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Aims To provide contemporary data on the implementation of European guideline recommendations for lipid-lowering
therapies (LLTs) across different settings and populations and how this impacts low-density lipoprotein cholesterol
(LDL-C) goal achievement.

...................................................................................................................................................................................................
Methods
and results

An 18 country, cross-sectional, observational study of patients prescribed LLT for primary or secondary prevention
in primary or secondary care across Europe. Between June 2017 and November 2018, data were collected at a sin-
gle visit, including LLT in the preceding 12 months and most recent LDL-C. Primary outcome was the achievement
of risk-based 2016 European Society of Cardiology (ESC)/European Atherosclerosis Society (EAS) LDL-C goal
while receiving stabilized LLT; 2019 goal achievement was also assessed. Overall, 5888 patients (3000 primary and
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2888 secondary prevention patients) were enrolled; 54% [95% confidence interval (CI) 52–56] achieved their risk-
based 2016 goal and 33% (95% CI 32–35) achieved their risk-based 2019 goal. High-intensity statin monotherapy
was used in 20% and 38% of very high-risk primary and secondary prevention patients, respectively. Corresponding
2016 goal attainment was 22% and 45% (17% and 22% for 2019 goals) for very high-risk primary and secondary
prevention patients, respectively. Use of moderate–high-intensity statins in combination with ezetimibe (9%), or
any LLT with PCSK9 inhibitors (1%), was low; corresponding 2016 and 2019 goal attainment was 53% and 20%
(ezetimibe combination), and 67% and 58% (PCSK9i combination).

...................................................................................................................................................................................................
Conclusion Gaps between clinical guidelines and clinical practice for lipid management across Europe persist, which will be exa-

cerbated by the 2019 guidelines. Even with optimized statins, greater utilization of non-statin LLT is likely needed
to reduce these gaps for patients at highest risk.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of mortality
and morbidity in Europe.1 Compelling evidence from clinical trials2

has led joint guidelines by the European Society of Cardiology (ESC)/
European Atherosclerosis Society (EAS)3,4 to recommend statins as
first-line pharmacotherapy to lower low-density lipoprotein choles-
terol (LDL-C), and therefore reduce cardiovascular (CV) risk.
Moreover, these guidelines recommend risk-based LDL-C goals
(Supplementary material online, Table S1) and aim to optimize LDL-
C reduction, with a focus on improving uptake of high-intensity sta-
tins (a proxy for achieving a 50% reduction in LDL-C).3 Hence, the
2016 and 2019 iterations recommend that both LDL-C goals and a
50% reduction in LDL-C should be achieved for those at high or very
high risk.3,4

Recent surveys assessing use of lipid-lowering therapy (LLT) and
attainment of 2016 LDL-C goals have focused on patients with cor-
onary artery disease in secondary care settings. Overall goal attain-
ment was found to be low.5 The 2019 ESC/EAS guideline update
recommends even lower LDL-C goals for very high risk, high risk,
and moderate risk categories. The attainment of these lower goals
and whether optimizing statin alone is sufficient to achieve these
lower goals are as yet unclear.4 The EU-Wide Cross-Sectional
Observational Study of Lipid-Modifying Therapy Use in Secondary
and Primary Care (DA VINCI study) was designed to provide con-
temporary information regarding LDL-C goal attainment for patients
across Europe in diverse healthcare settings and previously under-
studied patient groups.

Methods

Study design
This cross-sectional study planned to enrol 6000 adults receiving LLT at
primary and secondary care clinics across 18 European countries
(Supplementary material online, Appendix S2 and Figure S1) between 21
June 2017 and 20 November 2018. The planned sample size was chosen
to allow precise estimates of the primary outcome measure within each
country (Supplementary material online, Appendix S4.1). There were no
formal study visits and patients were approached for participation at their
routine clinic visit (Supplementary material online, Figure S2a). The num-
ber of primary and secondary prevention patients enrolled at each site

was capped to ensure an overall ratio of �1:1. Secondary care sites spe-
cializing in coronary, peripheral, and cerebral (arterial) disease were
included, and patients with these disease manifestations enrolled in an
overall ratio of 1:2:2, respectively. The study protocol was approved by
the institutional review board or independent ethics committee from
each site. The study was designed by the Academic Executive Committee
in conjunction with the sponsor Amgen [full protocol available online
(ENCePP; registration no. EU PAS 22075), Supplementary material on-
line, Appendix S1 and Appendix S3].

Eligibility criteria
Full eligibility criteria are available in Supplementary material online,
Appendix S4.2. Major inclusion criteria included: being aged >_18 years;
providing informed consent; being prescribed LLT at enrolment or within
12 months prior to enrolment; and having an LDL-C measurement
recorded up to 14 months before enrolment (obtained independently of
participation in a clinical trial). Major exclusion criteria included: a diagno-
sis of familial hypercholesterolaemia with a history of CV events; comor-
bidities or personal circumstances that could affect clinical decision-
making; a positive human immunodeficiency virus (HIV) status; pregnancy
or breastfeeding; participating in an interventional clinical trial within 6
months before the enrolment date; and a life expectancy of <1 year at
enrolment.

Data extraction
The following data were collected from medical records at a single (en-
rolment) visit using a standardized electronic case report form (e-CRF;
InForm v6�0): demographics, relevant past medical history, height, weight,
and blood pressure; most recent lipid value recorded within 14 months
prior to (and including) the enrolment visit; LLT at the enrolment visit
and in the preceding 12 months; history of intolerance to any statin at any
dose; reason for LLT prescription in patients without previous athero-
sclerotic CVD (ASCVD) events; and concomitant medications.

Aims and outcomes
Our aim was to comprehensively describe how LLT is used in Europe for
primary and secondary prevention of ASCVD, in different healthcare set-
tings and populations, in order to assess how current practice impacts
LDL-C goal attainment.

The primary outcome was the proportion of patients achieving the
risk-based LDL-C goals recommended by the 2016 ESC/EAS guidelines
while receiving stabilized LLT. This was assessed at LDL-C measurement,
with stabilized LLT defined as no change in dose or regimen for at least
28 days prior to LDL-C measurement. For individuals defined as primary
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prevention at LDL-C measurement, 10-year CV death risk was estimated
using systematic coronary risk evaluation (SCORE) and they were cate-
gorized as low–moderate, high, or very high risk according to the ESC/
EAS guidelines. Patients enrolled in the primary prevention cohort on the
basis of conditions such as diabetes, familial hypercholesterolaemia, and
reduced glomerular filtration rate were categorized as per ESC/EAS risk
categories (low, moderate, high, very high). All patients defined as sec-
ondary prevention were categorized as very high risk. Estimated 10-year
CV risk at LDL-C measurement in established ASCVD groups was esti-
mated using REACH (Supplementary material online, Appendix S4.3).

Secondary outcomes included LLT use (type, dose, frequency; includ-
ing combination therapy), assessed at the enrolment date. As the study
was completed before publication of the updated 2019 ESC/EAS guide-
lines, a post hoc analysis of the proportion of patients achieving the LDL-C
goals recommended in the 2019 guidelines was conducted for
comparison.

Statistical analysis
All analyses were descriptive. Data were summarized overall, and separ-
ately for primary prevention and secondary prevention. Patients enrolled
in the secondary prevention group were categorized as having coronary,

peripheral, or cerebral disease based on management of the most recent
manifestation of vascular disease at enrolment. Patients without a docu-
mented history of these disease manifestations were categorized as
‘other’. Continuous variables are reported as mean and standard devi-
ation or standard error (SE) for normally distributed data, and as median
and 25th and 75th percentiles (Q1 and Q3, respectively) for data with a
skewed distribution. For categorical variables, the number and percent-
age of patients in each category are reported.

Results

Patient characteristics
In total, 5888 eligible patients were enrolled from 18 countries across
128 sites and included in the primary analysis set (Supplementary ma-
terial online, Figure S2). Of these, 3000 were enrolled as primary pre-
vention and 2888 as secondary prevention. The latter consisted of
2794 patients (97%) with established ASCVD, of whom 622 (22%)
were being managed for coronary disease, 1136 (41%) for cerebral
disease, and 1036 (37%) for peripheral disease; the remaining 94

..................................................................................................................................

....................................................................................................................................................................................................................

Table 1 Characteristics and cardiovascular risk factors at enrolment visit

Overall

(n 5 5888)

Primary pre-

vention

(n 5 3000)

Secondary prevention by ASCVD status

Established

ASCVD total

(n 5 2794)

ASCVD-cor-

onary

(n 5 622)

ASCVD-per-

ipheral

(n 5 1036)

ASCVD-cere-

bral

(n 5 1136)

Other vascular

secondary pre-

ventiona

(n 5 94)

Female, n (%) 2475 (42) 1502 (50) 939 (34) 149 (24) 323 (31) 467 (41) 34 (36)

Age (years), mean (SD) 65 (12) 63 (13) 68 (10) 67 (10) 69 (9) 67 (11) 70 (10)

Ethnicity, white, n (%) 5435 (92) 2829 (94) 2523 (90) 550 (88) 937 (90) 1036 (91) 83 (88)

Systolic blood pressure

(mmHg), mean (SD)

135 (17) 134 (16) 135 (18) 133 (18) 136 (19) 136 (17.4) 137 (23)

Diastolic blood pressure

(mmHg), mean (SD)

78 (11) 79 (10) 77 (11) 77 (11) 76 (11) 78 (11) 77 (13)

BMI, median (Q1–Q3) 28 (25–32) 28 (25–32) 28 (25–31) 28 (25–31) 28 (25–31) 28 (25–31) 28 (25–31)

Smoking history, n (%)

Non-smoker 2854 (49) 1732 (58) 1089 (39) 277 (45) 242 (23) 570 (50) 33 (35)

Ex-smoker 2059 (35) 851 (28) 1166 (42) 267 (43) 508 (49) 391 (34) 42 (45)

Light smoker 313 (5) 140 (5) 167 (6) 26 (4) 76 (7) 65 (6) 6 (6)

Moderate smoker 391 (7) 161 (5) 220 (8) 30 (5) 126 (12) 64 (6) 10 (11)

Heavy smoker 253 (4) 106 (4) 144 (5) 19 (3) 84 (8) 41 (4) 3 (3)

Missing 18 (<1) 10 (<1) 8 (<1) 3 (<1) 0 (0) 5 (<1) 0 (0)

Hypertension, n (%) 4138 (70) 1976 (66) 2090 (75) 455 (73) 809 (78) 826 (73) 72 (77)

Diabetes, n (%) 2293 (39) 1169 (39) 1082 (39) 238 (38) 473 (46) 371 (33) 42 (45)

Chronic kidney disease >_

grade 3, n (%)

432 (7) 179 (6) 242 (9) 46 (7) 124 (12) 72 (6) 11 (12)

Familial

hypercholesterolaemia

284 (5) 284 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Vascular bed involvement, n (%)

Coronary 1007 (17) 0 (0) 985 (35) 618 (99) 271 (26) 96 (9) 22 (23)

Cerebral 1296 (22) 0 (0) 1277 (46) 31 (5) 122 (12) 1124 (99) 19 (20)

Peripheral 1125 (19) 0 (0) 1069 (38) 24 (4) 1014 (98) 31 (3) 56 (60)

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; SD, standard deviation.
aPatients with other evidence of atherosclerosis or other manifestation of vascular disease at enrolment.
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patients (3%) had other evidence of atherosclerosis or other mani-
festation of vascular disease at enrolment. Demographic characteris-
tics varied between primary and secondary prevention groups; the
former had a greater proportion of women and a lower average age
(Table 1).

Cardiovascular risk profile
The distribution of CV risk factors was generally similar across the
three ASCVD subgroups, although those managed for peripheral ar-
terial disease at enrolment were more likely to have a prior history of
vascular disease in other vascular beds (Table 1). The estimated 10-
year risk of CV death was calculated for primary prevention patients
using SCORE (Figure 1A). Within those also evaluable for LDL-C goal
attainment, the majority (67%) were low–moderate risk (1391/
2073), 29% were high risk (593/2073), and few (4%) were very high
risk (89/2073). Estimated REACH score could be calculated for 2659
patients with established ASCVD (Figure 1B); 82% (2188/2659) had a
predicted 10-year risk of fatal and non-fatal CV events >20% and
31% (820/2659) had a risk >40%.

Use of lipid-lowering therapy
Use of LLT at enrolment and at the time of LDL-C measurement are
summarized in Supplementary material online, Table S3a/Figure S3
and Table S3b/Figure S4, respectively. There was very little change in
the pattern of LLT regimen between the time of LDL-C measure-
ment and enrolment (Supplementary material online, Table S3).
Among patients receiving stabilized LLT and in whom LDL-C goal
could be assessed, 94% of primary prevention patients (1944/2073)
and 94% (1912/2039) of those with established ASCVD were receiv-
ing a statin. In primary prevention, use of high-intensity statins was
22% (448/2073). High-intensity statins were more often used in
established ASCVD [42% (858/2039)], with proportionally higher
use among those being managed for coronary disease [51% (240/
470)] than for peripheral [39% (320/818)] or cerebral [40% (298/
751)] disease. Across all risk categories, moderate-intensity statins as
monotherapy was the most frequently used regimen (Figure 2).
Ezetimibe was used in combination with moderate- or high-intensity
statins in 9% of patients (380/4122) and proprotein convertase subti-
lisin/kexin type 9 (PCSK9) inhibitors used in combination with statins
and/or ezetimibe in 1% of patients (49/4122) (Figure 2A).

Attainment of 2016 European Society of
Cardiology/European Atherosclerosis
Society guideline recommended low-
density lipoprotein cholesterol goals
Overall risk-based 2016 LDL-C goal attainment was observed in 54%
[95% confidence interval (CI) 52–56] of patients. Stratifying patients
by risk, LDL-C goal attainment among those at low, moderate, high,
and very high risk was 63% (95% CI 56–70), 75% (95% CI 73–78),
63% (95% CI 59–67), and 39% (95% CI 37–41), respectively
(Figure 2A). The LDL-C goal of <3.0 mmol/L recommended for low–
moderate risk categories was achieved in the majority of patients, ir-
respective of statin monotherapy regimen. Differences in goal attain-
ment with different statin monotherapy regimens were most
apparent in very high-risk patients where an LDL-C goal <1.8 mmol/

L is recommended: low-intensity, 20% (95% CI 11–33); moderate-
intensity, 34% (95% CI 31–37); high-intensity, 45% (95% CI 41–48).

For the primary prevention group, most patients were at low–
moderate risk, and their LDL-C goal of <3.0 mmol/L was achieved in
the majority irrespective of statin dose (66–80% achievement). Goal
attainment using low-intensity statin monotherapy was higher in
moderate-risk patients at 67% (95% CI 55–78) compared with 25%
(95% CI 5–70) in very high-risk patients (Figure 2B). Few patients at
very high risk attained LDL-C goals of <1.8 mmol/L regardless of sta-
tin regimen: low-intensity, 25% (95% CI 5–70); moderate-intensity,
23% (95% CI 14–35); high-intensity, 22% (95% CI 9–45). Among the
very high-risk group, only two patients received potent statin and
ezetimibe combinations and neither achieved their LDL-C goal.

Among patients with established ASCVD, 39% (95% CI 37–41)
achieved the very high-risk goal of LDL-C <1.8 mmol/L (Figure 2C)
ranging from 36% (95% CI 32–39) for cerebral disease to 44% (95%
CI 40–49) for coronary disease (Supplementary material online, Figure
S5). Goal attainment was observed in less than half of patients irre-
spective of statin intensity when used as monotherapy, but was more
likely with the use of high-intensity statin [45% (95% CI 42–49)]. Goal
attainment was also more likely in patients treated with statin in com-
bination with ezetimibe or PCSK9 inhibitor therapies; 54% (95% CI
47–61) and 67% (95% CI 47–82), respectively (Figure 2C).

2016 European Society of Cardiology/
European Atherosclerosis Society
guideline low-density lipoprotein choles-
terol goal attainment by country and
healthcare setting
Overall risk-based goal attainment by country is shown in
Supplementary material online, Figure S6, which ranged between 21%
(CI 16.8%–26.6%) in Ukraine and 73.3% (CI 64.8%–80.4%) in Italy. In
most countries, risk-based goal attainment was similar to the risk-
based goal attainment in the overall study population. Overall risk-
based goal attainment was similar for patients enrolled in primary and
secondary care settings (Supplementary material online, Figure S7).

Attainment of 2019 European Society of
Cardiology/European Atherosclerosis
Society guideline low-density lipoprotein
cholesterol goals
Overall, fewer patients attained the 2019 LDL-C goals than the 2016
goals [33% (95% CI 32–35) vs. 54% (95% CI 52–56)], with a lower
likelihood of goal attainment with increasing risk, i.e. lower LDL-C
goal (Figure 2A). Only 18% (95% CI 17–20) of very high-risk patients
achieved LDL-C goals of <1.4 mmol/L. Among very high-risk patients
receiving statin monotherapy, goal attainment was 14% (95% CI 7–
26), 16% (95% CI 13–18), and 22% (95% CI 19–25) in those receiving
low-, moderate-, and high-intensity statins, respectively. Overall, 37%
(95% CI 32–42) of patients receiving ezetimibe combination therapy
and 57% (95% CI 43–70%) of those receiving PCSK9 inhibitor com-
bination therapy achieved their risk-based LDL-C goal.

In the primary prevention group, three-quarters of moderate-risk
patients achieved the 2016 goals (<3.0 mmol/L) compared with 60%
attainment for the 2019 goals (<2.6 mmol/L), and approximately half
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..to two-thirds achieved 2019 goals with statin monotherapy irrespect-
ive of potency (Figure 2B). Among individuals at high and very high
risk, 2019 goal attainment was approximately half that of 2016 [25%
(95% CI 22–29) vs. 63% and 11% (95% CI 6–20) vs. 21%, respectively]
(Figure 2B). In high-risk patients receiving statin monotherapy, LDL-C
goal attainment (<1.8 mmol/L) ranged from 7% (95% CI 2–21) in
those receiving low-intensity statins to 29% (95% CI 21–38) for high-
intensity statins. Among those receiving combination therapy with
ezetimibe or PCSK9 inhibitors, goal attainment in high-risk patients
was 21% (95% CI 9–41) and 33% (95% CI 6–79), respectively.

Among the established ASCVD group, 2019 goal attainment was ap-
proximately half that of 2016 [18% (95% CI 17–20) and 39%, respect-
ively] (Figure 2C and Supplementary material online, Figure S8). Even with
high-intensity statins, only 22% (95% CI 19–25) attained 2019 goals.
Among patients using ezetimibe in combination with potent statins and

PCSK9 inhibitors in combination with any LLT, goal attainment was 21%
(95% CI 15–27) and 58% (95% CI 39–76), respectively.

Lipid-lowering therapy-stabilized low-
density lipoprotein cholesterol levels
Among patients receiving stabilized LLT at the time of LDL-C meas-
urement, mean LDL-C levels were 2.54 mmol/L (SE 0.02) for primary
prevention patients (n = 2558); and 2.02 mmol/L (SE 0.04), 2.20
mmol/L (SE 0.03), and 2.19 mmol/L (SE 0.03), respectively, for
patients being managed for coronary, peripheral, and cerebral disease
(established ASCVD, n = 2039) (Figure 3). Among all patients receiv-
ing high- or moderate-intensity statins as monotherapy, mean LDL-C
levels were 2.18 mmol/L (SE 0.03) and 2.31 mmol/L (SE 0.02),
respectively.
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Figure 1 Estimated 10-year cardiovascular risk at low-density lipoprotein cholesterol measurement in primary prevention groupa (A) and estimated
10-year risk of fatal and non-fatal cardiovascular events at low-density lipoprotein cholesterol measurement in established atherosclerotic cardiovas-
cular disease groupb (B). aData shown are for all patients considered primary prevention at low-density lipoprotein cholesterol measurement (n =
3142); of these, 2073 were on stabilized lipid-lowering therapy at low-density lipoprotein cholesterol measurement and had data available to calculate
systematic coronary risk evaluation and glomerular filtration rate risk. bData shown are for all patients considered having established atherosclerotic
cardiovascular disease at low-density lipoprotein cholesterol measurement (n = 2659); of these, 2039 were on stabilized lipid-lowering therapy at
low-density lipoprotein cholesterol measurement. CV, cardiovascular; REACH, Reduction of Atherothrombosis for Continued Health; SCORE, sys-
tematic coronary risk evaluation.
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Figure 2 European Society of Cardiology/European Atherosclerosis Society 2016 and 2019 risk-based low-density lipoprotein cholesterol goal at-
tainment among patients stabilized on lipid-lowering regimens summarized by level of risk and statin regimen. (A) The overall group summarized by
level of risk and statin regimen (B) The Primary prevention group summarized by level of risk and statin regimen. (C) The established atherosclerotic
cardiovascular disease groupb summarized by level of risk and statin regimen. aGoal attainment for low risk is the same for 2016 and 2019 (<3.0
mmol/L) so only one bar is displayed. bIndividuals with established atherosclerotic cardiovascular disease are, by definition, very high cardiovascular
risk. N is the number of patients in the category with non-missing low-density lipoprotein cholesterol goal data. Patients enrolled as secondary pre-
vention whose first atherosclerotic cardiovascular disease event occurred after the date low-density lipoprotein cholesterol levels were stabilized
are included in the primary prevention group. Among patients enrolled as secondary prevention, 142 had their first cardiovascular event recorded
after their most recent low-density lipoprotein cholesterol measurement, hence they were analysed as primary prevention patients for outcomes
assessed at low-density lipoprotein cholesterol measurement, such as goal attainment. For outcomes assessed at enrolment, these 142 patients
were analysed as secondary prevention. Definitions of lipid-lowering therapy categories are described in Supplementary material online, Table S2.
LDL-C, low-density lipoprotein cholesterol; LLT, lipid-lowering therapy; PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor.
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Discussion

This cross-sectional European study, conducted in the 2 years after
the 2016 iteration of the ESC/EAS dyslipidaemia guidelines, shows
that, overall, only 54% of patients achieved their risk-based 2016
LDL-C goal, with goal attainment higher among individuals at lower
CV risk and lower among those at higher risk. Since the first registry
studies were conducted over 20 years ago,6 it is apparent that aver-
age LDL-C levels have decreased with the use of LLT, however, goal
attainment remains low among those at higher risk. Although the
ESC/EAS LDL-C goals for very high-risk patients do not distinguish
between primary and secondary prevention, greater use of high-
intensity statins was observed in secondary prevention patients.
Among patients receiving high-intensity statins as monotherapy,
LDL-C goals were achieved in 22% of very high-risk primary preven-
tion patients and 45% of patients with established ASCVD. Among
patients with ASCVD, use of high-intensity statins was greater among
those being managed for coronary disease than for peripheral or
cerebral disease.

Following the completion of our study, updated 2019 ESC/EAS
guidelines were published. These guidelines advocate for a >_50%

reduction in LDL-C from the untreated state in addition to lower,
more stringent LDL-C goals (<1.8 and <1.4 mmol/L for those at high
and very high risk, respectively, and <2.6 mmol/L for those at moder-
ate risk). The DA VINCI study provides an opportunity to assess the
impact of these guideline updates on future clinical practice. For ex-
ample, after the National Institute for Health and Care Excellence
(NICE) lipid guidelines were updated in 2014, placing a greater em-
phasis on use of more potent statin regimens, it was estimated that,
of 3.3 million individuals with ASCVD in the UK, 2.4 million would re-
quire statin up-titration to achieve full concordance with the updated
guidelines. Furthermore, of 3.5 million high-risk primary prevention
patients, 1.6 million would require statin up-titration.7

Among primary prevention patients, the changes in ESC/EAS rec-
ommendations between 2016 and 2019 had little impact on patients
in the moderate-risk group. While overall goal attainment in DA
VINCI fell by 15% as goals moved to below 2.6 mmol/L, the 2019
goal was largely attained with moderate- or high-intensity statin
monotherapy. However, goal attainment in high and very high-risk
patients fell by approximately half to only 25% and 11%, respectively,
reflecting the difficulty of achieving even more stringent goals.
Moderate-intensity statins on average achieve�30–50% reduction in
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.LDL-C;4 therefore, to achieve the recommended at least 50% reduc-
tion, three-quarters of high and very high-risk primary prevention
patients and half of secondary prevention patients on moderate-
intensity statins would need to at least double their dose. However,
doubling doses of statins on average achieves only an additional 6%
lowering in LDL-C.8 As stabilized LDL-C levels were 2.36 mmol/L for
those receiving moderate-intensity statins as monotherapy, it is un-
likely that the 67% of patients currently failing to achieve 2019 goals
would successfully attain goals through increasing statin dosing alone.
Those not attaining goals more likely require add-on non-statin
therapies, such as ezetimibe or PCSK9 inhibitors, which could reduce
LDL-C by a further 20–25% and 50–60%, respectively.9 In the pre-
sent study, while the use of ezetimibe and PCSK9 inhibitors in com-
bination with statins was low (9% and 1%, respectively), compared
with statin monotherapy, a higher proportion of patients receiving
these combination therapies achieved the lower 2019 LDL-C goals
(37% and 57%, respectively). Extrapolating our findings to the wider
European population of �454 million, of whom an estimated 22.3
million patients have ASCVD, as many as 18 million ASCVD patients
across Europe are likely to require add-on non-statin LLT to achieve
2019 goals.

Every 1 mmol/L absolute reduction in LDL-C achieved with statins
reduces all-cause mortality by �10% and major vascular events by
22%.10 Hence, guidelines, including those from ESC/EAS, have moved
towards recommending at least a 50% reduction in LDL-C, in add-
ition to achieving specific LDL-C goals for those at highest risk. This is
intended to discourage use of less potent statin regimens in patients
at high or very high risk whose LDL-C levels are close to goal, and
who, using a goal-based approach alone, could potentially receive
suboptimal LDL-C reduction, despite apparently being at goal. In this
regard, our study offers insights into clinical practice. Among primary
prevention patients, who were at high and very high risk, moderate-
intensity statin therapy was the most commonly used regimen (64%
and 69%, respectively). Although the 2016 goal of <2.6 mmol/L for
high-risk patients was attained in 47–67% of those using statins of
varying intensity as monotherapy, attainment of the very high-risk
goal of <1.8 mmol/L was only attained by 22–25% of patients at very
high risk with low to high-intensity statin monotherapy. These data
highlight the opportunity to optimize LDL-C treatment in clinical
practice. Namely, the need to first optimize statin dosing, thus

maximizing LDL-C reduction, while recognizing that lower LDL-C
goals may not be achievable with monotherapy, and the potential
need for additional non-statin LLT. This is particularly relevant, for in-
stance, for the 33% of patients in the present study with a 10-year
estimated SCORE risk of CV death >_5% (high and very high risk).

Although high-intensity statins were more frequently used in
patients with ASCVD compared with very high-risk primary preven-
tion patients, only 22% of individuals with ASCVD receiving high-
intensity statin monotherapy achieved the 2019 LDL-C goal of below
1.4 mmol/L, compared with 45% achieving the 2016 LDL-C goal of
below 1.8 mmol/L. Among patients with ASCVD receiving
moderate-intensity statin monotherapy, only 16% achieved the 2019
LDL-C goal (vs. 35% achieving the 2016 goal). As average LDL-C
among ASCVD patients in our study was higher than 2 mmol/L,
increasing statin intensity from moderate to high, for instance from
atorvastatin 10–20 mg or rosuvastatin 5–10 mg to atorvastatin 40–80
mg or rosuvastatin 20–40 mg, respectively, would only offer a further
6–12% LDL-C reduction. Therefore, for most patients, an LDL-C
goal of <1.4 mmol/L would be unattainable with monotherapy. In this
regard, our data offer further insights into potential benefits from
combination therapy. Although 54% of ASCVD patients receiving
moderate to high-intensity statin regimens with ezetimibe achieved
LDL-C levels below 1.8 mmol/L, only 21% achieved levels below 1.4
mmol/L. By comparison, in the small number of ASCVD patients
who received PCSK9 inhibitors in combination with other LLT, 67%
and 58% of ASCVD patients attained LDL-C levels below 1.8 and 1.4
mmol/L, respectively.

Goal attainment alone, without consideration of baseline event
rates, provides limited information to guide future public health poli-
cies to allocate resources to areas of unmet need. Using the REACH
score to estimate risk of CV events suggested that more than 80% of
ASCVD patients in the current study had a 10-year residual risk
>20%, and one-third had a >40% residual risk. Reducing LDL-C from
above 2 mmol/L to below 1.4 mmol/L could offer an �11% relative
reduction in CV events and a 5% relative reduction in mortality,10

and thus offers considerable benefit for population health in very
high-risk patients across Europe.

The clinical relevance of these findings should be considered. The
failure to achieve ESC/EAS guideline recommended LDL-C values
across 18 European countries may indicate systematic problems in

2.3

39
18
19

13
35

16
45

22
54

67
58

15
8

21

1.1 6.3

43.5 37.5 9.3

Propor�on of pa�ents 
receiving LLT (%)

Propor�on of pa�ents
achieving goal (%)

Overall (n = 2039)

Low-intensity sta�n monotherapy (n = 47)

Moderate-intensity sta�n monotherapy (n = 887)

High-intensity sta�n monotherapy (n = 764)

Eze�mibe combina�on (n = 189)

PCSK9i combina�on (n = 24)

Other LLT (n = 128)

Very high risk
(n = 2039)

0 20 40 60 80 1000 20 40 60 80 100

Low-intensity sta�n monotherapy 

Overall
2016 2019

2016/2019 risk-based LDL-C targets:
Low risk: 2016/2019, <3.0 mmol/L
Moderate risk: 2016, <3.0 mmol/L; 2019, <2.6 mmol/L
High risk: 2016, <2.6 mmol/L; 2019, <1.8 mmol/L
Very high risk: 2016, <1.8 mmol/L; 2019, <1.4 mmol/L

Moderate-intensity sta�n monotherapy

High-intensity sta�n monotherapy

Eze�mibe combina�on

PCSK9i combina�on

Other LLT

C

Figure 2 Continued

1286 K.K. Ray et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/28/11/1279/5898664 by Im
perial C

ollege London Library user on 04 O
ctober 2021



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..the health care system such as physicians’ lack of familiarity with the
ESC/EAS guideline recommendations, the high costs of medications
such as PCSK9 inhibitors, the reluctance of patients to accept high-
intensity LLT, or the concern regarding adverse events associated
with statins. The acceptance of high-cost medications within health
care systems and increased awareness of ESC/EAS guideline recom-
mended LDL-C levels may depend on the perceived clinical value of
these therapies and targets, which will vary. Some clinicians may place
greater value on prevention of outcomes such as total mortality
while others will place greater value on the prevention of important
non-fatal events. Of note, the high 10 year predicted risk in DA
VINCI underscores the importance of the control of all risk factors,
including lipids, as a means to improve population health.

The strengths and limitations of our study merit consideration.
Our study builds on earlier registries5,11 by including several previ-
ously unstudied countries’ data from primary care and specialist sec-
ondary care settings managing less well-studied groups, such as
peripheral and cerebral disease, as well as coronary disease, in a sys-
tematic manner during the same time frame. Furthermore, we were
able to quantify the large change in clinical practice that will be
required across Europe to meet the latest 2019 guidelines. As un-
treated lipid levels were not available, we cannot quantify to what ex-
tent the >_50% LDL-C reduction from baseline, in recommendations,
was achieved, and therefore used high-intensity statin use as proxy.
Moreover, physician biases in choice of LLT, pre-treatment LDL-C
levels, as well as local prescribing restrictions could have influenced
our observations about goal attainment. That said, our findings are
consistent with results from randomized clinical trials on the com-
parative efficacy of different LLT regimens.9 Additionally, longitudinal
data including clinical outcomes would have strengthened our

findings. Finally, as with all registries, the sites who agreed to partici-
pate may be early adopters or those with a keen interest in LLTs and
as such, the present findings may reflect a ‘best-case’ scenario than
what may exist among sites who did not participate.

In conclusion, the DA VINCI study demonstrates that among
patients receiving LLT fewer than half of high/very high-risk primary
and secondary prevention patients achieved 2016 LDL-C goals, with
approximately one-fifth achieving the lower 2019 goals. Even with
optimized statin usage, the prevalent gap between guideline recom-
mended LDL-C goals and their implementation in clinical care will re-
quire greater utilization of non-statin LLT in combination with statins
for patients at highest risk.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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the date low-density lipoprotein cholesterol levels were stabilized, are included in the primary prevention group. bPatients with other evidence of ath-
erosclerosis or other manifestation of vascular disease at enrolment. ASCVD, atherosclerotic cardiovascular disease; LDL-C, low-density lipoprotein
cholesterol; SE, standard error.
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