Journal Pre-proof

Lipid-lowering therapy and LDL cholesterol control among high- and very
high-risk patients in Portugal: An analysis of the SANTORINI study

Carlos Aguiar Patricio Aguiar Jodo Sequeira Duarte Victor Gil Jorge
Mimoso Pedro Monteiro Fausto J Pinto Fernando Pinto Joao

Raposo Pedro von Hafe Jorge A. Ruivo Carla Teixeira Alberico L.
Catapano Kausik K Ray

PII: S0870-2551(25)00344-0

DOI: https://doi.org/doi:10.1016/j.repc.2025.10.003
Reference: REPC 2505

To appear in: Revista Portuguesa de Cardiologia

Received Date: 21 August 2025

Accepted Date: 13 October 2025

Please cite this article as: Aguiar C, Aguiar P, Duarte JS, Gil V, Mimoso J, Monteiro P, Pinto
FJ, Pinto F, Raposo J, Hafe Pv, Ruivo JA, Teixeira C, Catapano AL, Ray KK, Lipid-lowering
therapy and LDL cholesterol control among high- and very high-risk patients in Portugal: An
analysis of the SANTORINI study, Revista Portuguesa de Cardiologia (2025),

doi: https://doi.org/10.1016/j.repc.2025.10.003


https://doi.org/doi:10.1016/j.repc.2025.10.003
https://doi.org/10.1016/j.repc.2025.10.003

This is a PDF of an article that has undergone enhancements after acceptance, such as the
addition of a cover page and metadata, and formatting for readability. This version will undergo
additional copyediting, typesetting and review before it is published in its final form. As such,
this version is no longer the Accepted Manuscript, but it is not yet the definitive Version of
Record; we are providing this early version to give early visibility of the article. Please note
that Elsevier’s sharing policy for the Published Journal Article applies to this version, see:
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article.
Please also note that, during the production process, errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

© 2025 Published by Elsevier Espaiia, S.L.U. on behalf of Sociedade Portuguesa de Cardiologia.


https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article

Title

Lipid-lowering therapy and LDL cholesterol control among high- and very high-risk patients in Portugal: An
analysis of the SANTORINI study.

Titulo (Title in Portuguese)

Terapéutica hipolipemiante e controlo de colesterol LDL em doentes de alto e muito alto risco em Portugal:
uma analise do estudo SANTORINI.

Authors’ names and affiliations

Carlos Aguiar?’, Patricio Aguiar®, Jodo Sequeira Duartec, Victor Gild, Jorge Mimosce, Pedro Monteirof,
Fausto J Pinto?, Fernando Pintod, Jodo Raposo", Pedro von Hafel, Jorge A. Ruivo, Carla Teixeiral, Alberico

L. CatapanoX!, Kausik K Raym

3|nstituto do Coragéo, Carnaxide, Portugal

bUnidade Local de Salde de Santa Maria - Hospital Santa Maria, Lisbon, Portugal

Unidade Local de Saude de Lisboa Ocidental - Hospital Egas Moniz, Lisbon, Portugal

9Hospital da Luz, Lisbon, Portugal

eUnidade Local de Saude do Algarve - Hospital de Faro, Faro, Portugal

fClinica Cuida Mais, Coimbra, Portugal

sUnidade Local de Saude de Entre Douro e Vouga - Hospital de S&o Sebastido, Santa Maria da Feira,
Portugal

hAssociagao Protetora dos Diabéticos de Portugal, Lisbon, Portugal

iInstituto CUF Porto, Oporto, Portugal

iIMedical Affairs, Daiichi Sankyo Portugal, Porto Salvo, Portugal

kDepartment of Pharmacological and Biomolecular Sciences, University of Milan, Milan, Italy.
Multimedica Istituto di Ricovero e Cura a Carattere Scientifico, Milan, Italy

mmperial Centre for Cardiovascular Disease Prevention, ICTU-Global, Imperial College London, London,
UK

*Corresponding author

Email address: cmtaguiar@ulslo.min-saude.pt (C.Aguiar)\

Page 1 of 30

Page 1 of 30


mailto:cmtaguiar@ulslo.min-saude.pt

Graphical abstract
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Resumo

Introdugéo e Objetivos

O estudo SANTORINI é o primeiro estudo observacional europeu de grande escala conduzido apéds a
publicagdo das diretrizes de 2019 da ESC/EAS para o controlo da dislipidemia. Esta anélise tem como
objetivo avaliar a utilizacdo de terapéuticas hipolipemiantes (LLT) e a obtengéo dos objetivos de colesterol
de lipoproteina de baixa densidade (LDL-C) em doentes com risco cardiovascular (CV) alto ou muito alto

incluidos em Portugal.
Métodos

Em Portugal, foram incluidos 117 doentes em dez centros, entre setembro de 2020 e fevereiro de 2021.
Estavam disponiveis valores de LDL-C no inicio e apds um ano de seguimento para 102 doentes. Os niveis
de LDL-C, os padrdes de utilizagdo de LLT e o atingimento dos objetivos de LDL-C (de acordo com as
diretrizes ESC/EAS de 2019) foram avaliados em ambos os momentos e comparados com a coorte
europeia, excluindo os participantes portugueses.

Resultados

Durante o ano de seguimento, a utilizagdo de estatina em monoterapia diminuiu de 49,5% para 45,2%,
enquanto a terapéutica combinada com estatina e ezetimiba aumentou de 35,9% para 40,9%. A intensidade

da LLT foi intensificada em 12,8% dos doentes, manteve-se inalterada em 79,5% e foi reduzida em 6,0%.
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Os valores médios de LDL-C mantiveram-se semelhantes entre o inicio e o final do seguimento de um ano:
90,2 mg/dL e 90,1 mg/dL nos doentes de alto risco, e 74,1 mg/dL e 75,2 mg/dL nos doentes de muito alto
risco. A proporcéo de doentes que atingiu o objetivo de LDL-C diminuiu de 34,1% para 22,7% nos doentes

de alto risco e de 27,6% para 22,4% nos doentes de muito alto risco.
Conclusbes

A coorte portuguesa do estudo SANTORINI evidencia avangos encorajadores, mas também desafios
persistentes na gestdo, em mundo real, da dislipidemia a luz das diretrizes ESC/EAS de 2019. Devem ser
exploradas as razdes para a auséncia de intensificagdo da LLT, bem como os fatores associados a redugéo

na taxa de atingimento dos objetivos de LDL-C.

Palavras-chave (MeSH):

Fatores de risco cardiometabolicos; Colesterol LDL; Agentes reguladores de lipidos; Estudo observacional.
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Abstract

Introduction and Objectives:

The SANTORINI study is the first large-scale, European observational study conducted following the release
of the 2019 European Society of Cardiology/ European Atherosclerosis Society ESC/EAS guidelines on
dyslipidemia management. This analysis aims to assess lipid-lowering therapy (LLT) use and low-density
lipoprotein cholesterol (LDL-C) goal attainment in patients at high or very high cardiovascular (CV) risk

enrolled in Portugal.
Methods:

In Portugal, 117 patients were enrolled across ten sites between September 2020 and February 2021.
Paired LDL-C values at baseline and one-year follow-up were available for 102 patients. LDL-C levels, LLT
utilization patterns, and LDL-C goal attainment (as per the 2019 ESC/EAS guidelines) were assessed at

both time points and compared with the broader European cohort, excluding Portuguese participants.
Results:

Over the one-year follow-up, the use of statin monotherapy decreased from 49.5% to 45.2%, while
combination therapy with statin and ezetimibe increased from 35.9% to 40.9%. LLT intensity was escalated
in 12.8% of patients, unchanged in 79.5%, and de-escalated in 6.0%. Mean LDL-C levels were similar
between baseline and one-year follow-up: corresponding values were 90.2 mg/dL and 90.1 mg/dL in high-
risk patients, and 74.1 mg/dL and 75.2 mg/dL in very high-risk patients. LDL-C goal attainment declined
from 34.1% to 22.7% in high-risk patients and 27.6% to 22.4% in very high-risk patients.

Conclusions:

The Portuguese cohort of the SANTORINI study demonstrates both encouraging developments and
ongoing challenges in the real-world management of dyslipidemia following the 2019 ESC/EAS guidelines.
Reasons for lack of LLT intensification and factors underlying worsening rates for LDL-C goal attainment

should be explored.

Keywords (MESH):

Cardiometabolic Risk Factors; Cholesterol, LDL; Lipid Regulating Agents; Observational Study.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of mortality worldwide, accounting for
approximately 20.5 million deaths in 2021." Ischemic heart disease and stroke together represent the vast
majority of these deaths, comprising around 85% of all CVD-related mortality.! In Portugal, CVD is likewise
the primary cause of death, responsible for 26.5% of all fatalities in 2022.2 That year, ischemic heart disease

accounted for 5.5% of total deaths, while cerebrovascular disease contributed to 7.7%.2

Dyslipidemia is a major modifiable risk factor for atherosclerotic CVD (ASCVD), particularly in relation to
myocardial infarction (MI), ischemic stroke, and peripheral arterial disease.®% Extensive evidence from
epidemiological studies and Mendelian randomization analyses has established a causal role for low-density
lipoprotein cholesterol (LDL-C) in the development of atherosclerotic plaque and the occurrence of
subsequent cardiovascular (CV) events.® Consistent findings from randomized controlled trials have
demonstrated that reducing LDL-C levels safely lowers the risk of CV events.”8 A landmark meta-analysis
showed that each 1 mmol/L reduction in LDL-C with statin therapy, sustained over five years, results in a
21% relative reduction in major vascular events—regardless of sex, baseline LDL-C concentration, or history
of vascular disease.® Furthermore, LDL-C lowering with non-statin therapies—including ezetimibe,
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, and bempedoic acid—has been shown to
confer comparable CV risk reduction per mmol/L decrease in LDL-C, reinforcing the principle that “lower is
better” for LDL-C.7.10.11

Lowering LDL-C is a cornerstone of therapy in patients at high or very high risk for ASCVD, as well as in
those with established ASCVD.'2 The 2019 guidelines from the European Society of Cardiology (ESC) and
the European Atherosclerosis Society (EAS) recommend a =50% reduction in LDL-C from baseline, with
target levels of <70 mg/dL for high-risk individuals and <55 mg/dL for those at very high risk, including
patients with documented ASCVD.'2 Importantly, emerging evidence highlights that the duration of LDL-C
lowering is as critical—if not more so—than the absolute LDL-C level achieved or the intensity of LDL-C

reduction, emphasizing the long-term benefit of sustained lipid control.'3

Despite strong evidence and clear guideline recommendations, real-world data consistently show low rates
of LDL-C goal attainment. The EUROpean Action on Secondary and Primary Prevention by Intervention to
Reduce Events (EUROASPIRE) V survey assessed lipid control among 7,824 patients with coronary heart
disease (CHD) across 27 countries and found that although nearly half were receiving high-intensity lipid-
lowering therapy (LLT), only 32.3% of men and 23.1% of women achieved LDL-C levels below 70 mg/dL—
the recommended target for very high-risk individuals at the time of the study.* Similarly, the EU-wiDe cross-
sectionAl obserVat/oNal study of lipid-modifying therapy use in seCondary and primary care (DA VINCI)
study, a cross-sectional observational analysis of 5,888 patients from 18 countries receiving LLT, which was
high-intensity in 38% of patients, reported that just 33% met the 2019 ESC/EAS LDL-C targets overall, with
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only 18% of very high-risk patients achieving the <65 mg/dL threshold.' The Treatment of high and very
high riSk dyslipidemic pAtients for the preveNTion of cardiOvasculaR events in Europe-a multinatioNal
observat/onal (SANTORINI) study, which included 9,136 high- and very high-risk patients from 14 European
countries, further highlighted this gap.® At baseline, 44% of patients were on high-intensity LLT, increasing
to 60% at one year.'7'8 Despite treatment intensification in approximately one-third of participants, only
25.5% of patients receiving monotherapy and 39.4% of those on combination LLT reached their LDL-C

targets after one year.'

The SANTORINI study is the first large-scale European observational study conducted after the release of
the 2019 ESC/EAS guidelines, designed to evaluate real-world patterns in the use of LLT and its
effectiveness in managing LDL-C levels in high- and very high-risk patients.'® In this analysis, we focus on

the cohort of patients enrolled in Portugal.

Objectives

The aims of this analysis was to describe patient characteristics, assess patterns of LLT use, and evaluate
the extent to which LDL-C targets—defined by the 2019 ESC/EAS dyslipidemia management guidelines—

are being achieved in routine clinical practice.

Methodology

Study Design
SANTORINI (NCT04271280) was a prospective, observational, and descriptive study in high and very high

CV risk patients across 14 European countries. Patients were recruited from March 2020 to February 2021,
followed by one year of prospective follow-up (approximately 12+2 months after baseline). The rationale
and methodology used in SANTORINI have been described previously.'® The primary objective of the
baseline report was to describe how physicians assessed CV risk, how they then approached LLT and to
what extent the approaches resulted in attainment of the 2019 ESC/EAS LDL-C goals. The primary objective
of the onr-year follow-up was to assess changes in LLT and attainment of risk-based LDL-C goals (as per
the 2019 ESC/EAS dyslipidemia guidelines). Baseline and one-year follow-up data were collected from
patient records. As SANTORINI is a non-interventional study, no formal visits, examinations, laboratory tests
or procedures were mandated. All treatment decisions were left to the discretion of the attending physician,

and the study sponsor did not provide any medication.

Study participants and variables
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Patients were eligible for enrollment if they required LLT, were >18 years of age and considered by the
investigator to be at high or very high CV risk. Investigators documented the basis for the CV risk category
assigned to each study participant at enroliment. CV risk category was also assessed centrally using
baseline patient data and applying the criteria of the 2019 ESC/EAS guidelines. There were no specific
exclusion criteria, but study participants had to have an anticipated life expectancy of more than one year.
The SANTORINI study was performed in accordance with the Declaration of Helsinki and Good Clinical
Practice. All patients were asked to provide written informed consent before enroliment. Patients were

recruited from different care settings (primary and secondary care) and across different specialties.

Patients’ characteristics, medical history, LLT, and other concomitant medications were documented at
baseline. The LDL-C values were considered as reported by the investigators. LDL-C goal attainment was
based on thresholds from the 2019 ESC/EAS guidelines: <55 mg/dL for patients at very high risk and <70
mg/dL for patients at high risk. Cardiovascular events of interest included CV death, three-component major
adverse CV events (CV death, nonfatal MI, or nonfatal stroke), and four-component major adverse CV
events (CV death, nonfatal MI, nonfatal stroke, or coronary revascularization). All-cause death was also
assessed as an exploratory endpoint. Deaths of unknown cause were considered in the analysis of CV

death. Events were not adjudicated in this observational study.

Statistical analysis

The baseline analysis dataset consisted of those patients from all documented patients (all patients with any
electronic case report form) with adequate baseline information, including completing medical review of all
open queries. The LDL-C dataset consisted of all study participants in the baseline analysis dataset with
LDL-C data available at both baseline and follow-up. In the overall SANTORINI study, the baseline analysis
dataset comprised 9,136 patients, of whom 7,210 patients were included in the LDL-C dataset. Analyses of
baseline characteristics, LLT, and CV events of interest were implemented on the baseline analysis dataset.
Analyses of LDL-C values and LDL-C goal attainment across follow-up were implemented on the LDL-C
dataset. Missing LDL-C values were calculated using the Friedewald formula only if total cholesterol (TC),

high-density lipoprotein cholesterol (HDL-C), and triglyceride (TG) values were collected at the same date.

Descriptive statistics are presented as mean (standard deviation [SD]) or median (interquartile range [IQR])
for continuous variables, and as counts and percentages for categorical variables. Missing data were not
imputed, and formal statistical tests were not performed. Subgroup analyses were performed based on
investigator-assessed CV risk classification at baseline and ASCVD status at baseline. Modifications in LLT
intensity between baseline and 1-year follow-up were classified into three groups as previously described:
no change = no change in LLT; escalation = increase in the number or intensity of LLT; de-escalation =

decrease in the number or intensity of LLT.'® The incidence of CV events of interest and all-cause death
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during follow-up were estimated based on first events and are presented as event rates per 100 patient-

years at risk. All statistical analyses were performed using Statistical Analysis System (SAS®) Version 9.4.

Results

Baseline demographics and patient characteristics

In Portugal, 121 patients were enrolled from September 2020 to February 2021 (Figure 1) and clean
baseline data were obtained for 117 patients from ten sites (baseline analysis dataset). One patient was
excluded because enrollment was concluded before adequate baseline information had been recorded in
the electronic case report form. Three patients were excluded because of incomplete medical review of all
open queries. Of the 117 patients comprising the baseline analysis dataset, 71 patients (60.7%) had
established ASCVD. LDL-C values were available for 112 patients at baseline. Of these 112 patients, 102
patients (91.1%) had LDL-C data available at both baseline and 1-year follow-up and were included in the
LDL-C dataset. In the baseline analysis dataset, 69 patients (59.0%) were recruited at a hospital center, and
the remaining 48 patients (41.0%) were recruited at a medical practice center. Most of the patients were
enrolled by a cardiologist (N=65, 55.5%), followed by endocrinology (N=38, 32.5%) and internal medicine
(N=14, 12.0%).

Baseline characteristics of the patients enrolled in Portugal are presented in Table 1 (baseline analysis
dataset). Mean age was 63.9 years and 34 patients (29.1%) were women. Among patients reported to have
ASCVD, study investigators categorized the CV risk as very high in 59 patients (83.1%) and high in the
remaining 12 patients (16.9%).

Lipid-lowering therapy at baseline and end of follow-up

The use of LLT at baseline and at one-year follow-up in the baseline analysis dataset is reported in Table
2.

At baseline, 58 patients (49.5%) were taking a statin alone, 42 patients (35.9%) were on combination LLT
using a statin and ezetimibe, and nine patients (7.7%) were taking other combinations of oral LLTs. No
patient was taking a PCSK9 inhibitor. Seven patients (6.0%) were not on any LLT. The dominant LLT
strategy was statin monotherapy both in high CV risk patients and in very high CV risk patients. Statin
intensity was more often moderate both in patients on statin monotherapy and in those taking a combination

of statin and ezetimibe (see Supplementary Table 1 for statin intensity categorization).

Among the patients alive at one-year follow-up (N=115), 52 patients (45.2%) were taking a statin alone, 47
patients (40.9%) were on combination LLT using a statin and ezetimibe, and 12 patients (10.4%) were taking

other combinations of oral LLTs. No patient was taking a PCSK9 inhibitor. Three patients (2.6%) were not
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on any LLT. The dominant LLT strategy was statin monotherapy in the high CV risk patients and a
combination of a statin and ezetimibe in the very high CV risk patients. Statin intensity was more often

moderate both in patients on statin monotherapy and in those taking a combination of statin and ezetimibe.

The flow of patients between different LLTs at baseline and one-year follow-up is illustrated in Figure 2.
Over the course of one-year follow-up, the proportion of individuals on no LLT declined. All of the seven
patients not on any LLT at baseline completed the one-year follow-up; at one-year follow-up, one of these
seven patients was on a moderate intensity statin alone, four were on a combination of statin and ezetimibe
(using a high-intensity statin in three and a moderate-intensity statin in one), one was on a different
combination of oral LLTs, and one remained on no LLT. From baseline to one-year follow-up, the use of any
LLT as monotherapy fell from 50.4% to 45.3% in the baseline analysis dataset. The reduction in statin
monotherapy was small in the high CV risk group and larger in the very high CV risk group. In contrast, the
use of combination LLT rose from 43.6% to 50.4%, mostly reflected by an increase in the use of a statin and
ezetimibe combination. The increase in the combination of a statin and ezetimibe was small in the high CV
risk group and larger in the very high CV risk group (Table 2). Overall, the use of moderate-intensity statins
as part of oral combination LLT increased modestly from 23.1% to 24.8%, whereas the use of high-intensity
statins increased from 11.1% to 14.5%. The latter increment was exclusively observed in the very high CV

risk group.

The use of LLT at baseline and at one-year follow-up in the baseline analysis dataset according to ASCVD
status is described in Table 3. Among patients with ASCVD, the use of statin monotherapy declined from
43.7% at baseline to 36.6% at one-year follow-up, and the use of a combination of a statin and ezetimibe
increased from 39.4% to 43.7%. Moreover, the use of a high-intensity statin in combination with ezetimibe
increased from baseline to one-year follow-up, but a moderate-intensity statin remained predominant in

patients taking a statin alone.

Modifications of LLT intensity between baseline and one-year follow-up are reported in Table 4. In the overall
baseline analysis dataset, LLT intensity was escalated more often than de-escalated (12.8% vs. 6.0%) but
remained unchanged for most patients (79.5%). Although some changes in LLT intensity were more
common for patients at very high CV risk compared with patients at high CV risk, most very high CV risk
patients had no change in LLT intensity. Escalation of LLT intensity was slightly more common for patients
at very high CV risk compared with patients at high CV risk (13.6% vs. 11.8%, respectively) but de-escalation
occurred even more often (9.1% for patients at very high CV risk compared with 2.0% for patients at high
CV risk).

LDL-C goal attainment at baseline and end of follow-up

LDL-C values at baseline and one-year follow-up in the overall LDL-C dataset and by investigator-classified

baseline CV risk are illustrated in Figure 3. Mean (SD) LDL-C levels were similar at baseline and one-year
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follow-up in the overall population (Table 5). Likewise, mean (SD) LDL-C levels remained relatively
unchanged from baseline to one-year follow-up in patients at high CV risk, as well as in those at very high
CV risk.

At baseline, the proportion of patients at LDL-C goal was 30.4% overall, 34.1% in the high CV risk group,
and 27.6% in the very high CV risk group (Figure 4). The proportion of patients at goal at the end of 1 year
declined to 22.6% in the overall LDL-C dataset, 22.7% in the high CV risk group, and 22.4% in the very high-
risk group. Among patients on LLT at baseline, stratification by treatment type at one-year follow-up showed
that 26.4% of patients receiving combination LLT were at LDL-C goal at follow-up compared with 16.3%

receiving a single lipid-lowering drug (Figure 5).

Among patients with ASCVD, the proportion who were at LDL-C goal was 30.0% at baseline and 25.0% at
one-year follow-up (Table 6). In the group of patients without ASCVD, these proportions were 31.0% and
19.1%, respectively.

Cardiovascular events and mortality

In the baseline analysis dataset, one patient died due to CV causes, one patient had a nonfatal MI, and one
patient underwent coronary revascularization. Overall, two patients had at least one three-component major

adverse events and three patients had at least one four-component major adverse events (Table 7).

Comparison of key results between SANTORINI participants enrolled in Portugal and those enrolled

in all other countries

Of the 9019 patients enrolled in the other 13 countries participating in the SANTORINI study, 6438 (71.4%)
were categorized as very high CV risk and 2575 (28.6%) as high CV risk by study investigators
(Supplementary Table 2). At baseline, 6998 (77.6%) patients were reported to have ASCVD. The
Portuguese cohort had lower proportions of investigator-reported very high CV risk individuals (56.4%) and
patients with ASCVD (60.7%). Moreover, mean (SD) LDL-C levels at baseline were lower among patients
enrolled in Portugal: 80.8 (32.8) mg/dL vs. 93.0 (46.7) mg/dL in all other countries (baseline analysis dataset;
see Supplementary Table 3 for mean (SD) LDL-C levels at baseline in the LDL-C dataset). This observation
was consistent irrespective of the category of investigator-reported CV risk: mean (SD) baseline LDL-C
levels were 88.6 (37.1) mg/dL in the Portuguese cohort of high CV risk individuals compared with 103.8
(50.4) mg/dL in all other countries, and 74.7 (27.9) mg/dL in the Portuguese cohort of very high CV risk

individuals compared with 88.7 (44.3) mg/dL in all other countries.

Compared with the group of all other countries, the proportion of patients not on any LLT at baseline was
lower in Portugal (6.0% vs. 21.1%), and the proportion of patients taking combination LLT at baseline was
higher in Portugal (43.6% vs. 25.3%) (Table 2 and Supplementary Table 4). At one-year follow-up, the
proportion of patients on a single LLT was lower in Portugal (45.3%) compared with the group of all other
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countries (57.2%); conversely, the proportion of patients on combination LLT was higher in Portugal (50.4%)
compared with the group of all other countries (37.8%); the proportion of patients not on any LLT was similar
in Portugal (2.6%) and in the group of all other countries (3.3%). None of the patients enrolled in Portugal
were taking a PSCK9 inhibitor either at baseline or at one-year follow-up; in the group of all other countries,
the proportion of patients taking a PCSK9 inhibitor either alone or in combination with at least one other LLT
was 6.4% at baseline and increased to 8.9% at one-year follow-up. From baseline to one-year follow-up,
LLT intensity less often was escalated and more often de-escalated in Portugal (12.8% escalated and 6.0%
de-escalated) than in the group of all other countries (26.3% escalated and 2.2% de-escalated) (Table 4
and Supplementary Table 5). Moreover, LLT intensity more often remained unchanged in Portugal (79.5%)

compared with the group of all other countries (70.3%).

In the LDL-C dataset, mean (SD) LDL-C levels at one-year follow-up were slightly higher in the Portuguese
cohort; 81.6 (36.1) mg/dL vs. 76.7 (36.6) mg/dL in all other countries (Table 6 and Supplementary Table
3). This observation was consistent irrespective of the category of investigator-reported CV risk: mean (SD)
baseline LDL-C levels were 90.1 (36.9) mg/dL in the Portuguese cohort of high CV risk individuals compared
with 88.6 (39.8) mg/dL in all other countries, and 75.2 (34.4) mg/dL in the Portuguese cohort of very high
CV risk individuals compared with 72.0 (34.1) mg/dL in all other countries. In the LDL-C dataset, between
baseline and one-year follow-up, the mean LDL-C level increased 0.6 mg/dL (from 81.0 mg/dL to 81.6
mg/dL) in the Portuguese cohort; on the contrary, it declined 17.0 mg/dL (from 93.7 mg/dL to 76.7) in the
group of all other countries. The corresponding changes in mean LDL-C levels between baseline and one-
year follow-up were a decline of 0.1 mg/dL vs. a decline of 17.5 mg/dL, respectively, in high CV risk patients,

and an increase of 1.1 mg/dL vs. a decline of 16.8 mg/dL, respectively, in very high CV risk patients.

In the Portuguese cohort, the proportion of patients at LDL-C goal declined from 30.4% at baseline to 22.6%
at one-year follow-up; similarly, LDL-C goal attainment declined from 34.1% to 22.7% in high CV risk patients
and from 27.6% to 22.4% in very high CV risk patients (Table 6). In contrast, in the group of all other
countries, the proportion of patients at LDL-C goal increased from 21.1% at baseline to 31.0% at one-year
follow-up; LDL-C goal attainment increased from 24.1% to 31.2% in high CV risk patients and from 19.9%
to 31.0% in very high CV risk patients (Supplementary Table 3).

Discussion

In the Portuguese cohort of the largest European observational study investigating LLT use and LDL-C goal
attainment, conducted after the publication of the 2019 ESC/EAS guidelines for the management of
dyslipidemia, we observed minor changes in mean LDL-C levels in both high- and very high-risk patients
over one year of longitudinal follow-up, despite a reduction in the number of patients not taking any LLT and

an increase in the proportion of patients taking a combination of a statin and ezetimibe. Over the same
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period, LDL-C goal attainment declined in both high-risk and very high-risk patients, to a degree that

exceeded what would be anticipated based on the change in mean LDL-C levels alone.

These findings differ markedly from those observed in the patient cohort from the other 13 countries
participating in the SANTORINI study, where mean LDL-C levels decreased by 17 mg/dL and the proportion
of patients achieving LDL-C goals increased 1.47-fold over one year. Although a greater proportion of
patients in Portugal were at goal at baseline compared to the other countries (30.4% vs. 21.1%), this trend

reversed at one-year follow-up, with more patients outside Portugal achieving LDL-C targets.

Several factors may have contributed to the observed discrepancies between the Portuguese cohort and
the patient populations from other participating countries. First, the mean baseline LDL-C level was lower in
the Portuguese cohort (81.0 mg/dL) compared to the group of patients from the other participating countries
(93.7 mg/dL). This difference may, in part, be explained by a lower proportion of patients not receiving any
LLT and a higher proportion receiving combination LLT in the Portuguese cohort at baseline. Second, the
Portuguese cohort included fewer patients with investigator-reported ASCVD (60.7% vs. 77.6%) and fewer
classified as being at very high CV risk (56.4% vs. 71.4%) compared to patients from the other participating
countries. Consequently, due to this more favorable risk profile and the lower mean baseline LDL-C level,
patients in the Portuguese cohort were, a priori, more likely to be closer to or already at the recommended
LDL-C target at baseline. In fact, a higher proportion of Portuguese patients had already achieved the LDL-
C goal at baseline compared with all other patients. For the same reasons, the need for LLT intensification
was lower in Portugal, which may partly explain the lower rate of LLT escalation observed between baseline
and one-year follow-up in the Portuguese cohort compared to that of the other countries (12.8% vs. 26.3%).
Third, although combination LLT was more frequently used at one-year follow-up in Portugal compared to
other countries (50.4% vs. 37.8%), a notable proportion of patients in the latter group (6.7%) received a
PCSKQ inhibitor in combination with at least one other LLT, whereas no patients in the Portuguese cohort
were treated with a PCSK9 inhibitor. The potent LDL-C-lowering effect of PCSK9 inhibitors, especially when
used in combination regimens, may have contributed to the higher proportion of LDL-C goal attainment at
one-year follow-up in patients from other countries compared with those from Portugal (31.0% vs. 22.6%).
The absence of PCSK9 inhibitor use in the Portuguese cohort may reflect the lower proportion of patients
with investigator-reported ASCVD at baseline, as current guidelines provide weaker recommendations for
PCSK9 inhibitor use in primary prevention settings compared with secondary prevention.'2 Fourth, although
LLT de-escalation was infrequent overall, it occurred more often in Portugal compared to other countries
(6.0% vs. 2.2%). This difference may have further contributed to the lower proportion of patients achieving
LDL-C goals at one-year follow-up in the Portuguese cohort. Moreover, despite the lower mean LDL-C level
at baseline in the Portuguese group, the combination of more frequent LLT de-escalation and less frequent
therapy escalation may help explain the higher mean LDL-C level observed at follow-up in this cohort

compared to patients from the other participating countries.

Page 12 of 30

Page 12 of 30



Another notable observation in the Portuguese cohort is the disproportionately large reduction in the
proportion of patients at LDL-C goal from baseline to one-year follow-up (30.4% to 22.6%), despite only a
minimal increase in mean LDL-C levels during this period (81.0 mg/dL to 81.6 mg/dL). This finding suggests
that many patients who were at LDL-C goal at baseline had LDL-C levels close to the upper limit of the
guideline-recommended targets (55 mg/dL for very high-risk and 70 mg/dL for high-risk individuals). As
such, even a slight increase in LDL-C levels may have been sufficient to shift a substantial proportion of

these patients out of goal range.

The comparison between the Portuguese cohort and patients from other countries underscores two key
practical points. First, patients in the Portuguese cohort were more frequently on LLT at baseline, particularly
combination therapy, which corresponded with a higher rate of LDL-C goal achievement. This observation
is consistent with prior research® and the overall findings of the SANTORINI study8, supporting the superior
efficacy of combination LLT over statin monotherapy in reaching LDL-C targets. Consequently, many
experts recommend shifting clinical practice toward initiating high-intensity combination LLT rather than
relying solely on high-intensity statin monotherapy to better mitigate residual CV risk associated with
inadequate LDL-C management.2’ Second, during the one-year follow-up period, LLT was escalated in only
12.8% of patients in Portugal, compared with 26.3% in the other countries. This indicates a higher
prevalence of therapeutic inertia in the Portuguese cohort, with a ratio of LLT intensification to non-
intensification of 1:6.7, vs. 1:2.8 in the other group. Strategies proven to reduce therapeutic inertia and
improve LDL-C control include multidisciplinary, team-based collaborative care.2! These approaches can
help address common barriers, such as limited physician time, by involving other healthcare professionals—
including nurses and pharmacists—in patient education regarding medication intensification, adherence,
and side effect management. However, current implementation research has limitations, including
predominantly single-center studies, methodological weaknesses, and insufficient evaluation of innovative
tools like artificial intelligence. Therefore, further high-quality implementation research is needed to identify

effective, sustainable interventions to optimize lipid management in the long term.

The rate of LDL-C goal attainment in the Portuguese cohort of the SANTORINI study compares favorably
with prior studies conducted in Portugal, including DYSIS-Portugal,?? DISGEN,2 Portuguese cohort of
patients with CHD in EUROASPIRE V,2* LATINO,% PORTRAIT-DYS,26 and LATINO-ACS.Z” Nevertheless,
mean LDL-C levels at one-year follow-up remained substantially above guideline-recommended thresholds:
90.1 mg/dL in high-risk patients and 75.2 mg/dL in very high-risk patients—approximately 20 mg/dL above
their respective targets. Based on the well-established relationship between LDL-C levels and CV outcomes,
this 20 mg/dL excess corresponds to an estimated 10% increase in relative risk of major vascular events
over five years, representing a missed opportunity to prevent avoidable and potentially life-threatening
events. A 22% reduction in mean LDL-C would be needed to achieve the 70 mg/dL target in high-risk

patients, and a 27% reduction would be required to reach the 55 mg/dL goal in very high-risk patients.
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Clinical studies have demonstrated that adding bempedoic acid to maximally tolerated statin therapy can
reduce LDL-C levels by 17-23% in patients at high or very high CV risk.2 Notably, no patients in the
Portuguese cohort received bempedoic acid during the study period. Incorporating this therapy into
treatment strategies may help a substantial proportion of patients not at goal to achieve guideline-

recommended LDL-C levels.

Several limitations of this study must be acknowledged. First, although recruitment was conducted across
multiple sites by physicians from various specialties and broad inclusion criteria were applied, the relatively
small sample size may limit both the internal and external validity of the findings. To address this, 95%
confidence intervals have been provided for the proportions of patients achieving LDL-C targets. Second,
as sites involved in clinical research often differ systematically from those that do not participate, the results
may reflect a best-case scenario and may not be fully generalizable to routine clinical practice. Third, CV
risk may have been underestimated in some patients classified as very high risk. It remains unclear whether
this potential misclassification led to physicians targeting an LDL-C goal of 70 mg/dL rather than the
recommended 55 mg/dL, which could have artificially inflated the observed rate of LDL-C goal attainment.
Fourth, the definition of LDL-C goal attainment was based solely on absolute risk-based thresholds (70
mg/dL and 55 mg/dL), without considering the additional guideline-recommended criterion of at least a 50%
reduction from baseline levels. Finally, given the observational, non-interventional, and cross-sectional
design of the study, medication adherence was neither systematically assessed nor supported through

targeted interventions, limiting insight into real-world treatment effectiveness.

Conclusion

In summary, the Portuguese cohort of the SANTORINI study reveals both meaningful progress and ongoing
challenges in real-world dyslipidemia management following the 2019 ESC/EAS guidelines. At baseline, the
greater use of combination LLT with statins and ezetimibe, coupled with reduced reliance on statin
monotherapy, was associated with superior LDL-C goal attainment compared to other European cohorts.
However, over the one-year follow-up period, LDL-C goal achievement declined among both high- and very
high-risk patients, diverging from the improvements observed in other participating countries. This
unfavorable trend likely reflects suboptimal treatment intensification, limited integration of adjunctive
therapies such as PCSK9 inhibitors and bempedoic acid, and persistent clinical inertia. These findings
underscore the urgent need to optimize guideline-concordant lipid management in Portugal by expanding
access to potent combination LLT and implementing comprehensive strategies to address therapeutic
inertia. Enhancing LDL-C control in high- and very high-risk patients represents a pivotal opportunity to

reduce preventable CV events and improve long-term clinical outcomes.
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Figures

Figure 1. Patient flow diagram.
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Figure 2. A) Monotherapy and combination therapy at baseline and 1-year follow-up; B) Flow of patients
between different lipid-lowering therapies at baseline and 1-year follow-up.
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Two patients died between enrolment and 1-year follow-up, hence information on LLTs was available both
at baseline and 1-year follow-up for 115 patients.
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Figure 3. Box whisker plot of LDL-C at baseline and 1-year follow-up in very high CV risk, high CV risk
and overall patients enrolled in Portugal (LDL-C dataset).
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Figure 4. Proportion of patients achieving 2019 ESC/EAS guideline recommended risk-based LDL-C
goals at baseline and 1-year follow-up (LDL-C dataset).
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Figure 5. Attainment of 2019 ESC/EAS guideline recommended risk-based LDL-C goals at baseline and
1-year follow-up among patients receiving LLT at baseline (LDL-C dataset).
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Tables

Table 1. Baseline demographic characteristics and CV risk factors of the participants from Portugal included

in the SANTORINI study (baseline analysis dataset).

Baseline analysis

CV risk classification as reported by
investigator

dataset — —

Characteristic (N=117) H(lﬁl;sr;s)k Ver;;r‘ll-lggg)rlsk
Female, n (%) 34 (29.1) 14 (27.6) 20 (30.3)
Age, years, mean (SD) 63.9 (11.4) 63.7 (11.8) 64.0 (11.2)
Hypertension, n (%) 85 (72.7) 36 (70.6) 49 (74.2)
Diabetes, n (%) 66 (56.4) 37 (72.6) 29 (43.9)
Familial hypercholesterolemia, n (%) 7(6.0) 3(5.9) 4(6.1)
Smoking history, n (%)

Current 21(18.0) 6(11.8) 15 (22.7)

Former 48 (41.0) 19 (37.3) 29 (43.9)

Never 45 (38.5) 23 (45.1) 22 (33.3)
Systolic BP, mmHg, mean (SD) 135.0 (16.6) 134.2 (18.3) 135.6 (15.3)
Diastolic BP, mmHg, mean (SD) 75.7 (11.2) 76.7 (11.5) 74.9 (11.0)
BMI, kg/m2, mean (SD) 27.6 (4.5) 28.6 (4.6) 26.8 (4.3)
eGFR, mL/min/1.73m2, mean (SD) 74.7 (29.5) 71.8 (28.6) 76.9 (30.2)
LDL-C, mg/dL 80.8 (32.8) 88.6 (37.1) 74.7 (27.9)

BMI, body mass index; BP, blood pressure; CV, cardiovascular; eGFR, estimated glomerular filtration rate; LDL-C,

low-density lipoprotein cholesterol; SD, standard deviation.
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Table 2. Use of LLT at baseline and at 1-year follow-up by SANTORINI study participants enrolled in
Portugal (baseline analysis dataset).

Overall High CV risk® Very high CV risk®
(N=117) (N=51) (N=66)
1-year 1-year 1-year
LLT, n (%) Baseline follow-up Baseline follow-up Baseline follow-up
Missing 0(0.0) 2(1.7)¢ 0(0.0) 1(2.0) 0(0.0) 1(1.5)
No LLT 7(6.0) 3(2.6) 1(2.0) 0(0.0) 6(9.1) 3(4.6)
Total monotherapy 59 (50.4) 53 (45.3) 31 (60.8) 30 (58.9) 28 (42.4) 23 (34.9)
Statin alone 58 (49.5) 52 (44.4) 30 (58.8) 29 (56.9) 28 (42.4) 23(34.9)
Missing intensity 5(4.3) 1(0.9) 3(5.9) 1(2.0) 2 (3.0 0(0.0)
Low intensity 1(0.9) 0(0.0) 1(2.0) 0(0.0) 0(0.0) 0(0.0)
Moderate intensity 38 (32.5) 40 (34.2) 21(41.2) 22 (43.1) 17 (25.8) 18 (27.3)
High intensity 14 (12.0) 11(9.4) 5(9.8) 6(11.8) 9(13.6) 5(7.6)
Ezetimibe alone 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PCSKJi alone 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any other oral LLT alone* 1(0.9) 1(0.9) 1(2.0) 1(2.0) 0(0.0) 0(0.0)
Total combination therapy 51 (43.6) 59 (50.4) 19 (37.2) 20 (39.2) 32 (48.5) 39 (59.1)
Statin + ezetimibe 42 (35.9) 47 (40.2) 15 (29.4) 16 (31.4) 27 (40.9) 31(47.0)
Missing intensity statin 1(0.9) 0(0.0) 0(0.0) 0(0.0) 1(1.5) 0(0.0)
Low intensity statin 1(0.9) 1(0.9) 1(2.0) 1(2.0) 0(0.0) 0(0.0)
Moderate intensity statin 27 (23.1) 29 (24.8) 11 (21.6) 12 (23.5) 16 (24.2) 17 (25.8)
High intensity statin 13(11.1) 17 (14.5) 3(5.9 3(5.9 10 (15.2) 14 (21.2)
PCSK9i combination 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any other combination LLT* 9(7.7) 12 (10.3) 4(7.8) 4(7.8) 5(7.6) 8 (12.1)

#Two patients died after enrolment and before the 1-year follow-up assessment. *No patient enrolled in Portugal used
bempedoic acid either at baseline or at 1-year follow-up, given that the product was not commercially available in
Portugal during the study period. SCV risk classification as reported by investigator.

CV, cardiovascular; LLT, Lipid lowering therapy; PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitors.

Page 23 of 30

Page 23 of 30



Table 3. Use of LLT at baseline and at 1-year follow-up by SANTORINI study participants with and without

ASCVD enrolled in Portugal (baseline analysis dataset).

ASCVD# No ASCVD#
(N=71) (N=46)
1-year 1-year
LLT, n (%) Baseline follow-up Baseline follow-up
Missing 0(0.0) 2 (2.8 0(0.0) 0(0.0)
No LLT 6 (8.5) 2(2.8) 1(2.2) 1(2.2)
Total monotherapy 32 (45.1) 27 (38.0) 27 (58.7) 26 (56.5)
Statin alone 31(43.7) 26 (36.6) 27 (58.7) 26 (56.5)
Missing intensity 2(2.8) 0(0.0) 3(6.5) 1(2.2)
Low intensity 0(0.0) 0(0.0) 1(2.2) 0(0.0)
Moderate intensity 18 (25.4) 18 (25.4) 20 (43.5) 22 (47.8)
High intensity 11 (15.5) 8(11.3) 3(6.5) 3(6.5)
Ezetimibe alone 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PCSKJi alone 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any other oral LLT alone* 1(1.4) 1(1.4) 0(0.0) 0(0.0)
Total combination therapy 33 (46.5) 40 (56.3) 18 (39.1) 19 (41.3)
Statin + ezetimibe 28 (39.4) 31(43.7) 14 (30.4) 16 (34.8)
Missing intensity statin 0(0.0) 0(0.0) 1(2.2) 0(0.0)
Low intensity statin 0(0.0) 0(0.0) 1(2.2) 1(2.2)
Moderate intensity statin 17 (23.9) 17 (24.0) 10 (21.7) 12 (26.1)
High intensity statin 11 (15.5) 14 (19.7) 2(4.4) 3(6.5)
PCSK9i combination 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Any other combination LLT* 5(7.0) 9(12.7) 4 (8.7) 3(6.5)

#Two patients died after enrolment and before the 1-year follow-up assessment. *No patient enrolled in Portugal used
bempedoic acid either at baseline or at 1-year follow-up, given that the product was not commercially available in
Portugal during the study period. SASCVD at baseline as reported by investigator.

ASCVD, atherosclerotic cardiovascular disease; LLT, Lipid lowering therapy; PCSK9i, proprotein convertase

subtilisin/kexin type 9 inhibitors.

Table 4. Modifications of LLT intensity from baseline to 1-year follow-up in SANTORINI study participants
enrolled in Portugal (baseline analysis dataset).

Classification Overall (N=117) High CV risk (N=51) Very high CV risk (N=66)
Missing, n (%) 2(1.7) 1(2.0) 1(1.5)

No change, n (%) 93 (79.5) 43 (84.3) 50 (75.8)
De-Escalation, n (%) 7(6.0) 1(2.0) 6 (9.1)
Escalation, n (%) 15 (12.8) 6 (11.8) 9(13.6)

A detailed definition of the three categories of LLT intensity modifications is available from reference 18.

CV, cardiovascular; LLT, Lipid lowering therapy.
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Table 5. LDL-C and proportion of patients enrolled in Portugal and achieving 2019 ESC/EAS guideline
recommended LDL-C goal at baseline and 1-year follow-up by investigator-classified baseline CV risk (LDL-

C dataset).
Overall (N=102) High CV risk (N=44) Very high CV risk (N=58)
1-year 1-year 1-year

Baseline follow-up Baseline follow-up Baseline follow-up
LDL-C, mg/dL, mean | 81.0(334) | 81.6(36.1) | 90.2(37.3) | 90.1(36.9) | 74.1(28.5) | 752 (34.4)
(SD)
Patients at goal, n (%)| 31(30.4%) | 23(22.6%) 15 (34.1%) 10 (22.7%) 16 (27.6%) 13 (22.4%)
[95%Cl]ab [21.7%-40.3%] |[14.9%-31.9%)] | [20.5%-49.9%)] |[11.5%-37.8%)] | [16.7 %-40.9%] | [12.5%-35.3%]

aGoal attainment definition used by SANTORINI: baseline/follow-up LDL-C <55 mg/dL (very high-risk patient at
baseline/follow-up) or <70 mg/dL (high-risk patient at baseline/follow-up). °95% Cls according to Clopper-Pearson.

Cl, confidence interval; CV, cardiovascular; EAS, European Atherosclerosis Society; ESC, European Society of
Cardiology; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.

Table 6. LDL-C and proportion of patients enrolled in Portugal and achieving 2019 ESC/EAS guideline
recommended LDL-C goal at baseline and 1-year follow-up by ASCVD status reported at baseline (LDL-C

dataset).

Overall (N=102)

ASCVD (N=60)

No ASCVD (N=42)

1-year 1-year 1-year
Baseline follow-up Baseline follow-up Baseline follow-up
LDL-C, mg/dL, mean | 81.0(334) | 81.6(36.1) | 75.8(28.9) | 74.0(329) | 88.6(38.0) | 92.6(37.9)
(SD)
Patients at goal, n (%)| 31(30.4%) | 23(22.6%) 18 (30.0%) 15 (25.0%) 13 (31.0%) 8(19.1%)
[95%Cl]ab [21.7%-40.3%] | [14.9%-31.9%)] | [18.9%-43.2%)] |[14.7%-37.9%)] | [17.6%-47.1%] | [8.6%-34.1%)]

aGoal attainment definition used by SANTORINI: baseline/follow-up LDL-C <55 mg/dL (very high-risk patient at
baseline/follow-up) or <70 mg/dL (high-risk patient at baseline/follow-up). °95% Cls according to Clopper-Pearson.

ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; EAS, European Atherosclerosis Society; ESC,
European Society of Cardiology; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.
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Table 7. Event rate per 100 patient-years for CV death, 3-component MACE, and 4-component MACE
during the one-year follow-up period among patients enrolled in Portugal (baseline analysis dataset).

Number 100 patient-years
Baseline investigator of patients
risk Parameter with event Event rate 95% ClI
Very high risk (N=66)  |CV death 0 0.0 [0.0-0.0]
4-component MACE 2 29 [0.0-6.9]
3-component MACE 1 1.4 [0.0-4.2]
High risk (N=51) CV death 1 1.9 [0.0-5.6]
4-component MACE 1 1.9 [0.0-5.6]
3-component MACE 1 1.9 [0.0-5.6]
All (N=117) CV death 1 0.8 [0.0-2.4]
4-component MACE 3 2.5 [0.0-5.2]
3-component MACE 2 1.6 [0.0-3.9]

Event rate per 100 patient-years = Number of patients with the event divided by the total exposure time for all patients

at risk (years) multiplied by 100. Cis are calculated using Clopper Pearson.

Cl, confidence interval; CV, cardiovascular; MACE, major adverse cardiovascular event.

Page 26 of 30

Page 26 of 30



Supplementary Tables

Supplementary Table 1. Statin intensity classification

High intensity Moderate intensity

Low intensity

Atorvastatin 40-80 mg Atorvastatin 10-20 mg
Rosuvastatin 20-40 mg Rosuvastatin 5-10 mg
Simvastatin 20-40 mg
Pravastatin 40-80 mg
Lovastatin 40 mg
Fluvastatin XL 80 mg
Fluvastatin 40 mg BID
Pitavastatin 2-4 mg

Simvastatin 10 mg
Pravastatin 10-20 mg
Lovastatin 20 mg
Fluvastatin 20-40 mg
Pitavastatin 1 mg

Dosing is daily unless otherwise stated. Low intensity statins also include those patients taking low-dose statins using
an alternate regimen (i.e., every other day, or for a specified number of times per week).

Supplementary Table 2. Baseline demographic characteristics and CV risk factors of the participants
outside of Portugal included in the SANTORINI study (baseline analysis dataset).

Baseline analysis

Characteristic (ﬂi;aosfgt)
Female, n (%) 2455 (27.2)
Age, years, mean (SD) 65.5(10.8)
CV risk classification by investigator

Very high 6438 (71.4)

High 2575 (28.6)

Missing 6(0.1)
ASCVD, n (%) 6998 (77.6)
Hypertension, n (%) 6423 (71.2)
Diabetes, n (%) 3126 (34.7)
Familial hypercholesterolemia, n (%) 927 (10.3)
Smoking history, n (%)

Current 1483 (16.4)

Former 3830 (42.5)

Never 3619 (40.1)
Systolic BP, nmHg, mean (SD) 134.0 (18.1)
Diastolic BP, mmHg, mean (SD) 78.0 (10.5)
BMI, kg/m2, mean (SD) 284 (4.9)
eGFR, mL/min/1.73m2, mean (SD) 78.0 (24.0)
LDL-C, mg/dL 93.0 (46.7)

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; BP, blood pressure; CV, cardiovascular;
eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.
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Supplementary Table 3. LDL-C and proportion of patients enrolled outside of Portugal and achieving 2019
ESC/EAS guideline recommended LDL-C goal at baseline and 1-year follow-up by investigator-classified
baseline CV risk (LDL-C dataset).

Overall (N=7108) High CV risk (N=1989) Very high CV risk (N=5115)
1-year 1-year 1-year
Baseline follow-up Baseline follow-up Baseline follow-up
LDL-C, mg/dL, mean | 93.7(47.2) | 76.7(36.6) | 106.1(50.8) | 88.6(39.8) | 88.8(44.8) | 72.0(34.1)
(SD)
Patients at goal, n (%) | 1498 (21.1%) | 2205 (31.0%) | 480 (24.1%) | 620 (31.2%) | 1018 (19.9%) | 1584 (31.0%)
[95%Cl]ab [20.1%-22.1%] |[30.0%-32.2%)] | [22.3%-26.1%)] | [29.2%-33.3%)] | [18.8%-21.0%] | [29.8 %-32.3%]

aGoal attainment definition used by SANTORINI: baseline/follow-up LDL-C <55 mg/dL (very high-risk patient at
baseline/follow-up) or <70 mg/dL (high-risk patient at baseline/follow-up). °95% Cls according to Clopper-Pearson.

Cl, confidence interval; CV, cardiovascular; EAS, European Atherosclerosis Society; ESC, European Society of
Cardiology; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.

Supplementary Table 4. Use of LLT at baseline and at 1-year follow-up by SANTORINI study participants
enrolled outside of Portugal (baseline analysis dataset).

Overall High CV risk$ Very high CV risk$
(N=9019) (N=2575) (N=6438)
1-year 1-year 1-year
LLT, n (%) Baseline follow-up Baseline follow-up Baseline follow-up
Missing 0(0.0) 153 (1.7)* 0(0.0) 31(1.2) 0(0.0) 122 (1.9)
No LLT 1902 (21.1) | 300 (3.3) 597 (23.2) 152 (5.9) | 1301(20.2) 147 (2.3)
Total monotherapy 4833 (53.6) | 5161 (57.2) | 1496 (58.1) | 1705 (66.2) | 3335 (51.8) | 3451 (53.6)
Statin alone 4458 (49.4) | 4760 (52.8) | 1387 (53.9) | 1585 (61.6) | 3069 (47.7) | 3170 (49.2)
Missing intensity 84 (0.9) 79(0.9) 31(1.2) 25(1.0) 53(0.8) 54 (0.8)
Low intensity 134 (1.5) 116 (1.3) 47 (1.8) 47 (1.8) 87 (1.4) 69 (1.1)
Moderate intensity 2293 (25.4) | 2218 (24.6) | 875(34.0) | 962 (37.4) | 1417 (22.0) | 1252 (19.5)
High intensity 1947 (21.6) | 2347 (26.0) | 434(16.9) | 551(21.4) | 1512(23.5) | 1795(27.9)
Ezetimibe alone 170 (1.9) 146 (1.6) 53 (2.1) 53 (2.1) 117 (1.8) 93 (1.4)
PCSK9i alone 151 (1.7) 202(2.2) 32(1.2) 45(1.8) 119 (1.9) 157 (2.4)
Any other oral LLT alone* 54 (0.6) 53 (0.6) 24(0.9) 22(0.9) 30(0.5) 31(0.5)
Total combination therapy 2284 (25.3) | 3405(37.8) | 482(18.7) | 687(26.7) | 1802 (28.0) | 2718 (42.2)
Statin + ezetimibe 1519 (16.8) | 2367 (26.2) | 302 (11.7) | 429(16.7) | 1217 (18.9) | 1938 (30.1)
Missing intensity statin 42 (0.5) 56 (0.6) 8 (0.3) 12 (0.5) 34 (0.5) 44 (0.7)
Low intensity statin 36 (0.4) 38 (0.4) 7(0.3) 8(0.3) 29 (0.5) 30 (0.5)
Moderate intensity statin 517 (5.7) 677 (7.5) 116 (4.5) 162 (6.3) 401 (6.2) 515(8.0)
High intensity statin 924 (10.2) | 1596 (17.7) | 171(6.6) 247 (9.6) 753 (11.7) | 1349(21.0)
PCSK9i combination 430 (4.8) 600 (6.7) 99 (3.8) 142 (5.5) 331(5.1) 458 (7.1)
Any other combination LLT® | 335 (3.7) 438 (4.9) 81(3.1) 116 (4.5) 254 (3.9) 322 (5.0)

#150 patients died after enrolment and before the 1-year follow-up assessment. *In the overall dataset, 11 patients
were on bempedoic acid alone at 1-year follow-up but none at baseline. $In the overall dataset, 2 patients were on a
combination of bempedoic acid with at least one other LLT at baseline; at 1-year follow-up, 53 patients were on a
combination of bempedoic acid with at least one other LLT. $CV risk classification is as reported by investigator and is

missing for 6 patients.

CV, cardiovascular; LLT, Lipid lowering therapy; PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitors.
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Supplementary Table 5. Modifications of LLT intensity from baseline to 1-year follow-up in SANTORINI
study participants enrolled outside of Portugal (baseline analysis dataset).

Classification Overall (N=9019) High CV risk* (N=2575) |Very high CV risk* (N=6438)
Missing, n (%) 153 (1.7) 31(1.2) 122 (1.9)

No change, n (%) 5987 (66.4) 1811 (70.3) 4174 (64.8)
De-Escalation, n (%) 220 (2.4) 56 (2.2) 163 (2.5)
Escalation, n (%) 2659 (29.5) 677 (26.3) 1979 (30.7)

A detailed definition of the three categories of LLT intensity modifications is available from reference 18.
*CV risk classification is as reported by investigator and is missing for 6 patients.

CV, cardiovascular; LLT, Lipid lowering therapy.
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