 N
ancy, W

iley O
nline L

ibrary on [16/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/eci.14359

	Ceramide and phosphatidylcholine lipids-based risk score predicts major cardiovascular outcomes in patients with heart failure
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Ethical approval
	2.2  |  Study populations
	2.3  |  End-point assessment
	2.4  |  Quantification of ceramides and phosphatidylcholines
	2.5  |  CERT2 risk score
	2.6  |  Statistical analyses

	3  |  RESULTS
	3.1  |  CERT2 risk score, all-cause death and cardiovascular endpoints
	3.2  |  Lipid species level association with all-cause death and cardiovascular endpoints
	3.3  |  Standard lipid variable association with all-cause death and cardiovascular endpoints

	4  |  DISCUSSION
	5  |  CONCLUSIONS
	5.1  |  Clinical perspectives

	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID 
	REFERENCES


