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Abstract 

Background: The link between blood lipids and cardiovascular disease (CVD) is complex. Our aim was to assess the 
differential effect of blood lipids on CVD risk according to age, sex, body weight, diet quality, use of lipid-lowering 
drugs and presence of hypercholesterolemia.

Methods: In this secondary analysis of the ATTICA prospective cohort study, serum blood lipids, i.e., total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG) 
and liproprotein(a) [Lp(a)], and sociodemographic, anthropometric, lifestyle and clinical parameters were evaluated 
at baseline (2001/2002) in 2020 CVD-free men and women. CVD incidence was recorded at the 10-year follow-up 
(2011/2012).

Results: All blood lipids assessed were univariately related to CVD risk; however, associations remained significant 
only for HDL-C and TG in multivariate models adjusted for age, sex, body mass index, smoking, Mediterranean Diet 
Score, physical activity, presence of hypercholesterolemia, hypertension and diabetes mellitus, use of lipid-lowering 
drugs, and family history of CVD [RR per 1 mg/dL (95% CI): 0.983 (0.967, 1.000) and 1.002 (1.001, 1.003), respectively]. 
In stratified analyses, TC and LDL-C predicted CVD risk in younger subjects, normal-weight subjects, and those not on 
lipid-lowering drugs, while HDL-C and TG were significant predictors in older subjects, those with low adherence to 
the Mediterranean diet, and hypercholesterolemic subjects; a significant effect on CVD risk was also observed for TG 
in males, overweight participants and lipid-lowering medication users and for Lp(a) in older subjects and females (all 
p ≤ 0.050).

Conclusions: The impact of blood lipids on CVD risk differs according to several biological, lifestyle and clinical 
parameters.
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Background
Dyslipidemia, defined as any abnormal alteration in 
the plasma lipid profile, represents a significant modifi-
able risk factor for the development of cardiovascular 
disease (CVD). The global prevalence of dyslipidemia 
has been estimated to be as high as 40%, and blood 
lipid abnormalities account for more than one-third 
of deaths caused by ischemic heart disease or ischemic 
stroke in both the developed and developing world [1]. 
Among the various blood lipid indices, total cholesterol 
(TC) and low-density lipoprotein cholesterol (LDL-C) 
have traditionally stood out in relation to CVD risk. 
On the one hand, TC is currently utilized as the ini-
tial screening lipidemic index in most total CVD risk 
estimation systems/algorithms, such as the Systematic 
Coronary Risk Estimation (SCORE) of the European 
Society of Cariology, along with age, sex, systolic blood 
pressure and smoking status [2]. On the other hand, 
accumulated research has highlighted the retention 
of apo-B-containing lipoproteins, most importantly 
LDL-C but also very-low density lipoproteins and rem-
nant chylomicrons, within the arterial wall as the key 
initiating event in atherogenesis; therefore, LDL-C is 
currently the primary target for lifestyle and pharma-
cological interventions to prevent CVD with specific 
goals relevant to the TC-based calculated total CVD 
risk [3].

Despite the significant role of TC and LDL-C in CVD 
screening, prevention and follow-up, a high residual 
CVD risk has been reported in statin-treated patients 
[4–6]; this observation suggests that focusing solely on 
TC or LDL-C might result in underestimating CVD 
risk in a considerable proportion of the population and 
highlights the need for investigating the prognostic 
ability of other lipid/lipoprotein metabolism biomark-
ers on CVD risk, even in individuals with adequate 
control of hypercholesterolemia. Indeed, research has 
shown that a lipidemic profile characterized by low 
high-density lipoprotein cholesterol (HDL-C), low 
apolipoprotein A1 (the major protein component of 
HDL particles), high triglycerides (TG) and a high 
ratio of TC/LDL-C:HDL-C can better predict CVD 
risk in both the general CVD-free population and sta-
tin-treated coronary patients compared to a lipidemic 
profile characterized by high TC and high LDL-C 
[7–9]. Moreover, lipoprotein(a) [Lp(a)], a plasma lipo-
protein consisting of an LDL-like particle linked to 
apolipoprotein(a), is a novel and highly discussed 

CVD biomarker, given its strong prothrombotic effects 
because of the structural similarity of apolipoprotein(a) 
with antifibrinolytic factors, its ability to stimulate the 
production of proinflammatory cytokines, and its detri-
mental effect on the pathophysiology of atherosclerosis 
due to the accumulation of Lp(a) cholesterol within the 
arteries [10, 11].

Despite the abundance of available data on the link 
between various blood lipids and CVD risk, their differ-
ential association in subgroups of the general population 
remains poorly studied. As previously stated, the identifi-
cation of appropriate lipid biomarkers is crucial not only 
in untreated apparently healthy individuals to assess total 
CVD risk but also in those under lipid-lowering medi-
cation to assess residual CVD risk and optimize health 
outcomes [12]. Other traditional CVD risk factors might 
also be of relevance when testing the association between 
lipidemic profile and CVD risk. For example, age and sex 
differences in CVD epidemiology and burden exist, and 
the importance of heart disease is increasingly recog-
nized in younger adults and women; however, age- and 
sex-stratified associations between blood lipids and CVD 
risk have not been extensively studied [13, 14]. Moreo-
ver, body weight and diet quality can influence CVD risk, 
a secondary effect to their impact on CVD risk factors, 
including blood lipids [15, 16]. In this context, several 
epidemiological and clinical studies have revealed that a 
Mediterranean-style diet can lead to a substantial CVD 
risk reduction compared to a Western-type diet [17, 18]; 
however, it remains unclear whether the level of adher-
ence to the Mediterranean diet can influence the rela-
tionship between blood lipids and CVD.

Given the aforementioned, the traditional simplistic 
view of the link between the lipidemic profile and CVD 
is gradually changing in light of novel data, and more 
research is required to identify blood lipid biomarkers 
that can optimally assess CVD risk and serve as end-
points for CVD prevention, as well as to understand how 
these biomarkers are differentially related to CVD risk 
based on other biological, clinical and lifestyle CVD risk 
factors. To this end, we aimed to explore and compare 
the predictive ability of TC, LDL-C, HDL-C, TG, and 
Lp(a) on 10-year CVD risk in a large, adult, community-
based, free-living population who participated in the 
ATTICA prospective epidemiological study (2002–2012). 
Our secondary aim was to explore whether the link 
between blood lipid biomarkers and CVD risk differenti-
ates according to other important biological, clinical and 
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lifestyle characteristics, namely, age, sex, body weight 
status, quality of diet (using the level of adherence to the 
Mediterranean diet as an indicator), use of lipid-lowering 
medication and presence of hypercholesterolemia.

Methods
Study design
The ATTICA study is a prospective, observational, 
cohort investigation designed to identify sociodemo-
graphic, lifestyle, biochemical and clinical risk factors for 
the development of CVD among non-institutionalized, 
apparently healthy, adult males and females living in the 
capital province of Greece. The study protocol can be 
found in detail elsewhere [19].

Bioethics
The study was conducted in accordance with the Decla-
ration of Helsinki [20], and approval was obtained from 
the Ethics Committee of the 1st Department of Cardiol-
ogy of the National and Kapodistrian University of Ath-
ens (code: 017/01.05.2001, date: May 1, 2001).

Sample
The baseline phase of the ATTICA study (2001–2002) 
was conducted in the greater metropolitan area of Ath-
ens (78% urban municipalities). The sampling was ran-
dom, based on the characteristics of the study population 
(distribution of age and sex), and performed in 27 differ-
ent cities of the Attica region to account for spatial heter-
ogeneity. A total of 4056 individuals were initially invited, 
of which 3042 (75% participation rate) provided written 
informed consent and were enrolled (1514 males aged 
46 ± 13 years and 1528 females aged 45 ± 13 years). Upon 
enrollment, participants’ medical, biochemical, anthro-
pometric, lifestyle and sociodemographic characteristics 
were assessed by trained health professionals, including 
general practitioners, nurses, cardiologists and dietitians, 
based on standardized procedures as described below 
[19]. Participants were followed-up for 10 years, and the 
association between selected baseline blood lipids and 
the 10-year CVD incidence (the main endpoint of the 
study) was explored after stratification for biological, life-
style and clinical covariates.

Baseline assessment
Lipidemic profile indices
Morning 12-hour fasting blood samples were collected 
from an antecubital vein, and serum was extracted and 
frozen at − 80 °C until analysis. Blood lipid biomarkers, 
i.e., TC, HDL-C, TG and Lp(a), were measured in a cer-
tified laboratory using appropriate biochemical assays 
as previously described [8]. Internal quality control was 
applied to blood lipid measurements, based on which the 

intra- and interassay coefficients of variation of TC, TG, 
HDL-C and Lp(a) did not exceed 9, 4, 4 and 4%, respec-
tively. The Friedewald formula was utilized to calculate 
LDL-C based on TC, HDL-C and TG values [21]. All lipid 
biomarkers were also categorized as normal or abnormal 
based on cutoff values proposed in the latest European 
guidelines for dyslipidemias [22], i.e., 200 mg/dL for TC, 
100 mg/dL for LDL-C, 40 mg/dL in males and 50 mg/dL 
in females for HDL-C, 150 mg/dL for TG and 50 mg/dL 
for Lp(a).

Medical, sociodemographic and clinical characteristics
Participants’ medical status was evaluated through face-
to-face interviews and included a history of risk fac-
tors for CVD, i.e., hypertension, hypercholesterolemia 
and diabetes mellitus, and the use of relevant medica-
tion, such as lipid-lowering, antihypertensive and anti-
diabetic drugs. A sphygmomanometer was used by a 
trained cardiologist to measure blood pressure, with the 
subject sitting and after a 30-minute rest; a total of three 
measurements were recorded, and their average was 
used for analyses. Participants with systolic blood pres-
sure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, 
and those under blood pressure-lowering medication 
were classified as hypertensive. Demographic data (age, 
sex and marital status) and socioeconomic characteristics 
(annual income, years of education and type of occupa-
tion) were also recorded as previously described [19]. 
Four categories of financial status (≤8000 €, medium: 
8001–10,000 €, high: 10,001–20,000 € and very high: 
> 20,000 €) and three categories of educational level (low: 
0–6 years, medium: 7–13 years, and high: ≥14 years) were 
extracted based on annual income and total years of pri-
mary, secondary and tertiary education, respectively.

Anthropometric and lifestyle parameters
Height (m) and body weight (kg) were measured follow-
ing a standardized protocol. Body mass index (BMI) was 
calculated as weight:height2, and participants were classi-
fied as overweight if BMI was 25.0–29.9 kg/m2 and obese 
if BMI was ≥30.0 kg/m2. Waist circumference (WC) was 
measured in cm using a nonelastic tape; the measure-
ment was performed in a standing position, at the mid-
point between the iliac crest and lowest rib, and at the 
end of normal expiration [23]. WC values ≥102 cm for 
men and ≥ 88 cm for women were considered elevated 
based on international criteria [24]. The short-form 
International Physical Activity Questionnaire was used 
to evaluate physical activity level [25]; participants were 
categorized as physically active if they reported perform-
ing any kind of physical activity of specific intensity and 
duration for > 1 day/week; otherwise, they were consid-
ered sedentary. Smoking habits were also evaluated, and 
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subjects were classified as current smokers (≥1 cigarette/
day), former smokers (smoking cessation for ≥12 months 
prior to baseline evaluation), and never smokers. To 
evaluate total exposure to tobacco, the duration of smok-
ing (in years) was multiplied by the number of cigarette 
packs consumed per day (considering that each pack con-
tains 20 cigarettes), and pack-years were calculated for 
each participant.

A validated 156-item semiquantitative food-frequency 
questionnaire [26] was used to evaluate participants’ 
habitual diet. Based on the consumption of foods, bev-
erages and food groups, the a-priori Mediterranean Diet 
Score (MedDietScore) index [27] was calculated to evalu-
ate participants’ level of adherence to the Mediterranean 
diet. In more detail, the MedDietScore incorporates the 
consumption of 11 dietary components, i.e., full-fat dairy 
products, fruits, vegetables, whole grains, potatoes, leg-
umes, poultry, fish, red meat, olive oil and alcohol, which 
are scored on a 0–5 scale (for Mediterranean foods/food 
groups, this scale ranges from 0 – very rare consumption 
to 5 – very frequent consumption; the opposite scoring 
is applied to foods/food groups that are not considered 
part of the Mediterranean diet; for alcohol, consump-
tion of 0 and > 7 servings per day is given a score of 0, and 
the consumption of 6–7, 5–6, 4–5, 3–4 and < 3 servings 
per day is given a score of 1 to 5, respectively, assuming 
12 g of ethanol in a typical serving). The MedDietScore 
index obtains a total score of 0–55, with increasing val-
ues indicating a higher proximity to the Mediterranean 
diet. Based on the median MedDietScore value of the 
study population, participants were further classified into 
two groups: those exhibiting low adherence (below the 
median, i.e., < 26.5) and those exhibiting high adherence 
to the Mediterranean diet (equal to or above the median, 
i.e., ≥26.5).

Follow‑up assessment
Participants were followed-up at 10 years after enroll-
ment (2011/2012). They were initially contacted by 
telephone and then evaluated through face-to-face inter-
views by the research team. Of the 3042 subjects who 
participated in the baseline phase of the ATTICA study, 
2583 were re-evaluated (85% participation rate), and 459 
were lost to follow-up (224 were not found due to missing 
or erroneous contact information provided at baseline, 
and 235 declined to participate in the 10-year re-evalua-
tion). The follow-up assessment included information on 
participants’ vital status (death from any cause) and the 
development of nonfatal and fatal CVD, i.e., myocardial 
infarction, stroke, angina pectoris, congestive heart fail-
ure (congestive heart disease and right ventricular failure 
secondary to left heart failure) and left ventricular failure 

(cardiac asthma, left heart failure, edema of lung and pul-
monary edema), other identified forms of ischemia, and 
chronic arrhythmias, which were retrieved from par-
ticipants’ medical records. Accurate 10-year CVD inci-
dence data were obtained for 2020 participants (66% of 
the study population), who comprised the final analyzed 
sample.

Statistical analyses
All analyses were performed in STATA software ver-
sion 15 (StataCorp. 2017. College Station, TX, USA). 
Statistical significance was set at 0.050. Data are pre-
sented as relative frequencies for categorical variables, 
mean ± standard deviation for normally distributed 
continuous variables and median (1st, 3rd quartile) for 
skewed continuous variables. Normality was evaluated 
through the Kolmogorov–Smirnov test. Differences 
between participants who experienced a CVD event 
throughout the study period and their CVD-free coun-
terparts were tested through Pearson’s chi-square test for 
categorical variables, Student’s t test for normally distrib-
uted numerical variables (Levene’s test was performed 
prior to Student’s t test to explore the homogeneity of 
variance) and the Mann–Whitney test for skewed numer-
ical variables. The incidence of CVD was estimated as the 
number of new CVD cases divided by the number of sub-
jects re-evaluated at 10 years. Multivariate Cox regres-
sion models were utilized to extract the relative risks 
(RRs) and 95% confidence intervals (95% CIs) of develop-
ing a CVD event throughout the 10-year study period in 
relation to baseline TC, LDL-C, HDL-C, TG, and Lp(a) 
levels. Blood lipid biomarkers were inserted into the 
models both as continuous variables and as categorical 
ones indicating abnormal levels. Confounders included 
participants’ age, sex, BMI, smoking status, MedDi-
etScore, physical activity level, presence of hypertension, 
hypercholesterolemia and diabetes mellitus at baseline, 
use of lipid-lowering medication, and family history of 
CVD. Models’ goodness of fit, classification ability and 
predictive power were evaluated through the Negelkerke 
adjusted R-square (R2) and Harrell’s C of inverse RR (the 
proportion of all subject pairs with concordant predic-
tions and outcomes). The percentage (%) of improvement 
in the models’ predictive ability after the introduction of 
each blood lipid biomarker was also assessed through 
the continuous net reclassification improvement (cNRI). 
Sensitivity analyses were stratified by age (≤45-year-olds 
vs. > 45-year-olds), sex (males vs. females), body weight 
status (normal weight vs. overweight/obese), level of 
adherence to the Mediterranean diet (high vs. low), use 
of lipid-lowering medication (yes vs. no), and presence of 
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hypercholesterolemia (TC ≥200 mg/dL vs. TC < 200 mg/
dL).

Results
During the 10-year follow-up period, 317 subjects (198 
males and 119 females) experienced a CVD event, lead-
ing to a crude CVD incidence of 15.7% (males: 19.7%, 

females: 11.7%) and an annual CVD incidence of 146 
cases per 10,000 subjects (males: 182 per 10,000, females: 
110 per 10,000). The baseline characteristics of the study 
population according to 10-year CVD incidence are 
shown in Table  1. Compared to CVD-free participants, 
those who experienced a CVD event throughout 10 years 
were older, most frequently male, had a lower educational 

Table 1 Sociodemographic, lifestyle, biochemical and clinical characteristics of the study population according to 10-year CVD 
incidence (n = 2020)

Categorical variables are presented as relative frequencies, while numerical variables are presented as the mean ± standard deviation or median (1st, 3rd quartile) if 
normally distributed or skewed, respectively
a P values for between-group comparisons, as derived from Pearson’s chi-square test for categorical variables, Student’s t test for normally distributed numerical 
variables and the Mann–Whitney U test for skewed numerical variables

BMI Body mass index, CVD Cardiovascular disease, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, Lp(a) Lipoprotein(a), 
MedDietScore Mediterranean Diet Score, TC Total cholesterol, TG Triglycerides, WC Waist circumference

CVD‑free (n = 1703) CVD (n = 317) P  valuea

Age, years 42.9 ± 12.8 57.8 ± 13.2 < 0.001

Males, % 47.4 62.5 < 0.001

Educational level, % < 0.001

 low 15.0 37.5

 medium 46.3 39.4

 high 38.7 23.0

Financial status, % 0.240

 low 22.3 24.2

 medium 32.2 29.9

 high 32.3 37.6

 very high 13.2 8.3

BMI, kg/m2 26.0 ± 4.5 27.9 ± 4.5 < 0.001

 25–30 kg/m2, % 38.8 47.6 < 0.001

  ≥ 30 kg/m2, % 16.4 27.1 < 0.001

WC, cm 89.3 ± 15.1 97.3 ± 13.7 < 0.001

Increased WC, % 51.1 67.8 < 0.001

Current smokers, % 41.9 35.3 0.028

Ever smokers, % 54.5 56.8 0.459

Pack-years 320 (140, 600) 600 (260, 1000) < 0.001

MedDietScore (0–55) 26.4 ± 6.2 22.8 ± 6.5 < 0.001

MedDietScore < 26.5, % 55.5 88.3 < 0.001

Physically active, % 40.9 40.7 0.935

TC, mg/dL 190 (163, 218) 203 (178, 232) < 0.001

TC ≥200 mg/dL, % 39.3 53.5 < 0.001

LDL-C, mg/dL 119 (95, 144) 125 (107, 155) < 0.001

LDL-C ≥ 100 mg/dL, % 70.3 83.2 < 0.001

HDL-C, mg/dL 48 (39, 57) 43 (36, 53) < 0.001

HDL-C < 40/50 mg/dL, % 41.2 55.4 < 0.001

TG, mg/dL 94 (66, 137) 129 (93, 182) < 0.001

TG ≥150 mg/dL, % 20.7 39.0 < 0.001

Lp(a), mg/dL 10.9 (4.6, 23.5) 13.0 (5.0, 27.4) 0.052

Lp(a) ≥50 mg/dL, % 8.2 11.3 0.079

Use of lipid-lowering meds, % 8.1 26.5 < 0.001

Hypertension, % 28.0 50.7 < 0.001

Diabetes mellitus, % 4.6 21.5 < 0.001
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level, higher BMI and WC, higher overweight/obesity 
and abdominal adiposity rates, reported a lower level 
of adherence to the Mediterranean diet and a greater 
smoking burden assessed through pack-years, and had 
a higher prevalence of hypertension and diabetes melli-
tus at baseline (all P < 0.001). Subjects who experienced 
a CVD event during the study period also exhibited a 
more detrimental lipidemic profile than CVD-free sub-
jects, including higher TC (P < 0.001), LDL-C (P < 0.001), 
TG (P < 0.001) and Lp(a) (P = 0.052), lower HDL-C 
(P < 0.001), and a higher prevalence of abnormal TC, 
LDL-C, HDL-C and TG levels (all P < 0.001).

In univariate analysis, all lipid biomarkers assessed 
were significantly associated with CVD risk. A 10-unit 
(mg/dL) increase in TC, LDL-C, TG and Lp(a) was asso-
ciated with a 7% (RR per 1 mg/dL: 1.007, 95% CI: 1.002, 
1.010), 6% (RR per 1 mg/dL: 1.006, 95% CI: 1.003, 1.010), 
3% (RR per 1 mg/dL: 1.003, 95% CI: 1.002, 1.003) and 7% 
(RR per 1 mg/dL: 1.007, 95% CI: 1.002, 1.012) increased 
10-year risk of CVD, respectively. In contrast, CVD risk 
decreased by 2.2% for every unit (mg/dL) increase in 
HDL-C (RR per 1 mg/dL: 0.978, 95% CI: 0.968, 0.989). 
Similarly, the univariate association between the pres-
ence of abnormal lipid biomarker levels and CVD inci-
dence was significant, with increases in CVD risk ranging 
from 65% for HDL-C levels < 40/50 mg/dL (RR: 1.650, 
95% CI: 1.281, 2.124) and 72% for TC levels ≥200 mg/
dL (RR: 1.721, 95% CI: 1.351, 2.192) to 117% for TG lev-
els ≥150 mg/dL (RR: 2.173, 95% CI: 1.675, 2.819), 118% 
for LDL-C levels ≥100 mg/dL (RR: 2.181, 95% CI: 1.482, 
3.211) and 165% for Lp(a) levels ≥50 mg/dL (RR: 2.652, 
95% CI: 2.012, 4.018).

After adjustment for age, sex, BMI, smoking, MedDi-
etScore, physical activity level, presence of hypertension, 
hypercholesterolemia and diabetes mellitus at baseline, 
use of lipid-lowering drugs, and family history of CVD 
(Table 2), associations between TC, LDL-C and Lp(a) and 

CVD incidence were attenuated; however, HDL-C and 
TG still exhibited a significant independent impact on 
10-year CVD incidence (RR per 1 mg/dL: 0.983, 95% CI: 
0.967, 1.000 and RR per 1 mg/dL: 1.002, 95% CI: 1.001, 
1.003, respectively). Among the fully adjusted mod-
els, the one incorporating HDL-C showed the highest 
explanatory ability (R-square = 18.8%), followed by the 
ones incorporating LDL-C and Lp(a) (R-square = 17.6%), 
TC (R-square = 17.4%) and TG (R-square = 17.3%). Based 
on Harrell’s C values, the models with the highest predic-
tive power were those of LDL-C (0.739) and TG (0.707), 
followed by those of Lp(a) (0.562), HLD-C (0.521) and 
TC (0.205), while based on cNRI, the model with the 
best ability of correct reclassification was that of HDL-C 
(12.6%), meaning that adding HDL-C in the model on top 
of the other variables correctly reclassified another 13 out 
of 100 subjects, followed by LDL-C (11.1%), TC (10.4%), 
Lp(a) (6.7%) and TG (5.0%).

Differences in lipid biomarkers between subgroups of 
the study population according to age, sex, body weight 
status, diet quality, use of lipid-lowering medication 
and presence of hypercholesterolemia are presented in 
Table 3. Older participants (> 45 years) exhibited a more 
detrimental lipidemic profile characterized by higher 
levels of TC, LDL-C and TG (all P < 0.001) and a trend 
for higher levels of Lp(a) (P = 0.066) than younger par-
ticipants (≤45 years). Compared to female subjects, 
males were characterized by higher TC (P = 0.011), 
LDL-C (P < 0.001) and TG (P < 0.001) and lower HDL-C 
(P < 0.001); however, Lp(a) levels were significantly 
higher in female participants (P = 0.013). Compared 
to normal-weight subjects, overweight/obese subjects 
(BMI ≥25 kg/m2) exhibited a more detrimental lipidemic 
profile with higher levels of TC, LDL-C, TG and lower 
levels of HDL-C (all P < 0.001), and a similarly adverse 
lipidemic pattern was evident in participants with a low 
level of adherence to the Mediterranean diet compared 

Table 2 Associations between blood lipid biomarkers and 10-year CVD incidence in the total study population (n = 2020)

The results are presented as relative risks (RRs) with their 95% confidence intervals (CIs), as derived from multivariate Cox proportional hazard models

All models were adjusted for age, sex, body mass index, smoking status, MedDietScore, physical activity level, presence of hypercholesterolemia, hypertension and 
diabetes mellitus at baseline, use of lipid-lowering medication, and family history of cardiovascular disease

cNRI Continuous net reclassification improvement, CVD Cardiovascular disease, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol; 
Lp(a) Lipoprotein(a), TC Total cholesterol, TG Triglycerides

10‑year CVD incidence

RR 95%CI P value Adj.  R2 Harrell’s C cNRI

TC, mg/dL 1.003 0.999, 1.007 0.111 17.4% 0.205 10.4%

LDL-C, mg/dL 1.002 0.998, 1.007 0.379 17.6% 0.739 11.1%

HDL-C, mg/dL 0.983 0.967, 1.000 0.050 17.8% 0.521 12.6%

TG, mg/dL 1.002 1.001, 1.003 0.012 17.3% 0.707 5.0%

Lp(a), mg/dL 1.003 0.997, 1.010 0.251 17.6% 0.562 6.7%
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Table 3 Blood lipid biomarkers and 10-year CVD incidence according to age, sex, body weight status, adherence to the 
Mediterranean diet, use of lipid-lowering medication and presence of hypercholesterolemia (n = 2020)

Categorical variables are presented as relative frequencies, while numerical variables are presented as medians (1st, 3rd quartile)
a  P values for between-group comparisons, as derived from Pearson’s chi-square test for categorical variables and the Mann–Whitney U test for numerical variables

CVD Cardiovascular disease, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, Lp(a) Lipoprotein(a), TC Total cholesterol, TG 
Triglycerides

Age P valuea

≤45 years (n = 1080) > 45 years (n = 940)

TC, mg/dL 179 (155, 204) 207 (184, 234) < 0.001

LDL-C, mg/dL 109 (89, 133) 132 (111, 156) < 0.001

HDL-C, mg/dL 47 (39, 56) 46 (38, 56) 0.121

TG, mg/dL 82 (58, 119) 119 (87, 167) < 0.001

Lp(a), mg/dL 10.6 (4.4, 23.1) 12.3 (5.5, 25.9) 0.066

10-year CVD incidence, % 5.0 28.0 < 0.001

Sex

Males (n = 1006) Females (n = 1014) P valuea

TC, mg/dL 196 (167, 225) 189 (164, 216) 0.011

LDL-C, mg/dL 124 (102, 149) 116 (93, 143) < 0.001

HDL-C, mg/dL 41 (35, 50) 52 (44, 60) < 0.001

TG, mg/dL 115 (80, 168) 85 (61, 121) < 0.001

Lp(a), mg/dL 10.8 (4.5, 24.6) 12.2 (5.0, 24.7) 0.013

10-year CVD incidence, % 19.7 11.7 < 0.001

Body weight status P valuea

Normal‑weight (n = 845) Overweight/obese (n = 1175)

TC, mg/dL 182 (157, 207) 200 (173, 150) < 0.001

LDL-C, mg/dL 112 (89, 136) 126 (103, 150) < 0.001

HDL-C, mg/dL 51 (43, 60) 43 (36, 52) < 0.001

TG, mg/dL 77 (55, 110) 115 (82, 165) < 0.001

Lp(a), mg/dL 11.2 (4.7, 23.9) 11.5 (4.9, 24.8) 0.823

10-year CVD incidence, % 9.5 20.2 < 0.001

Adherence to the Mediterranean diet P valuea

High (n = 1000) Low (n = 1020)

TC, mg/dL 179 (156, 207) 202 (179, 230) < 0.001

LDL-C, mg/dL 111 (90, 135) 127 (107, 154) < 0.001

HDL-C, mg/dL 51 (42, 60) 43 (36, 53) < 0.001

TG, mg/dL 78 (56, 110) 122 (91, 177) < 0.001

Lp(a), mg/dL 11.1 (4.8, 24.0) 11.0 (4.5, 24.5) 0.678

10-year CVD incidence, % 6.0 25.3 < 0.001

Use of lipid‑lowering medication P valuea

Yes (n = 106) No (n = 1914)

TC, mg/dL 206 (181, 227) 191 (165, 220) < 0.001

LDL-C, mg/dL 125 (106, 161) 120 (97, 145) 0.027

HDL-C, mg/dL 43 (35, 54) 47 (38, 56) 0.003

TG, mg/dL 136 (99, 200) 97 (67, 142) < 0.001

Lp(a), mg/dL 15.3 (7.3, 28.4) 11.2 (4.6, 24.5) 0.022

10-year CVD incidence, % 46.6 14.1 < 0.001

Presence of hypercholesterolemia P valuea

Yes (n = 839) No (n = 1181)

TC, mg/dL 227 (105, 147) 170 (151, 185) < 0.001

LDL-C, mg/dL 151 (136, 170) 102 (86, 117) < 0.001

HDL-C, mg/dL 46 (39, 57) 47 (39, 57) 0.537

TG, mg/dL 132 (96, 181) 81 (58, 113) < 0.001

Lp(a), mg/dL 12.6 (5.4, 28.2) 10.1 (4.3, 22.0) < 0.001

10-year CVD incidence, % 19.8 12.2 < 0.001
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to those with high adherence (all P < 0.001). Participants 
using lipid-lowering medication also exhibited a worse 
lipidemic profile [higher TC, LDL-C, TG and Lp(a) and 
lower HDL-C] than those not on medication, while sub-
jects with hypercholesterolemia (TC ≥200 mg/dL) had 
higher levels of TC, LDL-C, TG and Lp(a) (all P < 0.001) 
but similar levels of HDL-C compared to normocholes-
terolemic subjects.

Multivariate Cox proportional hazard models also 
revealed a differential impact of lipid biomarkers on 
10-year CVD risk according to age, sex, body weight 
status, quality of diet, use of lipid-lowering medication 
and presence of hypercholesterolemia (Table 4). Among 
the blood lipids assessed, TC and LDL-C emerged as 
significant predictors of CVD risk in ≤45-year-old par-
ticipants, whereas HDL-C, TG and Lp(a) were associ-
ated with CVD risk in older participants (> 45 years). Sex 
differences were also evident, with TG being associated 
with CVD risk in males and Lp(a) being associated with 
CVD risk in females. In normal-weight subjects, TC 
and LDL-C were significant predictors of 10-year CVD 
incidence; in contrast, TG was the only blood lipid bio-
marker with a significant detrimental impact on CVD 
risk in overweight/obese individuals. Analyses stratified 
by diet quality revealed that HDL-C and TG were posi-
tively associated with CVD risk in participants reporting 
low adherence to the Mediterranean diet, while none of 
the blood lipids assessed were significant predictors in 
those who closely adhered to the Mediterranean diet. 
Moreover, TC and LDL-C were significant predictors of 
10-year CVD incidence in participants not using lipid-
lowering medication, while TG was the only lipid asso-
ciated with CVD risk in those under medication. Finally, 
associations between blood lipid biomarkers and 10-year 
CVD incidence were evident only in hypercholester-
olemic subjects, in which HDL-C and TG were signifi-
cant predictors.

Discussion
Dyslipidemia has long been established as a core step 
of the atherosclerosis process and a crucial risk factor 
for the development of CVD. However, the relationship 
between a single risk factor and a future CVD event can 
be significantly modulated by other biological, anthro-
pometric, lifestyle and clinical characteristics. Therefore, 
the evaluation of the predictive ability of traditional and 
novel blood lipid biomarkers in different subgroups of 
the population is important to better understand indi-
vidualized interactions between the lipidemic profile and 
health and to improve CVD risk screening systems and 
prevention strategies.

Herein, using data from a large-scale, prospective, epi-
demiological study, we demonstrated that several tradi-
tional and novel blood lipid biomarkers, i.e., TC, LDL-C, 
HDL-C, TG and Lp(a), are univariately related to CVD 
risk; however, associations remain significant only for 
HDL-C and TG when several potential confounders are 
taken into account. In addition, the link between blood 
lipids and CVD risk was found to significantly differen-
tiate in stratified analyses according to other CVD risk 
factors and participant characteristics. Specifically, TC 
and LDL-C emerged as significant predictors of CVD 
risk only among younger subjects, normal-weight sub-
jects, and those not on lipid-lowering medication, while 
HDL-C and TG emerged as significant predictors of 
CVD in older subjects, those exhibiting low adherence to 
the Mediterranean diet, and those with hypercholester-
olemia. TG also emerged as a CVD risk-predicting lipid 
biomarker in male subjects, overweight/obese partici-
pants and lipid-lowering medication users, while Lp(a) 
was found to predict CVD risk in female subjects and 
older participants. Despite the potential limitations of 
our study, the present findings shed light on the complex 
link between blood lipid biomarkers and CVD and could 
be of value for the design and implementation of more 
individualized interventions and efficient public health 
strategies for CVD prevention among specific subgroups 
of the general population.

In recent decades, the cholesterol/lipid hypothesis, 
supporting that high levels of TC and LDL-C are the 
major cause of atherosclerosis and CVD, has dominated 
the fields of CVD epidemiology, prevention and treat-
ment [28]. As a result, TC and LDL-C have received the 
most attention in relation to CVD risk, and cholesterol-
lowering drugs, most importantly statins, have been 
widely promoted for CVD prevention. However, evi-
dence supporting the causal link between TC, LDL-C 
and CVD remains controversial, and recent data have 
revealed that CVD risk cannot be merely explained by 
TC and LDL-C levels, that LDL-C might even be benefi-
cial in terms of overall lifespan and that treatment with 
statins is of doubtful benefit in regard to primary CVD 
prevention [29, 30]. In the present study, TC and LDL-C 
were not associated with CVD risk in the total study 
population of 2020 apparently healthy adult males and 
females after adjustment for several potential confound-
ers, but their predictive value was significant in specific 
subgroups, i.e., younger subjects (≤45 years), normal-
weight ones, and those not receiving lipid-lowering 
medication. Our results are in line with previous studies 
supporting that TC and LDL-C are not the only useful or 
the most accurate predictors of CVD morbidity and mor-
tality, especially in certain subgroups of the population, 
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Table 4 Associations between blood lipid biomarkers and 10-year CVD incidence stratified by age, sex, body weight status, adherence 
to the Mediterranean diet, use of lipid-lowering medication and presence of hypercholesterolemia (n = 2020)

10‑year CVD incidence

Age

≤45 years (n = 1080) > 45 years (n = 940)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.013 1.001, 1.026 0.030 1.001 0.997, 1.005 0.795

LDL-C, mg/dL 1.013 1.000, 1.027 0.049 0.999 0.994, 1.003 0.516

HDL-C, mg/dL 0.999 0.981, 1.027 0.543 0.990 0.977, 1.000 0.050

TG, mg/dL 1.001 0.997, 1.005 0.692 1.001 1.000, 1.002 0.041

Lp(a), mg/dL 1.003 0.991, 1.016 0.611 1.005 1.000, 1.009 0.048

Sex

Males (n = 1006) Females (n = 1014)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.002 0.998, 1.007 0.269 1.004 0.997, 1.011 0.301

LDL-C, mg/dL 1.001 0.996, 1.005 0.731 1.004 0.995, 1.013 0.354

HDL-C, mg/dL 0.992 0.976, 1.009 0.347 0.996 0.978, 1.014 0.663

TG, mg/dL 1.001 1.000, 1.002 0.050 1.000 0.997, 1.004 0.937

Lp(a), mg/dL 1.000 0.994, 1.006 > 0.999 1.007 1.001, 1.013 0.024

Body weight status

Normal‑weight (n = 845) Overweight/obese (n = 1175)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.009 1.000, 1.018 0.050 1.002 0.998, 1.006 0.410

LDL-C, mg/dL 1.011 1.000, 1.022 0.048 1.000 0.996, 1.005 0.864

HDL-C, mg/dL 0.992 0.968, 1.017 0.518 0.994 0.980, 1.007 0.370

TG, mg/dL 1.002 0.998, 1.005 0.307 1.001 1.000, 1.002 0.010

Lp(a), mg/dL 1.006 0.998, 1.015 0.153 1.001 0.997, 1.006 0.653

Adherence to the Mediterranean diet

High (n = 1000) Low (n = 1020)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.003 0.992, 1.014 0.599 1.002 0.998, 1.006 0.304

LDL-C, mg/dL 0.995 0.982, 1.009 0.511 1.001 0.997, 1.005 0.658

HDL-C, mg/dL 0.999 0.963, 1.035 0.943 0.992 0.979, 0.999 0.049

TG, mg/dL 1.008 0.997, 1.019 0.143 1.001 1.000, 1.002 0.050

Lp(a), mg/dL 1.008 0.996, 1.021 0.192 1.002 0.997, 1.007 0.360

Use of lipid‑lowering medication

Yes (n = 106) No (n = 1914)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.000 0.992, 1.006 0.761 1.005 1.000, 1.009 0.031

LDL-C, mg/dL 0.996 0.987, 1.004 0.314 1.004 1.000, 1.009 0.050

HDL-C, mg/dL 0.995 0.959, 1.032 0.780 0.992 0.979, 1.005 0.235

TG, mg/dL 1.003 1.001, 1.006 0.016 1.000 0.999, 1.002 0.461

Lp(a), mg/dL 1.002 0.983, 1.063 0.805 1.003 0.998, 1.008 0.194

Presence of hypercholesterolemia

Yes (n = 839) No (n = 1181)

RR 95%CI P value RR 95%CI P value

TC, mg/dL 1.002 0.997, 1.065 0.399 1.003 0.993, 1.012 0.605

LDL-C, mg/dL 1.001 0.996, 1.006 0.768 1.001 0.991, 1.011 0.845

HDL-C, mg/dL 0.980 0.964, 0.996 0.015 1.007 0.990, 1.025 0.424

TG, mg/dL 1.001 1.000, 1.002 0.050 1.000 0.998, 1.002 0.786

Lp(a), mg/dL 1.003 0.997, 1008 0.385 1.003 0.995, 1.011 0.456

The results are presented as relative risks (RRs) with their 95% confidence intervals (CIs), as derived from multivariate Cox proportional hazard models

All models were adjusted for age, sex, body mass index, smoking status, MedDietScore, physical activity level, presence of hypercholesterolemia, hypertension and diabetes 
mellitus at baseline, use of lipid-lowering medication, and family history of cardiovascular disease, but in each sensitivity model, the variable used for stratification was removed

CVD Cardiovascular disease, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, Lp(a) Lipoprotein(a), TC Total cholesterol, TG Triglycerides
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such as women, elderly individuals, and normolipidemic 
individuals not requiring treatment [31–35]. It is possible 
that the traditional atherogenic lipidemic profile, charac-
terized by elevated TC and LDL-C, is crucial for young 
healthy individuals and constitutes the initial trigger for 
CVD onset; however, as atherosclerosis progresses, other 
lipid biomarkers might become of greater importance. 
The age-specific link of TC and LDL-C with CVD can 
also be explained by the mediating role of stress. It has 
been shown that stress can raise TC and LDL-C due to 
the necessity of cholesterol for steroid stress hormone 
production [36, 37], and stress may lead to CVD by pro-
moting inflammation, hypertension and hypercoagula-
tion [38, 39]. This can explain why TC and LDL-C are 
predictors of CVD risk among younger people who may 
experience more stress due to increased family or occu-
pational responsibilities compared to older individuals.

Recent evidence suggests that TC and LDL-C only 
cover a part of the complex interaction between blood 
lipids and CVD and that other lipid biomarkers might be 
of equal or even greater importance for CVD risk assess-
ment and prevention [7–9]. The present findings support 
this concept, since HDL-C and TG were the strongest 
predictors of CVD, both in the total study cohort and in 
subgroups of older subjects, those exhibiting poor die-
tary habits, and those with hypercholesterolemia, while 
TG also predicted CVD risk in males, overweight/obese 
participants and lipid-lowering medication users. It is 
therefore possible that HDL-C and TG are more impor-
tant blood lipids for older individuals with high cardio-
metabolic risk. For example, LDL-C has been shown to 
have a lower predictive value for CVD development 
among individuals with obesity or metabolic syndrome 
who present with low HDL-C levels, fasting and post-
prandial hypertriglyceridemia, elevated small and dense 
apo B lipoproteins, and thus a high residual CVD risk [4]. 
In this subgroup of the population, HDL-C and TG might 
have a better prognostic ability due to the combined 
effect of metabolic syndrome dyslipidemia, other meta-
bolic components (abdominal fat accumulation, insulin 
resistance, hypertension, subclinical inflammation and 
oxidative stress), and the adoption of an unhealthy life-
style on CVD risk [40, 41]. In this context, the relation-
ship between blood lipid biomarkers and CVD might 
be significantly influenced by diet quality [42, 43]. For 
example, the adoption of a prudent/healthy dietary pat-
tern, characterized by a high content of polyunsaturated 
fatty acids, micronutrients with antioxidant properties 
and phytochemicals, can beneficially affect blood lipid 
levels (lowering effect), prevent lipid oxidation, and pre-
serve good endothelial function [44–46]. It is therefore 
reasonable that the association between blood lipid bio-
markers and CVD risk will be attenuated or even absent 

in subjects with prudent dietary habits, as also supported 
by our findings showing that none of the blood lipids 
assessed were significant predictors of CVD risk in par-
ticipants reporting a high level of adherence to the Medi-
terranean diet, a dietary pattern rich in health-promoting 
plant-based foods and numerous phytochemicals with 
strong antioxidant, anti-inflammatory and cardioprotec-
tive properties [47–49].

Among novel lipid biomarkers, Lp(a) has emerged as 
an independent risk factor for CVD risk and mortality 
both in the general population and in high-risk individ-
uals, and this association has been found to be continu-
ous even at low LDL-C levels [50–52], a fact that has led 
to intense research for the development of novel Lp(a)-
lowering drugs. According to a 2022 European Ath-
erosclerosis Society consensus statement, “a high Lp(a) 
concentration should be interpreted in the context of 
other risk factors and absolute global CVD risk, and 
addressed through intensified lifestyle and risk factor 
management” [53]. Interestingly, Lp(a) has been pro-
posed as an emerging lipid biomarker for cardiac health, 
especially in the female population [54]; this concept 
is supported by some evidence showing a stronger 
association between Lp(a) levels and CVD incidence 
among females than males [55, 56] and improvements 
in the predictive ability of models assessing global CVD 
risk in women when Lp(a) is added as a predictor [57], 
although this female-specific effect has been absent or 
even contradicted in other studies [58, 59]. Our results 
highlight the detrimental impact of high Lp(a) levels on 
CVD risk among older subjects and females and thus 
support age- and sex-related differences in the impact 
of Lp(a) on CVD risk. In this context, Lp(a) levels have 
been shown to be closely associated with female sex 
hormones and to increase after menopause, a fact that 
might partly explain the significant postmenopausal 
increase in CVD risk and the cardioprotective effect of 
hormone replacement therapy in women after meno-
pause [60, 61]. Given that we were not able to perform 
additional subgroup sensitivity analyses (e.g., according 
to both age and sex) due to the relatively small num-
ber of CVD events recorded at 10 years, the potential 
value of Lp(a) as a predictor of CVD among specific 
subgroups of the population, such as postmenopausal 
women not on estrogen therapy, remains to be explored 
in future studies.

Study strengths and limitations
The present findings add to the limited knowledge on the 
prospective association between blood lipids and CVD 
incidence in relation to other important CVD risk factors 
and characteristics, including age, sex, body weight, diet 
quality, use of lipid-lowering medication and presence of 
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hypercholesterolemia, and provide evidence of a complex 
and unique independent interaction between blood lipids 
and CVD risk in different subgroups of the general popu-
lation. The adequate study sample, the prospective design 
of the study, the long follow-up period, and the com-
prehensive assessment of participants’ characteristics at 
baseline are strengths of this work.

However, the present study is also characterized by sev-
eral limitations. The main drawback is that only baseline 
measurements of lipid biomarkers were available; there-
fore, the prospective dynamic change in blood lipids in 
relation to 10-year CVD incidence could not be explored. 
Moreover, since we examined associations between 
blood lipid biomarkers and CVD incidence in apparently 
healthy subjects with low CVD risk, we cannot conclude 
the role of TC, LDL-C, HDL-C, TG and Lp(a) in subjects 
with high CVD risk or patients with established CVD. In 
addition, LDL-C was calculated through the Friedewald 
formula and not directly measured via ultracentrifuga-
tion, which is the gold standard method for LDL-C esti-
mation; although widely adopted in clinical practice for 
several decades, the Friedewald equation is prone to 
inaccuracy at low LDL-C and/or high TG levels, where 
errors in estimating very-low-density lipoprotein cho-
lesterol are magnified due to the use of a fixed factor to 
describe its relationship with TG [62]. Additional limi-
tations of the present study include the fact that dietary 
habits were self-reported by participants and the data 
obtained can be prone to recall bias, although the food 
frequency questionnaire used was validated for the Greek 
population and completed with the assistance of trained 
dietitians, and the study sample consisted of Caucasian 
subjects living in the Attica region (78% urban munici-
palities), which does not allow the generalization of the 
present findings in the whole Greek population (e.g., sub-
jects living in rural areas) or populations of a different 
ethnic background.

Conclusions
While dyslipidemia has long been established as a risk 
factor for CVD, a more detailed and individualized 
research approach is required to identify specific lipid 
biomarkers that can predict CVD risk in different popu-
lation groups and design efficient interventions toward 
CVD prevention. The present study aimed to shed light 
on this understudied topic and supports that the link 
between blood lipids and CVD differentiates according to 
several biological, lifestyle and clinical parameters. Spe-
cifically, TC and LDL-C, traditionally used to assess CVD 
risk and guide therapeutic decisions, were associated with 
CVD incidence only among younger subjects, normal-
weight subjects, and those not on lipid-lowering medica-
tion. In contrast, HDL-C and TG emerged as significant 

predictors of CVD among higher-risk subgroups, includ-
ing older subjects, overweight/obese subjects, those with 
less compliance with the principles of the Mediterranean 
diet, and those with hypercholesterolemia. Sex differ-
ences were also evident, with TG and Lp(a) differentially 
predicting CVD risk in males and females, respectively. 
Further large-scale, multicenter prospective epidemio-
logical studies are needed to confirm the generalization of 
the presented findings and contribute to the elucidation of 
the role of traditional and novel blood lipid biomarkers in 
CVD screening and prevention.
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