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divided into three cohorts: high CV risk; atherosclerotic cardiovascular disease
(ASCVD) risk equivalents without established ASCVD; evidence of ASCVD. CV risk
and LDL-C control were defined by the 2019 and 2016 European Society of
Cardiology (ESC)/European Atherosclerosis Society (EAS) dyslipidemia guidelines.
Results: A total of 51 609 patients were included, with 23 457 patients classified as
high CV risk, 19 864 with ASCVD equivalents, and 8288 with evidence of ASCVD.
LDL-C control with 2016 ESC/EAS guidelines was 32%, 10%, and 18% for each
group, respectively. Considering the ESC/EAS 2019 guidelines control level was
even lower: 7%, 3%, and 7% for the same cohorts, respectively. Patients without any
LLT prescribed ranged from 37% in the high CV risk group to 15% in patients with
evidence of ASCVD.

Conclusion: We found that LDL-C control was very low in patients at higher risk of
CV events. An alarming gap between guidelines on dyslipidemia management
and clinical implementation persists, even in those at very high risk or with
established ASCVD.

KEYWORDS

1 | INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause
of death and disability worldwide, responsible for over 4 million
deaths annually in Europe.r™® In Portugal, the main causes of death
are ischemic heart disease (126 deaths per 100 000 individuals) and
cerebrovascular disease (121 deaths per 100000 individuals),*
represents a significant burden of disability-adjusted life years
(DALYs), with ischemic heart disease accounting 1825 DALYs per
100000 people and 1738 DALYs per 100000 people for cerebro-
vascular disease.® Costa et al. highlight a substantial economic burden
with an estimated total cost of €1.9 billion in 2016, corresponding to
1% of gross domestic product and 11% of total health expenditure.®

Considering the burden of ASCVD, it is essential to control its
risk factors. Dyslipidemia is a well-established ASCVD risk factor, and
high levels of low-density lipoprotein cholesterol (LDL-C) are closely
related to atheroma plaque progression.! The linear relationship
between elevated LDL-C and ASCVD has been well documented, and
lowering LDL-C, even when its levels are already low, allows a safe
reduction of ASCVD risk without a threshold for clinical benefit.2”~12
European Society of Cardiology (ESC)/European Atherosclerosis
Society (EAS) guidelines for the management of dyslipidemias
recommend risk-based LDL-C goals, trying to mitigate the absolute
risk by achieving the lowest LDL-C levels in the highest-risk patients.®

The 2019 ESC/EAS guidelines set the LDL-C goal of <1.4 mmol/L
(<55mg/dL) for
risk without familial hypercholesterolemia and an LDL-C goal of
<1.8 mmol/L (<70mg/dL) for patients at high CV risk. For both, a
simultaneous LDL-C reduction of 250% from baseline is also

individuals at very-high cardiovascular (CV)

atherosclerosis, cardiovascular risk, cholesterol, computerized, hypolipidemic agents, LDL,
medical records systems

recommended. For patients with established ASCVD who experience a
second vascular event within 2 years on maximally tolerated statin
therapy, an LDL-C goal of <1.0mmol/L (<40mg/dL) should be
considered. The achievement of these LDL-C goals outside of clinical
trials is challenging, and therefore, it is essential to understand how
patients can be helped to obtain their LDL-C goals in clinical practice.®
Despite these clinical recommendations across Europe, a gap
between clinical guidelines and clinical practice for the management
of dyslipidemia persists.*>* The aim of this study was to describe
clinical characteristics, lipid-lowering therapy (LLT) usage, and LDL-C
control in patients at high risk of CV events or ASCVD risk equivalent
in primary prevention or patients with established ASCVD in

secondary prevention.

2 | METHODS

2.1 | Study design

An observational, cross-sectional methodology was used in this
study, analyzing electronic health records (EHR) of patients followed
between January 1, 2000 and December 31, 2020 (index date) at the
Unidade Local de Saude de Matosinhos (ULSM). ULSM is a large
healthcare institution incorporating one hospital and 14 primary care
health units, all supported by the same secondary care health unit at
Hospital Pedro Hispano. Patients presented at least (i) 1 year of
clinical data before inclusion, (i) one primary care appointment
3 years before the index date, and (iii) sufficient data for CV risk
classification. In total, 136899 patients were included, which
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corresponds to about 90% of the Matosinhos region's adult
population, based on the 2021 Portuguese Census. Matosinhos is
the country's eighth most populous municipality and the fourth in the
North region. A 20-year period of data analyses was applied. The
study was approved by the Data Protection Officer and the Ethical
Committee of the ULSM (translated from “Comissdo de Etica para a
Saude da Unidade Local de Saude de Matosinhos”).

2.2 | Patient characterization

All pertinent conditions were identified using the corresponding
codes from the International Classification of Disease, 9th Revision
(ICD-9) and 10th Revision (ICD-10), and the International Classifica-
tion of Primary Care, version 2 (ICPC-2). Moreover, current diabetes
and CV medications were recorded using the Anatomical Therapeutic
Chemical (ATC) Classification System. All patient risk assessment
criteria and conditions were attributed using the most granular
clinical measurements and laboratory results records available at the
ULSM. Familial hypercholesterolemia was classified as possible or
definite according to Simon and Broome's criteria since we had no
DNA-based evidence. These criteria account for cholesterol levels,
clinical characteristics, molecular diagnosis, and family history,
including the risk of fatal coronary heart disease in familial
hypercholesterolemia.’>*® We used data from primary care family
records to establish familial relationships and compute the family
history of pertinent diseases. The ankle-brachial index, as well as
carotid or coronary imaging data, were not available and, therefore,
not incorporated into this study. Observational Medical Outcomes
Partnership Common Data Model version 5.3 was used to
harmonize source data from EHR. The Supporting Information
Materials (S1-S5) contain definitions for all the variables used in
this study.

2.3 | Cohorts
Three cohort groups were defined based on CV risk and the presence
of ASCVD equivalents or established ASCVD. The first group
included patients with high CV risk. The second group included
patients with ASCVD risk equivalents, corresponding to those that
meet at least one very-high CV risk criteria but have no evidence of
established ASCVD. This includes the presence of at least one of the
following: (i) three major CV risk factors; (ii) estimated glomerular
filtration rate <30 mL/min/1.73 m?; (iii) Type 1 diabetes duration >20
years; (iv) SCORE value = 10%; (v) familial hypercholesterolemia with
a major CV risk factor. The third group included patients with
evidence of ASCVD, defined as those who had a diagnosis of unstable
angina, myocardial infarction, ischemic stroke, or peripheral artery
disease (PAD), as identified using International Classification of
Diseases (ICD) codes 9 and 10.

The second group was created to distinguish the very high-risk
patients without evidence of ASCVD, still in primary prevention and
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more likely followed by their primary care physician, from those that
have established ASCVD, already in secondary prevention and
frequently followed in-hospital.

CV risk categories were defined by combining the SCORE and
the risk classifications based on morbidity to generate the composite
of 2019 and 2016 ESC/EAS guidelines.>*®

Among the patients with evidence of ASCVD, a subanalysis was
conducted to differentiate between those exclusively managed by
primary care physicians and those with regular follow-up visits by

cardiology.

2.4 | LLT, LDL-C levels, and LDL-C goal attainment
We determined a patient's LDL-C level based on the most recent
laboratory test before the index date. In cases where LDL-C values
were missing, the Friedewald formula was used to compute them.'?
For each CVD risk category analyzed, we assessed the percentage of
patients receiving any form of LLT, specifically those prescribed
statins, ezetimibe, statin and ezetimibe combination, fibrates, and
other treatments. We also evaluated the intensity of the statin
therapy, categorized as high, moderate, or low.

We evaluated the LDL-C goal attainment according to the
ESC/EAS 2016 (<100 mg/dL for high CV risk and <70 mg/dL for
very-high CV risk) and the ESC/EAS 2019 (<70 mg/dL for high CV
risk and <55 mg/dL for very-high CV risk) guidelines among the
three cohorts studied: High CV risk, ASCVD risk equivalents and
evidence of ASCVD.>'® The latter two cohorts meet the very-
high CV risk criteria and thus were subject to the corresponding
LDL-C goal. The proportion of patients attaining the ESC/EAS
2016 and 2019 LDL-C goals was also computed for each LLT

category.

2.5 | Exposure to LLT

We calculated LLT exposure from prescription records documented
by ULSM physicians across primary and secondary care. LLT
categories were derived for each individual drug using the ATC
Classification System. The American College of Cardiology and
the American Heart Association?° classification was used to deter-
mine the intensity group, taking into account both the drug and the
dosage. If a patient had been prescribed an LLT drug within 365 days
from the index date, we assumed that the patient was under

treatment for that particular LLT category.

2.6 | Statistical analysis

For continuous variables, we reported the median and the inter-
quartile range (IQR), while for categorical variables, we presented the
absolute and relative frequencies. Analyses were descriptive without
any comparison between the groups. The final dataset was obtained
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from the source data using Apache Spark Framework version 2.4.5,
the statistical analysis was performed with R version 4.0.3, and Vega-

lite was used for the creation of figures.2*

3 | RESULTS

From the 136 899 eligible patients, a total of 51 609 were included,
with 23 457 patients classified as high CV risk, 19 864 with ASCVD
equivalents, and 8288 with evidence of ASCVD. Figure 1 shows the
cohort attrition diagram.

3.1 | Patient characteristics

Female patients predominated among those with a high CV risk
(55%), representing a slightly lower proportion in the ASCVD
equivalents (50%) and evidence of ASCVD (48%) cohorts.

The median age was higher among those with evidence of
ASCVD (74 years, IQR =20 years) compared to those with ASCVD
equivalents (70 years, IQR =18 years) and high CV risk (69 years,
IQR = 18 years). The proportion of individuals with hypertension and
Type 2 DM was higher in ASCVD equivalents (88% and 82%,
respectively) and established ASCVD (81% and 64%) cohorts than

Patients followed
at the ULSM

\

A

Excluded

- Less than one year of clinical data
recorded prior to disease onset

- No primary care appointments in the
last three years prior to data access

Study population
n=136 899

Excluded
n=85 290

—>| - Not enough information in the EHR to

classify them as either high CV risk or
very-high CV risk

\

{

Y

High CV risk
n=23 457

Classified as high CV risk by
combining the SCORE and
the risk classifications based
on morbidity to generate the
composite of 2019 ESC/EAS
Guidelines.

n=19 864

CVvD

ASCVD Risk Equivalents

Meet at least one very-high
CV risk criterion but have no
evidence of established AS-

Evidence of ASCVD
n=8288

Diagnosis of unstable angina,
myocardial infarction, ischemic
stroke, or peripherial artery
disease, as identified using In-
ternational Classification of
Diseases (ICD) codes 9 and 10

FIGURE 1 Cohort attrition diagram. ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; EAS, European Atherosclerosis
Society; EHR, electronic health records; ESC, European Society of Cardiology; ICD-9, International Classification of Diseases, version 9; ICD-10,
International Classification of Diseases, version 10; SCORE, systematic coronary risk evaluation; ULSM, Unidade Local de Saude de Matosinhos.
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among those with high-CV risk (65% and 44%). Table 1 provides
further information on the sociodemographic and clinical character-

istics of each cohort.

3.2 | LDL-C control
We found that LDL-C control, as per the ESC/EAS 2016 guidelines,
was 32%, 10%, and 18% for the high CV risk, ASCVD equivalents,
and evidence of ASCVD cohorts, respectively. Similarly, LDL-C
control considering the ESC/EAS 2019 guidelines, was 7%, 3%, and
7% for the same cohorts, respectively. Figure 2 presents the LDL-C
goal attainment in each cohort.

The discretized LDL-C values of the high CV risk, ASCVD risk
equivalence, and evidence of ASCVD cohorts are shown in Figures S1
and S2.

3.3 | LLT use

The proportion of patients with no LLT prescribed differed among
cohorts: 37% of those with high CV risk, 23% of those with ASCVD
risk equivalents, and 15% of those with evidence of ASCVD had no
LLT prescribed. Independent of the risk category, 73% of patients
had no LLT prescribed before the event. After the ASCVD diagnosis,
there was an increase of 36% in the use of moderate-intensity statins
in monotherapy, an increase of 10% in the use of high-intensity
statins in monotherapy, and the overall LLT prescription rate reached
85%. Figure 3 depicts the shift in the proportion of LLT (either statins

or ezetimibe) prescribed before and after diagnosis of ASCVD.

3.4 | Exclusive primary care versus cardiology
follow-up in ASCVD cohort

In the healthcare setting subanalysis of the 8288 patients with
established ASCVD, 5262 were followed exclusively in primary care,
and 3026 were also followed up in cardiology. Females constituted
55.3% in the primary care cohort compared to 35.9% in the
cardiology cohort.

LDL-C control varied between 15.3% in primary care versus 23.3%
in cardiology based on ESC/EAS 2016 guidelines and 5.8% and 9.2%,
respectively, for the 2019 guidelines. The median LDL-C was higher in
primary care at 102 mg/dL compared to 90 mg/dL in cardiology.

The cardiology cohort had an overall heightened prevalence of
comorbidities, notably myocardial infarction at 62.7% versus 8.1% in
primary care.

Regarding treatment patterns, the cardiology group had a lower
number of patients (3.9%) without LLT, in contrast to 22.9% in
primary care. High-intensity statins, either alone or with ezetimibe,
were more commonly prescribed in cardiology: 18.1% versus 7.7%
for monotherapy and 6.1% versus 1.6% combined with ezetimibe.

For comprehensive details, refer to Table Sé.
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4 | DISCUSSION

Considering the burden of ASCVD in Portugal, it is paramount to
analyze the management of key risk factors, namely LDL-C, to
optimize CV prevention. This study revealed concerning findings
about LDL-C control and LLT prescription in high and very-high CV
risk populations. Poor LDL-C control was seen across all cohorts
when ESC/EAS 2016 guidelines were considered, with LDL-C goal
attainment rates of 32%, 10%, and 18% for high-risk CV, ASCVD
equivalent, and ASCVD cohorts, respectively. These rates were even
lower when considering the ESC/EAS 2019 guidelines, which
resulted in an additional 26%, 7%, and 11% of patients not achieving
LDL-C goal attainment, respectively.

In addition, our study revealed that 37% of high CV risk patients
and 23% of ASCVD risk equivalent patients had no LLT prescribed.
Nonetheless, 85% of patients with ASCVD had a prescription for any
LLT. After ASCVD diagnosis, the use of moderate-intensity statins in
monotherapy increased by 36%, but the use of high-intensity statins
in monotherapy only increased by 10%.

2223 and a cross-

There are two recent prospective registries
sectional multicentric analysis'® that give a similar insight on LLT
prescription and LDL-C control, although with better results than the
ones we report. These differences could be explained by several
important differences, such as the selected population, time of
evaluation, and level of care at follow-up.

The European Action on Secondary and Primary Prevention by
Intervention to Reduce Events V of ESC-EURObservational Research
Programme (ESC-EORP EUROASPIRE V survey) included 7824
patients with coronary artery disease (CAD) 6 months to 2 years after
hospitalization of an acute coronary syndrome or revascularization,
recruited from hospitals of 27 European countries in 2016-2017. Our
study identified some notable differences in LDL-C control and LLT
prescription when compared to the EUROASPIRE V survey. In our
study, a higher proportion of patients did not meet the LDL-C goal
(82% vs. 71%), and there was a lower prescription of high-intensity
statins (17% vs. 55%). However, our study included a broader spectrum
of ASCVD, also including those with PAD and previous stroke, for
which the adherence to guidelines in dyslipidemia management is even
lower.2* Moreover, we considered all patients at any time point of
follow-up, many of them >2 years after the event and exclusively
followed by primary care, which may have influenced adherence, LLT
intensification, and less prescription of any LLT.*®2° This is in line with
the EUROASPIRE V survey, where 20.8% of the patients 6 months to
2 years after hospitalization had reduced the intensity of LLT prescribed
at discharge or stopped it due to intolerance to LLT in 15.8% and by
medical advice in 36.8%.

The 2020 EU-Wide Cross-Sectional Observational Study of
Lipid-Modifying Therapy Use in Secondary and Primary Care (DA
VINCI study) included 3000 patients in primary prevention and 2888
in secondary prevention in 18 European countries. It found that only
25% of high CV risk patients, 11% of very-high CV risk patients in
primary prevention, and 18% of patients with established ASCVD
achieved the LDL-C values recommended by the 2019 ESC/EAS
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TABLE 1 Sociodemographic and clinical characteristics stratified by CV risk and the presence of ASCVD equivalents at the index date.

Primary prevention Secondary prevention
High CV risk ASCVD risk equivalence Evidence of ASCVD

Eligible population, n (%)
Female, n (%)
Age, years, P50 (IQR)

Waist, cm, P50 (IQR)

Body mass index, kg/m?, P50 (IQR)

LDL-C control, ESC 16, n (%)
LDL-C control, ESC 19, n (%)
LDL-C, mg/dL, P50 (IQR)
LDL-C, mmol/dL, P50 (IQR)
Smoking status
Never
Current
Former
General comorbidities
Obesity
Hypercholesterolemia
Type 2 diabetes
Structural heart disease

Microvascular disease

Familial hypercholesterolemia

Cardiovascular comorbidities
Hypertension
Atrial fibrillation
Chronic kidney disease
ASCVD
Unstable angina
Myocardial infarction
Stroke
Peripheral artery disease
Lipid-lowering therapies

No LLT

Statin without ezetimibe usage
High intensity without ezetimibe
Moderate intensity without ezetimibe

Low intensity without ezetimibe

Statin + ezetimibe usage

High intensity + ezetimibe

Moderate intensity + ezetimibe

Low intensity + ezetimibe

Ezetimibe without statin usage

23457 (17.1%)
12845 (54.8%)
69 (18)

98 (14)

27 (6)
7591 (32.4%)
1544 (6.6%)

114 (50)
2.95(1.29)
N (%)
18587 (79.2%)
2293 (9.8%)
1559 (6.6%)
N (%)

6080 (25.9%)
10468 (44.6%)
10278 (43.8%)
2437 (10.4%)

911 (3.9%)

27 (0.1%)

N (%)

15218 (64.9%)

1040 (4.4%)
2570 (11.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

80 (0.3%)

0 (0.0%)

N (%)

8662 (36.9%)
13377 (57.0%)

1027 (4.4%)
11816 (50.4%)

534 (2.3%)

1001 (4.3%)

178 (0.8%)

512 (2.2%)

311 (1.3%)

18 (0.1%)

19 864 (14.5%)

9907 (49.9%)
70 (18)
101 (15)

28 (7)
2026 (10.2%)
672 (3.4%)

115 (50)
2.97 (1.29)
N (%)

14370 (72.3%)
3778 (19.0%)
1190 (6.0%)

N (%)
6584 (33.1%)

10561 (53.2%)

16 367 (82.4%)
5141 (25.9%)
2000 (10.1%)

783 (3.9%)
N (%)

17 485 (88.0%)
1979 (10.0%)
4860 (24.5%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
142 (0.7%)
0 (0.0%)
N (%)
4581 (23.1%)

13378 (67.3%)
1706 (8.6%)

11264 (56.7%)

408 (2.1%)
1533 (7.7%)
405 (2.0%)
696 (3.5%)
432 (2.2%)
16 (0.1%)

8288 (6.1%)
3978 (48.0%)
74 (20)

100 (16)

27 (6)
1521 (18.4%)
590 (7.1%)
97 (48)
2.51 (1.24)
N (%)
6210 (74.9%)
954 (11.5%)
696 (8.4%)
N (%)
2096 (25.3%)
2321 (28.0%)
5295 (63.9%)
5257 (63.4%)
1265 (15.3%)
209 (2.5%)
N (%)
6717 (81.0%)
1805 (21.8%)
2352 (28.4%)
8288 (100.0%)
422 (5.1%)
2548 (30.7%)
5466 (66.0%)
1096 (13.2%)
N (%)
1261 (15.2%)
6208 (74.9%)
1129 (13.6%)
4940 (59.6%)
139 (1.7%)
759 (9.2%)
305 (3.7%)
270 (3.3%)
184 (2.2%)

0 (0.0%)
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TABLE 1 (Continued)

Primary prevention Secondary prevention
High CV risk ASCVD risk equivalence Evidence of ASCVD
Cardiovascular medications N (%) N (%) N (%)
Renin-angiotensin-system-acting agents 12350 (52.6%) 15122 (76.1%) 6604 (79.7%)
Diuretics 6296 (26.8%) 8430 (42.4%) 4391 (53.0%)
Aldosterone antagonists 640 (2.7%) 1236 (6.2%) 849 (10.2%)
Anticoagulants 1434 (6.1%) 2520 (12.7%) 1981 (23.9%)
Diabetes medications N (%) N (%) N (%)
Glucose lowering drugs 6066 (25.9%) 10238 (51.5%) 3248 (39.2%)
Insulins 827 (3.5%) 2003 (10.1%) 976 (11.8%)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; ESC, European Society of Cardiology; IQR: interquartile range;
LDL-C, Low-density lipoprotein cholesterol; LLT, lipid-lowering therapy.

Primary Secondary
. Prevention Prevention
100 LDL-C Bracket
I < 55 mg/dL
55-70 mg/dL
80% —
[ 70-100 mg/dL
B >100 mg/dL
S 60%- LDL-C goal attained
S
c
8
& 40%-
o
20% -
0% -
X 1] [a]
u) -
5 e <
3 Y
5 g o
E X (&)
122 o
& 3
S &
O
(%))
<
Cohort

FIGURE 2 Low-density lipoprotein cholesterol (LDL-C) control according to the 2019 ESC/EAS guidelines for the high CV risk, ASCVD risk
equivalents, and evidence of ASCVD cohorts.

guidelines.?® As for LLT use, high-intensity statin monotherapy was biased in their selection of patients and in their approach to lipid-
used in 20% and 38% of very high-risk patients in primary and modifying therapy.
secondary prevention, respectively, compared to only 8.6% and The SANTORINI study included 9044 patients from March 2020

13.6% in our study. It is worth noting that the DA VINCI study was a to February 2021, at high and very high CV risk, from 14 European
registry study, and as such, the participating sites may have been countries. Only 24.0% of high and 18.6% of very-high CV risk
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6.3% 2.0% -4.3%
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2.4% 11.9% 9.5%
14.9% 50.4% 35.5%
26.7% 70.8% 44.1%

T T T
-10% 0% 10%  20%

FIGURE 3

patients achieved LDL-C risk-based goals, and 23.5% and 21.1%,
respectively, were not receiving any LLTs. In the SANTORINI study,
physicians initially assigned CV risk at enrollment, while central
assessments used the information from the study database. While
this dual approach allowed for the physicians to reclassify patients
when inconsistencies were found, underestimation of true risk might
still persist. This finding reflects real-world clinical practice, which
often lags behind guideline recommendations, as highlighted by the
study's authors. In our study, we utilized all available information in
the EHR to calculate CV risk, which could potentially identify high
and very high CV risk patients not evident to the physicians. This
difference in risk assessment methodology may account for the
slightly better results in LDL-C attainment observed in the
SANTORINI study compared to our study.?4?”

The earlier DYSIS and DYSIS Il cohorts have revealed that a large
portion of patients with very high CV risk fail to reach their LDL-C
goals, even when treated with LLT. In particular, only 21.7% of very
high-risk patients reached their LDL-C goals in the DYSIS study, and
in the DYSIS Il study with patients with chronic CAD, only 29.6% of
those on LLT and 8.3% of those untreated achieved LDL-C levels
<70 mg/dL.?®2?? In the Portuguese cohort of the DYSIS study, 62.9%
of high-risk patients and 57.3% of patients with ASCVD were not at
the LDL-C target levels recommended by the ESC. This cohort may,
however, not reflect the current reality as the enrollment period
occurred from April 2008 to February 2009, before the publication of
the 2016 and 2019 updated ESC/EAS guidelines.?®

In the USA, a 2011 study regarding 21801 patients in the
Veterans Affairs Health Care system in the Midwest region showed
that LDL-C goal attainment of <70 mg/dL in very high-risk patients
was just 41%.%° In addition, a treatment gap was identified in patients
with elevated triglycerides, which was associated with even lower
attainment of dual LDL-C and non-HDL-C goals (13%).2° Similarly,
Karalis et al. analyzed retrospective EHR of 23 408 California patients
and found that in over 9950 CAD patients, only 37% of patients
achieved LDL-C control of <70 mg/dL.3? In the context of this study, it
was observed that when patients were undergoing combination
therapy, 41% of those receiving a combination of statin and ezetimibe
and 46% of those on statin and niacin achieved the desired

Lipid-lowering therapy before and after ASCVD diagnosis.

30% 40% 50%

LDL-cholesterol level of less than 70 mg/dL. However, by transitioning
patients to a high-potency statin, the attainment of the LDL-cholesterol
target of <70 mg/dL increased to 46%, and this figure rose substantially
to 72% when combination therapy was employed.3!

The more recent “Lipid Management in Portugal” (LATINO)
study, a multicenter observational cohort study conducted in
Portugal, characterized the CV risk profile and management of
LDL-C of patients. This study found that LDL-C goals, according to
2019 ESC/EAS guidelines, were attained by 7% and 3% of patients,
respectively, at high and very high CV risk. To achieve their targets,
patients with uncontrolled LDL-C levels who are at high and very
high CV risk would need to decrease their LDL-C levels by an average
of 44% and 53%, respectively. Across all CV risk categories,
moderate-intensity statins were the most used, high-intensity statins
were prescribed in 5% of high CV risk patients and 10% of very high
CV risk patients, and ezetimibe was used for 6% and 10% of these
patients, respectively.>?

The explanation for the poor results in LDL-C control is
multifactorial. There may be several reasons, such as patients' low
adherence to treatment,>>33-3% suboptimal or inadequate statin

24,36-38 13,36

intensity, clinical

37,38

concern with drugs adverse effects,
inertia, and possibly ineffective communication between physi-
cians and patients.>® We believe that the low health literacy of the
Portuguese population®’ may also partly justify the poorer lipid control

found when compared to the results of other European studies.*®*!

4.1 | Strengths and limitations
A key strength of the PORTRAIT-DYS study is the integration of EHR
data from both primary and secondary healthcare units. As a result,
our cohort is a close representation of the general CV risk population
as observed in clinical practice. This study also benefits from having
examined all EHR data from a period of approximately 20 years,
offering robust and detailed insights into patient and family history.
A significant limitation of this study is its generalizability, as it
presents data from a distinct population in the Northern region of
Portugal. Nonetheless, the substantial number of patients included in
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the analysis from the overall population offers a detailed and
unrestricted real-world perspective of patient populations receiving
primary and secondary care followed in similar contexts. In addition,
we acknowledge that the utilization of LLT may be slightly
overestimated since we could not confirm whether each prescription
was actually dispensed or not.

4.2 | Generalization of results

We characterized more than 95% of eligible patients at ULSM. Taking
into account the high rate of ULSM utilization among the local
residents, minimal migration rates of the population, and extension of
the data collection period, we are confident these findings can be
extrapolated to both the population served in this region and

populations with similar characteristics and composition.

5 | CONCLUSION

The findings from this study highlight a concerning gap between real-
world clinical practice and current guidelines for LDL-C control and
LLT prescription. A substantial proportion of high and very high-risk
patients have never received any LLT prescription, despite the fact
that an LLT prescription, according to CV risk, is an important
treatment opportunity.

Despite the availability of several options for effective LLT and
the existence of generic high-intensity statins, their broader use in
higher-risk populations and long-term adherence are critical factors

for the prevention of future CV events.

AUTHOR CONTRIBUTIONS

Conceptualization: Cristina Gavina, Daniel Seabra-Carvalho, Anastas-
sia Anastassopoulou, Carla Teixeira, Jorge A. Ruivo, Elia Almeida, and
Tiago Taveira-Gomes. Methodology: Cristina Gavina and Tiago
Taveira-Gomes. Software: Tiago Taveira-Gomes. Validation: Mariana
Canelas-Pais and Tiago Taveira-Gomes. Formal analysis: Tiago
Taveira-Gomes. Writing—original draft: Ana Corte-Real and Leonor
Luz-Duarte. Writing—review and editing: Cristina Gavina, Daniel
Seabra-Carvalho, Carlos Aguiar, Anastassia Anastassopoulou, Carla
Teixeira, Jorge A. Ruivo, Elia Almeida, Ana Corte-Real, Leonor Luz-
Duarte, Mariana Canelas-Pais, and Tiago Taveira-Gomes. Supervision:

Cristina Gavina and Tiago Taveira-Gomes.

ACKNOWLEDGMENTS

The authors would like to acknowledge the editorial support, namely
the constructive review of the manuscript and raised comments. The
authors also would like to acknowledge Hospital Pedro Hispano
Hospital for granting permissions for this study and to Daniel Santos,
Tiago Morais, and José Castanheira from the Department of
Information Technologies for conducting data extraction. The authors

would like to acknowledge Raquel Moreira for the support for

W1 LEY "

submission and copy editing of the manuscript. This study was
funded by Daiichi Sankyo Europe GmbH.

CONFLICT OF INTEREST STATEMENT

Cristina Gavina declares speaker and consulting fees from AstraZe-
neca, Bayer, BIAL, Boehringer-Ingelheim, Daiichi Sankyo, Lilly, MSD,
Novartis, and Novo Nordisk. Daniel Seabra-Carvalho declares
speaker fees from Daiichi Sankyo. Carlos Aguiar declares speaker
and consulting fees from AstraZeneca, Bayer, BIAL, Daiichi Sankyo,
Ferrer, MSD, Novartis, Novo Nordisk, and Servier. Anastassia
Anastassopoulou, Carla Teixeira, Elia Almeida, and Jorge A. Ruivo
are employees of Daiichi Sankyo. Tiago Taveira-Gomes declares
speaker and consulting fees from AstraZeneca, BIAL, Daiichi Sankyo,
MSD, and Medinfar. Tiago Taveira-Gomes holds shares in MTG. The
results presented in this article have not been published previously in

whole or part.

DATA AVAILABILITY STATEMENT
All aggregate statistical results are incorporated into the article and
its online supplementary material. Patient-level data used in this

study is not publicly available.

ORCID
Daniel Seabra-Carvalho http://orcid.org/0000-0002-5299-9341
http://orcid.org/0000-0002-6487-313X

https://orcid.org/0000-0002-0998-6000

Mariana Canelas-Pais

Tiago Taveira-Gomes

REFERENCES

1. Ference BA, Ginsberg HN, Graham I, et al. Low-density lipoproteins
cause atherosclerotic cardiovascular disease. 1. Evidence from
genetic, epidemiologic, and clinical studies. A consensus statement
from the European Atherosclerosis Society Consensus Panel. Eur
Heart J. 2017;38(32):2459-2472.

2. Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC guidelines on
cardiovascular disease prevention in clinical practice. Eur Heart J.
2021;42(34):3227-3337.

3. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for
the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. Eur Heart J. 2020;41(1):111-188.

4. World Health Organization. Global health estimates: Leading causes
of death. Accessed October 25, 2022. https://www.who.int/data/
gho/data/themes/mortality-and-global-health-estimates/ghe-
leading-causes-of-death

5.  World Health Organization. Global health estimates: Leading causes
of DALYs. Accessed October 25, 2022. https://www.who.int/data/
gho/data/themes/mortality-and-global-health-estimates/global-
health-estimates-leading-causes-of-dalys

6. Costa J, Alarcdo J, Amaral-Silva A, et al. Os custos da aterosclerose
em Portugal. Rev Port Cardiol. 2021;40(6):409-419.

7. Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of
cholesterol-lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of statins. The
Lancet. 2005;366(9493):1267-1278.

8. Ference BA, Yoo W, Alesh |, et al. Effect of long-term exposure to
lower low-density lipoprotein cholesterol beginning early in life on
the risk of coronary heart disease. J Am Coll Cardiol. 2012;60(25):
2631-2639.


http://orcid.org/0000-0002-5299-9341
http://orcid.org/0000-0002-6487-313X
https://orcid.org/0000-0002-0998-6000
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-health-estimates-leading-causes-of-dalys
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-health-estimates-leading-causes-of-dalys
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/global-health-estimates-leading-causes-of-dalys

10 of 10
2 Lwieey-

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.
19.

20.

21.

22.
23.
24,

25.

26.

27.

GAVINA ET AL

Silverman MG, Ference BA, Im K, et al. Association between
lowering LDL-C and cardiovascular risk reduction among different
therapeutic interventions: a systematic review and meta-analysis.
JAMA. 2016;316(12):1289-1297.

Cohen JC, Boerwinkle E, Mosley Jr, TH, Hobbs HH. Sequence
variations in PCSK9, low LDL, and protection against coronary heart
disease. N Engl J Med. 2006;354(12):1264-1272.

Giugliano RP, Mach F, Zavitz K, et al. Cognitive function in a
randomized trial of evolocumab. N Engl J Med. 2017;377(7):633-643.
Ray KK, Ginsberg HN, Davidson MH, et al. Reductions in
atherogenic lipids and major cardiovascular events: a pooled analysis
of 10 ODYSSEY trials comparing alirocumab with control.
Circulation. 2016;134(24):1931-1943.

Ray KK, Molemans B, Schoonen WM, 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):
1279-1289.

Ray KK, Haq |, Bilitou A, et al. Evaluation of contemporary treatment of
high- and very high-risk patients for the prevention of cardiovascular
events in Europe—methodology and rationale for the multinational
observational SANTORINI study. Atheroscler Plus. 2021;43:24-30.

Risk of fatal coronary heart disease in familial hypercholesterolae-
mia. Scientific Steering Committee on behalf of the Simon Broome
Register Group. BMJ. 1991;303(6807):893-896.

Al-Rasadi K, Al-Waili K, Al-Sabti HA, et al. Criteria for diagnosis of
familial hypercholesterolemia: a comprehensive analysis of the
different guidelines, appraising their suitability in the omani arab
population. Oman Med J. 2014;29(2):85-91.

OMOP CDM v5.3. Accessed November 2, 2022. https://ohdsi.
github.io/CommonDataModel/cdm53.html

Catapano AL, Graham |, De Backer G, et al. 2016 ESC/EAS
guidelines for the management of dyslipidaemias. Eur Heart J.
2016;37(39):2999-3058.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentra-
tion of low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499-502.

Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA
guideline on the treatment of blood cholesterol to reduce athero-
sclerotic cardiovascular risk in adults: a report of the American
College of Cardiology/American Heart Association Task Force on
practice guidelines. Circulation. 2014;129(25 suppl 2):51-S45.
Vega-Lite—A high-level grammar of interactive graphics. Accessed
November 2, 2022. https://vega.github.io/vega-lite/

Ray KK, Haq |, Bilitou A, Manu MC, Burden A, Catapano AL. Baseline
characteristics and management of high- and very high-risk patients with
hypercholesterolemia or mixed dyslipidemia in the multinational
observational SANTORINI study. Atherosclerosis. 2022;355:16.

Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact on
cardiovascular risk factor control in coronary patients across 27
countries: results from the European Society of Cardiology ESC-EORP
EUROASPIRE V registry. Eur J Prev Cardiol. 2019;26(8):824-835.
Kumbhani DJ, Steg PG, Cannon CP, et al. Statin therapy and long-
term adverse limb outcomes in patients with peripheral artery
disease: insights from the REACH registry. Eur Heart J. 2014;35(41):
2864-2872.

Colantonio LD, Huang L, Monda KL, et al. Adherence to High-
Intensity statins following a myocardial infarction hospitalization
among Medicare beneficiaries. JAMA Cardiol. 2017;2(8):890-895.
Ray KK, Haq |, Bilitou A, Manu MC, Burden A, Catapano AL.
Cardiovascular risk assessment by physicians and lipid-lowering therapy
prescribing in high- and very high-risk patients: results from the
multinational observational santorini study. Atherosclerosis. 2022;355:
249.

Ray KK, Haq |, Bilitou A, et al. Treatment gaps in the implementation
of LDL cholesterol control among high-and very high-risk patients in

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Europe between 2020 and 2021: the multinational observational
SANTORINI study. Lancet Reg Health Eur. 2023;29:100624.
Ferrieres J, De Ferrari GM, Hermans MP, et al. Predictors of
LDL-cholesterol target value attainment differ in acute and chronic
coronary heart disease patients: results from DYSIS Il Europe.
Eur J Prev Cardiol. 2018;25(18):1966-1976.

Gitt AK, Lautsch D, Ferrieres J, et al. Low-density lipoprotein
cholesterol in a global cohort of 57,885 statin-treated patients.
Atherosclerosis. 2016;255:200-209.

Virani SS, Woodard LD, Landrum CR, et al. Institutional, provider,
and patient correlates of low-density lipoprotein and non-high-
density lipoprotein cholesterol goal attainment according to the
adult treatment panel Il guidelines. Am Heart J. 2011;161(6):
1140-1146. doi:10.1016/j.ahj.2011.03.023

Karalis DG, Victor B, Ahedor L, Liu L. Use of lipid-lowering
medications and the likelihood of achieving optimal LDL-cholesterol
goals in coronary artery disease patients. Cholesterol. 2012;2012:
861924. doi:10.1155/2012/861924

Gavina C, Carvalho DS, Pardal M, et al. Cardiovascular risk profile and
lipid management in the population-based cohort study LATINO: 20
years of real-world data. J Clin Med. 2022;11(22):6825. doi:10.3390/
jcm11226825

Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance
in cardiovascular outcomes. Circulation. 2009;119(23):3028-3035.

Kini V, Ho PM. Interventions to improve medication adherence: a
review. JAMA. 2018;320(23):2461-2473.

da Silva PM, Aguiar C, Morais J, DISGEN-LIPID study Investigators.
Suboptimal lipid levels in clinical practice among Portuguese adults
with dyslipidemia under lipid-lowering therapy: data from the
DISGEN-LIPID study. Rev Port Cardiol. 2019;38(8):559-569.

Mello e Silva A. Heaven can wait for lipid control in very high
cardiovascular risk patients. Rev Port Cardiol. 2021;40(9):649-651.
Desai NR, Farbaniec M, Karalis DG. Nonadherence to lipid-lowering
therapy and strategies to improve adherence in patients with
atherosclerotic cardiovascular disease. Clin Cardiol. 2023;46(1):
13-21. doi:10.1002/clc.23935

Rosenson RS, Kent ST, Brown TM, et al. Underutilization of high-
intensity statin therapy after hospitalization for coronary heart
disease. J Am Coll Cardiol. 2015;65(3):270-277.

Pedro AR, Amaral O, Escoval A. Literacia em saude, dos dados a
acdo: traducado, validacido e aplicacdo do European Health Literacy
Survey em Portugal. Rev Port Saude Publica. 2016;34(3):259-275.
Mazhar F, Hjemdahl P, Clase CM, Johnell K, Jernberg T, Carrero JJ.
Lipid-lowering treatment intensity, persistence, adherence and goal
attainment in patients with coronary heart disease. Am Heart J.
2022;251:78-90. doi:10.1016/j.ahj.2022.05.021

Citarella A, Cammarota S, Bernardi FF, et al. Exploring contemporary
data on lipid-lowering therapy prescribing in patients following
discharge for atherosclerotic cardiovascular disease in the south of
Italy. J Clin Med. 2022;11(15):4344. doi:10.3390/jcm11154344

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Gavina C, Seabra-Carvalho D, Aguiar
C, et al. Characterization and LDL-C management in a cohort
of high and very high cardiovascular risk patients: the
PORTRAIT-DYS study. Clin Cardiol. 2024;47:€24183.
doi:10.1002/clc.24183


https://ohdsi.github.io/CommonDataModel/cdm53.html
https://ohdsi.github.io/CommonDataModel/cdm53.html
https://vega.github.io/vega-lite/
https://doi.org/10.1016/j.ahj.2011.03.023
https://doi.org/10.1155/2012/861924
https://doi.org/10.3390/jcm11226825
https://doi.org/10.3390/jcm11226825
https://doi.org/10.1002/clc.23935
https://doi.org/10.1016/j.ahj.2022.05.021
https://doi.org/10.3390/jcm11154344
https://doi.org/10.1002/clc.24183

	Characterization and LDL-C management in a cohort of high and very high cardiovascular risk patients: The PORTRAIT-DYS study
	1 INTRODUCTION
	2 METHODS
	2.1 Study design
	2.2 Patient characterization
	2.3 Cohorts
	2.4 LLT, LDL-C levels, and LDL-C goal attainment
	2.5 Exposure to LLT
	2.6 Statistical analysis

	3 RESULTS
	3.1 Patient characteristics
	3.2 LDL-C control
	3.3 LLT use
	3.4 Exclusive primary care versus cardiology follow-up in ASCVD cohort

	4 DISCUSSION
	4.1 Strengths and limitations
	4.2 Generalization of results

	5 CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




