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Abstract
Background
Cardiovascular disease (CVD) is a major cause of mortality worldwide, necessitating more refined strategies for risk assessment. Recently, lipoprotein(a) [Lp(a)] has gained attention for its distinctive role in atherosclerosis, yet its prevalence and impact for cardiovascular risk assessment are not well-documented in the Portuguese population. This study aimed to characterize Lp(a) levels in a real-world Portuguese cohort, investigating its prevalence and association with CVD risk.

Methods
Retrospective and cross-sectional study of adults who underwent serum Lp(a) analysis in a Portuguese hospital between August 2018 and June 2022. Demographic and anthropometric data, laboratory values, relevant comorbidities and lipid-lowering medication were collected.

Results
Of 1134 participants, 28.7% had elevated Lp(a) levels (> 125 nmol/L). A higher prevalence was observed in those with atherosclerotic cardiovascular disease (ASCVD) (45.9%) or a family history of premature CVD (41.9%). Additionally, a significant association was found between elevated Lp(a) levels and traditional CVD risk factors, including hypertension, dyslipidemia, and diabetes mellitus. Among those classified as having low-to-moderate CVD risk by (Systematic COronary Risk Evaluation 2) SCORE2, 55.7% exhibited high Lp(a) levels (> 75 nmol/L), suggesting a potential higher risk of CVD disease.

Conclusions
The prevalence of elevated Lp(a) in Portugal, notably among those with ASCVD or premature CVD history, is concerning. This study underscores the potential of Lp(a) assessment for a more comprehensive approach to cardiovascular risk assessment. This could improve the stratification of CVD risk and identify individuals who could benefit from early intensive management of their risk factors, ultimately reducing the burden of CVD and cardiovascular-related mortality.
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Background
Cardiovascular disease (CVD) remains a major global health concern. According to the World Health Organization, it is the leading cause of death worldwide, accounting for an alarming 32% of all deaths in 2019 [1]. In Europe, the burden is even more pronounced, with CVD contributing to around 45% of all deaths [2]. Atherosclerotic cardiovascular disease (ASCVD) is the most common underlying cause, influenced by multiple factors, including dyslipidemia, particularly low-density lipoprotein cholesterol (LDL-C) [3]. However, despite optimal LDL-C management, residual cardiovascular risk persists, highlighting the need for exploring additional risk factors like Lipoprotein(a) [Lp(a)] [4–8].
Lp(a) is an LDL-like particle with an additional glycoprotein known as apolipoprotein(a) [9, 10], known for its strong affinity for proteoglycans and extracellular matrix components within the arterial wall. This property facilitates the accumulation of Lp(a) in atherosclerotic lesions, contributing to the formation of foam cells, a hallmark of atherosclerosis. Concomitantly, Lp(a)-attached pro-inflammatory oxidized phospholipids contribute to arterial vessel wall inflammation by inducing the monocyte cell extravasation and adhesion molecules activity. In turn, inflammatory cytokines drive both endothelial cell activation and macrophage differentiation. Furthermore, Lp(a) has pro-thrombotic properties that interfere with the breakdown of blood clots (fibrinolysis) and platelet function, which may further increase the risk of thrombotic events. Recent research has shown that elevated levels of Lp(a) represent an inherited and independent causal risk factor for coronary heart disease, myocardial infarction, and stroke [8, 11–13]. Therefore, measuring Lp(a) can be crucial for identifying high-risk individuals and improving risk stratification, particularly those with personal or family history of premature ASCVD, familial hypercholesterolemia, ASCVD without traditional risk factors, or recurrent CVD events despite optimal conventional risk factor management [14, 15]. Importantly, currently approved therapies targeting apolipoprotein B (apoB) and LDL-C may not fully mitigate the cardiovascular risk associated with elevated Lp(a) levels [14].
In Portugal, CVD accounts for 29.4% of total mortality [16], with atherosclerosis accounting for 14.3% of mortality and 12.2% of Years of Life Lost in 2016. The economic impact is substantial, with costs surpassing €1.9 billion, equivalent to 1% of the country's gross domestic product and 11% of health expenditure [17]. Despite these figures, routine Lp(a) measurement of is not widespread, even though the European Atherosclerosis Society (EAS) recommends a one-time assessment to refine risk predictions [18], using thresholds of 75 nmol/L as normal and 125 nmol/L as elevated, and a grey zone between these values for assessing cardiovascular risk. Additionally, very high Lp(a) levels (> 430 nmol/L) are considered to confer a lifetime ASCVD risk equivalent to heterozygous familial hypercholesterolemia [19].
Taking this into account, this study aimed to characterize Lp(a) levels in a real-world Portuguese cohort and determine the prevalence of elevated Lp(a) levels within this population. Furthermore, it assesses cardiovascular risk using the Systematic COronary Risk Evaluation 2 (SCORE2) tool, which estimates the 10-year risk of fatal and non-fatal atherosclerotic events by integrating factors like age, sex, smoking, and systolic blood pressure. By applying SCORE2, this research intends to enhance CVD risk stratification and identify individuals who could benefit from early intervention, ultimately aiming to reduce CVD's health and economic burdens in Portugal.

Methods
Study design and study participants
This was a cross-sectional, retrospective, and single-center study conducted at Centro Hospitalar Universitário de Santo António in Portugal. Eligible participants for this study were adult individuals (over 18 years of age) who had undergone serum Lp(a) analysis at the above hospital between August 2018 and June 2022 as part of their cardiovascular risk assessment or management. Most participants (98.8%) were from outpatient settings (details provided in Table S1), aimed at reflecting the community-based cardiovascular risk assessment focus of this study. Those with a cardiovascular event within 30 days of Lp(a) measurement were ineligible for study participation, as the body’s inflammatory state following such events can affect Lp(a) levels, causing a transient elevation, potentially misrepresenting a patient's baseline values [20–23].

Data collection and outcome measures
The study relied on secondary data collection from the hospital medical records between August 2018 and June 2022. The data collection process involved the gathering of demographic and clinical information, including comorbidities (Table 1), prescribed therapies, and an extensive array of laboratory values, comprising Lp(a), total cholesterol, high-density lipoprotein-cholesterol (HDL-C), non-HDL-C, LDL-C, very-low-density lipoprotein cholesterol (VLDL-C), triglycerides, ApoB, HbA1c, and creatinine, all collected at the time of Lp(a) measurement.
Table 1Distribution of medical specialties in outpatient referrals for lipoprotein(a) analysis


	Medical specialty
	Number of patients
	Percentage of patients

	Endocrinology
	599
	52.8%

	General Surgery
	222
	19.6%

	Nephrology
	163
	14.4%

	Dermatology
	88
	7.8%

	Cardiology
	23
	2.0%

	Internal Medicine
	22
	1.9%

	Hospitalization
	13
	1.2%

	Oncology
	2
	0.2%

	Infectious Diseases
	1
	0.1%

	Occupational Medicine
	1
	0.1%




Serum Lp(a) was quantified by an immunoturbidimetric assay, using the Roche Cobas Integra 400 plus chemistry analyzer (Roche Diagnosis, Basilea, Swiss) as per manufacturer instructions. All measurements were conducted in a single laboratory (Laboratório de Química Analítica do Centro Hospitalar Universitário de Santo António) to ensure accuracy and minimize potential bias. This assay used a monoclonal antibody targeting Lp(a) to determine the amount of Lp(a) particles (nmol/L). Calibration of this assay was performed using the IFCC SRM 2B reference reagent. Lp(a) group classes were defined according to the recommendations of the 2022 Atherosclerosis Society Consensus Statement [18], which provides clinical guidance for testing and management of elevated Lp(a) levels and illustrates a pragmatic approach to CVD risk assessment: patients with Lp(a) < 75 nmol/L (considered as normal levels) have the lowest risk, those with Lp(a) between 75–125 nmol/L (grey area) have an intermediate risk, and those with Lp(a) > 125 nmol/L (high/very high levels) have the highest risk for CVD disease.

Statistical analysis
Descriptive analyses summarized the sociodemographic and clinical characteristics of the patient sample.
Numerical variables were described using measures of central tendency, including mean and median, depending on the normality of the data. Appropriate measures of dispersion, such as standard deviation (SD) and quartiles (P25, P75), were also calculated. Categorical variables were characterized by computing absolute and relative frequencies.
Bivariate inferential analyses were performed to compare sociodemographic and clinical characteristics between subgroups. Statistical differences in numerical variables were assessed using Student’s t-test for independent samples when assumptions were validated (Shapiro–Wilk test). In alternative, a non-parametric version (Mann–Whitney U test) was performed. The association between subgroups and categorical variables was evaluated using either a Chi-squared test or a Fisher’s exact. Correlations between Lp(a) levels and other lipidic measurements were determined using the Spearman’s coefficient. P-values obtained from multiple comparisons were adjusted by Benjamini-Hochberg’s correction. The significance level was set at 0.05. Missing values were excluded from the analysis.
For individuals between 40 and 69 years old, the individual ten-year risk of experiencing a fatal or non-fatal ASCVD event was calculated using the SCORE2 [24]. For individuals over the age of 70, a separate risk score, SCORE2-OP (older persons) was computed [24]. For this purpose, the following variables were used: sex, age, smoking status, diabetes mellitus disease status, systolic blood pressure, total cholesterol, HDL, and the individual's region of residence (in Europe). Patients were included if they had information for all the stated variables and met the following criteria: no prior cardiovascular events, no chronic renal disease, no familial history of hypercholesterolemia, and total cholesterol levels ≤ 310 mg/dL and/or LDL-C ≤ 190 mg/dL (n = 265). Of note, SCORE2 risk scores were obtained using the algorithm from the Cardiovascular Epidemiology Unit of the Department of Public Health and Primary Care, University of Cambridge, kindly provided by one of the authors of the SCORE2 working group [19] and computed in Stata® software. Otherwise, all statistical analyses and graphs were performed using RStudio software version 4.2.2.


Results
Patient’s sociodemographic and clinical characteristics
This study included 1134 participants, whose sociodemographic and clinical characteristics are detailed in Table 2. The overall sample had a mean (± SD) age of 50.01 years (± 13.54), with 50.4% being male. Most participants were overweight or obese (71.4%), and the most common comorbidity was dyslipidemia, present in 68.4% of patients. Among those with dyslipidemia, 70.8% were prescribed lipid-lowering medication, primarily statins (70.1%), either in monotherapy (53.8%) or in combination with other drugs (a total of 4 patients took PCKS9 inhibitors and 7 underwent LDL apheresis).
Table 2Patients’ demographic and clinical characteristics


	Baseline Characteristics
	Total
(n = 1134)
	With ASCVD
(n = 255)
	Without ASCVD (n = 805)
	p-value*
	With Family History CVD1
(n = 110)
	Without Family History CVD
(n = 784)
	p-value*

	Age (years)
	50.01 ± 13.54
	57.07 ± 9.88
	47.80 ± 13.66
	 < 0.001
	48.85 ± 12.80
	49.91 ± 13.09
	0.480

	Male, n (%)
	572 (50.4%)
	200 (78.4%)
	342 (42.5%)
	 < 0.001
	66 (60.0%)
	392 (50.0%)
	0.132

	BMI (kg/m2)
	29.17 ± 6.40
	27.48 ± 4.47
	29.76 ± 6.85
	 < 0.001
	27.24 ± 4.77
	29.53 ± 6.47
	 < 0.001

	Overweight/Obese, n (%)a
	588 (71.4%)
	144 (67.9%)
	427 (72.5%)
	0.376
	53 (59.6%)
	448 (73.5%)
	0.095

	Medical History

	 Hypertension, n (%)
	490 (44.4%)
	133 (53.0%)
	330 (41.2%)
	0.002
	40 (37.0%)
	344 (44.0%)
	0.281

	 Dyslipidemia, n (%)
	758 (68.4%)
	241 (95.6%)
	483 (60.0%)
	 < 0.001
	97 (89.8%)
	518 (66.1%)
	0.281

	 Diabetes Mellitus, n (%)
	295 (26.6%)
	87 (34.4%)
	193 (24.1%)
	0.002
	20 (18.5%)
	210 (26.9%)
	0.156

	 Type 2, n (%)
	232 (21.0%)
	76 (30.0%)
	146 (18.2%)
	-
	18 (16.7%)
	163 (20.9%)
	-

	 CVD, n (%)
	255 (24.1%)
	-
	-
	-
	53 (49.1%)
	164 (21.0%)
	 < 0.001

	 Family History of CVD, n (%)
	110 (12.3%)
	53 (24.4%)
	55 (8.2%)
	 < 0.001
	-
	-
	-

	 Chronic Kidney Disease, n (%)
	180 (16.3%)
	29 (11.5%)
	128 (15.9%)
	0.046
	1 (0.9%)
	103 (13.2%)
	 < 0.001

	 Chronic Liver Disease, n (%)
	21 (1.9%)
	4 (1.6%)
	14 (1.8%)
	1.000
	0 (0%)
	16 (2.1%)
	0.318

	 Hypothyroidism, n (%)
	76 (6.9%)
	7 (2.8%)
	61 (7.6%)
	0.013
	7 (6.5%)
	52 (6.6%)
	1.000

	 Acute Inflammation, n (%)
	19 (1.7%)
	3 (1.2%)
	14 (1.8%)
	0.809
	0 (0%)
	6 (0.8%)
	1.000

	Concomitant lipid-lowering therapies

	 Statins, n (%)#
	534 (48.5%)
	229 (88.8%)
	279 (35.1%)
	 < 0.001
	82 (75.9%)
	348 (44.6%)
	 < 0.001

	 Monotherapy, n (%)
	409 (36.1%)
	157 (61.6%)
	230 (28.6%)
	 < 0.001
	55 (50.0%)
	264 (33.7%)
	0.001

	 High potency, n (%)
	250 (22.7%)
	164 (64.8%)
	83 (10.4%)
	-
	34 (61.8%)
	119 (45.1%)
	-

	 Moderate potency, n (%)
	259 (23.5%)
	59 (23.3%)
	178 (22.4%)
	-
	19 (34.5%)
	127 (48.1%)
	-

	 Ezetimibe, n (%)
	129 (11.7%)
	72 (28.6%)
	53 (6.6%)
	 < 0.001
	27 (25.0%)
	88 (11.3%)
	 < 0.001

	 Statins with Ezetimibe, n (%)
	119 (10.5%)
	70 (27.5%)
	46 (5.7%)
	 < 0.001
	25 (22.7%)
	82 (10.5%)
	0.001

	Laboratory data

	 HbA1c (%)
	6.25 ± 1.57
	6.82 ± 1.55
	6.07 ± 1.42
	 < 0.001
	6.62 ± 1.48
	6.16 ± 1.41
	0.132

	 Creatinine (mg/dL)
	0.84 [0.69;1.06]
	0.91 [0.80;1.06]
	0.80 [0.66;1.03]
	 < 0.001
	0.84 [0.71;0.95]
	0.83 [0.67;1.03]
	0.996

	 Triglycerides (mg/dL)
	139.65 ± 114.96
	146.27 ± 128.56
	136.33 ± 109.27
	0.292
	151.62 ± 102.20
	136.21 ± 114.24
	0.281

	 Total Cholesterol (mg/dL)
	176.63 ± 51.16
	154.66 ± 46.12
	183.78 ± 51.10
	 < 0.001
	187.58 ± 70.85
	175.87 ± 49.57
	0.171

	 HDL-C (mg/mL)
	49.25 ± 14.67
	45.42 ± 13.51
	50.67 ± 14.73
	 < 0.001
	48.05 ± 15.81
	49.67 ± 14.77
	0.360

	 Non-HDL-C (mg/mL)
	125.55 ± 48.60
	105.60 ± 41.12
	131.79 ± 49.44
	 < 0.001
	138.73 ± 68.28
	124.41 ± 47.36
	0.451

	 LDL-C (mg/mL)
	100.84 ± 45.34
	81.77 ± 36.35
	107.20 ± 46.46
	 < 0.001
	113.18 ± 65.65
	100.03 ± 43.41
	0.132

	 VLDL-C (mg/mL)
	26.07 ± 18.75
	27.04 ± 19.63
	25.52 ± 18.49
	0.292
	27.75 ± 16.50
	25.45 ± 19.19
	0.281

	 ApoB (mg/mL)
	98.74 ± 34.35
	84.94 ± 28.54
	104.44 ± 35.24
	 < 0.001
	107.57 ± 45.09
	97.75 ± 32.92
	0.132

	 Lp(a) (nmol/L)
	42.00
[12.83;147.92]
	100.50
[19.30;224.70]
	33.60
[11.60;119.70]
	 < 0.001
	102.25 [18.43;212.95]
	38.80 [12.17;139.08]
	 < 0.001


Continuous data are expressed as mean ± SD or median [P25;P75]. Proportions were calculated excluding the missing data
1Family history of early-onset CVD
aPatients with a BMI ≥ 25 kg/m2
#either alone or in combination with other lipid-lowering medications
*P-values adjusted using the Benjamini–Hochberg correcti



Other prevalent comorbidities included arterial hypertension (44.4%), diabetes mellitus (26.6%), and CVD (24.1%). Over 12.8% had a family history of CVD, and the median (P25;P75) Lp(a) level of the study population was 42.00 [12.83;147.92] nmol/L.
Significant differences emerged when comparing subgroups with and without ASCVD and early-onset family history of CVD. Patients with ASCVD were older (57.07 vs. 47.80 years, p < 0.001) and predominantly male (78.4% vs. 42.5%, p < 0.001). Moreover, they had lower BMI (27.48 vs. 29.76 kg/m2, p < 0.001) and higher rates of hypertension (53.0% vs. 41.2%, p = 0.002), dyslipidemia (95.6% vs. 60.0%, p < 0.001), and diabetes mellitus (34.4% vs. 24.1%, p = 0.002) than those without ASCVD. The presence of a family history of CVD did not influence the prevalence of these comorbidities. Chronic kidney disease was less frequent in patients with ASCVD (11.5% vs. 15.9%, p = 0.046) and in individuals without a family history of CVD compared to those with (13.2% vs. 0.9%; p < 0.001). Patients with previous ASCVD and family history of CVD were more frequently prescribed lipid-lowering medication. In the subgroup of individuals with ASCVD, lower levels of total cholesterol, HDL-C, non-HDL-C and LDL-C were found, potentially due to the effects of lipid lowering therapy. The distribution of Lp(a) also differed significantly between subgroups (Figure S1). Median Lp(a) levels were significantly higher in patients with ASCVD (100.50 vs. 33.60 nmol/L, p < 0.001) or a family history of CVD (102.25 vs. 38.80 nmol/L, p < 0.001).

Distribution of patients across Lp(a) levels
Table 3 shows the distribution of patients with different Lp(a) levels. Most individuals (60.9%) had normal Lp(a) levels (< 75 nmol/L), while 10.4% fell within the grey zone (75–125 nmol/L) and 28.7% had high values (> 125 nmol/L). Of note, 2.5% of individuals exhibited Lp(a) levels exceeding 430 nmol/L, which could put them at a lifetime cardiovascular risk equivalent to patients with heterozygous familial hypercholesterolemia.
Table 3Number (%) of patients across Lp(a) levels


	Number, (%)
	Lp(a) levels

	Normal
	Grey zone
	High
	 
	(< 75 nmol/L)
	(75–125 nmol/L)
	(> 125 nmol/L)
	p-value

	Total
	691 (60.9%)
	118 (10.4%)
	325 (28.7%)
	 
	With ASCVD
	110 (43.1%)
	28 (11.0%)
	117 (45.9%)
	 < 0.001

	Without ASCVD
	532 (66.1%)
	79 (9.8%)
	194 (24.1%)

	With early-onset Hx CVD
	47 (42.7%)
	17 (15.4%)
	46 (41.9%)
	 < 0.001

	Without early-onset Hx CVD
	495 (63.1%)
	72 (9.2%)
	217 (27.7%)




Individuals with a history of ASCVD had a significantly different distribution compared to those without, with 43.1% in the normal range, 11.0% in the grey zone and 45.9% having elevated Lp(a) levels (p < 0.001). Similarly, those with a family history of early-onset CVD showed a distinct pattern, with 42.7% in the normal range, 15.4% in the grey zone, and 41.9% with elevated levels (p < 0.001).
When evaluating the correlation between Lp(a) and other lipidic parameters that impact the risk of CVD (Table S2), only triglycerides levels showed a negligible negative correlation with Lp(a) (Spearman’s coefficient R = -0.06; p = 0.044). No significant correlations were found between Lp(a) levels and HDL-C (R = 0.04; p = 0.194), non-HDL-C (R = 0.01; p = 0.841), LDL-C (R = 0.04; p = 0.206), or total cholesterol (R = 0.02; p = 0.449).

SCORE2 risk prediction and association with Lp(a)
The SCORE2 system, which assesses the ten-year risk for atherosclerotic cardiovascular events, reveals varying risk profiles across age groups in our study (Fig. 1). In those under 50, the majority (61.8%) were in the low-moderate-risk category. Notably, 34.7% (n = 41) presented a high risk, and 1.7% (n = 2) were classified as very high-risk patients. For the 50 to 69 years age range, a shift in risk distribution is observed. Nearly half of the individuals (46.9%) faced an elevated risk of ASCVD, with 36.1% (n = 60) at high-risk and 10.8% (n = 18) at very high-risk. Individuals over 70 showed predominantly high or very high-risk profiles (90.0%).[image: ]
Fig. 1SCORE2 risk prediction for the whole sample and per age group


Of note, patients under lipid-lowering therapies were more frequently in higher risk categories (45.2% and 43.5%, respectively), and those with chronic renal disease also exhibited an increasing trend in higher-risk categories, with proportions of 0.6%, 3.8%, and 12.5%, respectively (Table S2).
The distribution of patients with different Lp(a) levels (normal levels, grey zone, high levels) in relation to the three distinct SCORE 2 risk categories is presented in Table 4. In the age group < 50 years (n = 109), most individuals with normal Lp(a) levels were classified in the low-moderate risk category (70.0%). Interestingly, patients in the SCORE2 low-moderate and high-risk groups were similarly distributed within the moderate (grey zone; 55.6% and 44.4%, respectively) and high (56.5% and 43.5%, respectively) Lp(a) levels. Only one individual with normal levels of Lp(a) (< 75 nmol/L) presented a high risk for an ASCVD event according to SCORE2. Within the 50–69 years age category (n = 148), 42.6% of the individuals (n = 63), were classified as having a high or very high risk for ASCVD events according to SCORE2, regardless of their Lp(a) levels. Among individuals aged over 70 years (n = 8), only one individual was categorized in the low-risk category of SCORE2, while the remaining seven were classified in the high or very high-risk category, regardless of their Lp(a) levels.
Table 4Distribution of SCORE2 risk categories by age groups per Lp(a) levels


	Number (%)
	Lp(a) levels

	Normal
	Grey zone
	High

	(< 75 nmol/L)
	(75–125 nmol/L)
	(> 125 nmol/L)

	 < 50 years (n = 109)
	(n = 77)
	(n = 9)
	(n = 23)

	Low-moderate (< 2.5%)
	55 (71.4%)
	5 (55.6%)
	13 (56.5%)

	High (2.5–7.5%)
	21 (27.3%)
	4 (44.4%)
	10 (43.5%)

	Very High (≥ 7.5%)
	1 (1.3%)
	0 (0.0%)
	0 (0.0%)

	50–69 years (n = 148)
	(n = 105)
	(n = 11)
	(n = 32)

	Low-moderate (< 5%)
	60 (57.1%)
	9 (81.8%)
	16 (50.0%)

	High (5–10%)
	36 (34.3%)
	2 (18.2%)
	12 (37.5%)

	Very High (≥ 10%)
	9 (8.6%)
	0 (0.0%)
	4 (12.5%)

	 ≥ 70 years (n = 8)
	(n = 4)
	(n = 1)
	(n = 3)

	Low-moderate (< 7.5%)
	0 (0.0%)
	0 (0.0%)
	1 (33.3%)

	High (7.5–15%)
	3 (75.0%)
	1 (100.0%)
	0 (0.0%)

	Very High (≥ 15%)
	1 (25.0%)
	0 (0.0%)
	2 (66.7%)




The analysis of Lp(a) levels stratified by the threshold of < 75 nmol/L and ≥ 75 nmol/L, in relation to SCORE2 risk categories, is detailed in Table 5. Among individuals with normal Lp(a) levels (n = 186), more than half (61.8%) were classified as having a low-moderate SCORE2 risk for ASCVD events, while 32.3% and 5.9% were classified as high and very-high-risk individuals, respectively. On the other hand, among those with elevated Lp(a) levels (n = 79), 55.7% were classified into the low-moderate risk category of SCORE2, 36.7% in the high- and 7.6% in the very high-risk category. As expected, no significant differences were found in the distribution of patients with normal or high Lp(a) levels per SCORE2 risk categories (p-value = 0.631).
Table 5Association between Lp(a) levels with Cardiovascular Disease (CVD) risk given by SCORE2


	Total (n = 265)
	 < 75 nmol/L
(n = 186)
	 ≥ 75 nmol/L
(n = 79)
	Test Statistica
p-value

	Low-moderate (n = 159)
	115 (61.8%)
	44 (55.7%)
	χ2 = 0.919
0.631

	High (n = 89)
	60 (32.3%)
	29 (36.7%)

	Very high (n = 17)
	11 (5.9%)
	6 (7.6%)


aChi-squared test





Discussion
The primary goal of this retrospective cross-sectional study was to elucidate the role of Lp(a) in a real-world Portuguese cohort, providing insights into its prevalence, association with CVD, and potential implications for cardiovascular risk stratification. The study's findings underscore the importance of integrating Lp(a) assessment with traditional risk factors for a more nuanced and comprehensive approach to cardiovascular risk assessment.
Although traditional risk factors significantly contribute to ASCVD, elevated Lp(a) is a well-recognized independent risk factor for this condition, with prevalence estimates varying across different populations. Lp(a) is tightly linked to genetic determinants, with high levels being observed in approximately 20% of the population [23]. Here, a slightly higher prevalence of high Lp(a) levels (28.7%) is reported, possibly because most of the sample derived from a dyslipidemia consultation and therefore may have a genetic predisposition to higher lipid levels. Nevertheless, these results are consistent with the findings from the BiomarCaRE consortium, which showed a higher prevalence of elevated Lp(a) levels in southern European countries [25]. Indeed, in a hospital cohort from southern Spain, a 29.6% prevalence of Lp(a) levels above 50 mg/dL (equivalent to 125 nmol/L) was found [26]. In contrast, a study conducted in Italy documented a lower prevalence of patients with Lp(a) > 50 mg/dL (14.4%) [27]. Interestingly, a study conducted in a global ASCVD population identified 27.9% of patients with levels exceeding the established threshold for increased cardiovascular risk (> 50 mg/dL). This study also identified ethnic, regional, and gender differences in Lp(a) levels, with the highest levels observed in black, younger, and female patients [28]. Altogether, these variations highlight the relevance of considering the population context and study design in interpreting and comparing Lp(a) prevalence [28, 29]. Moreover, the lack of standardized methods for Lp(a) measurement poses challenges when attempting to compare prevalence rates across diverse populations and studies. Differences in laboratory techniques, calibration standards, and assay sensitivity can lead to discrepancies in reported Lp(a) concentrations. These variations may include differences in antibody specificity, assay platforms [30, 31], or the use of different Lp(a) isoform-specific antibodies [32]. Ongoing efforts in the scientific community aim to establish consensus guidelines for Lp(a) measurement, encouraging the adoption of standardized methods across laboratories [33], as this will enhance the reliability and comparability of results, ultimately facilitating a more accurate understanding of Lp(a)’s role in cardiovascular risk assessment. As anticipated, individuals with ASCVD demonstrated a higher prevalence of moderate and high Lp(a) concentrations compared to those without, as previous documented [14, 18, 27, 29, 34–36].
The study’s identification of a higher prevalence of traditional cardiovascular risk factors among individuals with ASCVD, such as increased weight, hypertension, dyslipidemia, and diabetes mellitus, underscores the multifactorial nature of cardiovascular risk. Indeed, a previous Portuguese study assessed the Lp(a) profile in a group of patients with high vascular risk but no cardiovascular events and found that Lp(a) levels were correlated with other cardiovascular risk factors, such as metabolic disorders and the presence of at least two risk factors [37]. Similarly, the current study observed a higher prevalence of traditional cardiovascular risk factors, including increased weight, hypertension, dyslipidemia, and diabetes mellitus, among individuals with established ASCVD. The observation of lower BMI levels in individuals with ASCVD or a family history of premature CVD align with prior findings that challenge the conventional association between BMI and cardiovascular risk [38, 39], highlighting the independent nature of family history as a robust predictor of heightened CVD risk, irrespective of BMI levels. These findings support the general understanding that CVD risk is multifactorial, with genetic factors playing a significant role, and emphasize the need to consider risk factors other than obesity for comprehensive risk assessment and management. The significance of elevated Lp(a) as an independent risk factor for identifying individuals at increased risk of CVD, even in the absence of a documented history of cardiovascular events, is underscored by the finding that nearly a quarter of patients without ASCVD had high Lp(a) levels. Similarly, a report from the island of Madeira in Portugal found that among patients with Lp(a) levels ≥ 30 mg/dL, 44.4% experienced a major adverse cardiovascular event (MACE) while 32.0% did not (p < 0.0001). Smoking, hypertension, dyslipidemia, physical inactivity and renal insufficiency all correlated with Lp(a) as independent risk factors for MACE [40]. Furthermore, the association between early-onset family history of CVD and elevated Lp(a) levels was significant (p < 0.001), as reported by others [41–43]. A 2023 cross-sectional study found that first-degree relatives were 7.4 times more likely to have high Lp(a) levels (> 125 nmol/L) if their relatives also exhibited elevated levels, while second-degree relatives showed a 3.0-fold increase [42]. The familial clustering of high Lp(a) levels suggest a hereditary pattern, emphasizing the genetic contribution to atherogenic processes and the potential development of ASCVD at an earlier age. From a clinical perspective, this emphasizes the importance of considering family history, especially in cases of premature cardiovascular events, when assessing an individual’s overall cardiovascular risk profile. This integration will allow clinicians to precisely tailor preventive strategies, providing a nuanced understanding of an individual’s cardiovascular risk profile and facilitating the development of targeted interventions for more effective risk mitigation.
The study’s revelation of a negligible negative correlation between Lp(a) and triglyceride levels, along with the stability of Lp(a) levels despite lipid-lowering therapy, underscores the distinct role of Lp(a) in cardiovascular risk assessment. Previous research has also showed an increased risk of cardiovascular events with higher Lp(a) levels, regardless of LDL-C values [11, 44]. While LDL-C has historically been a focal point in cardiovascular risk assessment, the observed negative correlation between Lp(a) and triglyceride levels and the lack of positive correlation with other lipids found in this study diverges from the more common positive associations reported between Lp(a) and LDL cholesterol or other lipids in existing literature [45] This discrepancy may be influenced by the high proportion of patients on statins in the study population, particularly those with ASCVD, who may represent a higher-risk population. Statins, frequently prescribed for lipid management, can modulate lipid levels, potentially masking associations that might be evident in a non-medicated population. On the other hand, the fact that Lp(a) levels remain high despite lipid-lowering therapy suggests its potential as a more reliable and stable biomarker for long-term cardiovascular risk assessment. This stability gains significance in situations where traditional lipid markers may fluctuate due to factors like medication adherence, alterations in treatment regimens, or other influences on lipid metabolism. This is further supported by the EAS consensus statement, which emphasizes the continuous relationship between Lp(a) concentration and cardiovascular outcomes, even at low levels of LDL-C [46].
The findings from the SCORE2 risk assessment revealed that a substantial proportion of patients with high Lp(a) levels were categorized as low-moderate risk by SCORE2, particularly among individuals under 50 years old. Specifically, 56.5% of patients identified as having a high risk for CVD based on their Lp(a) values were classified as low-moderate risk by SCORE2. Conversely, only a small percentage (1.3%) of subjects classified as low risk based on Lp(a) were considered very high risk by SCORE2. These results echo a similar trend reported in a Dutch study, which demonstrated that incorporating Lp(a) levels into ASCVD risk algorithms resulted in the reclassification of 31% (using SCORE) and 63% (using SMART) of individuals to a higher risk category [34]. Altogether, these results suggest that the presence of elevated Lp(a) levels in individuals categorized as low-moderate risk by SCORE2 may warrant a re-analysis of their risk and careful consideration by clinicians, highlighting the need for Lp(a) integration into risk assessment algorithms to enhance classification and/or reclassification of ASCVD risk [29].
Connecting these findings into a broader context, increasing evidence underscores Lp(a) as a strong predictor of CVD risk, despite remaining underdiagnosed globally – in a sample population of 2,412,020 individuals, only 0.25% had their Lp(a) values measured. Notably, patients with ASCVD and other common CV diseases did not feature highly among tested patients [47]. The limited treatment options available emphasize the importance of measuring Lp(a) to guide clinical practice in managing other risk factors. Currently, the Phase 3 OCEAN(a) and Lp(a) HORIZON trials are exploring novel therapies aimed at lowering Lp(a), with promising preliminary results showing reduced Lp(a) levels in ASCVD patients, sustained overtime. Although final results are not yet available, both trials underscore the growing recognition of Lp(a) as an independent risk factor for ASCVD [48, 49]. With Portugal’s national health system facing a considerable financial impact from atherosclerosis, the cost-efficient strategy of testing Lp(a) once in a lifetime proves invaluable in enhancing ASCVD risk assessment and reducing cardiovascular morbidity and mortality.
This study demonstrates a significant strength in its rigorous quantification of Lp(a) molecules using a reliable immunoturbidimetric assay within a single laboratory, ensuring consistency and accuracy. However, it is important to acknowledge certain limitations inherent to the study. While the sample size is relatively large, selection bias may prevent the generalizability of the findings, as it may not fully represent the general population. The cross-sectional design and regional focus further limit the applicability of the results to other populations, particularly within the Portuguese population. Moreover, lipid comparisons may have been influenced by the use of medications, such as lipid-lowering therapies, which could not be completely accounted for in the analyses. Lastly, the reliance on existing hospital records poses inherent limitations in data quality and completeness. To further advance our understanding of Lp(a)’s impact on cardiovascular risk, future research should consider adopting a longitudinal approach and including a more diverse geographic representation within the Portuguese population.

Conclusions
Our study's findings underscore the significant role of Lp(a) as a biomarker in assessing cardiovascular risk, particularly among individuals with specific risk factors such as a family history of premature ASCVD. The data reveal that elevated Lp(a) levels are prevalent in our Portuguese cohort and correlate with increased cardiovascular risk, supporting the utility of Lp(a) measurement in refining risk stratification models.
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