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Introduction: The 2019 ESC/EAS guidelines introduced stricter low-density
lipoprotein cholesterol (LDL-C) targets, particularly for patients at high and very
high cardiovascular (CV) risk. However, data on the implementation of these
targets in real-world clinical practice—especially in countries with high/very
high CV risk—remain limited. The DISCOVERY study aimed to assess LDL-C
management, lipid-lowering therapy (LLT) use, and guideline adherence across
multiple countries in Central and Eastern Europe and Central Asia.

Methods: This prospective, observational, multicenter study enrolled adult
patients with hypercholesterolemia (HCL) from 10 countries grouped into three
regions. Data was collected at baseline and after 12 weeks of follow-up. LLT
patterns, LDL-C levels, target attainment (both investigator-defined and 2019
ESC/EAS-recommended), and physician adherence to guidelines were analyzed.
Results: A total of 6,447 patients were included; 53.2% were female, and the
mean age was 60.5+11.9 years. Most patients (66%) were in secondary
prevention. At baseline, 36.8% had been treated with LLT. After the first visit,
treatment was changed in 78% of patients, but only 42.4% received high-
intensity statins and 9.3% received statin-ezetimibe combinations at follow-
up. LDL-C target achievement was poor: only 5.6% of patients met the
guideline-recommended LDL-C goals, compared to 455% who met
physician-defined targets. Among patients with ASCVD, only 3.3% achieved
guideline LDL-C targets. The most significant gap was observed between
guideline recommendations and physician-set LDL-C goals. No significant
difference in LDL-C target attainment was observed between specialists and
general practitioners.
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Discussion: The DISCOVERY study reveals suboptimal LDL-C control and low
adherence to the 2019 ESC/EAS guidelines in routine practice across countries
with high/very high CV risk. These findings highlight the urgent need for strategies
to improve physician awareness, promote intensive LLT use, and close the gap
between guidelines and clinical practice. A paradigm shift toward proactive LDL-C
management is essential to reduce residual CV risk in these populations.
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1 Introduction

Cardiovascular disease (CVD) has been the leading cause of
death and a major cause of disability worldwide for decades (1).
Since 1990, age-standardized mortality rates from CVD have
declined globally, but this decline has slowed in recent years and
varies considerably across regions (1, 2). High-income countries
have seen more rapid improvements compared to low- and
middle-income countries, where over 80% of CVD deaths occur
(3). Atherosclerosis remains the principal underlying cause of
CVD, driving events such as myocardial infarction and stroke
(4). Effective prevention of atherosclerotic cardiovascular disease
(ASCVD) risk-based
spanning primary and secondary care.

requires a comprehensive, approach
Among modifiable risk factors, low-density lipoprotein
(LDL-C) plays

development of atherosclerosis (5, 6).

a central causal role in the
LDL-C
reduction is the cornerstone of ASCVD prevention (6). The

cholesterol
Therefore,

2019 guidelines from the European Society of Cardiology and
the European Atherosclerosis Society (ESC/EAS) recommend
intensive lowering of LDL-C, particularly in patients at very
high cardiovascular risk (7, 8). These guidelines emphasize
achieving a reduction of at least 50% from baseline LDL-C levels
and reaching individualized LDL-C targets.

Despite these recommendations, registry and cohort studies
reveal that many high-risk patients do not reach even the previous,
less stringent LDL-C targets (<1.8 mmol/L or <70 mg/dl) (9-11).
This gap between guidelines and real-world practice persists across
Europe and has widened following the 2019 update (10-13).
Importantly, cardiovascular risk and treatment success vary not
only by individual patient factors but also by country of residence.
The recent Santorini study, covering 14 Central and Western
European countries categorized as low or moderate risk, reported
only 20.1% of patients achieving LDL-C targets (11). Comparable
data for high and very high-risk countries are lacking.

The international DISCOVERY study was designed to fill this
knowledge gap by prospectively evaluating the management of
hypercholesterolemia and arterial hypertension (hypertension
data not shown here) in high and very high cardiovascular risk
countries. The primary goal was to provide up-to-date real-
world data on the achievement of 2019 ESC/EAS LDL-C targets
across patient groups (ASCVD, diabetes, and apparently healthy
individuals). These findings aim to inform clinical practice and
improve cardiovascular outcomes in high-risk populations.
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2 Methods
2.1 Study design

The DISCOVERY study was an international, multicenter,
prospective, observational cohort study designed to evaluate the
(HCL)
hypertension in routine clinical practice. This article focuses

management of hypercholesterolemia and arterial
exclusively on the analysis and discussion of data from patients
with HCL. Between March 2021 and December 2022, a total of
6,447 patients with HCL were enrolled from primary and
secondary care centers across multiple countries. Patients were
distributed across three regions: 14.5% (n=932) from Region 1,
77.2% (n=4,976) from Region 2, and 8.4% (n=539) from
Region 3, with further details provided in Table 1.

The study involved 772 investigators, including general
practitioners (39.0%), cardiologists (35.1%), internists (16.5%),
and other specialists (9.5%). Prior to enrollment, all patients
of the

procedures from the investigators, presented in clear and

received comprehensive verbal explanations study
understandable language. Additionally, patients were provided
with written information in their native language.

Data collection was conducted exclusively on patients who
provided informed consent for the use, analysis, and disclosure
of their personal data in compliance with the European General
Data Protection Regulation (GDPR, Regulation 2016/679). The

TABLE 1 The number of patients included diagnosed with

hypercholesterolemia and routinely treated by country and region.

Region/country Included patients

Region 1, n (%) 932 (14.1)
Hungary 454 (7.0)
Slovenia 478 (7.4)

Region 2, n (%) 4,976 (77.2)
Bosnia and Herzegovina 1,036 (16.1)
Bulgaria 1,308 (20.3)
Kosovo 229 (3.6)
North Macedonia 1,166 (18.1)
Romania 1,237 (19.2)

Region 3, n (%) 539 (8.4)
Moldova 89 (1.4)
Mongolia 76 (1.2)
Uzbekistan 374 (5.8)

Total 6,447 (100.0)
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study was carried out in accordance with the ethical standards of
the Declaration of Helsinki, good pharmacovigilance practice, and
the applicable national legislation governing epidemiological
research in each participating country. The study did not
interfere with the standard care practice, and any follow-up
procedures were not part of this study. The study protocol was
reviewed and approved by the Ethics Committees of all
participating countries, with documented approvals obtained in
accordance with local regulations

2.2 Eligibility criteria

Adults aged 18 years and older with hypercholesterolemia
(HCL), either newly diagnosed or previously treated but
uncontrolled on existing lipid-lowering therapy (LLT), were
eligible for inclusion. Newly diagnosed patients were defined as
those who had never received LLT or had discontinued LLT for
at least two months prior to study enrollment. Key exclusion
criteria included hypersensitivity to any active ingredients or
components of the LLT, contraindications listed in the LLT
prescribing information, and female participants who were
pregnant, breastfeeding, or planning pregnancy.

2.3 Data collection

(detailed in
Supplementary Table S1) completed a questionnaire assessing

Prior to study initiation, investigators
their approach to HCL management. Responses from 772
investigators were collected, providing insight into clinical
practice patterns. Patients were followed prospectively over a
12-week period with data collected at two visits. The first visit
coincided with patient enrollment, while the second visit
occurred up to 12 weeks thereafter. Data were captured via a
standardized electronic case report form (eCRF), and all visits
adhered to routine clinical practice guidelines within each
participating country.

At the first visit, demographic information, smoking status,
physical activity, cardiovascular risk factors, history of CVD
events, HCL diagnosis details, concurrent treatments and
investigator-defined LDL-C target were recorded. The second
visit focused on documenting HCL treatment regimens, any
modifications to concomitant therapies, and adverse events
occurring between visits.

2.4 Aims and outcomes

The DISCOVERY
hypercholesterolemia (HCL) component was to collect and

primary objective of the study’s

compare real-world data on HCL management across
participating countries from different regions, thereby enhancing
understanding of local clinical practices. The main outcome
measure was the proportion of patients within predefined

subgroups (7, 8) (see Supplementary Figure S1) achieving target
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low-density lipoprotein cholesterol (LDL-C) levels at the second
with the 2019 ESC/EAS guidelines (7)
(Supplementary Table S2).

visit, in line

Participants categorized as apparently healthy—defined as
individuals without established atherosclerotic cardiovascular
disease (ASCVD), diabetes mellitus (DM), chronic kidney
disease (CKD), or familial hypercholesterolemia (8)—were
Their
cardiovascular risk was estimated using the Systematic Coronary
Risk Evaluation (SCORE) and stratified as low, moderate, high,
or very high according to the 2019 ESC/EAS guidelines (7).
Among patients with specific risk conditions (8), only those

classified as primary prevention patients. 10-year

with DM were included and are hereafter referred to as the
diabetes subgroup. Their cardiovascular risk was assessed and
categorized as moderate, high, or very high per the 2019 ESC/
EAS guidelines and the 2021 ESC guidelines on CVD
prevention in clinical practice (7, 8). All patients with
established ASCVD were classified as secondary prevention
patients and considered very high risk (7, 8).

As a secondary outcome, the study assessed the proportion of
patients in the various subgroups (Supplementary Figure S1) who
attained LDL-C target levels (Supplementary Table S2) at the
second visit, with comparisons made across participating
countries and regions. Additionally, patterns of lipid-lowering
therapy (LLT) use—including type and dosage—and reasons for
medication changes were evaluated. Given that the study
preceded the publication of the 2021 ESC guidelines on CVD
prevention, analyses were conducted according to LDL-C
2019 ESC/EAS guidelines

targets recommended in the

(Supplementary Figure S1).

2.5 Statistical analysis

All statistical analyses were conducted by a qualified

biomedical statistician. Descriptive statistics were used to
summarize the data. For categorical variables, results were
presented as absolute frequencies and corresponding
percentages. Due to rounding, the sum of percentages across
categories may not always total exactly 100%. For continuous
variables, standard descriptive measures were reported, including
the number of observations (#n), mean, median, standard
deviation (SD), minimum, maximum, and interquartile range
(Q1-Q3).

Comparisons between two subgroups for variables on a ratio
scale were performed using the homoscedastic (equal variance)
t-test. For comparisons across three or more subgroups, analysis
of variance (ANOVA) was employed, followed by Fisher’s post
hoc pairwise t-tests to assess between-group differences. For
ordinal variables, the Wilcoxon-Mann-Whitney test was used
for two-group comparisons, and the Kruskal-Wallis test was
applied for comparisons across three groups. For nominal
variables, group differences were assessed using Pearson’s chi-
square test. Pairwise comparisons of mean values for variables
on a ratio scale were conducted using standard Z-tests.

A multiple linear regression model was fitted to the data, with
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overall model significance evaluated using the F-test and the
significance of individual predictors assessed via t-tests for
regression coefficients. All analyses were performed in R using
the Im function. Statistical significance was defined as a two-
tailed p-value < 0.05.

3 Results

3.1 Baseline demographic and clinical
characteristics

Baseline demographic and clinical characteristics of the entire
DISCOVERY study population are presented in Table 2. The
mean age of patients was 60.5+11.9 years, with women
of the total Overall, 77% of
participants presented with at least one additional cardiovascular

comprising 53.2% cohort.
(CV) risk factor or comorbidity. The most commonly reported
comorbid condition was a family history of cardiovascular
disease (57.0%), followed by coronary artery disease (22.3%) and
diabetes mellitus (21.4%). As patients could report multiple
conditions, overlaps between comorbidities were common.
A detailed breakdown of comorbidities—both overall and by
region—is shown in Figure 1. In terms of multimorbidity, the
largest subgroup included patients with one concomitant disease

TABLE 2 Baseline demographics and patient characteristics.

Characteristis ______ Overall (n-11287)

Female, n (%) 6,009 (53.2)
Age, years, average (SD) 60.5 (11.9)
AH only, n (%) 4,191 (37.1)
HCL only, n (%) 723 (6.4)
AH and HCL, 1 (%) 6,373 (56.5)
Height, cm, average (SD) 169.5 (8.8)
Weight, kg, average (SD) 82.7 (15.2)
BMI, kg/m?, average (SD) 28.7 (4.6)
Smoking history, n (%)

Current 2,817 (25)

Former 1,857 (16)

Never 6,613 (59)
Physical activity, n (%)

1-2 times a week 4,733 (42)

3-5 times a week 1,806 (16)
>5 times a week 613 (5)

Not physically active 4,135 (37)

Additional risk factors or concomitant diseases®, n (%)

Family history of CVD 6,430 (57.0)
Coronary artery disease 2,518 (22.3)
Diabetes 2,421 (21.4)
Cerebrovascular disease 1,084 (9.6)
Peripheral artery disease 779 (6.9)

Chronic kidney disease 463 (4.1)

Other 2,039 (18.1)

AH, arterial hypertension; HCL, hypercholesterolemia; BMI, body mass index; CVD,
cardiovascular disease; SD, standard deviation.

“Each patient could have several diseases; the table reflects data from patients across the
entire DISCOVERY study.
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(n=4,303; 38.1%), followed by those with two concomitant
diseases (n=2,701; 23.9%)
concomitant conditions (n=609; 5.4%). Significant sex-related

and those with four or more

differences were observed. Women were older (63.4 vs. 59.9
years) and had higher baseline LDL-C (3.93 vs. 3.80 mmol/L;
both p<0.001). Men had higher BMI (29.1 vs. 28.9 kg/m?,
p=0.029), blood pressure (154.5/92.1 vs. 153.5/90.8 mmHg;
p <0.037), higher rates of current (31% vs. 18%) and former
smoking (26% vs. 10%; both p<0.001), and more frequent
physical activity (1.0 vs. 0.83, p < 0.001).

3.2 Achievement of LDL-C targets

In the DISCOVERY study, LDL-C target attainment was
assessed both according to individualized targets set by
investigators at baseline (first visit) and in accordance with the
2019 ESC/EAS guideline recommendations. Changes in lipid
parameters and the proportion of patients achieving these
targets were analyzed by patient subgroup.

Out of 6,447 patients enrolled, 4,136 had LDL-C values
recorded at both the first and second visits along with complete
clinical data. Among them, 6% were classified as primary
prevention patients, 28% had diabetes mellitus, and 66% were
categorized as secondary prevention patients (14). Across the
total population, 45.5% (1 =2,045) achieved the LDL-C targets
defined by their treating physician. However, only 5.6%
(n=230) of patients met the guideline-reccommended LDL-C
goals, including both absolute and relative reductions as
specified in the 2019 ESC/EAS guidelines (14).

A multiple linear regression analysis was performed on
patients (n=4,136) with available LDL-C change data and
complete clinical data, incorporating age, sex, baseline LDL-C,
and ASCVD status as predictors of absolute LDL-C change.
Greater absolute LDL-C reductions were significantly associated
with higher baseline LDL-C (8=—-0.69, p<2x107'°), male sex
(p=-0.071, p=0.0023), ASCVD (p=-0.082,
p=111x107°). Age significant
(f=-0.00052, p=0.635).Target attainment varied by subgroup:
278% (n=74) of primary prevention patients reached the
guideline-defined LDL-C goal, compared to 5.7% (n=66) of
patients with diabetes and just 3.3% (n=90) of secondary
prevention patients. A detailed comparison between LDL-C goal

and

was not a predictor

achievement based on investigator-defined and guideline-based
targets is shown in Figure 2. These findings highlight a marked
discrepancy between routine clinical targets and evidence-
based recommendations.

The investigator-defined LDL-C target for all patients was
2.33+£0.65 mmol/L. In patient subgroups, the targets were as
follows: primary prevention, 2.52+0.64 mmol/L; diabetes,
2.17 +0.64 mmol/L; and ASCVD, 2.35+0.64 mmol/L. The
proportion of patients achieving investigator-defined LDL-C
targets was similar across subgroups. Regional differences in
target attainment were minor and mostly non-significant, except
for statistically significant differences between Region 2 and
Region 3 among all patients, and within the primary and
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secondary prevention groups (p <0.001). Differences between
targets per 2019 ESC/EAS
guidelines were also small and clinically non-relevant, including
among with the highest
cardiovascular risk. Detailed interregional and country-level

regions in achieving LDL-C

secondary prevention patients

comparisons of LDL-C reduction (from Visit 1 to Visit 2) and
target achievement in secondary prevention patients are shown
in Figure 3.

The DISCOVERY study was conducted across various clinical
settings, involving 772 investigators: 39% general practitioners
(GPs), 35.1% cardiologists, 16.5% internists, and 9.5% other
specialists. GPs were most represented in Region 1 and in
Romania (Region 2), while in other countries patients were
whether
physician specialty influenced HCL management, a subgroup

predominantly treated by specialists. To assess
analysis was performed. Patients were stratified by ASCVD
status (secondary prevention vs. non-ASCVD) and by physician
specialty (GP vs. specialist).

Among patients with ASCVD, LDL-C levels significantly
declined from the first to the second visit (p<0.001), with
significant reductions observed across all subgroups (overall,
specialists, and GPs). However, no statistically significant
difference in the mean LDL-C reduction was found between
patients treated by specialists and those treated by GPs.

Frontiers in Cardiovascular Medicine

In contrast, among non-ASCVD patients, a significantly
greater LDL-C reduction was observed in those treated by
specialists compared to those managed by GPs. LDL-C levels
and changes by specialty and prevention group are summarized
in Table 3.

LDL-C target achievement was assessed in 4,129 patients with
complete data, including 2,720 managed by specialists and 1,409
by GPs. Of these, 66% (n=2,708) were ASCVD patients.
Among secondary prevention patients, only 3.3% (n=90) met
the 2019 ESC/EAS LDL-C targets: 3.8% (n=67) treated by
specialists and 2.5% (n =23) treated by GPs, with no significant
difference between groups (p=0.080). Among non-ASCVD
patients, 9.9% (n=140) achieved guideline-recommended LDL-
C targets: 10.7% (n=100) under specialist care and 8.3%
(n=40) under GP care, again with no statistically significant
difference (p =0.149).

3.3 Use of lipid-lowering therapy (LLT)

Among the 6,447 patients with hypercholesterolemia (HCL)
enrolled in the study, 36.8% (n=2,372) were already receiving
lipid-lowering therapy (LLT) prior to the first study visit. At
baseline, treatment modifications were made in 78% of all
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Comparison between the achievement of target LDL-C levels by investigator and by 2019 ESC/EAS guidelines (overall and by category of individuals)
at 2nd visit. HCL, hypercholesterolemia; LDL-C, LDL cholesterol; LLT, lipid-lowering therapy; ESC/EAS, European Society of Cardiology/European
Atherosclerosis Society; DM, diabetes mellitus. * Percentages with respect to those patients with HCL diagnosis and on LLT who had both LDL-C
level record at 2nd visit and the record of the investigator-determined LDL-C target level. ** Percentages with respect to those HCL patients on
LLT who had records of LDL-C level at 2nd visit and for whom it was possible to determine their target LDL-C according to the ESC/EAS guidelines.

Secondary prevention

patients. Specifically, a new LLT was introduced in 88.6%
(n=5,712), a new single-pill combination (SPC) was prescribed
in 92% (n=593), 16.8% (n=1,083) had prior therapy
discontinued or changed due to inefficacy or safety concerns,
and 8.7% (n=561) had their current dose adjusted upward.

At the second visit, among 6,245 treated patients, 42.4%
(n=2,648) were receiving high-intensity statins, 47.1% (n=2,941)
were treated with low- to moderate-intensity statins, and 9.3%
(n=581) were on combination therapy with a statin and ezetimibe.
High-intensity statins in this context refer to regimens expected to
reduce LDL-C levels by >50%, while moderate-intensity therapies
correspond to a reduction of approximately 30% (15).

Patients with LDL-C values recorded at both visits showed a
statistically significant reduction in LDL-C levels (p <0.001).
More detailed data on LLT continuation and LDL-C reduction
are provided in Table 4; Figure 4.

Regional treatment patterns revealed some differences. In
Region 2, 47.2% (n=2,350) of patients received moderate-
intensity statins, 40.3% (n=2,005) high-intensity statins, and
11.2% (n =556) statin-ezetimibe combination therapy. In Region
1, 49.5% (n=461) were prescribed high-intensity statins, 45.6%
(n=425) moderate-intensity, and 3.5% (n=33) combination
therapy. In Region 3, 49.7% (n=268) of patients were on

Frontiers in Cardiovascular Medicine

high-intensity statins, 48.4% (n=261) on moderate-intensity,
and 1.7% (n=9) on statin-ezetimibe therapy (14).

Among patients continuing LLT at the second visit, 5.9%
(n=382) were prescribed a new medication, 2.1% (n = 136) were
started on a new SPC, and 6.6% (1 =432) had their current dose
increased. The five most frequently prescribed LLTs at different
study phases (prior to Visit 1, between Visits 1 and 2, and
following Visit 2) are listed in Table 5.

Adherence to LLT was assessed based on investigator-reported
responses from patients. Overall, 72.3% (n=4,662) reported
their LLT daily. An additional 14.1% (n=906)
reported missing a dose less than once per week, 4.8% (n=312)

taking

reported missing 1-2 doses per week, and 2.6% (n =169) missed
medication more than twice weekly. For 398 patients (6.2%),
adherence data were not available. It is important to note that
self-reported typically

adherence is overestimated  in

clinical research.

4 Discussion

The results of the DISCOVERY study, which investigated the
management of hypercholesterolemia (HCL) in real-world clinical
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Comparison between regions and countries in terms of LDL-C lowering (1st and 2nd visits) and in terms of the achievement of LDL-C target
recommended by 2019 ESC/EAS guidelines at 2nd visit among secondary prevention patients. LDL-C, LDL cholesterol; ESC/EAS, European
Society of Cardiology/European Atherosclerosis Society; R, region; HU, Hungary; S, Slovenia; BA, Bosnia and Herzegovina; BG, Bulgaria; KO,
Kosovo; NMK, North Macedonia; RO, Romania; MD, Moldova; MN, Mongolia; UZ, Uzbekistan.

TABLE 3 LDL-C values and differences (overall and by specialization).

Patients with
diagnosed HCL
at 2nd visit

LDL-C (mmol/L)

Mean
relative
difference

Mean
absolute
difference

Value at
visit 2

Patients with = Value at
values at both | visit 1
captures

p-value of
paired
comparison

ASCVD patients 4,103 2,732 (66.6%) 3.96 (£1.05) | 2.61 (+0.82) —1.35 (£1.04) | —31.1% (+23.6%) <0.001
ASCVD specialists 2,585 1,776 (68.7%) 3.93 (£1.06) | 2.54 (+0.79) —1.39 (£1.02) —32.4% (£23.3%) <0.001
ASCVD GPs 1,518 956 (63%) 4.01 (£1.02) | 2.74 (+0.85) —1.27 (£1.07) —28.8% (+23.9%) <0.001

Comparison of mean absolute differences among ASCVD specialists and GPs; p-value 0.003

Non-ASCVD patients 2,758 1,859 (67.4%) 3.95 (£1.16) | 2.63 (+0.89) —1.32 (£1.13) —29.6% (+26.1%) <0.001

Non-ASCVD pecialists 1,655 1,173 (70.9%) 3.98 (+1.18) | 2.57 (+0.86) —1.41 (£1.17) —31.6% (+25.6%) <0.001
Non-ASCVD GPs 1,103 686 (62.2%) 3.89 (£1.12) | 2.74 (+0.92) —1.16 (£1.03) —26.3% (+26.8%) <0.001

Comparison of mean absolute differences among non-ASCVD specialists and GPs; p-value <0.001

LDL-C, LDL cholesterol; HCL, hypercholesterolemia; ASCVD, atherosclerotic cardiovascular disease; GP, general practitioner.

practice across 10 European and Central Asian countries between
2021 and 2022, highlight a substantial gap between the 2019 ESC/
EAS guideline recommendations and their implementation in
This prospective study
demonstrated that LDL-C levels remained suboptimal after 12
weeks of follow-up and, in fact, were worse than those reported in

routine clinical care. observational

earlier studies (9-11, 16-18). Several contributing factors were
identified: (i) underuse of high-intensity statins and combination
therapy with ezetimibe—even in patients with established ASCVD;
(i) marked discrepancies between LDL-C targets set by treating
physicians and guideline-recommended targets; and (iii) likely poor

medication adherence, though not definitively measured.
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Unlike most prior studies, DISCOVERY included a diverse set
of countries with high or very high cardiovascular (CV) risk,
grouped into three regions. Investigators collected data at
baseline and after 12 weeks, reflecting their routine clinical
practice. Despite reporting that guidelines were the main factor
influencing treatment decisions, physicians consistently set less
LDL-C than  those
Consequently, while 45.5% of patients reached investigator-
defined LDL-C targets, only 5.6% achieved those defined by the
2019 ESC/EAS guidelines (14). Changes in treatment were made
in 78% of patients after the first visit,

stringent targets recommended.

but they proved
insufficient. At follow-up, only 42.4% of patients received high-
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TABLE 4 LDL-C values and differences from 1st to 2nd visit (by used LLT).

No. of LDL-C (mmol/L)
treated . . . .
patients Patients with Value at  Value at | Mean absolute Mean relative | p-value of paired
values at both visit 1 visit 2 difference difference comparison
captures
On high-intensity 2,734 2,002 (73.2%) 4.04 (£1.16) | 2.58 (+0.86) ~1.46 ~32.5% (+25.8%) <0.001
statins (£1.11)
On moderate- 3,036 1,935 (63.7%) 3.84 (£0.98) | 2.65 (+0.80) -1.20 —28.4% (+22.4%) <0.001
intensity statins (+0.96)
On statin and 598 447 (74.7%) 4.14 (£1.18) | 2.46 (x0.92) ~1.67 —38.1% (+21%) <0.001
ezetimibe (£1.13)
combination

79 patients were treated with other LLT: fenofibrate, ezetimibe, omega-3 products, red yeast rice products, simvastatin/fenofibrate, PCSK9 inhibitors, artichokes products, ciprofibrate.

LDL-C, LDL cholesterol; LLT, lipid-lowering therapy; HCL, hypercholesterolemia.

42,4
47,1
Overall 9.3
1,2
49,5
45,6
R1 !
3,5
1,4
40,3
47,2
R2 11,2
1,3
49,7
48,4
R3 17
0,2
0 10 20 30 40 50 60
Percentage of patients (%)
m High-intensity statins m Moderate-intensity statins ~ ® Statin/ezetimibe ~ m Other
FIGURE 4
Modified version of the continuing LLT from 1st to 2nd visit overall and by region, adapted from Sabovi¢ et al. (14). R, region; PCSK9, proprotein
convertase subtilisin/kexin type 9; LLT, lipid-lowering therapy. * fenofibrate, ezetimibe, omega-3 products, red yeast rice products, simvastatin/
fenofibrate, PCSK9 inhibitors, artichokes product, ciprofibrate.

intensity statins, 47.1% moderate—intensity statins, and 9.3% were
on statin-ezetimibe combinations (14).

The regression results indicate that patients with higher
baseline LDL-C, male sex and ASCVD achieve more
pronounced LDL-C reductions with LLT. The lack of age
influence suggests consistent treatment efficacy across age
groups. These findings underscore the relevance of baseline
LDL-C levels, sex, and ASCVD in modulating the lipid-lowering
response. In addition, our study highlights significant sex-based
differences, with women showing older age and higher LDL-C,

BMI,
underscoring

and men higher blood pressure, and

the

smoking,

physical activity, need for sex-specific
dyslipidemia management.

Target achievement varied by risk group: LDL-C goals were
reached in 27.8% of primary prevention patients, 5.7% of patients

with diabetes, and only 3.3% of patients with ASCVD. Despite
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statistically significant LDL-C reductions across groups, these were
not enough to meet the guideline-recommended targets.

These findings align with and, in some cases, worsen trends
observed in other studies. The Euroaspire V study (2016-2017)
found that only 29% of patients achieved an LDL-C <1.8 mmol/
L despite receiving high-intensity LLT more often than
moderate- or low-intensity therapy (9, 19). The Da Vinci study
(2017-2018) reported LDL-C target achievement in 33% of
patients under the updated 2019 ESC/EAS guidelines, with 17%
and 22% target attainment in very high-risk patients in primary
and secondary prevention, respectively (7, 10). The Santorini
study (2020-2021) revealed that 80% of patients failed to
achieve their recommended LDL-C target (3, 7). The Teresa
study showed that diabetes was a positive predictor of LDL-C
goal attainment; nevertheless, nearly 54% of patients with
diabetes failed to achieve their LDL-C targets (7, 20).
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TABLE 5 Top 5 prescribed LLTs before 1st visit, from 1st to 2nd visit and
after 2nd visit in the AH + HCL patient subgroup.

No. of
AH + HCL

% of
treated
patients?

Treatment Average
total daily

dose (mg)

patients on
HCL therapy
2,502

Previous therapy

Rosuvastatin 1,185 (1,182) 47.4% 15.81
Atorvastatin 1,027 (1,023) 41.0% 20.22
Simvastatin 150 6.0% 19.17
Fenofibrate 99 4.0% 163.88
Rosuvastatin/ezetimibe 64 2.6% 13.05/10
Continuing therapy 5,964
between 1st and 2nd visit
Rosuvastatin 3,880 (3,876) 65.1% 17.31
Atorvastatin 1,486 (1,481) 24.9% 24.84
Rosuvastatin/ezetimibe 469 (464) 7.9% 14.84/10
Fenofibrate 167 2.8% 159.96
Ezetimibe 96 (94) 1.6% 10
Continuing therapy from 5,829
2nd visit onwards
Rosuvastatin 3,875 (3,862) 66.5% 18.62
Atorvastatin 1,450 (1,446) 24.9% 28.1
Rosuvastatin/ezetimibe 570 (562) 9.8% 16.87/10
Ezetimibe 175 (172) 3.0% 10
Fenofibrate 165 (164) 2.8% 174.27

LLT, lipid-lowering therapy; AH, arterial hypertension; HCL, hypercholesterolemia.

“Each patient can have multiple therapies; numbers in parentheses, when present, indicate
the number of patients taken into account for the computation of the average total daily
dose, in case some doses’ records were disregarded.

Importantly, the DISCOVERY study tracked outcomes at two
time points, unlike the cross-sectional Da Vinci and Euroaspire
studies or the Santorini study, which had a 12-month follow-up
(11). DISCOVERY included patients across all risk categories,
improving representativeness and providing a broader view of
real-world LLT practices. Moreover, it involved several countries
(HU, KO, MD, MK, MN, UZ) that have not participated in
similar epidemiological studies before. Given that CVD risk
varies significantly between countries, especially between high-
and low-income regions, this adds value and novelty to the
DISCOVERY study’s dataset.

Compared to previous cohorts, DISCOVERY included a
higher proportion of women [53.2%; vs. 25.7% in Euroaspire V
(9), 42% in Da Vinci (10), and 27.4% in Santorini (11)] and a
slightly younger population (mean age 60.5 + 11.9 years; median
62). This is notable since life expectancy in many participating
countries is lower than in Western Europe.

The 2019 ESC/EAS guidelines recommend both absolute
LDL-C targets (<2.6 mmol/L for moderate risk, <1.8 for high
risk, and <1.4 for very high risk) and a >50% reduction from
baseline (7, 10). While Da Vinci performed a post-hoc analysis
of these targets, it could not evaluate relative LDL-C reduction
(10). In contrast, DISCOVERY explicitly assessed both absolute
and relative LDL-C target achievement, finding that only 5.6%
of patients met at least one of the recommended targets (7, 14).
This is considerably lower than the rates observed in Da Vinci
(33%) or Santorini (20.1%) (10, 11), indicating a widening
implementation gap.
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In subgroup analysis, less than one-third of patients in
primary prevention reached LDL-C targets—comparable or
lower than Da Vinci results, where 11%-63% of primary
prevention patients met their risk-specific goals (10). Notably,
5.7% of DISCOVERY patients with diabetes achieved guideline
LDL-C goals, contrasting sharply with 45.5% in the Teresa study
(20). The poorest outcomes were seen in patients with ASCVD
—only 3.3% reached their LDL-C targets, compared to 18% in
Da Vinci (10). This stark discrepancy reinforces the need to
address the gap between physician-defined goals and those
recommended by guidelines.

Monotherapy was the most common LLT regimen across
54.2%
monotherapy and 24% a combination (11); in Da Vinci,

studies. In Santorini, of patients received statin
moderate-intensity statin monotherapy was dominant (51.8%),
and only 9% used statin-ezetimibe combinations (10). Similarly,
in DISCOVERY, 47.1% were on moderate-intensity statins and
9.3% on combination therapy (14). Despite an observed increase
in rosuvastatin use between visits, dosing remained suboptimal,
especially considering that over 60% of patients had ASCVD.
High-potency statins were rarely prescribed at dosages sufficient
to produce >50% LDL-C reduction. Although the use of
ezetimibe increased, it remained below 10% at study end, even
among ASCVD patients, for whom treatment intensification is
22). No patients

received PCSK9 inhibitors (monoclonal antibodies or siRNA) or

crucial given their high residual risk (21,

bempedoic acid. Across the participating countries, these agents
were unavailable or rarely used due to restrictive local
reimbursement policies.

The underlying reasons for the disappointing LDL-C target
attainment in DISCOVERY are multifactorial. Physician inertia,
knowledge gaps, limited confidence in guideline relevance, and a
tendency to consider “any statin therapy” sufficient may all
contribute. The observed gap between physician-set and
guideline-recommended targets is particularly striking, reflecting
a mindset where “something is better than nothing” prevails
over the evidence-based principle of “the lower, the better.” The
physician-set targets likely reflect a range of factors, including
clinical judgment, patient-specific considerations, therapeutic
inertia, and varying levels of awareness or acceptance of current
guidelines. Further research is clearly warranted to better
these
discrepancies, as emphasized in a recent comprehensive review
on the topic (23, 24). Addressing these barriers requires a

elucidate the wunderlying factors contributing to

concerted effort to improve physician education, support
treatment intensification, and reinforce the importance of LDL-
C monitoring and escalation. To overcome therapeutic inertia,
low adherence, and barriers within healthcare systems, we
propose a multifaceted approach including enhanced patient
education and engagement programs, targeted clinician training
supported by clinical decision support tools, improved
medication accessibility, and the implementation of regular
patient monitoring with timely feedback to healthcare providers.

The DISCOVERY study also has limitations. Patient distribution
across countries and regions was uneven, which may affect

generalizability. The predominance of one region reflects higher
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site participation and actual population differences. While this may
introduce some bias, it also mirrors real-world practice and
healthcare structure. Including centers from diverse regions
enhances the study’s generalizability. The anticipated proportion of
patients with incomplete clinical data was 30%, which was closely
reflected in the observed rate (31%). This may have contributed to
attrition bias. The observational nature of the study may have
influenced physician behavior. Adherence data were self-reported
and subject to overestimation. The rural-urban patient split was
not recorded, and LLT availability varied across countries, possibly
affecting consistency. Additionally, the limitations beyond the
primary aim and design of our study are the absence of long-term
follow-up data and lack of detailed analysis on factors contributing
to discrepancies between physicians’ and guideline-recommended
LDL-C targets.

In conclusion, the DISCOVERY study provides robust real-
world evidence that the 2019 ESC/EAS lipid management
guidelines are poorly implemented in countries with high and
very high CV risk. Raising awareness of this problem is a
critical first step. Based on our findings, a renewed call to action
is warranted. Principles such as “decrease as recommended” and
“monitor regularly and intensify when necessary” could serve as
core messages in a strategic effort to improve lipid management
in these regions.

Data availability statement

The datasets generated and analyzed during the current study
are available from the corresponding author on request.

Ethics statement

The studies involving humans were approved by the Ethics
Committees of all participating countries, with documented
approvals obtained in accordance with local regulations. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

MS: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Resources, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. HP: Writing - original draft, Writing - review &
editing. AC: Writing -
& editing. IG: Writing -
editing. VV: Writing -
& editing. ZC: Writing -
editing. SB: Writing - original draft, Writing - review & editing.

original draft, Writing - review
original draft, Writing - review &
original draft, Writing - review
original draft, Writing - review &

TK-P: Writing - original draft, Writing - review & editing.

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2025.1665059

ZK: Writing - original draft, Writing - review & editing. DK:
Writing - original draft, Writing - review & editing. ZJ:
Writing - original draft, Writing - review & editing. GB:
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by Krka d. d., Novo mesto, Slovenia.

Acknowledgments

The authors of this article would like to thank all the
participating doctors (Supplementary Table S1) for collecting
important data and thereby providing valuable insights into
actual clinical practice.

Conflict of interest

The authors declare that this study was supported by funding
from Krka, d. d., Novo mesto. The funder contributed to the
study design, data collection, and independent verification of the
statistical analyses to ensure accuracy.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher,
the the that

may be evaluated in this article, or claim that may be made

editors and reviewers. Any  product
by its manufacturer, is not guaranteed or endorsed by

the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2025.
1665059/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2025.1665059/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2025.1665059/full#supplementary-material

Sabovi¢ et al.

References

1. Li Z, Lin L, Wu H, Yan L, Wang H, Yang H, et al. Global, regional, and
national death, and disability-adjusted life-years (DALYs) for cardiovascular
disease in 2017 and trends and risk analysis from 1990 to 2017 using the global
burden of disease study and implications for prevention. Front Public Health.
(2021) 9:559751. doi: 10.3389/fpubh.2021.559751

2. Li Y, Cao GY, Jing WZ, Liu ], Liu M. Global trends and regional differences in
incidence and mortality of cardiovascular disease, 1990-2019: findings from 2019
global burden of disease study. Eur ] Prev Cardiol. (2023) 30(3):276-86. doi: 10.
1093/eurjpc/zwac285

3. Cesare D, Perel M, Taylor P, Kabudula S, Bixby C, Gaziano H, et al. The heart of
the world. Glob Heart. (2024) 19(1):11. doi: 10.5334/gh.1288

4. Keeter WC, Ma S, Stahr N, Moriarty AK, Galkina EV. Atherosclerosis and multi-
organ-associated pathologies. Semin Immunopathol. (2022) 44(3):363-74. doi: 10.
1007/s00281-022-00914-y

5.Jin X, Yang S, Lu J, Wu M., Small, Dense low-density lipoprotein-cholesterol and
atherosclerosis: relationship and therapeutic strategies. Front Cardiovasc Med. (2022)
8:804214. doi: 10.3389/fcvm.2021.804214

6. Bashir B, Schofield J, Downie P, France M, Ashcroft DM, Wright AK, et al.
Beyond LDL-C: unravelling the residual atherosclerotic cardiovascular disease risk
landscape—focus on hypertriglyceridaemia. Front Cardiovasc Med. (2024)
11:1389106. doi: 10.3389/fcvm.2024.1389106

7. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al.
2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid modification
to reduce cardiovascular risk. Eur Heart ]. (2020) 41(1):111-88. doi: 10.1093/
eurheartj/ehz455

8. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bick M, et al.
2021 ESC guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J. (2021) 42(34):3227-337. doi: 10.1093/eurheartj/ehab484

9. De Backer G, Jankowski P, Kotseva K, Mirrakhimov E, Reiner Z, Rydén L, et al.
Management of dyslipidaemia in patients with coronary heart disease: results from
the ESC-EORP EUROASPIRE V survey in 27 countries. Atherosclerosis. (2019)
285:135-46. doi: 10.1016/j.atherosclerosis.2019.03.014

10. Ray KK, Molemans B, Schoonen WM, Giovas P, Bray S, Kiru G, et al. EU-wide
cross-sectional observational study of lipid-modifying therapy use in secondary and
primary care: the DA VINCI study. Eur J Prev Cardiol. (2021) 28(11):1279-89.
doi: 10.1093/eurjpc/zwaa047

11. Ray KK, Haq I, Bilitou A, Manu MC, Burden A, Aguiar C, et al. Treatment
gaps in the implementation of LDL cholesterol control among high- and very
high-risk patients in Europe between 2020 and 2021: the multinational
observational SANTORINI study. Lancet Reg Health Eur. (2023) 29:100624.
doi: 10.1016/j.Janepe.2023.100624

12. Berteotti M, Profili F, Nreu B, Casolo G, Zuppiroli A, Mannucci E, et al. LDL-
cholesterol target levels achievement in high-risk patients: an (un)expected gender
bias. Nutr Metab Cardiovasc Dis. (2024) 34(1):145-52. doi: 10.1016/j.numecd.2023.
09.023

Frontiers in Cardiovascular Medicine

1

10.3389/fcvm.2025.1665059

13. Koenig W, Lorenz ES, Beier L, Gouni-Berthold I. Retrospective real-world
analysis of adherence and persistence to lipid-lowering therapy in Germany. Clin
Res Cardiol. (2024) 113(6):812-21. doi: 10.1007/s00392-023-02257-6

14. Sabovic M, Pejkov H, Jati¢ Z, Caraus A, Gruev I, Vintild V, et al. Real-world
management of hypercholesterolemia in central, south-eastern and Eastern
European regions - data from prospective, observational discovery study.
Atherosclerosis. (2024) 395:117930. doi: 10.1016/j.atherosclerosis.2024.117930

15. Reiter-Brennan C, Osei AD, Iftekhar Uddin SM, Orimoloye OA, Obisesan OH,
Mirbolouk M, et al. ACC/AHA lipid guidelines: personalized care to prevent
cardiovascular disease. Cleve Clin ] Med. (2020) 87(4):231-9. doi: 10.3949/ccjm.87a.19078

16. Kotseva K. The EUROASPIRE surveys: lessons learned in cardiovascular disease
prevention. Cardiovasc Diagn Ther. (2017) 7(6):633-9. doi: 10.21037/cdt.2017.04.06

17. Kotseva K, De Bacquer D, De Backer G, Rydén L, Jennings C, Gyberg V, et al.
Lifestyle and risk factor management in people at high risk of cardiovascular disease.
A report from the European Society of Cardiology European action on secondary and
primary prevention by intervention to reduce events (EUROASPIRE) IV cross-
sectional survey in 14 European regions. Eur ] Prev Cardiol. (2016)
23(18):2007-18. doi: 10.1177/2047487316667784

18. Gitt AK, Lautsch D, Ferrieres J, Kastelein J, Drexel H, Horack M, et al. Low-
density lipoprotein cholesterol in a global cohort of 57,885 statin-treated patients.
Atherosclerosis. (2016) 255:200-9. doi: 10.1016/j.atherosclerosis.2016.09.004

19. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016
European guidelines on cardiovascular disease prevention in clinical practice. Eur
Heart J. (2016) 37(29):2315-81. doi: 10.1093/eurheartj/ehw106

20. Barrios V, Pinto X, Escobar C, Varona JF, Gdmez JM. Real-world attainment of
low-density lipoprotein cholesterol goals in patients at high risk of cardiovascular
disease treated with high-intensity statins: the TERESA study. J Clin Med. (2023)
12(9):3187. doi: 10.3390/jcm12093187

21. Holtrop J, Bhatt DL, Ray KK, Mach F, Smulders YM, Carballo D, et al. Impact of
the 2021 European society for cardiology prevention guideline’s stepwise approach for
cardiovascular risk factor treatment in patients with established atherosclerotic
cardiovascular disease. Eur ] Prev Cardiol. (2024) 31(6):754-62. doi: 10.1093/eurjpc/
zwae038

22. Kaasenbrood L, Boekholdt SM, van der Graaf Y, Ray KK, Peters RJG, Kastelein
JJP, et al. Distribution of estimated 10-year risk of recurrent vascular events and
residual risk in a secondary prevention population. Circulation. (2016)
134(19):1419-29. doi: 10.1161/CIRCULATIONAHA.116.021314

23. Dalla Vecchia LA, De Stefano F, Bussotti M, Godino C, Bernardi M, Spadafora
L, et al. Hypercholesterolemia and cardiovascular disease: the dilemma of effective
treatment for target achievement according to guidelines and national healthcare
policies and a call to action. Minerva Cardiol Angiol. (2025). doi: 10.23736/S2724-
5683.25.06704-3

24. Lan NSR, Chen RT, Dwivedi G, Watts GF, Nicholls SJ, Nelson AJ. Learnings
from implementation strategies to improve lipid management. Curr Cardiol Rep.
(2025) 27(1):9. doi: 10.1007/511886-024-02174-8

frontiersin.org


https://doi.org/10.3389/fpubh.2021.559751
https://doi.org/10.1093/eurjpc/zwac285
https://doi.org/10.1093/eurjpc/zwac285
https://doi.org/10.5334/gh.1288
https://doi.org/10.1007/s00281-022-00914-y
https://doi.org/10.1007/s00281-022-00914-y
https://doi.org/10.3389/fcvm.2021.804214
https://doi.org/10.3389/fcvm.2024.1389106
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1016/j.atherosclerosis.2019.03.014
https://doi.org/10.1093/eurjpc/zwaa047
https://doi.org/10.1016/j.lanepe.2023.100624
https://doi.org/10.1016/j.numecd.2023.09.023
https://doi.org/10.1016/j.numecd.2023.09.023
https://doi.org/10.1007/s00392-023-02257-6
https://doi.org/10.1016/j.atherosclerosis.2024.117930
https://doi.org/10.3949/ccjm.87a.19078
https://doi.org/10.21037/cdt.2017.04.06
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1016/j.atherosclerosis.2016.09.004
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.3390/jcm12093187
https://doi.org/10.1093/eurjpc/zwae038
https://doi.org/10.1093/eurjpc/zwae038
https://doi.org/10.1161/CIRCULATIONAHA.116.021314
https://doi.org/10.23736/S2724-5683.25.06704-3
https://doi.org/10.23736/S2724-5683.25.06704-3
https://doi.org/10.1007/s11886-024-02174-8

	Suboptimal management of hypercholesterolemia in countries with high or very high cardiovascular risk: findings from the international DISCOVERY study
	Introduction
	Methods
	Study design
	Eligibility criteria
	Data collection
	Aims and outcomes
	Statistical analysis

	Results
	Baseline demographic and clinical characteristics
	Achievement of LDL-C targets
	Use of lipid-lowering therapy (LLT)

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


