
Implications of ACC/AHA versus ESC/EAS LDL-C recommendations for
residual risk reduction in ASCVD: a simulation study from DA VINCI
Vallejo-Vaz, A.J.; Bray, S.; Villa, G.; Brandts, J.; Kiru, G.; Murphy, J.; ... ; Ray, K.K.

Citation
Vallejo-Vaz, A. J., Bray, S., Villa, G., Brandts, J., Kiru, G., Murphy, J., … Ray, K. K. (2022).
Implications of ACC/AHA versus ESC/EAS LDL-C recommendations for residual risk
reduction in ASCVD:: a simulation study from DA VINCI. Cardiovascular Drugs And
Therapy. doi:10.1007/s10557-022-07343-x
 
Version: Publisher's Version
License: Creative Commons CC BY 4.0 license
Downloaded from: https://hdl.handle.net/1887/3567821
 
Note: To cite this publication please use the final published version (if applicable).

https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/3567821


Vol.:(0123456789)1 3

Cardiovascular Drugs and Therapy 
https://doi.org/10.1007/s10557-022-07343-x

ORIGINAL ARTICLE

Implications of ACC/AHA Versus ESC/EAS LDL‑C Recommendations 
for Residual Risk Reduction in ASCVD: A Simulation Study From DA 
VINCI

Antonio J. Vallejo‑Vaz1,2,3 · Sarah Bray4 · Guillermo Villa5 · Julia Brandts6,7 · Gaia Kiru8 · Jennifer Murphy8 · 
Maciej Banach9,10,11 · Stefano De Servi12 · Dan Gaita13 · Ioanna Gouni‑Berthold14 · G. Kees Hovingh15 · 
Jacek J. Jozwiak16 · J. Wouter Jukema17 · Robert Gabor Kiss18 · Serge Kownator19 · Helle K. Iversen20,21 · 
Vincent Maher22,23 · Luis Masana24 · Alexander Parkhomenko25 · André Peeters26 · Piers Clifford27 · 
Katarina Raslova28 · Peter Siostrzonek29 · Stefano Romeo30,31,32 · Dimitrios Tousoulis33 · 
Charalambos Vlachopoulos33 · Michal Vrablik34 · Alberico L. Catapano12 · Neil R. Poulter8 · Kausik K. Ray6,8  · On 
behalf of the DA VINCI Study Investigators

Accepted: 27 April 2022 
© The Author(s) 2022

Abstract
Purpose Low-density lipoprotein cholesterol (LDL-C) recommendations differ between the 2018 American College of Cardi-
ology/American Heart Association (ACC/AHA) and 2019 European Society of Cardiology/European Atherosclerosis Society 
(ESC/EAS) guidelines for patients with atherosclerotic cardiovascular disease (ASCVD) (< 70 vs. < 55 mg/dl, respectively). 
In the DA VINCI study, residual cardiovascular risk was predicted in ASCVD patients. The extent to which relative and 
absolute risk might be lowered by achieving ACC/AHA versus ESC/EAS LDL-C recommended approaches was simulated.
Methods DA VINCI was a cross-sectional observational study of patients prescribed lipid-lowering therapy (LLT) across 18 
European countries. Ten-year cardiovascular risk (CVR) was predicted among ASCVD patients receiving stabilized LLT. For 
patients with LDL-C ≥ 70 mg/dl, the absolute LDL-C reduction required to achieve an LDL-C of < 70 or < 55 mg/dl (LDL-C 
of 69 or 54 mg/dl, respectively) was calculated. Relative and absolute risk reductions (RRRs and ARRs) were simulated.
Results Of the 2039 patients, 61% did not achieve LDL-C < 70 mg/dl. For patients with LDL-C ≥ 70 mg/dl, median (inter-
quartile range) baseline LDL-C and 10-year CVR were 93 (81–115) mg/dl and 32% (25–43%), respectively. Median LDL-C 
reductions of 24 (12–46) and 39 (27–91) mg/dl were needed to achieve an LDL-C of 69 and 54 mg/dl, respectively. Attaining 
ACC/AHA or ESC/EAS goals resulted in simulated RRRs of 14% (7–25%) and 22% (15–32%), respectively, and ARRs of 
4% (2–7%) and 6% (4–9%), respectively.
Conclusion In ASCVD patients, achieving ESC/EAS LDL-C goals could result in a 2% additional ARR over 10 years ver-
sus the ACC/AHA approach.

Keywords Atherosclerotic cardiovascular disease · LDL-C · Lipid-lowering · Statins · Cardiovascular risk · Cardiovascular 
disease prevention

Introduction

Patients with established atherosclerotic cardiovascular 
disease (ASCVD) are at the highest risk of cardiovascu-
lar events, with high low-density lipoprotein cholesterol 

(LDL-C) levels being one of the major determinants of 
the magnitude of their residual risk [1, 2]. As such, these 
individuals benefit from lipid-lowering therapy (LLT) with 
statins irrespective of the vascular territory affected (e.g., 
coronary artery disease [CAD], cerebrovascular disease 
[CBD], or peripheral artery disease [PAD]) [3–6]. Recent 
data from large cardiovascular outcomes trials in individu-
als with ASCVD of add-on LLT (such as proprotein con-
vertase subtilisin/kexin type 9 inhibitors [PCSK9i] and 
ezetimibe) have demonstrated the benefits of additional 

 * Kausik K. Ray 
 k.ray@imperial.ac.uk

Extended author information available on the last page of the article

http://orcid.org/0000-0003-0508-0954
http://crossmark.crossref.org/dialog/?doi=10.1007/s10557-022-07343-x&domain=pdf


 Cardiovascular Drugs and Therapy

1 3

lowering of LDL-C levels previously unattainable with 
statin monotherapy [7–12]. These findings have been 
incorporated into the current guidelines for patients with 
ASCVD, with the recommendation that LDL-C should 
be managed more aggressively with combination LLTs 
if LDL-C levels are not adequately controlled [13, 14]. 
However, international guidelines differ with respect to 
these recommendations, with the 2019 European Society 
of Cardiology/European Atherosclerosis Society (ESC/
EAS) recommendations [13] advocating a more stringent 
LDL-C goal of < 55 mg/dl in ASCVD patients, compared 
with their 2016 iteration, which had advocated the less 
stringent goal of < 70 mg/dl [15]. In contrast, the 2018 
American College of Cardiology/American Heart Associa-
tion (ACC/AHA) guidelines [14] recommend aiming for 
an LDL-C of < 70 mg/dl, using 70 mg/dl as a threshold to 
guide additional LLT in ASCVD patients at very-high risk.

The recent EU-Wide Cross-Sectional Observational 
Study of Lipid-Modifying Therapy Use in Secondary 
and Primary Care (DA VINCI) [16] provides a valuable 
opportunity to assess contemporary information regarding 
how LLTs are used in current practice and their impact on 
LDL-C levels. Although patients being managed for CAD 
have been studied extensively in bespoke registries, con-
temporary data for individuals being managed for CBD 
or PAD are more limited. Through design, approximately 
four-fifths of the patients with ASCVD in the DA VINCI 
study [16] were being managed for CBD or PAD, allow-
ing comparisons across the spectrum of ASCVD pheno-
types. The present analysis assesses the use of LLT across 
these populations, the implications of current practice on 
the future risk of cardiovascular events, and, through a 
simulation study, to what extent risk might be mitigated 
if different guidelines were adopted.

Methods

Study Design

The methods and primary results of the DA VINCI study have 
been described in detail elsewhere [16]. Briefly, DA VINCI 
was a cross-sectional, observational study of routine clinical 
management that enrolled 5888 adults (aged ≥ 18 years) in 
primary and secondary prevention (overall ratio of 1:1) across 
18 European countries [16]. Participants must have been pre-
scribed LLT within the 12 months before enrolment and must 
have had an LDL-C measurement in the 14 months before 
enrolment. Among secondary prevention participants with 
established ASCVD, patients being managed for CAD, CBD, 
or PAD were enrolled in an overall ratio of approximately 

1:2:2, respectively. Data were extracted from medical records 
at a single (enrolment) visit between June 2017 and November 
2018. The study protocol (available online at ENCePP; reg-
istration no. EUPAS22075 [17]) was approved by the insti-
tutional review board or independent ethics committee from 
each site participating in the study [16].

Aims and Outcomes

In the present analysis, we assessed LLT use and LDL-C 
control among patients with established ASCVD, stratified 
by ASCVD type (by definition, all patients were at very high 
cardiovascular risk according to 2019 ESC/EAS guidelines 
[13]). Next, we compared the proportion of patients who 
were above the LDL-C level of 70 mg/dl recommended 
by 2018 ACC/AHA guidelines for very high-risk ASCVD 
patients, versus the attainment of the 2019 ESC/EAS goal 
of < 55 mg/dl. By means of comparison, we additionally 
explored, as an extension of the attainment of the 2019 
ESC/EAS goal, the proportion of patients achieving LDL-C 
levels < 40 mg/dl. Finally, we evaluated the implications of 
current practice and LDL-C goal achievement on the future 
risk of cardiovascular events using the REduction of Athero-
thrombosis for Continued Health (REACH) equation [18] 
and simulation methods. The Cholesterol Treatment Trial-
ists' Collaboration meta-analysis has demonstrated that a 
1.0 mmol/l reduction in LDL-C levels leads to a 22% rela-
tive risk reduction [4]. For this analysis, we modelled what 
the anticipated potential added benefit on cardiovascular risk 
reduction would be if patients not on target were to achieve 
the recommended LDL-C levels according to 2019 ESC/
EAS or 2018 ACC/AHA guidelines.

Statistical Analysis

Our analysis included all participants with established 
ASCVD who were receiving stabilized LLT at LDL-C meas-
urement (defined as no change in dose or regimen for at least 
28 days prior to LDL-C measurement). The overall ASCVD 
population was categorized into individuals with LDL-C lev-
els ≥ 70 mg/dl and those with levels < 70 mg/dl. Results are 
presented for the overall ASCVD group, and further strati-
fied by ASCVD type, namely, CAD, CBD, and PAD (for 
participants with known atherosclerotic involvement of more 
than one vascular bed, categorization was made based on the 
most recent manifestation of vascular disease at enrolment). 
Results are reported as mean ± standard deviation or median 
and interquartile range (IQR) for normally and not normally 
distributed continuous variables, respectively, and as absolute 
and relative frequencies (n [%]) for categorical variables.
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Calculation of Residual Risk

For each patient, we predicted their (baseline) risk of a 
subsequent cardiovascular event in the next 10 years (10-
year cardiovascular risk) using the REACH equation, 
based on the individual patient demographics and medical 
history. The REACH equation predicts the risk of recur-
rent cardiovascular events and cardiovascular death among 
outpatients with established ASCVD [18]. The 10-year 
cardiovascular risk of a subsequent cardiovascular event 
was calculated by converting the 20-month risk predicted 
from the REACH equation [18], assuming a constant rate 
over time (exponential survival function).

For patients with LDL-C levels ≥ 70  mg/dl, we 
calculated (at an individual level) the absolute and 
relative reductions in LDL-C required to achieve an 
LDL-C < 70  mg/dl (2018 ACC/AHA-recommended 
approach [14]) and LDL-C < 55 mg/dl (2019 ESC/EAS 
approach), defined for the purposes of this simulation 
as LDL-C levels of 69 mg/dl and 54 mg/dl, respectively 
(conservative approach, since the actual LDL-C levels 
achieved in real life would be expected to be lower if 
a clinician were to try and lower LDL-C levels to < 70 
or < 55 mg/dl, respectively). By means of comparison 
(as an extension of the attainment of the 2019 ESC/
EAS goal), we also explored the reductions in LDL-C 
required to achieve an LDL-C < 40  mg/dl (defined 
as 39 mg/dl). In addition, we simulated the relative 
risk reduction (RRR) by randomly sampling from the 
inverse probability distribution of the rate ratio per 
39  mg/dl from the Cholesterol Treatment Trialists' 
Collaboration meta-analysis [5]. Finally, we simulated 
the absolute risk reduction (ARR) and 10-year cardio-
vascular risk if LDL-C levels of 69, 54, and 39 mg/dl 
were attained. For comparison, we also assessed the 
residual risk of cardiovascular events among patients 
with LDL-C levels < 70 mg/dl.

Results

Patient Characteristics

Among participants enrolled in the DA VINCI study, 2039 
patients with ASCVD were on stabilized LLT at LDL-C 
measurement and had data available to allow estimation of 
risk using the REACH equation; this included 470 (23%), 
751 (37%), and 818 (40%) patients being managed for 
CAD, CBD, and PAD, respectively. Patient characteristics, 
cardiovascular risk factors, and comorbidities are shown 
in Table 1, overall and stratified by ASCVD type and by 
LDL-C < 70 mg/dl or ≥ 70 mg/dl.

LLT Use and LDL‑C Levels in Patients with ASCVD

LLT use is shown in Table 2 and consisted mostly of statin 
monotherapy. Use of moderate-intensity statins as mono-
therapy ranged from 35% among patients with CAD to 47% 
in patients with CBD. High-intensity statin monotherapy 
was used in 44% of patients with CAD and 36% of patients 
with either CBD or PAD. Ezetimibe was used in combi-
nation with statins in 15% of patients with CAD, 7% of 
patients with CBD, and 8% of patients with PAD. In each 
group, PCSK9i was used in combination with statins and/or 
ezetimibe in less than 2% of patients.

The proportion of individuals, overall and within each 
ASCVD group, who achieved LDL-C levels of < 70 mg/dl 
and < 55 mg/dl are shown in Fig. 1. Overall, 39% of patients 
achieved an LDL-C level < 70 mg/dl and 19% achieved an 
LDL-C level < 55 mg/dl (Fig. 1a). The achievement of an 
LDL-C level < 70 mg/dl was more likely in patients receiv-
ing combination therapy with either ezetimibe or a PCSK9i 
than in patients on statin monotherapy. Although used infre-
quently, 58% of patients receiving PCSK9i in combination 
with other LLTs attained an LDL-C level < 55 mg/dl. The 
proportion of patients across ASCVD subtypes with LDL-C 
levels < 70 mg/dl was 44%, 36%, and 40% for the CAD, 
CBD, and PAD groups, respectively, and 20%, 16%, and 
19% for LDL-C levels < 55 mg/dl (Fig. 1b–d).

Residual Risk Among Those with LDL‑C ≥ 70 mg/dl 
and < 70 mg/dl

Overall, 61% (1238/2039) of patients had an LDL-C 
level ≥ 70 mg/dl (Fig. 2), with a median (IQR) LDL-C level 
of 93 (81–115) mg/dl. The median (IQR) predicted 10-year 
cardiovascular risk for these patients was 32% (25–43%). 
Among patients with LDL-C < 70 mg/dl (39% [801/2039]), 
median (IQR) LDL-C levels were 56 (46–63) mg/dl. Among 
these patients, the median (IQR) predicted 10-year cardio-
vascular risk was 35% (26–46%). Demographic character-
istics varied between those who had LDL-C levels ≥ 70 mg/
dl or < 70 mg/dl, with a slightly higher prevalence of risk 
factors such as a history of smoking and diabetes in the 
group with levels < 70 mg/dl (Table 1). The proportion 
of participants with diabetes was higher in patients with 
LDL-C < 70 mg/dl (51% of patients with a median LDL-C 
of 56 [46–63] mg/dl) compared with those with LDL-C lev-
els ≥ 70 mg/dl (39% with a median LDL-C of 93 [81–115] 
mg/dl) (Table 1).

Simulated Risk Reduction on Achieving 
an LDL‑C < 70 mg/dl

The cohort of patients with LDL-C levels ≥ 70  mg/dl 
required a median (IQR) 26% (15–40%) reduction (absolute 
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reduction of 24 [12–46] mg/dl) to lower their LDL-C levels 
to 69 mg/dl (Fig. 2). The median (IQR) simulated RRR and 
ARR of cardiovascular events were 14% (7–25%) and 4% 
(2–7%), respectively. The median (IQR) simulated residual 
10-year cardiovascular risk was 28% (20–37%).

In the CAD group, patients with LDL-C levels ≥ 70 mg/dl 
required a median (IQR) 22% (12–35%) reduction (absolute 
reduction of 19 [9–37] mg/dl) to lower their LDL-C levels 
to 69 mg/dl (Fig. 3a). The median (IQR) simulated RRR 
and ARR of cardiovascular events were 11% (6–22%) and 
3% (1–6%), respectively. For patients with CAD, attaining 
an LDL-C level < 70 mg/dl would result in a lower median 
(IQR) simulated residual 10-year cardiovascular risk of 25% 
(19–34%).

In the CBD group, patients with LDL-C levels ≥ 70 mg/dl 
required a median (IQR) 25% (15–39%) reduction to lower 
their LDL-C levels to 69 mg/dl, with a median (IQR) abso-
lute reduction of 23 (12–45) mg/dl (Fig. 3b). The median 
(IQR) simulated RRR and ARR of cardiovascular events 
were 14% (7–25%) and 3% (2–7%), respectively. The median 
(IQR) simulated residual 10-year cardiovascular risk was 
26% (30–35%).

In the PAD group, patients with LDL-C levels ≥ 70 mg/dl 
required a median (IQR) 28% (15–43%) reduction to lower 
their LDL-C levels to 69 mg/dl, with a median (IQR) abso-
lute reduction of 27 (12–52) mg/dl (Fig. 3c). The median 
(IQR) simulated RRR and ARR of cardiovascular events 
were 15% (7–28%) and 4% (2–8%), respectively. The median 
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Fig. 1  Achievement of LDL-C levels < 70  mg/dl and < 55  mg/dl in 
(a) the overall cohort of patients with  established ASCVD and strati-
fied by type of ASCVD, namely, (b) coronary artery disease, (c) cer-
ebrovascular disease, and (d) peripheral artery disease. The propor-
tion of individuals within each ASCVD group who achieved LDL-C 
levels of < 70  mg/dl and < 55  mg/dl are described. Overall, 39% of 
patients achieved an LDL-C level < 70  mg/dl and 19% of patients 

achieved an LDL-C level < 55 mg/dl. The achievement of an LDL-C 
level < 70  mg/dl was more likely in patients receiving combination 
therapy with either ezetimibe or a PCSK9i than patients on statin 
monotherapy. ASCVD, atherosclerotic cardiovascular disease; LDL-
C, low-density lipoprotein cholesterol;  LLT, lipid-lowering therapy; 
PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor
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(IQR) simulated residual 10-year cardiovascular risk was 
30% (22–41%).

Simulated Risk Reduction on Achieving 
an LDL‑C < 55 mg/dl

In order for patients with LDL-C levels ≥ 70 mg/dl to reach 
levels of 54 mg/dl, a median (IQR) 42% (33–53%) reduction 
in LDL-C was required (absolute reduction of 39 [27–91] 
mg/dl) (Fig. 2). The median (IQR) simulated RRR and 

ARR of cardiovascular events were 22% (15–32%) and 6% 
(4–9%), respectively. The median (IQR) simulated residual 
10-year cardiovascular risk was 25% (18–35%).

In the CAD group, patients with LDL-C levels ≥ 70 mg/dl 
required a median (IQR) 42% (33–53%) reduction (absolute 
reduction of 39 [31–49] mg/dl) to lower their LDL-C levels 
to 54 mg/dl (Fig. 3). The median (IQR) simulated RRR and 
ARR of cardiovascular events were 20% (14–29%) and 5% 
(3–8%), respectively. The resulting median (IQR) simulated 
residual 10-year cardiovascular risk was 23% (17–32%).

In the CBD group, those with LDL-C ≥ 70 mg/dl required 
a median (IQR) 41% (33–53%) reduction (absolute reduction 
of 38 [27–60] mg/dl) to lower their LDL-C levels to 54 mg/
dl (Fig. 3b). The median (IQR) simulated RRR and ARR of 
cardiovascular events were 22% (15–32%) and 6% (4–9%), 
respectively. The resulting median (IQR) simulated residual 
10-year cardiovascular risk was 24% (18–33%).

In the PAD group, patients with LDL-C levels ≥ 70 mg/dl 
required a median (IQR) 44% (33–55%) reduction (absolute 
reduction of 42 [27–67] mg/dl) to lower their LDL-C levels 
to 54 mg/dl (Fig. 3c). The median (IQR) simulated RRR and 
ARR of cardiovascular events were 23% (16–34%) and 7% 
(5–10%), respectively. The resulting median (IQR) simulated 
residual 10-year cardiovascular risk was 28% (20–38%).

Simulated Risk Reduction on Achieving 
an LDL‑C < 40 mg/dl

In order for patients with LDL-C levels ≥ 70  mg/dl to 
reach levels of 39 mg/dl, a median (IQR) 58% (52–66%) 
reduction in LDL-C was required (absolute reduction of 
54 [42–76] mg/dl) (Fig. 2). The median (IQR) simulated 
RRR and ARR of cardiovascular events were 29% (23–28%) 
and 8% (6–12%), respectively. The resulting median (IQR) 
simulated residual 10-year cardiovascular risk was 23% 
(17–32%). The corresponding values for each subgroup are 
presented in Fig. 3.

Discussion

The DA VINCI study, conducted across 18 countries and 
128 sites in Europe, provided an opportunity to assess 
the patterns of LLT use in contemporary practice, as well 
as gaps between guidelines and their implementation in 
patients with manifestations of ASCVD. Of the 2039 
patients with ASCVD in this study, the majority (61%) 
did not achieve an LDL-C goal of < 70 mg/dl and only 
approximately one-fifth of patients (19%) reached the more 
stringent goal of < 55 mg/dl. Simulations from this study 
indicate that median LDL-C reductions of 24 (12–46) and 
39 (27–61) mg/dl would be needed in this population to 
achieve an LDL-C level of 69 and 54 mg/dl, respectively. 

Established ASCVD (n = 2039)

LDL-C: 77 (61–100) mg/dl
10-year CV risk: 33% (25–44%)

LDL-C ≥ 70 mg/dl (n = 1238)

LDL-C: 93 (81–115) mg/dl
10-year CV risk: 32% (25–43%)

LDL-C < 70 mg/dl  (simulated)
RR: 26% (15–40%); AR: 24 (12–46) mg/dl

10-year CV risk: 28% (20–37%)
RRR: 14% (7–25%); ARR: 4% (2–7%)

LDL-C < 55 mg/dl (simulated)
RR: 42% (33–53%); AR: 39 (27–91) mg/dl

10-year CV risk: 25% (18–35%)
RRR: 22% (15–32%); ARR: 6% (4–9%)

LDL-C < 40 mg/dl (simulated)
RR: 58% (52–66%); AR: 54 (42–76) mg/dl

10-year CV risk: 23% (17–32%)
RRR: 29% (23–28%); ARR: 8% (6–12%)

LDL-C < 70 mg/dl (n = 801)

LDL-C: 56 (46–63) mg/dl
10-year CV risk: 35% (26–46%)

Fig. 2  Simulated risk reduction in patients with established ASCVD. 
Simulated risk reductions associated with attainment of 2019 ESC/
EAS LDL-C goal of < 55 mg/dl and 2018 American College of Car-
diology/American Heart Association (ACC/AHA) recommended 
approach of LDL-C < 70  mg/dl, respectively. Ten-year CV risk was 
lower with attainment of 2019 ESC/EAS goals (25%) versus the 2018 
ACC/AHA approach (28%). LDL-C reductions of 24 (12–46) and 39 
(27–91) mg/dl were needed to achieve LDL-C of 69 and 54  mg/dl, 
respectively. AR, absolute reduction; ASCVD, atherosclerotic car-
diovascular disease; ARR, absolute risk reduction; CV, cardiovascu-
lar; EAS, European Atherosclerosis Society; ESC, European Society 
of Cardiology; LDL-C, low-density lipoprotein cholesterol; RR, risk 
reduction; RRR, relative risk reduction
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If LDL-C levels of 54 mg/dl were achieved, the estimated 
ARR would be expected to be 6% over 10 years as com-
pared with an estimated ARR of 4% if LDL-C levels of 
69 mg/dl were achieved. These results have implications 
for current clinical practice and highlight the extent that 
current residual risk among ASCVD patients receiving 
statins might be mitigated if the 2019 ESC/EAS guidelines 
were achieved in a population with ASCVD similar to the 
DA VINCI cohort.

The DA VINCI study shows that, in patients with 
ASCVD, LLT use consisted of monotherapy-based treat-
ments in approximately 80–85% of cases. Use of combina-
tion therapy (e.g., statins with ezetimibe and/or PCSK9i) 
was low (< 20%), but use of combination therapy was twice 
as frequent among patients being managed for CAD than 
among those with CBD or PAD. The result of this monother-
apy-based approach is that, among patients with major mani-
festations of ASCVD, the majority failed to attain either the 
2019 ESC/EAS or the 2018 ACC/AHA LDL-C recommen-
dations with current LLT use. In addition, among patients 
not achieving the 2018 ACC/AHA LDL-C recommenda-
tion of < 70 mg/dl), mean LDL-C levels were approximately 
93 mg/dl (or 24 mg/dl higher than the recommended figure), 
with an estimated 10-year risk of cardiovascular events of 
32%. Notably, even among patients who had achieved an 
LDL-C < 70 mg/dl (with a mean LDL-C of 56 mg/dl), the 
estimated 10-year risk of cardiovascular events was 35%.

The higher risk observed in these patients is likely due 
to additional comorbidities such as diabetes or a history of 
smoking. This observation highlights the importance of 
absolute risk when making clinical decisions about optimal 
LDL-C control for individual patients [19].

Large-scale Mendelian randomization genetic studies that 
simulate LLT use suggest that the cardiovascular benefits 
of LDL-C lowering should be similar, irrespective of the 
mechanism by which lowering is achieved when standard-
ized for the same absolute difference in LDL-C [20, 21]. 
Furthermore, comparisons of pharmacological approaches 
to LDL-C lowering suggest that conflicting findings from 
trials can be harmonized when the observed RRR in car-
diovascular events is standardized per an approximately 
39 mg/dl (1 mmol/l) lowering in LDL-C and the number of 
years of treatment [20, 22]. Current guidelines recommend 
a stepwise approach strategy [13,14]. This strategy is based 
on the iterative development of evidence from randomized 
trials and economic considerations, with statins being the 
cornerstone of LDL-C lowering and subsequent therapies 
being added on. An impact of this approach is that, in rou-
tine clinical practice, there is an inevitable delay in the use of 
evidence-based therapies. For instance, although ezetimibe 
is widely available as a generic therapy, it remains underu-
tilized. In the present study, the enrolment centres with par-
ticipating physicians with a primary interest in lipid manage-
ment only used ezetimibe in combination with statins in 9% 

Fig. 3  Simulated risk reduc-
tion in the (a) coronary artery 
disease, (b) cerebrovascular 
disease, and (c) peripheral 
artery disease groups. Simu-
lated risk reductions associated 
with attainment of 2019 ESC/
EAS (< 55 mg/dl) and 2018 
ACC/AHA (< 70 mg/dl) LDL-C 
recommendations stratified 
by ASCVD subtype. Patients 
being managed for coronary 
artery disease, cerebrovas-
cular disease, and peripheral 
artery disease each had similar 
10-year CV risk estimates. ACC 
American College of Cardiol-
ogy; AHA, American Heart 
Association; AR, absolute 
reduction; ARR, absolute risk 
reduction; CV, cardiovascular; 
EAS, European Atherosclerosis 
Society; ESC, European Society 
of Cardiology; LDL-C, low-
density lipoprotein cholesterol; 
RR, risk reduction; RRR, rela-
tive risk reduction

Coronary artery
disease (n = 470)

LDL-C:
73 (58–91) mg/dl
10-year CV risk:
30% (22–40%)

cba Cerebrovascular
disease (n = 751)

LDL-C:
79 (62–102) mg/dl

10-year CV risk:
32% (24–43%)

Peripheral artery
disease (n = 818)

LDL-C:
77 (61–102) mg/dl

10-year CV risk:
37% (28–48%)

LDL-C ≥ 70 mg/dl
(n = 263)

LDL-C:
88 (78–106) mg/dl

10-year CV risk:
30% (22–39%)

LDL-C < 70 mg/dl  (simulated)
RR: 22% (12–35%);

AR: 19 (9–37) mg/dl
10-year CV risk: 25% (19–34%)

RRR: 11% (6–22%);
ARR: 3% (1–6%)

LDL-C < 70 mg/dl  (simulated)
RR: 25% (15–39%);

AR: 23 (12–45) mg/dl
10-year CV risk: 26% (30–35%)

RRR: 14% (7–25%);
ARR: 3% (2–7%)

LDL-C < 70 mg/dl  (simulated)
RR: 28% (15–43%);

AR: 27 (12–52) mg/dl
10-year CV risk: 30% (22–41%)

RRR: 15% (7–28%);
ARR: 4% (2–8%)

LDL-C < 55 mg/dl (simulated)
RR: 42% (33–53%);

AR: 39 (31–49) mg/dl
10-year CV risk: 23% (17–32%)

RRR: 20% (14–29%);
ARR: 5% (3–8%)

LDL-C < 55 mg/dl (simulated)
RR: 41% (33–53%);

AR: 38 (27–60) mg/dl
10-year CV risk: 24% (18–33%)

RRR: 22% (15–32%);
ARR: 6% (4–9%)

LDL-C < 55 mg/dl (simulated)
RR: 44% (33–55%);

AR: 42 (27–67) mg/dl
10-year CV risk: 28% (20–38%)

RRR: 23% (16–34%);
ARR: 7% (5–10%)

LDL-C < 40 mg/dl (simulated)
RR: 56% (50–63%);

AR: 49 (39–66) mg/dl
10-year CV risk: 21% (16–29%)

RRR: 27% (22–35%);
ARR: 7% (5–10%)

LDL-C < 40 mg/dl (simulated)
RR: 58% (52–66%);

AR: 53 (42–75) mg/dl
10-year CV risk: 22% (17–30%)

RRR: 29% (23–38%);
ARR: 8% (6–11%)

LDL-C < 40 mg/dl (simulated)
RR: 59% (52–68%);

AR: 57 (42–82) mg/dl
10-year CV risk: 25% (18–35%)

RRR: 30% (24–40%);
ARR: 9% (7–12%)

LDL-C < 70 mg/dl
(n = 207)

LDL-C:
56 (46–62) mg/dl
10-year CV risk:
32% (22–41%)

LDL-C ≥ 70 mg/dl
(n = 483)

LDL-C:
92 (81–114) mg/dl

10-year CV risk:
31% (24–41%)

LDL-C < 70 mg/dl
(n = 268)

LDL-C:
57 (48–63) mg/dl
10-year CV risk:
35% (26–46%)

LDL-C ≥ 70 mg/dl
(n = 492)

LDL-C:
96 (81–121) mg/dl

10-year CV risk:
36% (27–47%)

LDL-C < 70 mg/dl
(n = 326)

LDL-C:
55 (42–64) mg/dl
10-year CV risk:
38% (29–49%)
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of patients. This proportion is even lower when ezetimibe 
use is measured in unselected cohorts available through 
assessment of electronic health records [23].

There are notable differences between the 2019 ESC/EAS 
and 2018 ACC/AHA guidelines in their clinical approach 
to LLT. The 2019 ESC/EAS guidelines recommend that all 
patients with ASCVD are classified as very high risk and 
that an LDL-C goal of < 55 mg/dl for these patients is to 
be achieved. In contrast, the 2018 ACC/AHA guidelines 
classify high and very high-risk patients by the presence 
or absence of additional very high-risk characteristics and 
recommend an LDL-C ≥ 70 mg/dl to guide intensification 
of therapy among those at very high risk. The 2016 ESC/
EAS guidelines [15] were closer to the current 2018 ACC/
AHA guidelines in the sense of recommending an LDL-C 
goal of < 70 mg/dl for patients with ASCVD.

In the DA VINCI study, full implementation of the 2016 
ESC/EAS or 2018 ACC/AHA guidelines would mean that 
an average LDL-C reduction of 24 mg/dl (relative reduc-
tion of 26%) would be required for patients not achieving 
an LDL-C < 70 mg/dl. It has been reported that doubling 
statin dosing produces approximately a further 6% reduc-
tion in LDL-C [24] and the addition of ezetimibe results 
in up to 25% further lowering [25]. As the IQR for abso-
lute reductions in LDL-C ranged from 12 to 46 mg/dl, the 
majority of patients might achieve LDL-C < 70 mg/dl if 
moderate-intensity statins were optimized to high-inten-
sity statins and ezetimibe was prescribed more frequently, 
with a smaller proportion of patients requiring PCSK9i. If 
LDL-C levels of 69 mg/dl were achieved, the estimated ARR 
would be expected to be 4%, with a simulated 10-year risk 
of 28% after attainment of that LDL-C level. These data 
are consistent with simulations conducted using US claims 
data [26]. In contrast, achieving the 2019 ESC/EAS goal 
of < 55 mg/dl would require greater absolute reductions of 
39 mg/dl (IQR 27–91 mg/dl), with a relative reduction of 
42%, to achieve an LDL-C level of 54 mg/dl. As a result, an 
increased use of PCSK9i with higher-intensity statins would 
likely be required to reach lower LDL-C goals. Inevitably, 
there may be some patients who may not be able to tolerate 
higher intensity regimens, and intensive statin therapy has 
been previously shown to be associated with an increased 
risk of developing new-onset diabetes with approximately 
one additional case per 1000 patients per year. However, 
this risk was outweighed by three predicted cardiovascular 
events being prevented during the same time period [27]. It 
is worth noting that from the HEYMANS real-world regis-
try in Europe, when evolocumab treatment is used as part 
of combination therapy with an oral LLT such as statins 
and/or ezetimibe, this combination resulted in more patients 
attaining LDL-C levels of < 55 mg/dl in comparison with 
PCSK9i monotherapy, further reinforcing the importance 
of combination therapies [28]. Future DA VINCI analyses 

will examine the simulated LDL-C reductions associated 
with following specific treatment intensification pathways 
(e.g., treatment with high-intensity statins alone, adding 
ezetimibe, or adding ezetimibe and PCSK9i). Our observa-
tions are consistent with recent findings from the SWEDE-
HEART Registry, in which a population of patients who 
experienced a recent post-myocardial infarction (MI) was 
studied [29]. If LDL-C levels of 54 mg/dl were achieved, 
the estimated ARR would be expected to be 6%, with a 
simulated 10-year cardiovascular risk of 25%. It should be 
noted that, while our simulations were based on the con-
servative approach of patients achieving LDL-C levels of 
69 mg/dl and 54 mg/dl, the actual LDL-C levels that would 
be achieved in clinical practice would likely be lower (and 
the associated benefits higher) if clinicians were to reduce 
LDL-C levels to < 70 mg/dl or < 55 mg/dl, particularly if 
optimized combination LLT was used.

Overall, patients being managed for CAD, CBD, and 
PAD each had similar 10-year cardiovascular risk esti-
mates when receiving mainly monotherapy regimens, and 
baseline characteristics were largely similar between these 
groups. Historically, populations with CBD and PAD are 
understudied in large registries that usually focus on patients 
with MI and CAD. In patients with CAD, the benefits of 
LDL-C lowering with the use of ezetimibe and PCSK9i 
have been demonstrated in clinical trials [9–11]. As most 
trials recruited patients on the basis of CAD, and thus few 
patients have CBD or PAD only, it is possible that this has 
contributed to delays in evidence-based LLT use in these 
patient groups. Nevertheless, a recent study in patients with 
stroke showed that lower LDL-C levels achieved through 
more intensive LLT regimens (including ezetimibe alone, 
or with statin combination therapies) resulted in reductions 
in cardiovascular events [30].

The current 2018 ACC/AHA guidance to aid intensifica-
tion of LLT is largely qualitative; the guidance identifies 
multiple different univariate very high-risk conditions [11, 
31] but does not allow quantitative estimation of cardiovas-
cular risk and thus does not allow absolute benefit estima-
tion and re-estimation of risk after further LDL-C lowering. 
In this regard, our simulation study does not allow direct 
comparisons between the implementation of the 2018 ACC/
AHA and 2019 ESC/EAS guidelines. Nevertheless, our 
study provides information that, at a population level, adop-
tion of the lower LDL-C goal for patients with ASCVD as 
recommended by the 2019 ESC/EAS guidelines is expected 
to result in greater ARR and lower residual risk once the 
more stringent goals have been achieved.

Another interesting observation from our study is that, 
using quantitative approaches to estimate 10-year cardio-
vascular risk, the estimated 10-year cardiovascular risk was 
35% in patients who achieved an LDL-C < 70 mg/dl (2018 
ACC/AHA approach) with an average LDL-C of 56 mg/dl. 
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These patients were more likely to have additional comor-
bidities such as diabetes or a history of smoking but also 
had increased use of more potent LLT regimens, including 
combination therapy. This may suggest that physicians are 
already identifying certain very high-risk comorbidity or life-
style factors and treating such patients more aggressively. 
However, our observations suggest that achieving LDL-C 
goals without due consideration to absolute risk is only partly 
informative and may result in potentially modifiable risks 
being unaddressed [19]. A practical implication of this simu-
lation is that the relative benefit from LLT is proportional to 
absolute reduction in LDL-C. A patient who is receiving LLT 
with an LDL-C level > 55 mg/dl would require more potent 
add-on therapies such as PCSK9i, which reduce LDL-C by 
50–60%, thus likely achieving a further 28–34 mg/dl reduc-
tion in LDL-C levels. This is in contrast to simply ensuring 
that all patients achieve an LDL-C of 39 mg/dl, which could 
be achieved with additional oral therapies but would result 
on average in only a further 17 mg/dl lowering of LDL-C 
levels in that population. Both approaches have merits from 
a population health standpoint in terms of cardiovascular 
events prevented, but there are implications for drug acqui-
sition costs, which also need to be considered.

The strengths and limitations of the present study merit 
consideration. Although a systematic approach was used to 
assess patients, the participating sites were likely to have 
focused on lipid management and prevention of cardiovas-
cular events, so the findings may represent a better than 
average management scenario. The use of LLT may vary 
across countries, reflecting differences in healthcare sys-
tems, prevalence of other major cardiovascular risk factors, 
drug acquisition costs, and local guidelines, and may not 
necessarily reflect practice in other regions. Despite this, 
goal attainment is generally determined by the starting level 
of LDL-C prior to treatment, which would not be expected 
to vary significantly across regions. Furthermore, the LLT 
regimens used may vary across countries, but as the effects 
of LLT on percentage reduction in LDL-C should not vary 
across the same populations, the findings are meaningful to 
other populations. We used a simulation approach to pro-
vide inferences about potential treatment benefits rather than 
using observational longitudinal data. These simulations 
were based on the REACH equation, which has been derived 
from a large, global cohort [18], albeit with a relatively short 
follow-up (20 months). While we acknowledge that other 
risk equations are available, REACH is well established for 
examining risk in ASCVD patients [32]. We approximated 
the predictions from the REACH equation to 10-year car-
diovascular risk, which could under- or overestimate risk. 
This under- or overestimation would apply equally to all 
individuals included, and hence, our study results could be 
considered as illustrative, exploring the concepts of differ-
ent LDL-C goals within the caveats of the simulation and 

population studied. It is worth noting that the DA VINCI 
cohort described in this study included both very high-risk 
and high-risk ASCVD patients according to the current 
ACC/AHA criteria [14]. Hence, the present simulation may 
have underestimated cardiovascular risk and therefore abso-
lute risk reduction among very high-risk patients (accord-
ing to the ACC/AHA criteria), as the REACH equation was 
derived from a cohort that included patients who would not 
be considered as very high risk [33–35]. However, baseline 
risk varies across populations, whether one uses ESC/EAS 
or ACC/AHA criteria for very high risk, and these categories 
are qualitative rather than quantitative in providing measures 
of absolute risk and benefit. Therefore, the present study 
should be considered as illustrative within the limitations 
described. Finally, as with many studies, an additional limi-
tation of our study was the homogeneous ethnicity of the 
DA VINCI cohort, in which over 90% of participants were 
white [33–35].

Conclusions

In a multi-country broad cohort of patients with ASCVD, 
the majority of patients who were mostly treated with statin 
monotherapy did not achieve 2019 ESC/EAS or 2018 ACC/
AHA LDL-C recommended goals. Implementation of these 
guidelines would require greater use of combination thera-
pies, with the more stringent 2019 ESC/EAS goal expected 
to yield better health outcomes than the 2018 ACC/AHA 
LDL-C approach.
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