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Aim: This online interactive survey investigated lipid-lowering approaches of French cardiologists in high-
and very high-cardiovascular risk patients with hypercholesterolemia. Materials & methods: Physicians
assessed three hypothetical patients at three clinic visits, and selected the patients’ cardiovascular risk
category, target low-density lipoprotein cholesterol (LDL-C) and treatment. Results: A total of 162
physicians completed 480 risk assessments; 58% of assessments correctly categorized the hypothetical
patients. Most physicians chose the correct LDL-C target for one of the very high-risk patients, but higher-
than-recommended targets were selected for the other very high-risk patient and the high-risk patient.
Statins were the most commonly chosen treatment. Conclusion: French cardiologists often underestimate
cardiovascular risk in patients with hypercholesterolemia, select a higher-than-recommended LDL-C target
and prescribe less intensive treatment than that recommended by guidelines.

Plain language summary
What is this article about? Cardiovascular disease is the main cause of death in Europe. High blood
cholesterol (or hypercholesterolemia) is one of the major risk factors for cardiovascular disease, but it can
be controlled by proper treatment. Studies have shown that patients in France with hypercholesterolemia
generally receive suboptimal treatment.
What were the results? We surveyed 162 French cardiologists to understand their approach to
lowering of low-density lipoprotein cholesterol (LDL-C) levels. Using an online interactive survey, the
physicians communicated with three virtual patients presenting hypothetical clinical scenarios. We
found that many of the French cardiologists incorrectly judged the cardiovascular risk in patients with
hypercholesterolemia, lacked knowledge about the correct LDL-C targets, and prescribed less intensive
treatment than that recommended by guidelines.
What do the results of the study mean? In order to decrease the proportion of patients receiving
suboptimal treatment, continued physician education in assessing cardiovascular risk and increasing
familiarity with correct LDL-C targets are required.

Tweetable abstract: Based on case vignette analysis, French cardiologists underestimate cardiovascular
risk in patients with hypercholesterolemia, resulting in suboptimal treatment #hypercholesterolemia
#LDL-C target #lipid-lowering therapy
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Cardiovascular (CV) disease is the leading cause of death in Europe [1]. While the age-standardized rate of CV
mortality is lower in France than in many other European countries [2], CV disease is still a significant cause of
morbidity, incurring healthcare costs of at least €15 billion per year [3].

One of the major modifiable risk factors for CV disease is hypercholesterolemia [4]. The magnitude of the
CV risk correlates with the cumulative time that low-density lipoprotein cholesterol (LDL-C) remains above
guideline recommended target levels [5].

The nationwide Esteban study showed that, based on the European Society of Cardiology (ESC) and Euro-
pean Atherosclerosis Society (EAS) 2019 guidelines [6], approximately 72% of French adults required specific
care (e.g., lifestyle measures, lipid-lowering drugs) for hypercholesterolemia [7]. The ESC/EAS 2019 hypercholes-
terolemia guidelines recommend that the use of lipid-lowering therapy be guided by the patient’s overall CV risk,
with more stringent LDL-C targets (and therefore more intensive therapy) prescribed for those with higher CV
risk [6]. Using these definitions, more than 96% of French patients in the high- or very high-risk categories should
be receiving lipid-lowering therapy [7].

Data from the Esteban study [8] and studies in specific patient groups, including those with familial hypercholes-
terolemia [9–11], individuals with pre-existing CV disease [11,12] and people living with HIV/AIDS and diabetes [13],
indicate that patients in France with hypercholesterolemia generally receive suboptimal treatment in terms of
achieving LDL-C targets. There may be a number of reasons for these findings, including low physician awareness
of goals and guidelines, therapeutic inertia or reluctance to prescribe lipid-lowering therapies to target LDL-C
levels or poor patient adherence [14,15].

While analyses of prescribing patterns can evaluate the extent of suboptimal treatment, they provide little insight
into individual physicians’ clinical decision making processes. Therefore, we designed an online interactive survey
of hypercholesterolemia treatment decisions using hypothetical patient case vignettes. The aim of the study was to
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investigate the approaches to hypercholesterolemia management in high- and very high-CV risk patients by French
cardiologists, examining patient CV risk categorization, the LDL-C targets chosen and the therapeutic strategies
they would employ.

Materials & methods
The study was based on the presentation to physicians of fictitious, formatted and randomized clinical cases,
simulating real-life conditions and associated with questionnaires on therapeutic decisions. The study was overseen
by a Scientific Committee of eight French specialists (three endocrinologists, four cardiologists and one internal
medicine specialist). The online survey of physician practices was conducted between April and September 2021,
using three hypothetical case vignettes of patients with hypercholesterolemia who were at high or very high CV
risk.

Survey participants consented to answer the questions at the time of recruitment by phone or email, and signed
a document outlining their agreement and rights. As the study did not involve active therapeutic interventions in
real patients, no ethical approval was needed; however, all research was conducted according to the principles of
the Declaration of Helsinki.

Case vignette methodology
The Scientific Committee determined the following parameters of the patients included in the vignettes: sex (male
or female); age (55–60 years or 61–66 years); history of Type 2 diabetes (yes or no); LDL-C level (markedly
elevated or moderately elevated); and the presence of myalgia from visit 2 (yes or no). To develop the case vignettes,
the Scientific Committee combined the randomly generated information with other plausible clinical information,
including sociodemographic details (specific age, profession); clinical examination features/relevant medical history;
laboratory test results; and concomitant medications taken by the patient at baseline. Thirty-two simulations of
clinical cases were constituted from a random and coherent combination of these different parameters.

This methodology makes it possible to study the impact of clinical, biological or socio-demographic parameters
(related to the patient) on the diagnostic and/or therapeutic management of the patients [16]. Because of its
great effectiveness in evaluating the diagnostic and therapeutic practices of physicians and the follow-up of the
corresponding recommendations, this methodology seems to be the most adapted to meet the objectives of this
study.

The randomly defined case vignettes were applied to three clinical scenarios: Case 1 – a high-risk primary
prevention patient with moderate chronic kidney disease (CKD); Case 2 – a secondary prevention patient with a
recent acute coronary syndrome (ACS); and Case 3 – a secondary prevention patient with symptomatic peripheral
arterial disease (PAD). In the survey, physicians received three cases (one from each clinical scenario), with the case
characteristics randomly chosen from the 32 possible case vignettes (Supplementary Figure 1).

Online survey
An online survey was developed in the form of an interactive game. The three clinical cases were presented to
the physicians in the form of chatbots, allowing the physician to communicate with the virtual patient through a
conversational interface. Physicians completed questionnaires on their proposed management of each case at three
visits. Visit 1 was the initial consultation (Cases 1 and 3) or the first follow-up visit after hospitalization for ACS
(Case 2). Visits 2 and 3 were the first and second follow-up visits, at which target LDL-C level may or may not have
been attained. The Scientific Committee chose treatment strategies based on the ESC guidelines for each scenario
at each visit.

During visit 1, the physicians were asked to define the CV risk category of all three patients as low, medium, high or
very high, although all three case vignettes were in the high-risk (Case 1: primary prevention with moderate CKD) or
very high-risk category (Case 2: recent ACS and Case 3: symptomatic PAD) according the EAS/ESC guidelines [6].
The physicians were then asked to assign the patient an appropriate LDL-C target: <1.4 mmol/l (<0.55 g/l),
<1.8 mmol/l (<0.7 g/l), <2.6 mmol/l (<1.0 g/l), <3.0 mmol/l (<1.15 g/l) or <3.4 mmol/l (<1.3 g/l), based
on their risk assessment. Physicians were asked to reassess CV risk category and LDL-C target again at visit 2 only
for Case 1 (primary prevention with moderate CKD), considering the result of the coronary artery calcification
(CAC) score assessment.

At each point during the patient’s hypothetical management, physicians were asked to select the answers they
considered to be the most appropriate and which allowed the best management of the patient. Multiple options

10.57264/cer-2022-0181



Research Article Ferrières, Bruckert, Farnier et al.

could be chosen from the following proposed treatments: lifestyle/dietary measures; a statin; cholestyramine; a
fibrate; ezetimibe; and/or a proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor. Irrespective of the
treatment chosen by the physician at visits 1 and 2, the scenario presented to them at the beginning of visits 2 and
3, respectively, included the fixed treatment chosen by the Scientific Committee (Supplementary Figures 1A–C).

The physicians’ responses were recorded directly on a remote server. The estimated duration of the game was
25 min on average for physicians to complete all three scenarios. In addition to the case vignettes, physicians
completed a short survey about their own socio-demographics (age, sex and place of practice).

Physician participants
Physicians were eligible to participate if they were registered specialist cardiologists in private practice or mixed
private/public practice in France (no limits by age or number of years in practice). Overall, 400 eligible physicians
were invited to participate, with geographical distribution of participants matching the geographical distribution
of cardiologists throughout France. This was achieved by developing a regional quota based on the geographical
distribution of the 7100 cardiologists in France. First, a sample of 300 physicians was randomly drawn from the
list of 7100 cardiologists, classified by region and compared with a list of 1850 cardiologists in private or mixed
practice. Eligible cardiologists from this sample were invited to participate. Once the regional quota was filled, no
further physicians from that region were invited. If additional participants were required, then more physicians
were selected randomly from the remaining physicians on the list of 1850 in private/mixed practice, and invitations
were sent to these physicians until the regional quotas were filled.

Physicians were each sent a link, with an identifier and a password, to the online questionnaire. The initial home
page provided information on the modalities and general objective of the study. Case vignettes were presented in
the same sequence (Case 1, followed by Cases 2 and 3) for each physician. Once the data for a given case vignette
were entered and validated, the response fields were automatically frozen and the physician was not able to modify
their answers on the previously validated case vignettes. Each physician could only complete the survey once.
An honorarium (equivalent to the cost of a cardiologist consultation in France) was paid to each physician who
completed the online survey.

Statistical analysis
Based on feasibility constraints, we assumed that, of 400 physicians invited to participate, a maximum of 250
physicians would complete the survey, providing a maximum of 750 case vignettes for analysis.

Since this was essentially an observational study, all analyses were considered descriptive and the results were
reported as the frequency and percentage of each modality. No imputation was made for missing data.

In the case vignettes, the Fisher exact test was used to identify the relationship between LDL-C target and CV
risk.

Results
Participants
Of the 400 physicians invited to participate, 162 participated in the clinical case assessments, with all 162
participating physicians completing Case 1, 160 completing Case 2 and 158 completing Case 3. Of the 158
physicians with sociodemographic data available, most participants (n = 114/158; 72%) were male, 61 (39%) were
aged 25–50 years, 48 (30%) were aged 51–60 years and 49 (31%) were aged ≥61 years (Supplementary Table 1).

Risk stratification & LDL-C targets
Of the 480 risk assessments across the three case vignettes, eight were assigned to a low-risk category, 105 to
moderate-risk, 160 to high-risk and 207 to a very high-risk category (Table 1). Overall, 276/480 risk assessments
(58%) assigned the hypothetical patients to the correct risk category according to ESC/EAS hypercholesterolemia
guidelines [6].

A high proportion of physicians (132/160; 83%) correctly identified Case 2 (secondary prevention post-ACS)
as being at very high risk, but the risk category was underestimated for Case 1 (primary prevention with moderate
CKD) by 49% (80/162) of physicians and for Case 3 (symptomatic PAD) by 56% (89/158) (Table 1 & Figure 1).

In Case 1 (primary prevention with moderate CKD), a CAC score was obtained between visits 1 and 2 and the
patient had a score of 300 Agatston units. When asked to reassess the patient’s risk at visit 2, the cardiologists made
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Table 1. Participant responses about patient risk category and low-density lipoprotein cholesterol targets
(n = 480).
Participant assessment, n (%) Case 1: primary prevention

with moderate CKD
Case 2: secondary prevention
post-ACS

Case 3: secondary prevention
with symptomatic PAD

Cardiovascular risk (n = 162) (n = 160) (n = 158)

Low 6 (3.7) 0 2 (1.3)

Moderate 74 (45.7) 1 (0.6) 30 (19.0)

High 76 (46.9) 27 (16.9) 57 (36.1)

Very high 6 (3.7) 132 (82.5) 69 (43.7)

Risk category according to ESC/EAS 2019 recommendations High Very high Very high

Risk underestimated 80 (49.4) 28 (17.5) 89 (56.3)

Target LDL-C level (n = 162) (n = 160) (n = 158)

�1.4 mmol/l (�0.55 g/l) 5 (3.1) 134 (83.8) 46 (29.1)

�1.8 mmol/l (�0.7 g/l) 37 (22.8) 25 (15.6) 58 (36.7)

�2.6 mmol/l (�1.0 g/l) 61 (37.7) 1 (0.6) 34 (21.5)

�3.0 mmol/l (�1.15 g/l) 27 (16.7) 0 4 (2.5)

�3.4 mmol/l (�1.3 g/l) 32 (19.8) 0 16 (10.1)

Target LDL-C level according to ESC/EAS 2019
recommendations

�1.8 mmol/l (�0.7 g/l) �1.4 mmol/l (�0.55 g/l) �1.4 mmol/l (�0.55 g/l)

Target overestimated 120 (74.1) 26 (16.3) 112 (70.9)

Values in bold indicate the correct category/target for each case vignette.
ACS: Acute coronary syndrome; CKD: Chronic kidney disease; EAS: European Atherosclerosis Society; ESC: European Society of Cardiology; LDL-C: Low-density lipoprotein
cholesterol; PAD: Peripheral arterial disease.

Case 3: symptomatic PAD

Physicians (%)

10 200 30 40 50 60 70 80 90 100

Case 2: secondary prevention post-ACS

Case 1: primary prevention with moderate CKD

3.7 45.7 46.9 3.7

49.4%

0.6 16.9 82.5

17.5%

1.3 19.0 36.1 43.7

56.4%

Low risk

Moderate risk

High risk

Very high risk

Figure 1. Cardiovascular risk category assigned to each case at visit 1 (due to rounding, the sum total exceeds 100% for some cases).
The black box indicates the proportion of physicians who underestimated each case’s risk category.
ACS: Acute coronary syndrome; CKD: Chronic kidney disease; PAD: Peripheral arterial disease.

only minor changes to the risk category, with a slight reduction in the number of physicians classifying the patient
as moderate or high risk and an increase in the number classifying the patient as low or very high risk (Figure 2).

A high proportion of participating cardiologists (134/160; 84%) defined the correct LDL-C target according
to ESC/EAS recommendations for Case 2 (secondary prevention post-ACS), but a higher-than-recommended
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Figure 2. Cardiovascular risk category assigned to Case 1 (primary prevention with moderate chronic kidney
disease) at visits 1 and 2.
CKD: chronic kidney disease.

Table 2. The proportion of physicians who assigned specific low-density lipoprotein cholesterol targets as a function of
the cardiovascular risk category that they had categorized the cases to.
CV risk category LDL-C target

<3.4 mmol/l (<1.3 g/l) <3.0 mmol/l (<1.15 g/l) <2.6 mmol/l (<1.0 g/l) <1.8 mmol/l (<0.7 g/l) <1.4 mmol/l (<0.55 g/l)

Low risk 50.0 50.0 0 0 0

Moderate risk 39.1 18.1 35.2 7.6 0

High risk 1.9 5.0 34.4 50.0 8.7

Very high risk 0 0 1.9 15.5 82.6

Values in bold italics indicate the correct target for the specific cardiovascular risk category.
CV: Cardiovascular; LDL-C: Low-density lipoprotein cholesterol.

LDL-C target was set by 74% (120/162) for Case 1 (primary prevention with moderate CKD) and by 71%
(112/158) for Case 3 (symptomatic PAD; Table 1).

There were differences between CV risk categories in the proportion of physicians who gave the correct LDL-
C target (Table 2; p < 0.0001). Overall, 50% (4/8) of physicians who assigned the case to a low-risk category gave
the correct LDL-C target (<3.0 mmol/l [<1.15 g/l]) for that category, 35% (37/105) who considered the case
to be moderate-risk gave the correct LDL-C target (<2.6 mmol/l [<1.0 g/l]) for that category, 50% (80/160)
who assigned the case to a high-risk category gave the correct LDL-C target (<1.8 mmol/l [<0.7 g/l]), but
83% (171/207) of physicians who assigned the case to the very high-risk category gave the correct LDL-C target
(<1.4 mmol/l [<0.55 g/l]).

Treatments
Most physicians selected lifestyle changes for all three patients (Supplementary Table 2). Approximately 25%
(41/162) of physicians selected lifestyle changes alone for Case 1 (primary prevention with moderate CKD) at visit

10.57264/cer-2022-0181 J. Comp. Eff. Res. (2023) e220181
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Figure 3. Use of statins ± ezetimibe ± lifestyle at each visit in Case 1 (primary prevention with moderate chronic
kidney disease), Case 2 (secondary prevention post acute coronary syndrome) and Case 3 (secondary prevention
with symptomatic peripheral arterial disease).
V: Visit.

1, but none chose this option for Case 2 (secondary prevention post-ACS) and only 5% (8/158) chose lifestyle
measures alone for Case 3 (symptomatic PAD).

Statins were the most commonly chosen type of pharmacotherapy at visit 1, as monotherapy or in combination
with another drug or lifestyle changes, being selected by 74% (119/162) of physicians for Case 1 (primary prevention
with moderate CKD), 98% (156/160) for Case 2 (secondary prevention post-ACS) and 89% (140/158) for Case
3 (symptomatic PAD). In all cases, statin therapy was commonly selected in combination with lifestyle changes at
visit 1 (Figure 3).

Among statins, atorvastatin was the most commonly chosen statin at visit 1 in all three cases. None of the
physicians selected cholestyramine for any patient at any visit. The most common combination chosen was a
statin + ezetimibe, with or without concomitant lifestyle measures (Figure 3 & Supplementary Table 2). Among
physicians who chose to prescribe statins, the proportion who selected high-intensity statins increased from 26%
(31/119) at visit 1 to 42% (52/123) at visit 3 for Case 1 and from 51% (71/140) at visit 1 to 72% (99/137) at
visit 3 for Case 3 (Supplementary Table 3). Most physicians selected high-intensity statins for Case 2 irrespective
of visit, ranging from 79% (124/156) at visit 1 to 88% (105/120) at visit 3.

Treatment choice was influenced by the risk category applied in each case at visit 1. Regardless of the CV risk level,
statins were the most commonly prescribed treatment; for low-risk, moderate-risk, high-risk and very high-risk
cases, 25% (2/8), 53% (56/105), 96% (154/160) and 98% (203/207) of physicians, respectively, chose statins.
Similarly, ezetimibe was not selected for any low-risk cases, but was chosen by 6% (6/105), 18% (28/160) and
44% (90/207) of physicians for moderate-, high- and very high-risk cases, respectively.

In Case 1 (primary prevention with moderate CKD), LDL-C levels remained uncontrolled at visit 2, and the
patient had a CAC score of 300 Agatston units. Overall, 16% (26/162) of physicians chose to leave the treatment
unchanged at visit 2 for Case 1 (after CAC score was available), but 84% (136/162) revised the treatment. However,
at visit 3, although LDL-C levels still remained uncontrolled, 61% (99/162) of physicians chose to leave treatment
unchanged for Case 1 (primary prevention with moderate CKD) and only 39% (63/162) changed the treatment.

10.57264/cer-2022-0181
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Physicians were more likely to change the prescription for Case 2 (secondary prevention post-ACS) when LDL-
C targets were not met: 96% (154/160) opted to change the treatment at visit 2 and 80% (128/160) chose to
change treatment at visit 3. For this case, the presence of myalgia reduced the proportion of physicians who chose
a statin (from 78% [65/83] without myalgia to 73% [56/77] with myalgia) or ezetimibe (from 86% [71/83]
without myalgia to 70% [54/77] with myalgia) and increased the proportion of physicians who selected a PCSK9
inhibitor (from 17% [14/83] without myalgia to 25% [19/77] with myalgia).

For Case 3 (symptomatic PAD), 82% (129/158) of physicians changed the treatment at visit 2. Although all the
patients achieved their LDL-C targets at visit 3, treatment was changed by 10% (15/158) of physicians.

Among all case vignettes, the most common treatment change at visits 2 and 3 was the addition of a new agent,
usually ezetimibe (Figure 3 & Supplementary Table 2). The most common reason the physicians gave for their
choice of treatment at visit 3 was the patient’s CV risk (52% [248/480] of all physicians across all cases); the second
most common reason was the difference between the actual LDL-C level and the target level (in 25% [119/480]
of physicians across all three cases; Supplementary Figure 2).

Discussion
Our case-vignette-based study in 162 French cardiologists working completely or partially in private practice
indicates some lack of knowledge about CV risk stratification, LDL-C targets and treatment recommendations
according to the current (2019) ESC/EAS hypercholesterolemia guidelines [6].

For the hypothetical primary prevention patient with moderate CKD or the one with symptomatic PAD, more
than half of the physicians assigned the cases to the wrong CV risk category and CV risk for these cases was
underestimated by 49 and 56% of physicians, respectively. Moreover, at least half of the cardiologists were unable
to choose the recommended LDL-C target level for cases they considered to be at low, moderate or high risk,
although approximately 83% of physicians chose the correct LDL-C target for the cases at very high CV risk. As
a result, a higher-than-recommended target LDL-C level was set by 74% of physicians for the primary prevention
case with moderate CKD (Case 1) and by 71% for the symptomatic PAD case (Case 3). Physicians were most
likely to correctly identify Case 2 (the secondary prevention post-ACS patients) as being at very high risk (by 83%
of physicians) and as needing the most stringent target LDL-C level (by 84%); nevertheless, 18% of physicians still
underestimated the CV risk and 16% overestimated the target LDL-C level in this case.

Our research is not the first to find that physicians tend to underestimate CV risk [17,18], although most studies
have been conducted in primary care rather than specialist cardiology practice, did not use simulated virtual patient
cases and were published >5 years ago. Further, data from studies conducted in countries other than France may not
be directly comparable with our findings; however, such studies do provide an opportunity to assess international
differences and similarities in clinical practice. Liew and colleagues investigated CV risk assessment by primary care
physicians in Malaysia and found that the risk was underestimated in 60% of high-risk patients [18]. Patient factors
associated with the underestimation of CV risk were female sex, younger age, non smoking status and absence
of hypertension and diabetes [18], some of which were also present in the case vignettes in our survey. In France,
Bruckert and colleagues found that primary care physicians tended to underestimate the risk of patients at high
CV risk and overestimate the risk for patients with a medium risk [17].

One possible explanation for the finding that physicians underestimate CV risk is the underuse or mistrust in
the accuracy of validated risk assessment tools [19]. Research conducted in the 2000s found that 62% of European
physicians (including cardiologists) were more likely to base their CV risk assessments on subjective judgement
than on formal risk calculators, and that the proportion choosing subjective assessment was highest (88%) in
France [20]. Nevertheless, the case vignettes in our study did not require use of a risk assessment tool, since they all
had documented atherosclerotic CV disease or CKD and could therefore be assigned to a high- or very high-risk
category without the use of a risk assessment model according to ESC/EAS hypercholesterolemia guidelines [6].
It is likely that the cardiologists in our survey underestimated the importance of moderate CKD in the primary
prevention case vignette and symptomatic PAD in Case 3 when assigning the risk level for these patients.

Related to the underestimation of CV risk by cardiologists in our study was the selection of incorrect LDL-
C targets in 55% of the cases. The selection of the correct LDL-C target was highest in Case 2 (secondary prevention
post-ACS), and closely mirrored the correct selection of CV risk category in this patient. However, knowledge of
correct LDL-C targets was low in the other cases (23% in Case 1: primary prevention with moderate CKD and
29% in Case 3: symptomatic PAD), and most physicians assigned these patients a higher-than-recommended target
LDL-C level. Moreover, as shown in Table 2, irrespective of whether the CV risk category was correct or not, the
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choice of LDL-C target did not align with the assigned risk categories in at least 50% of cases considered to be at
low, medium or high risk. This suggests a lack of knowledge about LDL-C target levels by French cardiologists for
patients other than those with a recent ACS.

Another finding in our study was the lack of effect of the CAC score on the cardiologists’ assessment of CV risk
assessment in Case 1 (primary prevention with moderate CKD). The ESC/EAS hypercholesterolemia guidelines
note that the presence of a CAC score >100 Agatston units modifies the CV risk in asymptomatic patients at low
or moderate risk, and may result in them being reclassified to a higher risk bracket [6]. However, in our survey, the
presence of a CAC score of 300 Agatston units in this case made little difference to their original risk categorization.

The absence of CAC (score 0 Agatston units) is a statistically significant negative predictor of CV events,
associated with a low 10 year risk of CV events in patients who would otherwise be classified as at moderate risk [21].
However, when calcification is present, there is no defined threshold of CAC score that predicts CV risk, because
the relationship between CAC score and risk must be interpreted according to the expected values for the patient’s
age, race and sex [22]. A large-scale analysis of real-world patients found that, when primary prevention patients
have any level of CAC (score >0 Agatston units), the benefit they derive from statin therapy is equivalent to the
benefit achieved by secondary prevention patients [23]. Moreover, the more severe the CAC, the greater the likely
benefit from statin therapy [23].

The 2019 ESC/EAS guidelines on dyslipidemia management suggest a CAC score of >100 Agatston units to
modify risk [6]. However, the 2021 ESC/EAS guidelines on the primary prevention of CV disease do not specify a
threshold, but recommend interpreting the CAC score based on the patient’s age and sex [24]. Using the reference
CAC score values from the multi-ethnic study of atherosclerosis [22], a CAC score of 300 Agatston units in Case 1
in our study would be higher than the 90th percentile in a woman aged ≥65 years or a man aged ≥55 years. While
it may be tempting to speculate that the cardiologists in our study did not modify the CV risk category in Case
1 based on the CAC score because they were following the 2021 EAS recommendations on primary prevention,
it is unlikely based on the timing of that publication (September 2021) compared with the conduct of our study
(April–September 2021).

The underestimation of risk by cardiologists may lead to under treatment, and this was also apparent in our
study (Figure 3). In fact, in all three case vignettes, high-intensity statin therapy should be prescribed according
to the practical guidance on lipid-lowering therapy from the EAS [25]. While high-intensity statins were the
most commonly prescribed lipid-lowering therapy by the cardiologists participating in our survey, few physicians
increased treatment intensity at visits 2 and 3. In addition, few physicians would implement PCSK9 inhibitor
therapy, which is likely explained by the approved indications (only for secondary prevention after LDL-C levels
remain uncontrolled after maximally tolerated statin therapy ± other lipid-lowering agents) and reimbursement
restrictions placed on the use of these agents in France.

Unfortunately, the under treatment of hypercholesterolemia in Europe (generally) and France (specifically) has
been demonstrated in multiple previous studies [8,10–12,26–30]. The Europe-wide DA VINCI study of primary or
secondary prevention patients being treated in primary care or by a cardiologist found that only 33% of patients
achieved the 2019 guideline recommended LDL-C targets [29]. Moreover, only 18% of patients in the very high-
risk category achieved the 2019 LDL-C targets in the DA VINCI study; only 11% reached this target on statin
monotherapy and 21% achieved the target on the combination of a statin with ezetimibe or PCSK9 inhibitor [29].
This is concerning because data show that therapeutic inertia in the management of hypercholesterolemia is
associated with an increased risk of CV events [26].

Our data indicate that French cardiologists were more likely to initiate intensive therapy and escalate therapy
for post-ACS patients than for primary prevention patients with moderate CKD or those with symptomatic
PAD. In this respect, our data are consistent with the DAUSSET study on the real-world treatment practices
of French cardiologists in very high-risk secondary prevention patients [27]. In that study, 98% of the secondary
prevention post-ACS patients were prescribed lipid-lowering therapy, and 81% had treatment intensified during
follow-up, usually because the LDL-C target had not been met [27]. It should be noted that the target LDL-
C level was <1.8 mmol/l (<0.7 g/l) in most patients in the DAUSSET study [27]. Mert and colleagues reported
similar undertreatment of hypercholesterolemia by Turkish cardiologists, specifically in patients with diabetes, with
underuse of statins and suboptimal statin dosages being the most commonly cited reason for not achieving LDL-C
targets [28].

Similarly, our study showed a low rate of treatment modification in response to the development of myalgia
during statin therapy. Physicians may consider myalgia to be unrelated to statin therapy, based on the high incidence
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of background muscle pain in the general population, or to be a ‘nocebo’ effect arising from the patient’s expectations
of muscle symptoms [31]. Placebo-controlled studies suggest that myalgia may be unrelated to statin therapy in
approximately 50% of patients who develop it [32]. According to a recent large-scale analysis, fewer than 10% of
patients on statins are unable to tolerate these agents at the dosage required to reduce CV risk, although certain
factors (e.g., female sex, age ≥65 years and comorbidities, such as diabetes and chronic renal disease) increase the
risk [33]. Our data suggest that the French cardiologists in our survey are choosing to monitor patients with myalgia
during statin therapy rather than immediately modifying the regimen.

Our study has strengths and limitations. First, we did not achieve the planned enrolment of 250 physicians,
in part due to the SARS-CoV-2 pandemic and associated lockdowns in France; however, we believe that the
descriptive data provided by the 162 participating physicians still accurately demonstrates the underestimation
of CV risk among cardiologists in France. Second, our study used theoretical patient case vignettes, which may
be seen as a limitation, since we did not assess actual prescribing patterns. However, the use of theoretical case
vignettes is also a strength because this method has proven validity [16], controls for patient variability and provides
a more reliable method of assessing practice patterns compared with chart abstraction [34]. Moreover, we carefully
designed our study to limit bias by randomizing patient characteristics within each case. We also limited the
number of case vignettes to three in order to retain physician attention (and therefore response reliability) [35].
However, the online survey we used to assess physicians’ responses to the case vignettes was not formally validated.
Finally, we did not gather information on the experience of the participating physicians (i.e., number of years in
practice). Nevertheless, some correlation is expected between physician age, which was evenly distributed among
the participating physicians (∼33% in each of the three main age groups) and the number of years in practice,
although we accept that this could be biased by the quality of initial and ongoing training and not necessarily linked
to age.

Conclusion
Our survey of cardiologists in France indicates that many underestimate the CV risk faced by patients with
hypercholesterolemia and additional risk factors. As a result, a high proportion of French cardiologists also set
a higher-than-recommend target LDL-C level and prescribe less intensive lipid-lowering treatment than many
patients need.
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Summary points

• Patients in France with hypercholesterolemia generally receive suboptimal treatment in terms of achieving
low-density lipoprotein cholesterol (LDL-C) targets and this could be due to physicians having low awareness of
treatment goals and guidelines, therapeutic inertia or reluctance to prescribe lipid-lowering therapies to target
LDL-C levels or poor patient adherence.

• An online interactive survey of 162 cardiologists from various regions of France used hypothetical patient case
vignettes to assess individual physicians’ approaches to hypercholesterolemia management in patients with high-
and very high-cardiovascular (CV) risk.

• Randomly defined case vignettes applied to three clinical scenarios were as follows: Case 1 – a high-risk primary
prevention patient with moderate chronic kidney disease (CKD); Case 2 – a secondary prevention patient with a
recent acute coronary syndrome (ACS); and Case 3 – a secondary prevention patient with symptomatic peripheral
arterial disease (PAD).

• Although the secondary prevention patient with recent ACS (Case 2) was correctly identified as being at very high
risk by 83% of physicians, more than half of the physicians assigned the high-risk primary prevention patient with
moderate CKD (Case 1) and the very high-risk secondary prevention patient with symptomatic PAD (Case 3) to the
wrong CV risk category, with 49 and 56% of physicians, respectively, underestimating the CV risk.

• A coronary artery calcification score of 300 Agatston units in our survey did not significantly change the original
categorization of low- or moderate-risk patients, although European Society of Cardiology/European
Atherosclerosis Society guidelines suggest reclassification of risk in cases where the coronary artery calcification
score is >100 Agatston units.

• At least half of the cardiologists did not choose the recommended LDL-C target level for cases they considered to
be at low, moderate or high risk, with a higher-than-recommended LDL-C target set for the high-risk primary
prevention patient with moderate CKD (Case 1) and the very high-risk secondary prevention patient with
symptomatic PAD (Case 3).

• The most common choice of pharmacotherapy included statins as monotherapy or in combination with
ezetimibe, with or without concomitant lifestyle changes.

• Our data indicate that French cardiologists were more likely to initiate intensive therapy and escalate therapy for
post-ACS patients than for primary prevention patients with moderate CKD or those with symptomatic PAD, and
would choose to monitor patients with myalgia during statin therapy rather than immediately modify the
regimen.
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