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Aims A risk score, CERT2, based on distinct ceramide and phosphatidylcholine lipid species, has shown robust perform-
ance in predicting cardiovascular risk in secondary prevention. Here, our aim was to investigate the predictive
value of CERT2 in primary prevention compared to classical lipid biomarkers and its compatibility with clinical
characteristics used in the SCORE risk chart.

...................................................................................................................................................................................................
Methods
and results

Four ceramides [Cer(d18:1/16:0), Cer(d18:1/18:0), Cer(d18:1/24:0), Cer(d18:1/24:1)] and three phosphatidylcho-
lines [PC(14:0/22:6), PC(16:0/22:5), PC(16:0/16:0)] were analysed by targeted tandem liquid chromatography–mass
spectrometry method in FINRISK 2002, which is a population-based risk factor survey investigating men and
women aged 25–74 years. Primary prevention subjects (N = 7324) were followed up for 10 years for the following
outcomes: incident coronary heart disease (CHD), cardiovascular disease (CVD), major adverse cardiovascular
event (MACE), stroke, and heart failure. Hazard ratios per standard deviation obtained from adjusted Cox
proportional hazard models were significant for all these endpoints, and the highest for fatal ones, i.e. fatal CHD
[1.45 (95% confidence interval 1.07–1.97)], CVD [1.39 (1.06–1.83)], and MACE [1.39 (1.07–1.80)]. The categorical
net reclassification improvement was 0.051 for the 10-year risk of incident CVD. Incidence of fatal events was over
10-fold more frequent in the highest CERT2 category compared to the lowest risk category and modified SCORE
risk charts, utilizing CERT2 and diabetes mellitus, increased granularity of risk assessment compared to a chart
utilizing total cholesterol.

...................................................................................................................................................................................................
Conclusion CERT2 is a significant predictor of incident cardiovascular outcomes and risk charts utilizing this score provide an

easy tool to estimate relative and absolute risk for incident CVD.
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Introduction

Lipid biomarkers such as total cholesterol (TC), LDL-cholesterol
(LDL-C), and HDL-cholesterol (HDL-C) are widely used in cardio-
vascular disease (CVD) risk assessment and treatment stratification.
Other lipid markers, beyond these routinely used cholesterol
markers, have recently been evaluated: we have focused on sphingo-
and phospholipid metabolites, as these bioactive lipids have repeated-
ly shown a significant association with atherosclerotic vascular dis-
ease and its clinical manifestations.1–4 We have recently published
CERT2, an updated version of the ceramide-based cardiovascular
risk test CERT1 and showed its performance in various cardiovascu-
lar secondary prevention studies.5–7 In addition to ceramides, CERT2

incorporates phosphatidylcholine lipids and, based on these, utilizes
three lipid ratios and concentration of an individual lipid. Previous
results have indicated that the CERT2 risk score (scale 0–12)
provides more granular risk stratification than conventional lipid bio-
markers in secondary prevention.5–7

The performance of CERT2 has not yet been investigated in pri-
mary prevention. Thus, our aim in the present study was to investi-
gate the performance of CERT2 in a large primary prevention study
and to compare its risk stratification capability with TC, which is the
lipid biomarker currently used in the SCORE risk charts that are rec-
ommended for CVD risk assessment in the latest European ESC/EAS
Guidelines for the Management of Dyslipidemias.8 This evaluation
was further motivated by recent publication of the large-scale
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..Copenhagen General Population Study, which revealed a U-shaped
association of TC with total mortality, and lack of association
between CVD mortality and both TC and LDL-C.9 This, together
with the fact that in the SCORE risk charts CVD death is used as the
phenotype of interest,8 calls for investigations on whether other bio-
markers instead of TC can improve performance of the risk evalu-
ation tools.

In addition to TC, SCORE incorporates age, sex, current smoking
status, and systolic blood pressure to estimate the absolute 10-year
risk for CVD death.8 Since the current practise to determine individ-
ual’s absolute risk is often mainly age driven, our other aim was to de-
velop a new relative risk chart. In older individuals (>70 years), risk
calculators including age as one of the risk markers indicate high abso-
lute risk, which may sometimes lead to unnecessary treatments.
Relative risk assessment may be useful in the identification of younger
individuals (e.g. between 45 and 55 years) at relatively high risk, but
not reaching absolute risk level that would trigger preventive meas-
ures. Finally, to further increase risk granularity, we also included dia-
betes mellitus in the risk charts.

Methods

Study cohort
The FINRISK Study, including a questionnaire and health examination
with blood draw, has been performed every 5 years since 1972, mainly to
monitor trends in cardiovascular and other non-communicable disease
risk factors in the Finnish population.10 The FINRISK 2002 Study is a
stratified random sample of 13 498 men and women aged 25–74 years
from five geographical areas of Finland, of whom 8798 participated (par-
ticipation rate 65.5%).3 After exclusion of participants who had perman-
ently moved abroad, those with prevalent MACE (n = 393) and those
with missing data or serum sample (n = 1081), 7324 subjects were
included in the current analysis. Study population, data collection proto-
col, and methods of laboratory analysis have been described in detail in
earlier publications.3,10–12 The study protocol was approved by the
Coordinating Ethics Committee of the Helsinki and Uusimaa Hospital
District, and all participants gave a written informed consent.

Individuals with incident cardiovascular events during the follow-up
were identified by record linkage of the FINRISK 2002 data with the
countrywide electronic health registers on the basis of the personal ID
code, unique to every permanent resident of Finland. Registers included
the Causes-of-Death Register, Hospital Discharge Register, and Drug
Reimbursement Registers. Definitions of the endpoints were as follows:
stroke: stroke (intracerebral haemorrhage, cerebral infarction), excluding
subarachnoid haemorrhage: I61, I63, I64 except I63.6 (ICD-10) or 431,
4330A, 4331A, 4339A, 4340A, 4341A, 4349A, 436 (ICD-9) as the cause
of death or as the main or side diagnosis at hospital discharge; coronary
heart disease (CHD): I20–I25, I46, R96 or R98 (ICD-10), or 410–414 or
798 (ICD-9) as cause of death, or I200, I21–I22 (ICD-10) or 410, 4110
(ICD-9) as the main diagnosis at hospital discharge, or coronary bypass
surgery or coronary angioplasty at hospital discharge or identified from
the specific countrywide register of invasive cardiac procedures; CHD
death: death due to CHD; cardiovascular disease (CVD) event: CHD or
stroke; CVD death: death due to CVD; heart failure (HF): I50, I110, I30,
I132 (ICD-10) or 4029B, 4148, 428 (ICD-9); major adverse cardiovascu-
lar event (MACE): CVD or HF; and MACE death: death due to MACE.
Baseline examination date was used to distinguish disease and events

prior to the date as ‘prevalent’ or post examination date as ‘incident’. A
person was determined to be on lipid-lowering treatment at baseline in-
vestigation, if the subject had purchased statin and/or ezetimibe during
the previous 180 days before the blood draw.

Analytical methods for mass spectrometry
Serum samples stored for 17 years in -70�C were used. Lipids were
extracted using a modified Folch extraction13 using Hamilton
MICROLAB STAR system (Hamilton Robotics, Switzerland). Samples
(10mL) were aliquoted into a 96-well plate, and 10mL of 10 mM butylated
hydroxytoluene in methanol was added, followed by internal standard
(IS) mixture (20mL) containing a known amount of synthetic IS and by
chloroform:methanol (2:1, v/v) (300mL). The plate was sonicated at
water bath for 10 min, incubated on an orbital shaker for 40 min, and
then centrifuged for 15 min at 5700 g. About 280mL of the upper organic
phase was transferred into a new plate and evaporated under N2 until
dryness. Extracted lipids were dissolved by adding 100mL of water-satu-
rated butanol and sonicated for 5 min. After sonication, 100mL of metha-
nol was added to all wells; the samples were mixed and then centrifuged
for 5 min at 3500 g. Finally, 40mL of extract was transferred to a 96-well
plate for liquid chromatography-tandem mass spectrometry (LC–MS/
MS) analysis.

The analysed lipids and ions used in this study are presented in
Supplementary material online, Table S1. LC–MS/MS analysis was con-
ducted on a Sciex TripleQuad 5500 mass spectrometer coupled to Sciex
MPX LC system. Electrospray ionization in positive ion mode was used
with multiple reaction monitoring. Instrument and data acquisition were
controlled using AnalystVR (version 1.7). The following settings were
applied to all compounds in the analysis: curtain gas, 35; ion spray voltage,
5000 V; temperature, 300�C; gas 1 and gas 2, 50; declustering potential,
30; entrance potential, 10; collision exit potential, 20. Collision energy
was set separately to each lipid (Supplementary material online, Table S1).
Chromatographic separation was performed on an Acquity BEH C18
(2.1 mm � 75 mm, i.d. 1.7mm) column. Temperature was set to 60�C.
Mobile phases consisted of (A) 10 mM ammonium acetate with 0.1% for-
mic acid and (B) 10 mM ammonium acetate in acetonitrile:2-propanol
(4:3, v/v) with 0.1% formic acid. Loading pump solvent in MPX consisted
of A:B (21:79%). Injection volume was 3mL and flow rate was 500mL/min.
The following gradient was applied: A/B (22/78%) from 0 to 1.5 min and
then B to 85% at 2 min and to 100% at 2.5 min. B was held at 100% from
2.5 to 4.0 min and then dropped to 78% at 4.1 min and held until 4.6 min.
Both streams had the same parameters. MS analysis was performed from
1.1 to 3.6 min, which allowed multiplex to run a sample every 2.5 min.
Each 96-well plate had a standard line (6 points), as well as QC (6) and
blank samples to ensure analytical quality through the whole sample
range. Standards and QC samples were extracted the same way as the
study samples. Analytical method was validated according to FDA guide-
line for biological sample analyses.

Statistical methods
CERT2 score was calculated as follows: for each individual, the CERT2
score variables were compared with the whole study population, includ-
ing also those with prevalent MACE, and the risk points were given based
on which quartile (Q1) the individual belonged to. The points were
summed up to have a scoring system of 0–12 points. The calculation of
the score together with the quartile ranges is shown in Supplementary
material online, Table S2. CERT1 was calculated as described
previously.2,3

All analyses were performed for 10-year follow-up of the participants.
Baseline characteristics of the cohorts were described using medians
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..(interquartile range) for continuous variables, and numbers (percentages)
for categorical variables. Two-group comparisons were performed
by Wilcoxon rank-sum or Chi2 test, as appropriate. Uni- and multi-
variate Cox proportional hazard regression models with baseline age
as time scale were used to determine hazard ratios (HRs) and 95%
confidence intervals for the associations of CERT2 with incident
events. The models were stratified by sex, and in multivariable mod-
els the adjustments were made for diabetes mellitus type 2 (DM2),
current smoking, body mass index, systolic blood pressure, lipid-
lowering treatment, LDL-C, HDL-C, and TG, and the effects were
expressed per standard deviation (2.4 points). The Cox proportional
hazards assumption validity of the models was confirmed with the R-
function ‘cox.zph’ (survival package). Risk curves were constructed
with ggplot2 package using loess method. C-statistics calculations for
Cox regression models together with the net reclassification index
(NRI) calculations were performed in FINRISK 2002 using the Hmisc
package. For the CERT2 risk charts, median of the risk score cat-
egory points was used to determine the risk for the group. All tests
were two-sided and P < 0.05 was considered as statistically signifi-
cant. R version 4.0.2 was used for all statistical analyses. The data can
be requested from the Finnish Institute for Health and Welfare
biobank.

Results

Basic clinical characteristics of the study
Baseline characteristics of the study population are described in
Table 1. The subjects with cardiovascular endpoints had elevated lev-
els of all the CERT2 components (Supplementary material online,
Table S3). There was an increasing linear trend between CERT2 and
age resulting in two score point higher mean values in 75-year-old
participants compared to those with a mean age of 25 years at base-
line (Supplementary material online, Figure S1). CERT2 correlated

significantly with LDL-C (r = 0.30), TC (r = 0.28), HDL-C (r = -0.15),
and TG (r = 0.17). Correlations of individual CERT2 components are
presented in Supplementary material online, Table S4.

Performance of CERT2 in risk prediction
The adjusted hazard ratios for CERT2 were significant for all investi-
gated cardiovascular endpoints, i.e. CHD, CHD death, CVD (CHD
þ stroke), CVD death, MACE (CVD þ HF), MACE death, stroke,
and HF, and the highest HRs were recorded for the fatal endpoints
(Table 2). Furthermore, CERT2 associated strongly also with non-
MACE deaths (Table 2). For comparison, the HRs were calculated
also for clinically used lipid biomarkers for incident CVD, and CERT2
HRs appeared higher and more significant than those for routinely
used lipid biomarkers as well as CERT1 score (Table 3). Also, the risk
curves demonstrated increase of risk of all endpoints along with
increasing CERT2 score, and for fatal endpoints the risk increased es-
pecially in subjects with a score higher than 8 points (Figure 1). People
in the highest CERT2 risk score category (16% of the study popula-
tion) had a 13-fold increased risk of CHD death and >10-fold
increased risk of CVD and MACE deaths as compared to the lowest
risk category (17% of the study population) (Table 4). The Kaplan–
Meier curves also demonstrated a clear separation of the four risk
categories (Figure 2).

The additional value of CERT2 was investigated by adding it on
top of a basic model comprising age, sex, type 2 diabetes, systolic
blood pressure, and current smoking status. The C-statistics did
not show statistically significant increase for any endpoint.
However, CERT2 increased significantly the 10-year categorical
NRI for CVD (NRI of 0.051) and stroke (NRI 0.114) but not for
other investigated endpoints (Table 5). For all these endpoints,
the result came primarily reclassification of events rather than
non-events. For continuous NRI, also other endpoints, including

....................................................................................................................................................................................................................

Table 1 Baseline clinical characteristics of the FINRISK 2002 study cohort in persons without prevalent major adverse
cardiovascular event, stratified by CERT2 risk categories

Characteristic CERT2: 0–3 CERT2: 4–6 CERT2: 7–8 CERT2: 9–12

N 1210 3089 1870 1155

Sex (male) (%) 42 44 48 52

Age (years) 41 (32–52) 46 (36–56) 49 (39–58) 55 (44–62)

Diabetes (%) 4 4 6 7

Current smoker (%) 17 23 29 37

Lipid treatment (%) 6 6 4 4

Antihypertensive treatment (%) 8 13 14 17

BMI (kg/m2) 24.9 (22.5–27.5) 26.1 (23.4–28.9) 26.7 (24.1–30.1) 27.4 (24.4–30.4)

Systolic blood pressure (mmHg) 126 (117–138) 131 (120–145) 133 (121–148) 138 (125–153)

TC (mmol/L) 5.0 (4.5–5.6) 5.4 (4.8–6.1) 5.6 (5.0–6.4) 6.0 (5.3–6.7)

LDL-C (mmol/L) 2.9 (2.5–3.4) 3.2 (2.7–3.8) 3.5 (2.9–4.1) 3.7 (3.1–4.4)

HDL-C (mmol/L) 1.5 (1.3–1.8) 1.5 (1.2–1.8) 1.4 (1.2–1.7) 1.4 (1.1–1.7)

TG (mmol/L) 1.0 (0.8–1.4) 1.1 (0.8–1.6) 1.2 (0.9–1.8) 1.3 (1.0–2.0)

For continuous variables, median and IQR are presented.
BMI, body mass index; HDL-C, HDL-cholesterol; IQR, interquartile range; LDL-C, LDL-cholesterol; TC, total cholesterol; TG, triglycerides.

4 M. Hilvo et al.
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..CHD, CHD death, MACE, and heart failure, were significant,
with the highest improvement observed for CHD (0.309). The
CERT2 results for all endpoints were stronger than those
observed for TC (Table 5).

Risk charts based on CERT2
Finally, we generated risk charts including CERT2 for absolute and
relative risk assessment that follow the logic of the SCORE system
with the exception that also prevalent diabetes mellitus was included
in the equations. Both the absolute and relative risk chart resulted in
a logical presentation and the risk stratification with CERT2 appeared
more granular compared to more conventional risk charts utilizing
TC (Figure 3 and Supplementary material online, Figure S2) or to the

previously established CERT1 score (Supplementary material online,
Figure S3).

Discussion

This study confirmed the performance of CERT2 score in primary
prevention. CERT2 appeared to be a very good predictor for fatal
CHD and CVD events, and significant association was also observed
with non-fatal events as well as stroke and heart failure. As expected
based on the previous data for sphingolipids,14 CERT2 was a predict-
or independent of routinely used cholesterol biomarkers, even
though it showed also correlation with them. Regarding preventive
measures, the highest CERT2 risk category (9–12 risk points) appears

....................................................................................................................................................................................................................

Table 2 Hazard ratios for incident cardiovascular events per one standard deviation increment in CERT2 score

Endpoint Event1 Event2 HR (95% CI)a P-value HR (95% CI)b P-value

CHD 269 7055 1.52 (1.34, 1.72) 6.5E-11 1.30 (1.13, 1.49) 1.6E-04

CHD death 53 7271 1.79 (1.34, 2.40) 9.2E-05 1.40 (1.02, 1.91) 0.035

CVD 393 6931 1.49 (1.34, 1.65) 7.6E-14 1.35 (1.21, 1.51) 9.6E-08

CVD death 67 7257 1.72 (1.33, 2.22) 4.0E-05 1.34 (1.02, 1.77) 0.034

MACE 579 6745 1.46 (1.34, 1.59) 4.4E-18 1.34 (1.22, 1.47) 4.7E-10

MACE death 74 7250 1.67 (1.31, 2.14) 3.7E-05 1.34 (1.04, 1.74) 0.026

Stroke 142 7182 1.48 (1.24, 1.76) 9.8E-06 1.46 (1.22, 1.76) 4.1E-05

HF 271 7053 1.45 (1.28, 1.65) 4.7E-09 1.34 (1.17, 1.53) 2.4E-05

Non-MACE death 231 7093 1.61 (1.41, 1.85) 7.4E-12 1.59 (1.38, 1.83) 2.8E-10

BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; DM2, diabetes mellitus type 2; CHD, coronary heart disease; HDL-C, HDL-cholesterol; HF, heart
failure; HR, hazard ratio; LDL-C, LDL-cholesterol; MACE, major adverse cardiovascular event; TG, triglycerides.
aAge at baseline used as timescale, stratified for sex.
bAge at baseline used as timescale, stratified for sex and adjusted for DM2, current smoking, BMI, systolic blood pressure, lipid-lowering treatment, LDL-C, HDL-C and TG.

.......................................................................................... ..........................................................................................

....................................................................................................................................................................................................................

Table 3 Hazard ratios for incident cardiovascular disease and cardiovascular disease death per one standard deviation
increment in CERT2 and other cardiovascular biomarkers

Variable CVD CVD death

HR (95% CI)a P-value HR (95% CI)b P-value HR (95% CI)a P-value HR (95% CI)b P-value

CERT2 1.49 (1.34, 1.65) 7.6E214 1.40 (1.26, 1.56) 6.3E210 1.72 (1.33, 2.22) 4.0E205 1.44 (1.10, 1.87) 0.007

CERT1 1.35 (1.22, 1.49) 2.2E209 1.26 (1.14, 1.40) 9.8E206 1.52 (1.19, 1.93) 7.2E204 1.28 (1.00, 1.64) 0.051

TC 1.11 (1.01, 1.22) 0.039 1.10 (0.99, 1.21) 0.069 1.22 (0.98, 1.53) 0.073 1.17 (0.94, 1.46) 0.158

LDL-C 1.13 (1.02, 1.25) 0.019 1.13 (1.02, 1.26) 0.016 1.30 (1.03, 1.63) 0.026 1.28 (1.01, 1.64) 0.043

HDL-C 0.77 (0.69, 0.87) 2.2E205 0.81 (0.72, 0.91) 5.7E204 0.84 (0.63, 1.11) 0.222 0.88 (0.67, 1.17) 0.389

TG 1.21 (1.14, 1.28) 3.1E210 1.14 (1.06, 1.22) 2.1E204 1.18 (1.03, 1.37) 0.021 1.09 (0.92, 1.28) 0.331

TG/HDL-C 1.18 (1.13, 1.24) 2.2E212 1.14 (1.08, 1.20) 2.6E206 1.18 (1.05, 1.33) 0.006 1.11 (0.97, 1.27) 0.144

TC/HDL-C 1.24 (1.16, 1.33) 1.9E210 1.22 (1.13, 1.31) 9.2E208 1.25 (1.06, 1.47) 0.009 1.18 (0.98, 1.41) 0.074

Regarding HDL-C, models for CVD endpoint did not meet proportional hazard assumptions. Bold refers to p<0.05.
BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; DM2, diabetes mellitus type 2; HDL-C, HDL-cholesterol; HR, hazard ratio; LDL-C, LDL-cholesterol;
TC, total cholesterol; TG, triglycerides.
aAge at baseline used as timescale, stratified for sex.
bAge at baseline used as timescale, stratified for sex and adjusted for DM2, current smoking, BMI, systolic blood pressure, and lipid-lowering treatment.
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Figure 1 Risk curves for 10 years, according to CERT2 score for cardiovascular endpoints.
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Table 4 Absolute and relative 10-year risk of cardiovascular events in the CERT2 risk categories

Category Population (%) No event Event Risk (%) Rel. risk Population (%) No event Event Risk (%) Rel. risk

CHD CHD death

0–3 17 1190 20 1.7 1.0 17 1208 2 0.2 1.0

4–6 42 3012 77 2.5 1.5 42 3073 16 0.5 3.1

7–8 26 1786 84 4.5 2.7 26 1860 10 0.5 3.2

9–12 16 1067 88 7.6 4.6 16 1130 25 2.2 13.1

CVD CVD death

0–3 17 1178 32 2.6 1.0 17 1207 3 0.2 1.0

4–6 42 2975 114 3.7 1.4 42 3067 22 0.7 2.9

7–8 26 1753 117 6.3 2.4 26 1859 11 0.6 2.4

9–12 16 1025 130 11.3 4.3 16 1124 31 2.7 10.8

MACE MACE death

0–3 17 1164 46 3.8 1.0 17 1207 3 0.2 1.0

4–6 42 2904 185 6.0 1.6 42 3063 26 0.8 3.4

7–8 26 1708 162 8.7 2.3 26 1858 12 0.6 2.6

9–12 16 969 186 16.1 4.2 16 1122 33 2.9 11.5

Stroke Heart failure

0–3 17 1198 12 1.0 1.0 17 1189 21 1.7 1.0

4–6 42 3048 41 1.3 1.3 42 2998 91 2.9 1.7

7–8 26 1833 37 2.0 2.0 26 1807 63 3.4 1.9

9–12 16 1103 52 4.5 4.5 16 1059 96 8.3 4.8

CVD, cardiovascular disease; CHD, coronary heart disease; MACE, major adverse cardiovascular event.
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likely to be of clinical relevance. In this group incidence of non-fatal
CHD, CVD and MACE events were nearly five-fold higher compared
to the lowest CERT2 category. Moreover, incidence of fatal events
was over 10-fold more frequent in the highest CERT2 category,
which included 16% of the whole study population. Thus, CERT2
may be a useful tool for the identification of very high-risk individuals
in primary prevention.

We have shown previously in several secondary prevention
studies that CERT2 reaches higher hazard ratios and C-statistics
than CERT1, which consists only of ceramide lipids.5,6 Here, we
observed that CERT2 reaches higher hazard ratios than CERT1
also in the primary prevention setting, although the differences in
C-statistics were minor. Nevertheless, the risk separation in the
risk charts was again more pronounced for CERT2 and, thus, it
appears that phospholipids yield additional value to ceramides in
cardiovascular risk prediction.

Biomarkers, like CERT2, may be used alone or in combination
with clinical characteristics and/or other biomarkers. As part of the
present study, we modelled CERT2 together with clinical characteris-
tics used in the SCORE, as well as DM2, and developed novel risk
charts both for the absolute and relative CVD risk assessment. The
C-statistics for the different models showed only small differences,
whereas clearer results were obtained for reclassification indices, and
when inspecting the risk charts. In the risk charts the outcome risk
logically increased together with increasing CERT2 score values, and
risk difference between low and high values was more pronounced
for CERT2 than TC or CERT1. Thus, the new suggested risk charts
seem to provide more granular risk assessment than the currently
used SCORE charts. The increased separation in the risk may explain
why the results of reclassification indices for CERT2 were more fa-
vourable than C-statistics.

The limited performance of TC is surprising given its widespread
use in CVD risk assessment. However, this is in line with the recent
Copenhagen General Population Study findings9 and supported

further by the UK biobank analyses of 346 686 individuals without
baseline CVD or statin use. The UK biobank study showed no as-
sociation between TC and CVD mortality (SCORE definition),
since the mean baseline TC levels in subjects experiencing fatal
CVD was essentially the same than those who did not [5.9 mmol/L
(228 mg/dL) in both groups] and there appeared to be a U-shaped
association with the endpoint. In addition, we have recently
reported that in the FINRISK 2002 cohort, analysed also in the pre-
sent study, the associations of LDL-C with incident cardiovascular
endpoints were weak in both middle-aged (>50 years) and older
individuals.15 Taken together, it seems that the mechanisms that
lead to CVD events, e.g. due to plaque rupture, may be different
from those which drive the decades long atherogenic process.
Thus, it is feasible that while TC and LDL-C may drive the athero-
sclerotic CVD process, they may also poorly predict CVD events
in later life.15

A strength of the study is that FINRISK 2002 is a large, well-
characterized population-based study. A limitation of the study is the
lack of validation cohort and thus we are not able to report how ac-
curate the new risk chart would be in other populations. It is likely
that re-calibration is needed for absolute risk determination for coun-
tries with higher or lower risk levels compared to Finland. However,
it should be noted that this limitation is not relevant for the relative
risk assessment. Furthermore, this cohort study was initiated in 2002
and thus it does not fully reflect the current population health
situation.

One fundamental difference between the newly proposed risk
chart and SCORE is that we included risk stratification opportunity
also for subjects with DM2. Earlier their risk level has been consid-
ered so high that no risk evaluation is needed. We observed a 14-fold
relative risk difference between low and high risk DM2 subjects.
Thus, we suggest that risk evaluation may be clinically useful also in
DM2 patients as it may help more precise targeting of preventive
care including lifestyle coaching and medical care. It seems reasonable

Figure 2 Cumulative event rate in different CERT2 risk categories for coronary heart disease, cardiovascular disease, and major adverse cardiovas-
cular event.

CERT2-based chart for cardiovascular risk assessment 7
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..to think that the CVD risk reducing sodium-glucose transport pro-
tein 2 inhibitors and glucagon-like peptide-1 receptor agonists (GLP-
1 agonists) would be particularly beneficial in DM2 with very high
CVD risk.

It has earlier been shown that different components of the
CERT2 score are lowered for instance by statins and PCSK9 inhib-
itors and thus logically CERT2 score is expected to decrease due
to lipid-lowering treatments. Unpublished data (Hilvo et al.,

submitted) show that aggressive lipid lowering reduces CERT2
score by 2–3 points, which associates well with the expected risk
reduction due to statin treatment. However, more evidence is
needed to link CERT2 score lowering to risk reduction.
Interestingly, in the PREDIMED trial, high ceramide concentra-
tions were associated with CVD risk reduction in subjects on
Mediterranean diet intervention, while no benefit was observed in
subjects with low ceramide levels.16

.......................................................................... .............................................................

....................................................................................................................................................................................................................

Table 5 C-statistics and net reclassification index for 10-year risk of cardiovascular events

Endpoint Model C-

stat

Delta P-

value

Categorical NRIb Continuous NRI

NRI (95%
CI)

Event (%) Non-event

(%)

NRI (95%
CI)

Event (%) Non-event

(%)

CHD Basic modela 0.813

þ CERT2 0.820 0.006 0.103 0.025 (-0.019; 0.069) 3.0 -0.5 0.309 (0.188; 0.429) 15.7 15.2

þ CERT1 0.816 0.003 0.343 0.033 (-0.008; 0.073) 3.4 -0.1 0.245 (0.123; 0.367) 7.5 17.0

þ TC 0.816 0.002 0.356 0.026 (-0.012; 0.064) 2.6 0.0 0.218 (0.096; 0.340) 0.0 21.8

CHD death Basic modela 0.910

þ CERT2 0.915 0.005 0.363 0.054 (-0.079; 0.187) 5.7 -0.3 0.304 (0.038; 0.570) 17.0 13.4

þ CERT1 0.914 0.004 0.331 0.074 (-0.029; 0.176) 7.5 -0.2 0.182 (-0.088; 0.452) 1.9 16.3

þ TC 0.912 0.002 0.277 -0.021 (-0.104; 0.062) -1.9 -0.2 0.170 (-0.100; 0.440) -1.9 18.9

CVD Basic modela 0.815

þ CERT2 0.819 0.005 0.149 0.051 (0.002; 0.100) 5.9 20.8 0.293 (0.192; 0.394) 13.8 15.5

þ CERT1 0.817 0.002 0.475 0.056 (0.011; 0.100) 5.9 20.3 0.220 (0.118; 0.321) 4.6 17.4

þ TC 0.815 0.000 0.960 0.010 (-0.013; 0.033) 0.8 0.2 0.144 (0.042; 0.245) 24.1 18.4

CVD death Basic modela 0.901

þ CERT2 0.903 0.002 0.654 0.072 (-0.054; 0.198) 7.5 -0.3 0.263 (0.025; 0.501) 13.4 12.9

þ CERT1 0.904 0.003 0.416 0.014 (-0.100; 0.127) 1.5 -0.1 0.154 (-0.086; 0.395) -1.5 16.9

þ TC 0.903 0.002 0.270 -0.031 (-0.123; 0.062) -3.0 -0.1 0.252 (0.012; 0.492) 4.5 20.7

MACE Basic modela 0.811

þ CERT2 0.815 0.004 0.093 0.034 (-0.009; 0.078) 4.2 -0.7 0.248 (0.164; 0.333) 9.3 15.5

þ CERT1 0.813 0.002 0.331 0.012 (-0.026; 0.050) 1.9 -0.7 0.244 (0.159; 0.328) 5.9 18.5

þ TC 0.811 0.000 0.943 -0.003 (-0.019; 0.014) -0.2 -0.1 0.135 (0.050; 0.219) 23.8 17.3

MACE deathBasic modela 0.902

þ CERT2 0.904 0.002 0.706 0.105 (-0.011; 0.221) 10.8 -0.3 0.198 (-0.030; 0.426) 8.1 11.7

þ CERT1 0.904 0.002 0.482 0.039 (-0.070; 0.148) 4.1 -0.2 0.163 (-0.066; 0.391) 0.0 16.3

þ TC 0.903 0.001 0.318 0.001 (-0.052; 0.054) 0.0 0.1 0.217 (-0.012; 0.445) 2.7 19.0

Stroke Basic modela 0.834

þ CERT2 0.834 0.000 0.969 0.114 (0.040; 0.188) 12.0 20.6 0.252 (0.086; 0.417) 9.9 15.3

þ CERT1 0.833 -0.001 0.709 0.081 (0.014; 0.147) 8.5 20.4 0.126 (-0.040; 0.292) -4.2 16.8

þ TC 0.836 0.002 0.175 0.002 (-0.050; 0.054) 0.0 0.2 -0.068 (-0.234; 0.098) 4.2 -11.0

Heart failureBasic modela 0.826

þ CERT2 0.831 0.005 0.168 0.049 (-0.017; 0.116) 5.2 -0.2 0.214 (0.093; 0.335) 6.3 15.2

þ CERT1 0.829 0.003 0.391 0.045 (-0.018; 0.109) 4.8 -0.3 0.280 (0.159; 0.400) 8.5 19.5

þ TC 0.826 0.000 0.976 0.001 (-0.013; 0.016) 0.0 0.1 0.109 (-0.012; 0.230) -5.5 16.4

CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; DM2, diabetes mellitus type 2; HF, heart failure; MACE, major adverse cardiovascular event;
NRI, net reclassification index; TC, total cholesterol.
aBasic model consists of DM2, current smoking, systolic blood pressure, age at baseline and sex.
bCategorical NRI cut-offs were 3%, 5%, and 10% for CHD and CVD deaths. For CHD and CVD and MACE, these were multiplied by 4, for stroke by 2, and for HF by 3.

8 M. Hilvo et al.
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..In conclusion, CERT2 score associated significantly with CV death
as well as with non-fatal MIs, stroke and heart failure in primary pre-
vention. A modified SCORE risk chart with CERT2 with enhanced
risk stratification was developed for both absolute and relative risk
prediction including also subjects with DM2.
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Supplementary material is available at European Heart Journal Open
online.
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15. Hilvo M, Dhar I, Lääperi M, Lysne V, Sulo G, Tell GS, Jousilahti P, Nygård OK,
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