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Ceramides versus standard methods in prediction of subclinical atherosclerosis

Janula Stromska'>*, Geraldo Neto', Irma Magaly Rivas-Serna’, Juan Pablo Gonzalez-Rivas'*, Manlio Vinciguerra®’,
Roman Panovsky'**, Radim Brat*, Jiri Plasek®

Background. Ceramides are a heterogeneous group of bioactive membrane sphingolipids that play specialized regula-
tory roles in cellular metabolism depending on their characteristic fatty acyl chain lengths and subcellular distribution.
Ceramides have emerged as promising biomarkers for cardiovascular diseases.

Methods. Within the prospective Kardiovize study based in Brno, Czech Republic, we aimed to develop two carotid
intima—-media thickeness (CIMT) prediction models using available variables. One model incorporated, in addition to
sex and age, conventional biomarkers (total cholesterol, triglycerides, lipid-lowering therapy), while the other included
blood concentrations of selected ceramides. Lipids species were measured by a hyphenated mass spectrometry tech-
nique.

Results. A total of 139 men (mean age 61.8 + 16.4) and 222 women (63.9 + 14.8) were included in the present study.
Both approaches yielded almost identical coefficients of determination (54.6 % vs 55.0%) with good classification
abilities (weighted kappa 0.69 vs 0.71) in both models. The ceramide (d18:1/18:0) shows a strong negative association
with CIMT ( = —1.39, P=0.04), while (d18:1/24:1) shows a positive association with carotid intima-media thickness
(B=0.20, P=0.002).

Conclusion. The tested ceramides were able to predict subclinical atherosclerosis by carotid intima—-media thickness
with comparable accuracy to a combination of routinely tested lipids.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of
death globally, with an estimated 19.8 million lives each
year!. Traditional cardiovascular risk factors (e.g. hyper-
tension, diabetes, high low-density lipoprotein, smoking,
overweight and obesity) explain only 75% of the risk for
CVD and exposure to one or more vascular risk factors
is common even in individuals who will not develop any
clinical manifestations?. Most cardiovascular events are
caused by atherosclerosis, which develops decades before
clinical signs and insidiously progresses to a point where
it can only be delayed but not reversed®*. Therefore, it is
essential to identify individuals at risk to prevent the onset
of CVD with lifestyle interventions or medical treatment?.

Carotid intima-media thickness (CIMT) measure-
ment assesses the health and integrity of the carotid ar-
teries, the major blood vessels supplying oxygenated blood
to the brain. CIMT can detect subclinical atherosclerosis,
characterized by the early formation of fatty deposits in
the arteries. Several studies have suggested that CIMT
is an early, valid and independent surrogate marker for
CVD risk®’. However, it should be noted that CIMT is
primarily used as a marker of subclinical atherosclerosis
in epidemiological and research settings and does not
directly quantify the burden of atherosclerotic plaque.
While CIMT can facilitate reclassification of patients at
intermediate cardiovascular risk, its utility for individual
risk stratification in routine clinical practice is limited
and should be considered within a broader context of
established cardiovascular risk assessment tools. Existing
evidence suggests that a combination of demographic and
clinical data, along with both conventional and novel bio-
markers like ceramides, could effectively predict CIMT.
This strategy holds considerable promise for improving
clinical decision-making and public health outcomes®.
However, the coefficients of determination (R?) values
are still relatively modest (0.21 to 0.45), and models have
only been tested on primarily young and healthy popula-
tions®1°,

Ceramides are a heterogeneous group of bioactive
membrane sphingolipids that play specialized regulatory
roles in cellular metabolism depending on their character-
istic fatty acyl chain lengths and subcellular distribution!'.
They have an important role in many cellular functions
such as apoptosis and inflammation'?. During the past
decade emerging clinical data have shown that cerami-
des also have a diagnostic value. Based on abundant
published data, risk scores using the concentrations of
circulating ceramides have been developed and adapted
for routine clinical practice. Currently serum ceramides
are used clinically as efficient risk stratifiers for primary
and secondary prevention of atherosclerotic CVD such
as coronary artery disease, stroke, as well as heart failure

and atrial fibrillation'-1*", To bring new insights into this
field, the objective was to create two predictive models
for CIMT using easily obtainable variables. One model
is based on traditional biomarkers, such as blood lipid
levels, while the other includes newer biomarkers, specifi-
cally ceramides.

METHODS

Study population and design

The Kardiovize study is a multidisciplinary epidemio-
logical project with a random stratified by sex sample of
25-64-year-old residents of the city of Brno in Czechia
designed as a prospective cohort?*?!, The recruitment and
core baseline examinations started on 31.01.2013. With
a few additional measurements including cognitive tests,
they were completed on 09.01.2015. Follow-up will be car-
ried out regularly at 5-year intervals, with the first follow
up starting 17.10.2017 and finalized by 21.03.2019. This
analysis used an existing dataset; therefore, the sample
size was determined by the number of eligible partici-
pants with CIMT and ceramide data available during the
study period (n=361). No a priori power calculation was
performed because participants were not prospectively
enrolled to achieve a pre-specified effect size. The final
multivariable models were intentionally parsimonious,
and the available analytic sample provided a favorable ob-
servations-to-parameters ratio (Model 1, n=314; Model 2,
n=315), supporting stable estimation and minimizing over-
fitting. We report coefficients with standard errors and
p-values to reflect estimation precision. The Kardiovize
study was approved by the Ethics Committee of the St
Anne’s University Hospital, Brno, Czechia. The study pro-
tocol complied with the latest Helsinki declaration and all
participants signed the informed consent.

Data collection and measurement

Blood pressure was self-measured by the patients using
an automated office measurement device (BpTRU, model
BPM 200; Bp TRU Medical Devices Ltd., Coquitlam, BC,
Canada). Anthropometric assessments included height,
weight, body mass index (BMI), and waist circumfer-
ence. Data on the use of drugs (lipid-lowering therapy,
antihypertensives) were also collected, as well as basic
biochemical parameters (high-density cholesterol, HDL,
low-density cholesterol, LDL, total cholesterol, triacylg-
lycerols). Laboratory tests were performed from 12-hour
fasting whole blood samples using a Modular SWA P800
analyser (Roche, Basel, Switzerland) or enzymatic colo-
rimetric methods (RocheDiagnostics GmbH, Hamburg,
Germany), all evaluated at St Anne’s University Hospital
by trained research nurses.
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Lipid extraction and LC-ESI/MS analysis

Serum blood samples were stored at —80 °C until lipi-
domic analysis. Serum lipids were extracted according to
Folch, Lees, and Sloane Stanley (1957). Briefly, 100 uL.
of serum was mixed with chloroform/methanol (2:1, v/v)
and CaCl, (0.025%, w/v) containing a deuterated internal
lipid standard (Equisplash, Avanti Polar Lipids, Alabaster,
AL, USA) and shaken using a thermoshaker (TS -100,
Biosan, Riga, Latvia) at 1300 rpm. The samples were
sonicated for 30 s (Kraintek 18, Hradec Kralove, Czech
Republic). After centrifugation (16,000 x g, 15 min, 4 °C;
Eppendorf 5427R, Eppendorf, Germany), the bottom
phase was withdrawn and the upper layer was processed
again using the same Folch extraction.

The organic phases were combined, evaporated us-
ing a rapid vacuum, and subsequently reconstituted in
acetonitrile:water (3:1, v/v). Lipid extracts were analysed
using an HPLC system consisting of a Thermo Scientific
Dionex UltiMateTM 3000 RSLCnano system connected
to an ABSciex QTRAP 6500 system as previously de-
scribed??. A Waters Acquity UPLC BEH HILIC, 1.7 um,
2.1 x 100 mm (Waters, Milford, MA, USA) column
with a precolumn, Acquity UPLC BEH HILIC 1.7 ym
VanGuard Pre-Column 2.1 x 5 mm (Waters, Milford,
MA, USA), was eluted at a flow rate of 400 uL/min in a
linear gradient from O to 10 min on 80% mobile phase A
(water/acetonitrile [5:95, v/v] with 10 mM ammonium
acetate) and over 11 min on 98% mobile phase B (water/
acetonitrile [50:50, v/v] with 10 mM ammonium acetate;
pH = 8.2). Mass spectrometry analyses were performed
with electrospray ionisation in positive/negative mode and
MRM scan, with a resolution of 0.7 +/- 0.1 um (ref.?®).
MS additional parameters were as follows: curtain gas
35; temperature 500 °C; Ion Source Gas 1 40; Ion Source
Gas 2 50; Ion spray voltage 5200. A library of theoreti-
cal precursor ions was generated for ceramides, with the
sphingosine of d18:1 and varying the length of the fatty
acid fraction. The characterization of ceramides species
was achieved in positive mode with the formation of
[M+H]". The collision energy was 43 eV. Data analysis
was carried out using the Skyline daily 4.2.1.19058 soft-
ware (MacCoss Lab, Department of Genome Sciences,
University of Washington, Seattle, WA, USA).

Assessment of vascular structure using carotid
intima-media thickness

Two trained investigators performed carotid ultra-
sonography to assess the CIMT. Before the study, the
reliability of the recordings was evaluated using the in-
tra-class correlation coefficient, which showed values of
0.97 (95% CI:0.94 to 0.99) for intra-observer agreement
of repeated measurements in 20 subjects, and 0.90 (95%
CI:0.74 to 0.96) for interobserver agreement. A Sonosite
Micromax ultrasound (SonoSite, USA) device paired with
a 5-10 MHz multifrequency high-resolution linear trans-
ducer with Sonocal software was used to automatically
measure the CIMT. The measurements were performed
on patients lying in a supine position with their heads
extended and slightly turned opposite to the carotid artery
examined. 120 CIMT values were obtained automatically
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in each patient along the common carotid artery, examin-
ing a 10-mm long part starting at a distance of 1 cm from
the bifurcation.

Statistical analysis

All regression analyses were performed using com-
plete-case data; participants with missing values in any
of the covariates or outcome variables were excluded from
the corresponding analyses. The proportion of missing
data for key variables was minimal and did not materi-
ally affect the available sample size. Missing data were
handled using a complete-case approach (listwise dele-
tion) for each analysis. Participants with missing CIMT
(imt_avg) or missing values in any covariate included in a
given model were excluded from that model. No imputa-
tion was performed. In the analysis of the study popula-
tion's characteristics, descriptive statistics are presented
with means + standard deviation for continuous variables.
Comparative analysis between men and women was con-
ducted using t-tests for continuous variables and the chi-
square test for categorical variables. Variable selection was
performed using backward elimination. The procedure
began with a full model including prespecified candidate
covariates; at each step, the covariate with the highest p-
value was removed if it exceeded the predefined removal
threshold (P>0.10). Models were refit iteratively until
all remaining covariates satisfied the retention criterion
(P<0.10). Age and sex were forced into all models a priori.
No interaction terms were included. Waist circumference,
BMI, use of lipid-lowering therapy, and systolic and dias-
tolic blood pressures were all included in both models.
Model 1 also included HDL, LDL, triglycerides, and to-
tal cholesterol; and Model 2 included high-risk plasma
ceramides®*?®, namely: Ceramide (d18:1/24:1), Ceramide
(d18:1/16:0), Cerd18:1/18:0, and Ceramide (d18:1/24:0).
By repeatedly running the regression on 100 bootstrap
samples, the validity of both stepwise regressions was veri-
fied. Candidate covariates were selected a priori based on
biological plausibility and prior literature and included
demographic factors (age, sex), anthropometric indices
(BMI and waist circumference), blood pressure variables,
lipid-lowering therapy, routinely measured lipid param-
eters, and ceramides. Because BMI and waist circumfer-
ence capture overlapping aspects of adiposity and may be
collinear, we assessed collinearity during model specifica-
tion (BMI and waist circumference were strongly corre-
lated; r=0.86, and VIF values were in the ~5-6 range when
entered jointly). Therefore, BMI and waist circumference
were treated as alternative adiposity indicators during co-
variate screening and were not forced simultaneously into
the final model specification, to maintain interpretability
and parsimony.

Additional established cardiovascular risk factors
(e.g., smoking status, diabetes mellitus, antihypertensive
treatment) were considered; however, these variables were
not consistently available/complete in the analytic dataset
and would have reduced the effective sample size and
increased the risk of overfitting relative to the number
of parameters. Accordingly, the final models focused on
a parsimonious set of predictors aligned with the study
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objective (lipid- and ceramide-related predictors), while
retaining core demographic and vascular covariates avail-
able across participants.

Although most continuous variables did not strictly
follow a Gaussian distribution (as documented in the
Results section), visual inspection of residual plots from
the final regression models indicated that the assumptions
of linear regression were reasonably satisfied. In combina-
tion with the use of bootstrapping (100 resamples), which
provides robust coefficient estimation without strict reli-
ance on normality assumptions, this analytical approach
was appropriate and robust for estimating the associations
between predictors and CIMT. Because the lipid-based
and ceramide-based models are non-nested, likelihood-
ratio testing was not used for direct comparison. Instead,
models were compared using AIC and BIC (lower values
indicate better penalized fit). For fair comparison, both
models were additionally refit on the common complete-
case sample across all covariates included in either model,
and RMSE and adjusted R2 were also reported.

The calculation of quadratic weighted Cohen's kap-
pa was used to determine the reliability of the models.
The test evaluated the degree of agreement between the
measured and model-estimated quartiles. Perfect agree-
ment is implied by a coefficient value of 1.0. Higher the
value, more accurate the model. The weighted kappa is
a variation of the kappa coefficient that takes into ac-
count the degree of disagreement between categories. It
is used when the categories being rated have an ordinal
or hierarchical structure. CIMT values were categorized
into quartiles based on the empirical distribution of
CIMT measurements in the study sample (n=361). This
distribution-based approach ensured that each quartile
contained approximately equal numbers of participants.
All statistical analyses were performed in the software
Stata Standard Edition for Windows, version 14.

RESULTS

Subject characteristics

A total of 361 patients were included in the analy-
sis. The mean age was 63.1 + 15.5 years, 38.5% were
men. Table 1 shows the differences in the basic demo-
graphic and physiological parameters between the sexes.
Significant differences between sexes were detected in the
diastolic blood pressure, body weight, height, and waist
circumference. Other factors, such as age, BMI, lipid pro-
files, ceramide levels, and lipid-lowering therapy usage,
did not show significant differences. Continuous variables
except for CIMT did not have Gaussian distribution.

Associations between CIMT and ceramides

Table 2 compares the two models, highlighting the
impact of various variables on CIMT. Both models dem-
onstrate that sex and age are significant predictors of
CIMT (P<0.001). The positive § values for sex and age
indicate that male sex and older age were associated with
increased CIMT. In Model 1, total cholesterol showed
a positive relationship with CIMT (p=0.014, P=0.01).
Triglycerides showed a negative relationship with CIMT
(B= —0.027, P=0.002). The use of lipid-lowering therapy
was an important variable in both models, although it
reached significance only in Model 1 (0.04 in Model 1
vs. 0.06 in Model 2).

To compare model fit while accounting for complex-
ity, both models were refit on a common complete-case
sample (n=314) and information criteria were computed.
Model 1 showed lower AIC and BIC than Model 2 (AIC
-550.26 vs —545.06; BIC -524.02 vs -511.31), while
RMSE was similar (0.0995 vs 0.1000) and adjusted R2
was slightly higher for Model 1 (0.538 vs 0.533).

In Model 2, Ceramide (d18:1/16:0) was not sta-
tistically significant (P=0.13). Notably, the Ceramide

Table 1. Characteristics of the study population.

Men Women P
(n=139) (n=222)
Age, years, mean (SD) 61.8 +16.4 63.9 £ 14.8 0.20
Systolic blood pressure, mm Hg 127.7 £ 17.9 128.8 +21.2 0.60
Diastolic blood pressure, mm Hg 79.0+£9.0 76.4 +9.7 0.01
Body weight, kg 85.1+£13.3 72.6 = 14.0 <0.001
Height, cm 1775+ 7.6 164.0 + 7.0 <0.001
BMI 27.0+3.8 27.0+5.0 0.94
Waist circumference, cm 99.0 + 11.6 91.6 £ 13.7 <0.001
Total cholesterol, mmol/L 51+£1.0 52+1.1 0.57
Triglycerides, mmol/L 1.2+0.5 1.2+0.7 0.91
HDL-C, mmol/L 1.5+0.3 1.5+0.4 0.13
LDL-C, mmol/L 31+0.8 3109 0.80
Ceramide (d18:1/16:0), umol/L 0.02 £0.05 0.02 £0.05 0.45
Ceramide (d18:1/18:0), umol/L 0.01 £0.03 0.01 £0.04 0.86
Ceramide (d18:1/24:0), umol/L 0.04 +0.13 0.03+£0.13 0.48
Ceramide (d18:1/24:1), umol/L 0.14 £ 0.46 0.14 £ 0.50 0.95
Lipid-lowering therapy, % 4.3 1.8 0.16
CIMT, mm 0.70 £ 0.17 0.67 £0.13 0.07

BMI, body mass index; CIMT, carotid intima-media thickness; HDL-C, high-density cholesterol; LDL-C, low-density cholesterol.
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Table 2. Predictive models of carotid intima-media thickness.

Model 1 Model 2
Variables B +SE P B +SE P
Sex 0.04 £0.01 0.001 0.04 £0.01 <0.001
Age 0.006 + 0.0004 <0.001 0.006 + 0 .0004 <0.001
Total cholesterol 0.014 + 0.005 0.01 - -
Triglycerides -0.027 = 0.009 0.002 - -
Lipid-lowering therapy 0.07 £ 0.04 0.04 0.07 £ 0.04 0.06
Ceramide (d18:1/16:0) - - 0.43+0.28 0.13
Ceramide (d18:1/18:0) - - -1.39 £ 0.67 0.04
Ceramide (d18:1/24:0) - - -0.47 £0.19 0.01
Ceramide (d18:1/24:1) - - 0.20 £ 0.06 0.002
Intercept 0.22+0.03 <0.001 0.26 £ 0.02 <0.001
R? 55.0% 54.6

B, regression coefficients; R?, coefficient of determination; SE, standard error.

Table 3. Quadratic weighted kappa results for the comparison between estimated and achieved quartiles.

Comparisons Agreement Expected agreement Weighted kappa Classification
Model 1 91.3 % 71.3 % 0.69 Good
Model 2 92.1 % 73.0 % 0.71 Good

CIMT Quartiles: Q1 <0.58, Q2 0.58-<0.68, Q3 0.68-<0.77, and Q4 > 0.77

(d18:1/18:0) showed a strong negative association with
CIMT (pB= -1.39, P=0.04), while Ceramide (d18:1/24:1)
showed a positive association (=0.20, P=0.002). Both
models yielded significant intercepts and demonstrated
very similar explanatory power, with Model 1 accounting
for 55.0% of the variability in CIMT and Model 2 ac-
counting for 54.6%. Similarly, the weighted kappa values
demonstrated comparable classification performance be-
tween models (0.69 vs. 0.71), indicating equivalent overall
predictive capability.

The ceramide Cerd18:1/18:0 showed a strong nega-
tive association with CIMT while ceramide Cerd18:1/24:1
showed a positive association with CIMT. Tested cerami-
des were able to predict subclinical atherosclerosis by
CIMT with comparable accuracy to a combination of
routinely tested lipids. Both Models demonstrated high
accuracy in predicting quartile classifications (Table 3),
as evidenced by the high agreement percentages and sub-
stantial quadratic weighted kappa scores, suggesting their
effective predictive capabilities. Model 2 shows a slightly
higher agreement and a higher weighted kappa score com-
pared to Model 1, indicating it may be a more accurate
model for estimating quartiles. The "Good" classification
for both models indicates strong reliability in their esti-
mations, making them suitable for practical applications
where estimating quartiles is important.

DISCUSSION

In our study, the ceramide-based model achieved ex-
planatory power and quartile-classification performance
comparable to the conventional lipid-based model, as re-
flected by similar coefficients of determination (R2 54.6
vs. 55.0) and quadratic weighted kappa values (0.71 vs.
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0.69). This finding supports the concept that circulating
ceramides may serve as complementary biomarkers as-
sociated with subclinical atherosclerosis as captured by
CIMT. Howeyver, ceramide profiling relies on specialized
lipidomic platforms, is associated with higher analytical
costs, and is not widely available in routine clinical labo-
ratories. Although ceramide panels are available in se-
lected reference laboratories and have been implemented
in some healthcare settings, broader uptake will depend
on demonstrating clear incremental benefit beyond stan-
dard lipids and established clinical risk tools. Therefore, at
present, ceramide measurements are most appropriately
considered for selected patient populations or research
contexts where advanced lipid stratification may be clini-
cally warranted, rather than as a replacement for standard
lipid panels.

The incremental clinical value of ceramide measure-
ments will depend on whether they improve risk char-
acterization beyond standard lipids and established
multivariable risk tools, and whether such gains justify the
additional cost and complexity. In the present analysis,
the ceramide-based model did not materially outperform
the conventional lipid-based model (R? and quadratic
weighted kappa were very similar), which suggests that
routine replacement of standard lipid testing is not sup-
ported by these data. A more realistic near-term role is
as a complementary test in selected scenarios where con-
ventional lipids may be insufficient or discordant with the
clinical phenotype; for example, individuals with prema-
ture or progressive atherosclerotic disease despite ‘nor-
mal’ standard lipid profiles, patients in secondary/tertiary
prevention where residual risk remains high, or research
settings requiring refined lipid stratification. Importantly,
demonstrating incremental utility requires formal evalua-
tion using established performance metrics (e.g., changes
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in discrimination, calibration, and reclassification) and,
ideally, decision-analytic approaches (e.g., net benefit)
and cost-effectiveness analyses. Accordingly, future lon-
gitudinal studies should test whether adding ceramides to
conventional risk models meaningfully improves predic-
tion of clinically relevant outcomes, and whether such
improvements are feasible and economically justified in
real-world practice.

The differential B coefficients for various ceramides
underscore the complexity of their relationship with
CIMT. Ceramides, sphingolipids central to the cell mem-
brane integrity and signalling, have emerged as key players
in CVD, with specific ceramide ratios being predictive
of adverse cardiovascular events'*?’. The findings of this
study align with this emerging narrative, suggesting that
not all ceramides are equal in their cardiovascular impli-
cations and that a detailed lipidomic profile could enrich
risk prediction models beyond traditional markers.

Distinct ceramide molecular species were significantly
associated with CVD among patients with coronary artery
disease'’. More recently, distinct serum ceramides were
shown to be elevated in diabetes?®?, and some specific
ceramides may predict incident type 2 diabetes mellitus
event years before the onset of the disease!™%3!. Data
from these studies may help identify the clinical utility
of ceramides for clinical testing. Measurement of serum
ceramide can provide an independent and added value
predictor to the routinely used diagnostic and prognostic
CVD tools. However, the current results do not yet dem-
onstrate causality. It is suggested that ceramides are asso-
ciated with plaque susceptibility because they are known
to promote many central atherosclerotic processes, includ-
ing lipoprotein aggregation and absorption, inflammation,
superoxide anion production, and apoptosis®>3*.

Plasma triglyceride concentrations primarily reflect
the circulating burden of triglyceride-rich lipoproteins,
including very-low-density lipoproteins (VLDL) and their
remnants, which also carry substantial amounts of choles-
terol. In the present study, triglycerides were analyzed as a
surrogate of triglyceride-rich lipoprotein burden; remnant
cholesterol was not directly measured.

An important limitation of the present study is its
cross-sectional design, which precludes causal inference
regarding the relationship between ceramides and CIMT.
Moreover, residual confounding is possible because sever-
al established cardiovascular risk factors (such as smoking
status, diabetes mellitus, and antihypertensive treatment)
were not consistently available/complete for inclusion
in the multivariable models. Future studies with more
comprehensive risk-factor ascertainment should evaluate
whether ceramides provide incremental value beyond fully
adjusted conventional risk models. While associations
were found , the results do not establish whether ceramide
levels contribute to atherogenesis, are consequences of
vascular disease, or reflect shared underlying metabolic
pathways. In addition, CIMT is used mainly as a marker
of subclinical atherosclerosis in epidemiological research
and does not directly quantify atherosclerotic plaque bur-
den. Although CIMT may support risk reclassification in
some settings, its utility for individual patient risk stratifi-
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cation in routine clinical practice is limited; accordingly,
the present findings should not be interpreted as support-
ing CIMT-based individualized clinical decision-making
outside established multivariable risk assessment tools.
Finally, the incomplete explained variance of CIMT high-
lights the multifactorial nature of vascular disease and
the potential contribution of genetic, environmental, and
psychosocial factors®.

CONCLUSION

In this cross-sectional cohort, specific ceramide spe-
cies were associated with CIMT, and a ceramide-based
model showed explanatory and quartile-classification
performance comparable to a conventional lipid-based
model. Cer(d18:1/18:0) was inversely associated with
CIMT, whereas Cer(d18:1/24:1) was positively associ-
ated. Because the study is cross-sectional, the findings
should be interpreted as associations and do not support
causal inference.These findings support further investiga-
tion of ceramides as complementary biomarkers related
to subclinical vascular changes. Longitudinal studies in
diverse populations are needed to clarify causal pathways,
evaluate clinical utility, and determine whether ceramide
profiling adds incremental value beyond established risk
assessment approaches.

Acknowledgments: CIISB, Instruct-CZ Centre of Instruct-
ERIC EU consortium, funded by MEYS CR infrastruc-
ture project LM2023042, is gratefully acknowledged for
the financial support of the measurements at the CEITEC
Proteomics Core Facility. The authors are grateful to
all participants of the study and to all members of the
Kardiovize team.

Author contributions: JS: writing - original draft, data cu-
ration; GN: data analysis, visualization; IMRS: lipidomic
analysis and final manuscript validation; JPGR: data cura-
tion; RP, MV, RB: final manuscript validation; JP: manu-
script preparation/correction, validation, supervision.
Ethics approval: The study protocol adhered to the
Helsinki declaration and all participants signed the in-
formed consent. The Kardiovize Brno 2030 study was
approved by the ethics committee of St Anne’s University
Hospital, Brno, Czech Republic (reference number 2
G/2012) (ref.?).

Data availability statement: The data that support the find-
ings of this study are available from the corresponding
author upon reasonable request and with compliance to
the General Data Protection Regulation.

REFERENCES

1. Global, regional, and national age-sex-specific mortality for 282
causes of death in 195 countries and territories, 1980-2017: a sys-
tematic analysis for the Global Burden of Disease Study 2017. Lancet
2018;392(10159):1736-88. doi: 10.1016/s0140-6736(18)32203-7

. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H,
Kannel WB. Prediction of coronary heart disease using risk fac-
tor categories. Circulation 1998;97(18):1837-47. doi: 10.1161/01.
€ir.97.18.1837



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(2):123-130.

. Cho KI, Yu J, Hayashi T, Han SH, Koh KK. Strategies to Overcome

Residual Risk During Statins Era. Circ J 2019;83(10):1973-9. doi:
10.1253/circj.CJ-19-0624

. Makover ME, Schloss M. The very high residual degree of death and

disease from atherosclerosis needs new approaches. J Clin Lipidol
2016;10(3):466-8. doi: 10.1016/j.jacl.2016.01.002

. Ding M, Rexrode KM. A Review of Lipidomics of Cardiovascular

Disease Highlights the Importance of Isolating Lipoproteins.
Metabolites 2020;10(4):163. doi: 10.3390/metabo10040163

. Willeit P, Tschiderer L, Allara E, Reuber K, Seekircher L, Gao L, Liao

X, Lonn, Gerstein HC, Yusuf S, Brouwers FP, Asselbergs FW, van Gilst
W, Anderssen SA, Grobbee DE, Kastelein JJP, Visseren FLJ, Ntaios
G, Hatzitolios Al, Savopoulos C, Nieuwkerk PT, Stroes E, Walters M,
Higgins P, Dawson J, Gresele P, Guglielmini G, Migliacci R, Ezho M,
Safarova M, Balakhonova T, Sato E, Amaha M, Nakamura T, Kapellas
K, Jamieson LM, Skilton M, Blumenthal JA, Hinderliter A, Sherwood
A, Smith PJ, van Agtmael MA, Reiss P, van Vonderen MGA, Kiechl
S, Klingenschmid G, Sitzer M, Stehouwer CDA, Uthoff H, Zou ZY,
Cunha AR, Neves MF, Witham MD, Park HW, Lee MS, Bae JH, Bernal
E, Wachtell K, Kjeldsen SE, Olsen MH, Preiss D, Sattar N, Beishuizen
E, Huisman MV, Espeland MA, Schmidt C, Agewall S, Ok E, Asci G,
de Groot E, Grooteman MPC, Blankestijn PJ, Bots ML, Sweeting
MJ, Thompson SG, Lorenz MW. Carotid Intima-Media Thickness
Progression as Surrogate Marker for Cardiovascular Risk: Meta-
Analysis of 119 Clinical Trials Involving 100 667 Patients. Circulation
2020;142(7):621-42. doi: 10.1161/circulationaha.120.046361

. Ravani A, Werba JP, Frigerio B, Sansaro D, Amato M, Tremoli E,

Baldassarre D. Assessment and relevance of carotid intima-media
thickness (C-IMT) in primary and secondary cardiovascular preven-
tion. Curr Pharm Des 2015;21(9):1164-71. doi: 10.2174/138161282
0666141013121545

. Mishra PP, Mishra BH, Lyytikdinen LP, Hilvo M, Juonala M, K&dhénen M,

Hutri-Kdhonen N, Fotiadis DI, Raitakari OT, Laaksonen R, Lehtimaki
T. Assessment of plasma ceramides as predictor for subclinical
atherosclerosis. Atheroscler Plus 2021;45:25-31. doi: 10.1016/j.ath-
plu.2021.09.005

. Koskinen J, Kdhénen M, Viikari JS, Taittonen L, Laitinen T, Ronnemaa

T, Lehtimaki T, Hutri-Kahonen N, Pietikdinen M, Jokinen E, Helenius
H, Mattsson N, Raitakari OT, Juonala M. Conventional cardiovascular
risk factors and metabolic syndrome in predicting carotid intima-
media thickness progression in young adults: the cardiovascular risk
in young Finns study. Circulation 2009;120(3):229-36. doi: 10.1161/
circulationaha.108.845065

. Johnson HM, Douglas PS, Srinivasan SR, Bond MG, Tang R, Li S, Chen

W, Berenson GS, Stein JH. Predictors of carotid intima-media thick-
ness progression in young adults: the Bogalusa Heart Study. Stroke
2007;38(3):900-5. doi: 10.1161/01.STR.0000258003.31194.0a

. Hammerschmidt P, Briining JC. Contribution of specific cerami-

des to obesity-associated metabolic diseases. Cell Mol Life Sci
2022;79(8):395. doi: 10.1007/s00018-022-04401-3

. Stith JL, Velazquez FN, Obeid LM. Advances in determining sig-

naling mechanisms of ceramide and role in disease. J Lipid Res
2019;60(5):913-8. doi: 10.1194/jIr.5092874

. Tarasov K, Ekroos K, Suoniemi M, Kauhanen D, Sylvdanne T, Hurme

R, Gouni-Berthold |, Berthold HK, Kleber ME, Laaksonen R, Marz W.
Molecular lipids identify cardiovascular risk and are efficiently low-
ered by simvastatin and PCSK9 deficiency. J Clin Endocrinol Metab
2014;99(1):E45-52. doi: 10.1210/jc.2013-2559

. Laaksonen R, Ekroos K, Sysi-Aho M, Hilvo M, Vihervaara T, Kauhanen

D, Suoniemi M, Hurme R, Mdrz W, Scharnagl H, Stojakovic T,
Vlachopoulou E, Lokki ML, Nieminen MS, Klingenberg R, Matter CM,
Hornemann T, Jini P, Rodondi N, Réber L, Windecker S, Gencer B,
Pedersen ER, Tell GS, Nygar O, Mach F, Sinisalo J, Lischer TF. Plasma
ceramides predict cardiovascular death in patients with stable coro-
nary artery disease and acute coronary syndromes beyond LDL-
cholesterol. Eur Heart J 2016;37(25):1967-76. doi: 10.1093/eurheartj/
ehw148

. Hilvo M, Meikle PJ, Pedersen ER, Tell GS, Dhar |, Brenner H,

Schoéttker B, Ladperi M, Kauhanen D, Koistinen KM, Jylha A, Huynh
K, Mellett NA, Tonkin AM, Sullivan DR, Simes J, Nestel P, Koenig W,
Rothenbacher D, Nygard O, Laaksonen R. Development and vali-
dation of a ceramide- and phospholipid-based cardiovascular risk
estimation score for coronary artery disease patients. Eur Heart J
2020;41(3):371-80. doi: 10.1093/eurheartj/ehz387

129

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Hilvo M, Wallentin L, Ghukasyan Lakic T, Held C, Kauhanen D, Jylha
A, Lindbéck J, Siegbahn A, Granger CB, Koenig W, Stewart RAH,
White H, Laaksonen R. Prediction of Residual Risk by Ceramide-
Phospholipid Score in Patients With Stable Coronary Heart Disease
on Optimal Medical Therapy. J Am Heart Assoc 2020;9(10):e015258.
doi: 10.1161/jaha.119.015258

. Gui YK, Li Q Liu L, Zeng P, Ren RF, Guo ZF, Wang GH, Song JG, Zhang

P. Plasma levels of ceramides relate to ischemic stroke risk and clini-
cal severity. Brain Res Bull 2020;158:122-7. doi: 10.1016/j.brainres-
bull.2020.03.009

. Lemaitre RN, Jensen PN, Hoofnagle A, McKnight B, Fretts AM, King IB,

Siscovick DS, Psaty BM, Heckbert SR, Mozaffarian D, Sotoodehnia N.
Plasma Ceramides and Sphingomyelins in Relation to Heart Failure
Risk. Circ Heart Fail 2019;12(7):e005708. doi: 10.1161/circheartfail-
ure.118.005708

. Vasile VC, Meeusen JW, Medina Inojosa JR, Donato LJ, Scott CG,

Hyun MS, Vinciguerra M, Rodeheffer RR, Lopez-Jimenez F, Jaffe AS.
Ceramide Scores Predict Cardiovascular Risk in the Community.
Arterioscler Thromb Vasc Biol 2021;41(4):1558-69. doi: 10.1161/at-
vbaha.120.315530

Medina-Inojosa JR, Vinciguerra M, Maugeri A, Kunzova S, Sochor
O, Movsisyan N, Geda YE, Stokin GB, Lopez-Jimenez F. Prevalence
of ideal cardiovascular health in a Central European community:
results from the Kardiovize Brno 2030 Project. Eur J Prev Cardiol
2020;27(4):441-3. doi: 10.1177/2047487319834875

Movsisyan NK, Vinciguerra M, Lopez-Jimenez F, Kunzova S, Homolka
M, Jaresova J, Cifkova R, Sochor O. Kardiovize Brno 2030, a prospec-
tive cardiovascular health study in Central Europe: Methods, baseline
findings and future directions. Eur J Prev Cardiol 2018;25(1):54-64.
doi: 10.1177/2047487317726623

Rivas Serna IM, Romito |, Maugeri A, Lo Re O, Giallongo S, Mazzoccoli
G, Oben JA, Li Volti G, Mazza T, Alisi A, Vinciguerra M. A Lipidomic
Signature Complements Stemness Features Acquisition in
Liver Cancer Cells. Int J Mol Sci 2020;21(22):8452. doi: 10.3390/
ijms21228452

Rivas Serna IM, Sitina M, Stokin GB, Medina-Inojosa JR, Lopez-
Jimenez F, Gonzalez-Rivas JP, Vinciguerra M. Lipidomic Profiling
Identifies Signatures of Poor Cardiovascular Health. Metabolites.
2021;11(11):747. doi: 10.3390/metabo11110747

Yin W, Li F, Tan X, Wang H, Jiang W, Wang X, Li S, Zhang Y, Han Q,
Wang Y, Du J. Plasma Ceramides and Cardiovascular Events in
Hypertensive Patients at High Cardiovascular Risk. Am J Hypertens
2021;34(11):1209-16. doi: 10.1093/ajh/hpab105

Havulinna AS, Sysi-Aho M, Hilvo M, Kauhanen D, Hurme R,
Ekroos K, Salomaa V, Laaksonen R. Circulating Ceramides Predict
Cardiovascular Outcomes in the Population-Based FINRISK 2002
Cohort. Arterioscler Thromb Vasc Biol 2016;36(12):2424-30. doi:
10.1161/atvbaha.116.307497

TuC, XieL,Wang Z, Zhang L, Wu H, NiW, Li C, Li L, Zeng Y. Association
between ceramides and coronary artery stenosis in patients with
coronary artery disease. Lipids Health Dis 2020;19(1):151. doi:
10.1186/512944-020-01329-0

Hilvo M, Vasile VC, Donato LJ, Hurme R, Laaksonen R. Ceramides
and Ceramide Scores: Clinical Applications for Cardiometabolic
Risk Stratification. Front Endocrinol (Lausanne). 2020;11:570628.
doi: 10.3389/fend0.2020.570628

Neeland 1J, Singh S, McGuire DK, Vega GL, Roddy T, Reilly DF,
Castro-Perez J, Kozlitina J, Scherer PE. Relation of plasma cerami-
des to visceral adiposity, insulin resistance and the development
of type 2 diabetes mellitus: the Dallas Heart Study. Diabetologia
2018;61(12):2570-9. doi: 10.1007/5s00125-018-4720-1

Lemaitre RN, Yu C, Hoofnagle A, Hari N, Jensen PN, Fretts AM, Umans
JG, Howard BV, Sitlani CM, Siscovick DS, King IB, Sotoodehnia N,
McKnight B. Circulating Sphingolipids, Insulin, HOMA-IR, and
HOMA-B: The Strong Heart Family Study. Diabetes 2018;67(8):1663-
72.doi: 10.2337/db17-1449

Hilvo M, Salonurmi T, Havulinna AS, Kauhanen D, Pedersen ER, Tell
GS, Meyer K, Teeriniemi AM, Laatikainen T, Jousilahti P, Savolainen
MJ, Nygard O, Salomaa V, Laaksonen R. Ceramide stearic to palmitic
acid ratio predicts incident diabetes. Diabetologia 2018;61(6):1424-
34. doi: 10.1007/500125-018-4590-6

Akhiyat N, Vasile V, Ahmad A, Sara JD, Nardi V, Lerman LO, Jaffe A,
Lerman A. Plasma Ceramide Levels Are Elevated in Patients With



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2026; 170(2):123-130.

32.

33.

34.

Early Coronary Atherosclerosis and Endothelial Dysfunction. J Am
Heart Assoc 2022;11(7):e022852. doi: 10.1161/jaha.121.022852
Hannun YA, Obeid LM. Principles of bioactive lipid signalling: les-
sons from sphingolipids. Nat Rev Mol Cell Biol 2008;9(2):139-50. doi:
10.1038/nrm2329

Bismuth J, Lin P, Yao Q, Chen C. Ceramide: a common pathway for
atherosclerosis? Atherosclerosis 2008;196(2):497-504. doi: 10.1016/j.
atherosclerosis.2007.09.018

Lozanski G, Berthier F, Kushner I. The sphingomyelin-ceramide path-
way participates in cytokine regulation of C-reactive protein and

130

35.

serum amyloid A, but not alpha-fibrinogen. Biochem J 1997;328 (
Pt 1)(Pt 1):271-5. doi: 10.1042/bj3280271

Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van
Horn L, Greenlund K, Daniels S, Nichol G, Tomaselli GF, Arnett DK,
Fonarow GC, Ho PM, Lauer MS, Masoudi FA, Robertson RM, Roger V,
Schwamm LH, Sorlie P, Yancy CW, Rosamond WD. Defining and set-
ting national goals for cardiovascular health promotion and disease
reduction: the American Heart Association's strategic Impact Goal
through 2020 and beyond. Circulation 2010;121(4):586-613. doi:
10.1161/circulationaha.109.192703



