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ABSTRACT

Introduction: Effective hypercholesterolemia
management is essential in primary prevention
of cardiovascular events. The objective of PRO-
CYON was to assess the perception on hyperc-
holesterolemia management in primary
prevention and to identify reasons for insuffi-
cient target attainment in clinical practice in
Germany.
Methods: PROCYON was a two-part online
survey including a patient questionnaire on
treatment status and disease knowledge and a
physician questionnaire on guideline awareness
and patient management. A conjoint analysis

on the relative importance of cardiovascular risk
factors was incorporated.
Results: Of 3798 primary prevention patients
included, 1632 (43.0%) received lipid-lowering
medication. Of these, 790 (48.4%) reported
improved low-density lipoprotein cholesterol
(LDL-C) levels, 670 (41.1%) reported no
improvement, and 172 (10.5%) had no infor-
mation. Of the treated patients with (N0 = 790)
and without (N0 = 670) improvement, 52.4% vs.
47.9% were on their initial drug and dose, 8.9%
vs. 9.0% received multiple drug therapy, 34.7%
vs. 38.8% reported a dose change, and 16.0% vs.
19.4% had discontinued at least one drug
(multiple answers). In total, 109 physicians
participated. In the conjoint analysis, LDL-C
level was attributed the highest relative impor-
tance (32.0%), followed by diabetes (24.5%) and
systolic blood pressure (15.8%). Lipid-lowering
therapy is initiated at an LDL-C level[ 150 mg/
dl by 63 physicians (57.8%). One third (n = 35;
32.1%) stated that C 60% of their primary pre-
vention patients do not receive lipid-lowering
medication.
Conclusion: PROCYON suggests a need for
consequent LDL-C target-based treatment
implementation.
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Key Summary Points

Effective management of
hypercholesterolemia is a necessity in
primary prevention of cardiovascular
events, the leading cause of death in
Europe.

However, recommended target levels are
not reached in a large proportion of
patients, and therapeutic options are not
fully exhausted.

The objective of PROCYON was to assess
the perception on hypercholesterolemia
management in primary prevention and
to identify reasons for insufficient target
attainment in clinical practice in
Germany.

PROCYON suggests a need for
improvement regarding guideline
awareness and implementation from a
physician’s perspective as well as
improved risk awareness, disease
knowledge, and adherence from a
patient’s perspective.

It can be assumed that adequate and
effective interventions for optimization of
hypercholesterolemia patient care are
urgently needed.

INTRODUCTION

Cardiovascular disease (CVD) is the leading
cause of death in Europe [1] and accounted for
35% of all deaths in Germany in 2019 [2]. It is
associated with great morbidity [3] and consti-
tutes a significant health economic burden [1].

The 2019 guidelines of the European Society
of Cardiology (ESC) and the European
Atherosclerosis Society (EAS) for the manage-
ment of dyslipidaemias recommend the vali-
dated SCORE system (Systemic Coronary Risk
Estimation, http://www.heartscore.org) to
assess the 10-year risk of fatal cardiovascular

(CV) events. It is based on age, gender, smoking,
systolic blood pressure, and total cholesterol [4].
Elevated low-density lipoprotein cholesterol
(LDL-C) levels are a major risk factor for coro-
nary heart disease (CHD) [5] and major CV
outcomes [6]. LDL-C lowering therefore is an
essential part of the 2019 ESC/EAS guidelines for
primary prevention of atherosclerotic CVD [4].
The target LDL-C level depends on the risk
category:\116 mg/dl for low-risk,\100 mg/dl
for moderate-risk,\ 70 mg/dl and reduction
of C 50% for high-risk, and\55 mg/dl and
reduction of C 50% for very-high-risk patients.
Primary prevention patients with CHD or dia-
betes mellitus belong to the very-high-risk and
high-risk categories with a 10-year risk of fatal
CV events of[10% and[ 5% to B 10%,
respectively.

An LDL-C reduction of 1 mmol/l (40 mg/dl)
reduced the risk for vascular mortality by 15%
in a primary prevention population [7]. The
20-year follow-up of the WOSCOPS study
showed the long-term benefits of statin treat-
ment in primary prevention patients with LDL-
C C 160 mg/dl. The risk for CHD death was
significantly reduced by 28% and the risk for CV
death by 25% compared to patients who had
initially received placebo. Furthermore, the
long-term WOSCOP analysis indicated a higher
CV risk as a result of LDL-C-associated cumula-
tive atherosclerotic burden [8].

To achieve the LDL-C target levels, the
guidelines recommend lifestyle and pharmaco-
logical intervention. The treatment scheme in-
cludes a first-line statin-based therapy and a
combination of statins with ezetimibe if the
target of LDL-C is not attained with the maxi-
mally tolerated dose of statins. [4]. Further
treatment options for patients insufficiently
treated on background statins with or without
ezetimibe include the addition of bile acid
sequestrants, bempedoic acid or PCSK9 inhibi-
tion via PCSK9 antibodies or RNA interference
[4]. LDL apheresis can be considered especially
in patients with familial hypercholesterolemia
(FH) [4]. A simulation suggested that even at
high/very high risk, 99.3% of patients could
reach an LDL-C level\70 mg/dl with statins,
ezetimibe, and proprotein convertase subtilisin/
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kexin type 9 (PCSK9) inhibitors [9] and 90% a
target level of\55 mg/dl [10].

However, real-world data from the DA VINCI
study showed that among primary prevention
patients only 63% with low risk, 60% with
moderate risk, 25% with high risk, and 11%
with very high risk reached the 2019 EAS/ECS
guideline target levels [11]. Overall, 50–75% of
the patients were on low- or moderate-intensity
statin monotherapy [11], indicating that thera-
peutic options were not fully exhausted.

The objective of the present survey was to
assess the awareness for current LDL-C lowering
strategies in primary prevention and to identify
reasons for the discrepancy between the
potential of available therapies and target
attainment in clinical practice in Germany.

METHODS

Data Collection

PROCYON consisted of a patient and a physi-
cian survey which were active from September
to November 2020 and were accessible through
an online data collection tool hosted by Clinlife
from Clariness.

Patients were required to meet the following
criteria: (1) C 18 years of age; (2) currently liv-
ing in Germany; (3) diagnosis of hypercholes-
terolemia. Patients were identified by a service
provider through newsletters and social media.
Eligibility was screened via a questionnaire, and
eligible patients were invited to participate. The
web-based questionnaire of the patient survey
(see supplementary table S1) included up to 35
questions on hypercholesterolemia-related
medical history, comorbidities, medication
adherence, side effects, disease knowledge,
information generation, disease awareness, and
self-activation. Patient self-activation was
assessed by the Patient Activation Measure by
Insignia Health (PAM-13), a 13-item measure
developed to evaluate knowledge, skills and
confidence essential to self-management of
healthcare [12]. It defines four stages of activa-
tion with 1 being the lowest and 4 being the
highest level of activation [13].

The following eligibility criteria were applied
for the physician survey: (1) resident general
practitioner, cardiologist, or internist; (2) treats
at least 50 patients with hypercholesterolemia
per quarter; (3) is in charge of treatment deci-
sions. It was planned to include about 100
physicians in a 1:1:1 ratio (resident general
practitioners, cardiologists, and internists). In
total, 14,060 eligible physicians in Germany
were contacted by a service provider and invited
to participate. The first 100 physicians who
signed the participation agreement were to be
included. No individual patient data were col-
lected in the physician survey. The online
questionnaire included up to 33 questions (see
supplementary table S2) on LDL-C relevance,
guideline awareness, patient management, and
treatment decisions. A conjoint analysis was
used to assess the relative importance of risk
factors for CVD. Among ten sets with three
patient profiles each (see example in supple-
mentary table S3), physicians were requested to
determine the profile with the highest CV risk.
Patient profiles within one set had identical risk
scores but varying risk factors (age, gender,
HDL-C, LDL-C, diabetes, smoker, systolic blood
pressure) based on the PROCAM score
(Prospective Cardiovascular Munster study).
The PROCAM score estimates the risk for
myocardial infarction using age, LDL-C level,
HDL-C level, smoking status, systolic blood
pressure, family history of premature myocar-
dial infarction, diabetes mellitus, and triglyc-
eride levels [14].

The authors developed the questionnaires
under the guidance of a service provider (Clar-
iness) experienced in the development and
conduct of web-based surveys. The authors were
responsible for the content development from a
medical perspective. Clariness was responsible
for the linguistic review (e.g., ensuring layper-
son understandable language of the patient
questionnaire), for optimization of the ques-
tionnaire structure (e.g., screening question-
naire to identify the relevant patient
population), and for plausibility checks (e.g.,
regarding correct jump conditions and question
visibility to ensure automated navigation to
relevant questions only). The conjoint analysis
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was developed under the guidance of a
statistician.

Statistics

Patients and physicians who answered all
questions were included in the analysis. The
present patient survey analysis included pri-
mary prevention patients without myocardial
infarction, stroke, peripheral arterial occlusive
disease, or bypass surgery. Subgroup analyses of
the physician survey by specialization are pre-
sented for questions on LDL-C relevance and
treatment decisions. Descriptive statistics are
shown for the survey data. Categorical variables
were summarized using frequency counts and
percentages. Continuous variables were sum-
marized as means including standard deviation
and medians. No formal statistical testing for
group comparisons was performed. For the
conjoint analysis, estimates were derived by a
proportional hazard model based on a multi-
nomial logit model with the physician’s deci-
sion as dependent variable and the CVD risk
attributes as independent variables. Continuous
risk attributes were categorized. The relative
importance of CVD risk attributes were calcu-
lated. The conjoint analysis was performed with
SAS�, version 9.3 (SAS Institute Inc., Cary, NC,
USA).

Administration

The survey has been conducted in accordance
with all relevant guidelines and regulations
applicable in Germany. Ethics approval was
waived by the Ethics Committee of the Bavarian
Medical Association (Ethik-Kommission der
Bayerischen Landesärztekammer) in line with
the national guidelines. There is no local
requirement for written informed consent for
survey research. All patients participated vol-
untarily, and informed consent to data collec-
tion, processing, and analysis was obtained
electronically from all subjects prior to the sur-
vey. Patient data were anonymized and aggre-
gated for analysis. All physicians gave voluntary
consent before participation.

RESULTS

Participants and Health Care Setting

The survey was completed by 5494 patients;
3798 constitute the primary prevention popu-
lation with a median age of 59.0 years and
70.7% female participants. The most common
comorbidity was hypertension (Table 1).
Hypercholesterolemia had mostly been diag-
nosed during routine check-up with a median
time since diagnosis of 10.0 years (Table 1).
Most patients consult their general practitioner
for their hypercholesterolemia with an LDL-C
assessment frequency of once a year or less in
53.2% of the patients (Table 1).

In total, 109 physicians participated in the
survey. Characteristics and details on medical
experience are presented in Table 2. Most
physicians (86.2%) stated that they are solely
responsible for therapy decisions for hyperc-
holesterolemia patients (Table 2). However, 85
physicians (58.6%) reported a wish for more
interdisciplinary cooperation in the manage-
ment of hypercholesterolemia patients, and 42
(29.0%) expressed a need for interdisciplinary
networking and mutual exchange.

Physicians’ Disease Awareness
and Guideline Compliance

Most physicians rated LDL-C as an important or
very important risk factor and acknowledged its
causal relationship with CV risk (Table 4).
Agreement on the importance of cumulative
LDL-C levels was lower (Table 4). Overall, 102
physicians (93.6%) reported performing routine
checks for hypercholesterolemia, and 104
(95.4%) include LDL-C as a routine lipid test
parameter.

The conjoint analysis risk profiles were
assessed by 103 physicians. The attribute with
the highest relative importance was the LDL-C
level, followed by diabetes, systolic blood pres-
sure, and smoking status (Table 3).

Lipid-lowering therapy is initiated at an LDL-
C level of\ 125 mg/dl by 20.2%, at
130–150 mg/dl by 22.0%, and at[150 mg/dl
by 57.8% of physicians (Table 4). In total, 60
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Table 1 Patient characteristics

Patient survey N = 3798
n (%), unless otherwise specified

Age in years, mean ± SD [median] 59.90 ± 6.97 [59.0]

Female 2685 (70.7)

Comorbidities

Hypertension 1732 (45.6)

Obesity 795 (20.9)

Diabetes type 1 61 (1.6)

Diabetes type 2 536 (14.1)

Other 682 (18.0)

No 1336 (35.2)

Time since diagnosis in years, mean ± SD [median] 12.4 ± 11.9 [10.0]

Reason for LDL-C assessment at diagnosis

Routine examination/check-up 2835 (74.6)

In combination with certain other diseases 794 (20.9)

Family history 312 (8.2)

Upon my request 296 (7.8)

During hospital stay due to a heart attack, stroke, or other CVD 251 (6.6)

Others 106 (2.8)

I don’t know 52 (1.4)

Which doctor do you currently consult regarding your elevated cholesterol level? (multiple answers allowed)

Family doctor/Internist 3335 (87.8)

Cardiologist 617 (16.3)

Nephrologist 103 (2.7)

Lipid clinic 76 (2.0)

Others 126 (3.3)

No doctor 255 (6.7)

How often is your LDL cholesterol level measured?

Less than once a year 809 (21.3)

Once per year 1213 (31.9)

Twice a year 1036 (27.3)

At least once every 3 months 740 (19.5)
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physicians (55.0%) reported that C 30% of their
primary prevention patients are without drug
therapy and 35 (32.1%) have C 50% of their
primary prevention patients untreated. Results
by medical specialization are presented in sup-
plementary table S4.

The most common reasons for treatment
escalation were target failure within 6 months
(n = 67; 61%), a CV event (n = 67; 61.5%), or
patient request (n = 30; 27.5%). Treatment is
escalated if LDL-C target level is not reached
after 8 weeks by 16.7% of the general

practitioners, 9.1% of the internists, and 47.8%
of the cardiologists (Supplementary Table S4).
In case of insufficient treatment or statin
intolerance, the most common options are
addition of ezetimibe or a switch to another
statin (Figs. 1, 2A). Insufficient target attain-
ment is considered to be mostly due to a lack of
lifestyle adaption and adherence, followed by
side effects and a lack of efficacy (Fig. 2B).
Among the different medical specializations,
general practitioners consider a lack of lifestyle
adaption as most important for not attaining

Table 2 Physician characteristics

Physician survey N = 109
n (%), unless otherwise specified

Specialization

General practitioners 42 (38.5)

Internists 44 (40.4)

Cardiologists 23 (21.1)

Employment status

Employed 7 (6.4)

Self-employed 102 (93.6)

Years of clinical practice experience, mean ± SD [median] 17.64 ± 8.65 (18.0)

Years of clinical practice experience

1–10 years 28 (25.7)

11–20 years 40 (36.7)

21–30 years 36 (33.0)

[ 30 years 5 (4.6)

To what extent are you involved in the therapy decisions for hypercholesterolemia patients?

I am solely responsible for the therapy decision 94 (86.2)

I am jointly involved with other physicians in the therapy decision 15 (13.8)

How many hypercholesterolemia patients do you treat who are receiving cholesterol-lowering therapy on prescription?

Please indicate the average number in a normal period of 3 months

Number of patients per quarter, mean ± SD [median] 299.04 ± 201.03 [250]

Do you refer patients to other physicians/medical specialists for diagnosis or for initiating a hypercholesterolemia therapy?

Yes 25 (22.9)

No 84 (77.1)
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target LDL-C level, while internists and cardi-
ologists consider side effects as well as lack of
adherence most important (data not shown). In
general, 86 physicians (78.9%) are satisfied or
very satisfied with the current treatment
options.

Patients’ Treatment Status

Less than half of the primary prevention
patients stated that they receive lipid-lowering
medication, and half of the treated patients
(n = 790, 48.4%) stated that their LDL-C level
has improved since diagnosis; 670 patients
(41.1%) reported no improvement (Table 5). Of

Table 3 Relative importance of risk attributes from the
physicians’ conjoint analysis (N = 103)

Attribute Relative importance (%)

Age 7.9

LDL-C level 32.0

HDL-C level 7.5

Smoking status 12.2

History of diabetes 24.5

Systolic blood pressure 15.8

Table 4 Disease awareness and guideline compliance (physician survey)

Physician survey N = 109
n (%)

How important do you consider the LDL-C level for assessing the CV risk?

Very important 77 (70.6)

Important 30 (27.5)

Less important 2 (1.8)

How would you describe the association between CV risk and LDL-C level?

Causal relation 105 (96.3)

Poor evidence 4 (3.7)

In your opinion, is a long-term elevated LDL-C level (cumulative exposure) a sufficiently accepted CV risk factor?

I fully agree 50 (45.9)

I rather agree 47 (43.1)

I rather disagree 10 (9.2)

Do not agree at all 2 (1.8)

In the absence of CV events, what LDL-C level do you consider to be in need of treatment? Please enter either in mg/dl or

mmol/l

\ 70 mg/dl (\ 1.8 mmol/l) 2 (1.8)

70–125 mg/dl (1.8–2.8 mmol/l) 20 (18.4)

130–150 mg/dl (3.4–3.88 mmol/l) 24 (22.0)

151–180 mg/dl (3.9–4.7 mmol/l) 34 (31.2)

190–210 mg/dl (4.9–5.4 mmol/l) 23 (21.1)

[ 210 mg/dl ([ 5.4 mmol/l) 6 (5.5)
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the patients on drug therapy with (N0 = 790)
and without (N0 = 670) LDL-C improvement,
52.4% (n = 414) vs. 47.9% (n = 321) were on
their initial drug at the same dose, 8.9% (n = 70)
vs. 9.0% (n = 60) were on multiple drug ther-
apy, 34.7% (n = 274) vs. 38.8% (n = 260)
reported a dose change, and 16.0% (n = 126) vs.
19.4% (n = 130) had discontinued at least one
drug (multiple answers allowed). Frequency of
LDL-C assessments in treated patients without
improvement (N0 = 670) is once a year or less in
259 patients (38.7%) and twice per year or more
often in 411 patients (61.3%).

Compliance, Patient Information,
and Activation

Physician Perspective

All physicians consider patient information as
important or very important for adherence.
Overall, 100 physicians (91.7%) stated that they
inform patients about LDL-C targets, and 77
(70.6%) identified a need for more patient
information material. Regarding their patients’
level of knowledge, 81 physicians (81.0%)
answered that their patients know about LDL-C
importance, 50 physicians (45.9%) stated that
their patients do not take the risk of hyperc-
holesterolemia serious, and 70 physicians
(55.0%) assumed a lack of knowledge on the
disease.

Patient Perspective
The treating physician was mentioned as the
most common source of information by 2453
patients (64.6%). The information received by
their physician was rated as good or very good
by 1351 patients (35.6%) and as sufficient by
1496 (39.4%). Patient groups are used for
information by 63 patients (1.7%); 946 patients
(24.9%) say they have good or very good
knowledge about LDL-C. The importance of
LDL-C reduction for lowering their CV risk is
acknowledged by 3234 patients (85.2%). One
third of the patients (n = 1242; 32.7%) know
their current LDL-C level, and 1006 patients
(26.5%) know their target LDL-C, of whom 754
(75.0%) consider it important to achieve the
target.

Two third of the patients receiving lipid-
lowering therapy consider their LDL-C medica-
tion as important as other medications
(Table 6). Most patients rated themselves as
treatment compliant and reported taking their
medication as regularly or nearly as regularly as
prescribed (Table 6). The most common reason
for treatment discontinuation was side effects
(Table 6). Less than one third of the patients
(n = 1073; 28.3%) are satisfied with their cur-
rent treatment. Most are worried about their
elevated LDL-C levels (n = 1446; 38.1%), wish to
receive another therapy (n = 492; 13.0%), or are
bothered by the need for frequent drug admin-
istration (n = 431; 11.4%).

The most frequently reported adaptions
since diagnosis were dietary changes (2051

Fig. 1 Preferred treatment optimization options
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patients; 54.0%), followed by an increase in
physical activity (1500 patients; 39.5%) and
lipid-lowering drug intake (1300 patients;
34.2%). In total, 3402 patients answered the
patient activation measure (PAM) question-
naire. The results regarding the achieved PAM
levels were as follows: PAM level 4: 442 patients
(13.0%); PAM level 3: 2114 patients (62.1%);
PAM level 2: 754 patients (22.2%); PAM level 1:
92 patients (2.7%).

DISCUSSION

The PROCYON survey suggests that a high
proportion of untreated patients and a lack of
patient perceived improvement in LDL-C levels
in 41% of patients on drug therapy. This is in
line with US registry data, in which 63.9% of
the primary prevention patients were untreated
or treated on a lower intensity than recom-
mended [15].

Fig. 2 a Treatment optimization in case of statin intolerance; b main reasons for target attainment failure according to
physicians
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Table 5 Treatment status and LDL-C target attainment (patient survey)

Patient survey N = 3798

Are you currently taking any medication to lower your LDL-C level? n (%)

No 2166 (57.0)

Yes 1632 (43.0)

How has your LDL-C level changed since diagnosis? (according to

your treating physician)

Treated patients

(N0 = 1632)

Untreated patients

(N0 = 2166)

Improved (lower) 790 (48.4) 354 (16.3)

Same level 240 (14.7) 736 (34.0)

Fluctuating (sometimes lower, sometimes higher) 324 (19.9) 504 (23.3)

Worsened (higher) 106 (6.5) 231 (10.7)

My doctor did not inform me about LDL-C changes 172 (10.5) 341 (15.7)

Table 6 Adherence and side effects (patient survey)

Patient survey (treated patients) N0 = 1632
n (%)

How regularly do you take your cholesterol-lowering medication (i.e., exactly as prescribed by your doctor)

Always 1165 (71.4)

Somewhat regularly 328 (20.1)

Somewhat unregularly 71 (4.4)

Very unregularly 68 (4.2)

How important are your medications for treating LDL-C to you compared to other medications you take?

Comparably important 1082 (66.3)

More important 195 (12.0)

Less important 182 (11.2)

Not important at all 29 (1.8)

I do not take any other medications 144 (8.8)

Have you experienced any side effects due to your lipid-lowering medication?

No 1079 (66.2)

Yes 552 (33.8)

If yes, what side effects did you experience? (N0 = 552)

Muscular pains/muscle complaints 430 (77.9)

Gastrointestinal complaints 160 (29.0)
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In the conjoint analysis, physicians’ assess-
ment of risk factor relevance was in accordance
with the ESC/EAS guidelines with elevated LDL-
C levels as one of the main factors [4]. Of note,
the relative importance of systolic blood pres-
sure in the conjoint analysis was only 15.8%.
Although the focus of this analysis was the
perception of LDL-C, this needs to be high-
lighted, given the high importance of a multi-
factorial approach in primary prevention and
the established association of hypertension
with CV risk [4].

Regarding LDL-C level reduction, the survey
results imply inadequate guideline implemen-
tation into clinical practice. Most physicians
reported initiating pharmacotherapy for pri-
mary prevention only at LDL-C
levels[ 150 mg/dl. This complies with the 2017
DEGAM (Deutsche Gesellschaft für Allgemein-
medizin und Familienmedizin) guideline on
counseling on CV prevention in family medi-
cine, which recommends considering statin
therapy at LDL-C levels\ 195 md/dl only in

case of high or very high CV risk [16]. In con-
trast, the ESC/EAS 2019 guidelines intend a
target of\ 116 mg/dl even for low-risk patients.
Barter et al. reported a target level of 129 mg/dl
in clinical practice in Germany and suggested
that uncertainties related to statin safety and
the safety of very low LDL-C levels might add to
the reluctance to adopt the low target recom-
mendations [17]. However, this is only one
possible explanation. It has been previously
reported that clinical guidelines are often not
applied, irrespective of the medical specialty. A
scoping review has identified three categories of
barriers for guideline implementation. These
included personal factors (e.g., physicians’
knowledge and attitudes), guideline-related
factors (e.g., layout, access, complexity), and
external factors (e.g., lack of resources, lack of
collaboration). In accordance, the authors of
this review have identified suitable strategies to
overcome these issues, including increased
educational (e.g., CME, group training), com-
munication and technical efforts (e.g.,

Table 6 continued

Patient survey (treated patients) N0 = 1632
n (%)

Vertigo 148 (26.8)

Headache 106 (19.2)

Others 113 (20.5)

I have stopped at least one drug for cholesterol reduction 277 (17)

Did you stop your discontinued medications to lower LDL-C on your own or on your doctor’s advice? (N0 = 277)

On doctor’s advice 145 (52.4)

On my own 124 (44.8)

I have never taken medication to lower cholesterol levels 8 (2.9)

Why did you stop taking these medications? (N0 = 269)

Side effects 212 (78.8)

Lack of improvement 51 (19.0)

Lack of trust in the doctor/medication 21 (7.8)

Others 35 (13.0)

Uncertain 11 (4.1)
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provision of user-friendly versions of guidelines
on mobile devices), establishment of quality
circles, improvement of collaboration, and
standardization of organizational processes [18].

Furthermore, PROCYON indicated that the
frequency of LDL-C assessments might be too
low. More than one third of the patients with
above-recommended LDL-C levels despite drug
therapy undergo LDL-C assessments only once
per year or less. An assessment once per year is
standard in patients on LDL-C lowering therapy
[4], but a higher frequency should be considered
until the target level is reached.

In addition, only half of the physicians were
fully aware of cumulative LDL-C as a risk cor-
relate of CVD. While pack-years are established
to quantify the cumulative impact of smoking,
cumulative LDL-C exposure and the associated
necessity of early screening and treatment are
not fully acknowledged in primary care.
Screening for hypercholesterolemia has just
recently become reimbursable in Germany once
between 18 and 34 years of age. From the age of
35 years onwards routine checks can be per-
formed every 3 years [19]. However, earlier
screening is supported by data on the high
prevalence of elevated LDL-C levels in pre-
school children [20].

PROCYON implies that treatment was often
not escalated despite inadequate LDL-C reduc-
tion. Cardiologists tended to escalate earlier
than general practitioners and internists. The
reluctance might be attributable to the fact that
the 2017 DEGAM guideline recommends a
fixed-dose statin treatment instead of a treat-to-
target approach and opts against a combination
therapy [16].

General practitioners thought that mainly a
lack of lifestyle adaption impaired target
attainment. However, even dramatic changes
can only reduce LDL-C levels by 10–15% [21].
Pharmacological intervention is essential for
target attainment.

In contrast to general practitioners, inter-
nists and cardiologists considered adherence
and tolerability as the most important reasons
for missing the target. The high adherence rates
reported by patients might reflect a participa-
tion bias, with high self-activation in respon-
dents. However, frequent patient-initiated

treatment discontinuations rather suggest that
patients overestimated their adherence, which
is common due to social desirability and mem-
ory biases [22]. Improving adherence could
constitute a major factor for treatment success
with a potential in CHD risk reduction of 52%
[23].

Previous studies revealed that negative
media information about statins was a major
driver of treatment discontinuation [24, 25]. A
trusting patient-physician relationship that
addresses the patients’ risk perception, existing
side effects as well as information gaps allows
for correction of misinformation [26]. While the
importance of patient information was gener-
ally accepted in PROCYON, the lack of knowl-
edge on LDL-C targets and current levels
indicate a need for well-composed educational
material to support patient-physician commu-
nication. The involvement of patient organiza-
tions could further add to education and
activation. Patients with FH and other severe
hereditary lipid disorders in Germany can be
referred to the ‘‘Cholesterin und Co e.V.’’
(CholCo.org). For primary prevention patients
without hereditary disorders, a patient organi-
zation has not been established yet.

The physician survey allows supposing a
wish for interdisciplinary networking. Patient
management could benefit from professional
networks through facilitated transitory pro-
cesses (i.e., between medical specialists, general
practitioners, and lipid ambulances) and diag-
nosis of rare lipid disorders through lipid com-
petence centers. Furthermore, networks could
promote inter- and intradisciplinary exchange
and continued training (e.g., qualification as
certified ‘‘lipidologist’’) [27].

The present survey has some limitations.
First, except for PAM-13, no validated ques-
tionnaire was available to support the study
objective. Therefore, the results need to be
interpreted carefully and need further confir-
mation. Nevertheless, the present results pro-
vide valuable insight into potential issues in
management of patients with hypercholes-
terolemia in clinical practice. Second, LDL-C
levels collected in the patient survey were
implausible and could not be interpreted, pos-
sibly because of confusion of the units. Patients
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could choose to enter their LDL-C levels in mg/
dl or mmol/l, as both units are used in Ger-
many, depending on regional preference. The
documented range in mg/dl was 1.3–1485; the
documented range in mmol/l was 0–180,119.
Therefore, assessment of LDL-C changes was
based on the patients’ perceived LDL-C devel-
opment only. Third, web-based medical surveys
are prone to a participation bias with higher
level of education and better health state
among the respondents compared to non-re-
spondents [28]. Survey results might further be
biased by social desirability [29], and partici-
pants with higher self-activation might be
overrepresented as only responders who
answered all questions were included. Survey
participation of patients was not encouraged by
incentives. Physicians received a small expense
allowance for participation; however, only a
minor response bias is expected.

CONCLUSION

PROCYON implies that adequate and effective
interventions for optimization of hypercholes-
terolemia patient care are urgently needed.
PROCYON identified potentials for improve-
ment with respect to guideline awareness and
implementation from a physician’s perspective
as well as improved risk awareness, disease
knowledge, and adherence from a patient’s
perspective.
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