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Results: Among the 1501 patients, 86% regularly received lipid-lowering drugs. LDL-C goals were ach-
ieved by 26% and 10% of patients with atherosclerotic cardiovascular disease (ASCVD) according to the
2016 and 2019 ESC/EAS dyslipidemia guidelines, respectively. High intensity lipid-lowering was
administered more often in men than in women, in patients with ASCVD, at higher LDL-C and in patients
with a genetic diagnosis of FH.

Conclusions: FH is under-treated in Germany compared to guideline recommendations. Male gender,
genetic proof of FH, treatment by a specialist, and presence of ASCVD appear to be associated with
increased treatment intensity. Achieving the LDL-C goals of the 2019 ESC/EAS dyslipidemia guidelines
remains challenging if pre-treatment LDL-C is very high.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Familial hypercholesterolemia (FH) is a genetic, mostly co-
dominant disorder of lipoprotein metabolism causing elevated
low-density lipoprotein cholesterol (LDL-C) from childhood and a
high risk of premature atherosclerotic cardiovascular disease
(ASCVD) if left untreated. FH is estimated to cause up to 20% of
myocardial infarctions before the age of 45 and up to 5% of
myocardial infarctions before the age of 60 [1,2].

The most common genetic mutations affect the genes for the
low-density lipoprotein receptor (LDLR), accounting for approxi-
mately 90%, as well as apolipoprotein B (APOB), or proprotein
convertase subtilisin/kexin type 9 (PCSK9) [3—5].

Due to underdiagnosis and undertreatment of FH, a premature
cardiovascular event often is the first clinical manifestation of FH
with therapeutic implications, [6,7]. Early and effective treatment
with lipid-lowering drugs may allow a normal life expectancy [8,9].

The estimated prevalence of FH in Germany is 1:300; thus,
heterozygous FH may affect 270,000 Germans [10]. However, only a
small proportion of FH patients in Germany seem to be diagnosed
and adequately treated [11]. The latest guidelines for the manage-
ment of dyslipidemia was issued on 2019 and classifies FH per se as
high cardiovascular risk. For FH patients with pre-existing ASCVD
or another risk factor, the LDL-C goal is < 55 mg/dl (<1.4 mmol/l),
whereas for FH patients without pre-existing cardiovascular dis-
ease (CVD) or any other risk factor the LDL-C goal is < 70 mg/dl
(<1.8 mmol/l) [12]. The 2016 EAS/ESC dyslipidemia guidelines with
higher LDL-C target values were still valid when this study started
[13].

To overcome underdiagnosis and undertreatment of FH in
Germany, the Cascade Screening and Registry for High Cholesterol
(CaRe High) project was established in 2015 [14]. This interim
analysis of the registry examines the status of treatment and
achievement of LDL-C goals according to the 2016 and 2019 ESC/
EAS dyslipidemia guidelines in the first 1501 patients included in
the study.

2. Patients and Methods
2.1. Study design and population

The design of CaRe High has been described previously [11,14].
Written informed consent was obtained from each patient. The
study protocol complies with the 1975 Declaration of Helsinki and
was approved by the ethics committee of the physicians’ chamber
of the Federal State of Baden-Wiirttemberg and the ethics com-
mittees responsible for each of the participating centers. Inclusion
criteria were LDL-C >190 mg/dl (4.9 mmol/L) without lipid-
lowering therapy (LLT) or total cholesterol >290 mg/dl (7.5 mmol/
1) and at least one of the following criteria: tendon xanthomas,
family history of hypercholesterolemia, family history of

myocardial infarction before the age of 50 in grandparents, uncles,
or aunts or before the age of 60 in parents, siblings, or children.
These inclusion criteria are in line with previous recommendations
made by Klose et al. [15]. For descriptive purposes, we also calcu-
lated the Dutch Lipid Clinic Network (DLCN) Score for FH [6].

FH patients without and with CVD at the time of study inclusion
were assigned to the category “primary prevention” and “second-
ary prevention”, respectively. CVD was defined as a history of at
least one myocardial infarction, coronary revascularization, angina
pectoris peripheral arterial disease (PAD), or transient ischemic
attack, or stroke.

The study data considered here were collected from September
2015 to the end of October 2020.

For this evaluation, diabetes mellitus (including type 1 and 2)
was defined by either the physicians’ diagnosis, HbAlc > 6.5%,
fasting glucose >125 mg/dl, or the use of antidiabetic medications
(insulin, sulfonylurea, alpha-glucosidase inhibitors, GLP-1 receptor
agonists, SGTL2-2 inhibitors, metformin, glinides, glitazones, DPP4-
inhibitors). Obesity was defined by a body mass index (BMI) of
30 kg/m? or higher [16]. Hypertension was defined by a written
diagnosis in reports, intake of antihypertensive drugs, or systolic
(resp. diastolic) blood pressure >140 mmHg (resp. 90 mmHg) in a
single measurement during an actual visit.

2.2. Treating physicians

We distinguished between two groups of treating physicians:
general practitioners (GPs) and internists without special training
in lipids, or lipid specialists (cardiologists, angiologists, nephrolo-
gists, endocrinologists, and physicians in lipid outpatient clinics).

For patients referred to lipid clinics or lipid specialists, we used
the laboratory values and medication at the time of study inclusion;
this may coincide with the initial consultation with the lipid expert
and reflect the treatment strategy of the referring physician. The
treatment status without lipid-lowering therapy, designated as “no
LLT”, applies to the treatment status at the time of registry entry
and does not rule out that a patient had been treated earlier and
discontinued therapy or received treatment after study inclusion.

2.3. Laboratory parameters

Current laboratory data rely on questionnaires filled out by
physicians. The following parameters were assessed: LDL-C, total
cholesterol, high-density lipoprotein-cholesterol (HDL-C), tri-
glycerides, thyroid-stimulating hormone (TSH), hemoglobin Alc
(HbA1c), fasting plasma glucose (FPG). High sensitivity C-reactive
protein (CRP), alanine-amino transferase (ALAT), aspartate-amino
transferase (ASAT), bilirubin, alkaline phosphatase, uric acid, urea,
and creatinine.
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2.4. Genetic testing

Genetic testing was performed by different laboratories
throughout Germany without common strategy.

Functional mutations found in LDLR, APOB, or PCSK9 genes and
homozygous recessive mutations in the low-density lipoprotein
receptor adapter protein 1 (LDLRAP1) gene were considered as
positive genetic test result for FH (Fig. 1). Patients with two apoli-
protein E (APOE) genotypes £3/e4 and e4/¢4 (n = 9), but no major FH
mutation were assigned to a separate category designated “other
mutations”.

According to the inclusion criteria mentioned above, a positive
genetic test was not required for participation in CaRe High. Results
of any genetic analysis were obtained when available and only if
written informed consent was obtained from the patient.

2.5. Treatment status

The treatment status refers to the status at the time of study
inclusion (often the first visit at a lipid outpatient clinic) and is
categorized as follows (Figs. 2 and 3, Supplementary Fig. 1): a) no
LLT, b) statins alone, c¢) oral combinations without PCKS9i, i.e. two
or more of the following oral agents: statins, ezetimibes, fibrates,
bile acid sequestrants, d) oral monotherapy without statins and
without PCSK9 inhibitors (PCSK9i), e) PCSK9i alone or in combi-
nation with other lipid-lowering agents, f) apheresis alone or in
combination with other lipid-lowering therapy.

2.6. LDL-C goals

The 2016 EAS/ESC dyslipidemia guidelines [13] applied when
88% of patients were recruited. We also applied the 2019 EAS/ESC
guidelines [12] to the analysis of LDL-C goal attainment. Based on
original therapy-naive or therapy-corrected baseline LDL-C levels,
we estimated how many FH patients achieved a 50% LDL-C
reduction with therapy, which is recommended as an additional
goal by the 2019 version of the EAS/ESC dyslipidemia guidelines.

2.7. Multivariate regression analysis for treatment

To categorize drug treatment into different intensities, we made
use of published data for the efficacy of statins [17]. In the case of
additional PCSK9i treatment, we assumed an LDL-C reduction of
50% by PCSK9 inhibition [18—21], corresponding to an index value
of 2. For ezetimibe, fibrates, and bile acid sequestrants, the

20%

8%

49%
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corresponding intensities were set to 1.2, 1.15, and 1.1, respectively
[22—25]. We assigned the intensity value 1 to the treatment cate-
gory “no LLT”. The intensities of drug combinations were repre-
sented by the product of their individual. For instance, a patient
receiving atorvastatin 80 mg per day (intensity 2.2) plus 10 mg
ezetimibe (intensity 1.2) plus a PCSK9i (intensity 2) was assigned a
treatment intensity of 5.28. No intensity score was assigned to
apheresis (4% of the population). High intensity therapy was
defined as a regimen offering an LDL-C reduction on average
by > 50% (index >2).

To examine which factors are significantly associated with
treatment intensity, we estimated odds ratios (ORs) and their 95%
confidence intervals (CIs) as part of a multivariate logistic regres-
sion making the following comparisons: A) low-medium intensity
treatment versus no treatment, B) high intensity therapy versus
low-medium intensity treatment [26].

The independent variables were age, sex (reference: female),
presence of ASCVD (reference: no ASCVD), diabetes mellitus
(reference: no diabetes mellitus), obesity (reference: no obesity),
hypertension (reference: no hypertension), therapy-corrected LDL-
C, genetic test (with the categories 'positive’, 'negative’' and 'not
available or not performed' with ‘negative’ as reference category).

We also conducted two supplementary analyses. In the first of
these analyses, we compared patients receiving monotherapy with
those receiving no treatment (Supplementary Fig. 2A), and those
receiving combination therapy with those receiving monotherapy
(Supplementary Fig. 2B). In the second supplementary analysis, we
compared patients receiving generic agents (statins, ezetimibe,
fibrates, bile acid sequestrants) with those receiving no treatment
(Supplementary Fig. 3A), and those receiving PCSK9i alone or in
combination (Supplementary Fig. 3B) with those treated with
monotherapy.

2.8. Other statistical analysis

Pearson's chi-squared test and the Fisher exact test for small
samples were used to analyze the associations between two cate-
gorical variables. Metric data were compared between two groups
using the Wilcoxon rank sum test. To compare metric data between
more than two groups, we performed the Kruskal-Wallis rank sum
test, followed by pairwise comparisons with the Wilcoxon rank
sum tests.

All computations were performed in R version 4.0.2 (R functions
fisher.test, kruskal.test, wilcox.test, and glm from the R library stats
and the R function vglm from the R library VGAM) [27—-29].

not specified
51% = refused by patient
no indication
recommended
= positive
result n/a yet
19%  wnegative
= unclear significance
= no disclosure
= other mutations

4%
o

Fig. 1. Status, availability and results of genetic analyses of FH patients participating in the CaRe High registry.
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m Statins alone

u Oral monotherapy without
statins and PCSK9i

= Oral combination without
PCSKOi

= PCSKG9i alone orin

199 e
A combination

u lipoprotein apheresis alone
or in combination

mnoLLT

26%

Fig. 2. Lipid-lowering therapy (LLT) of patients with FH at the time of study inclusion: a) no LLT, b) statins alone; c) combinations without PCKS9j, i.e. two or more of the following
agents: statins, ezetimibes, fibrates, bile acid sequestrants; d) oral monotherapy without statins and without PCSK9 inhibitors (PCSK9i); e) PCSK9i alone or in combination with
other lipid-lowering agents; f) apheresis alone or in combination with other lipid-lowering therapy.
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Fig. 3. LDL-C goal attainment according to EAS/ESC dyslipidemia guidelines 2016 (A), 2019 (B). Treatment goals were: (A) less than 100 mg/dI (2.6 mmol/l) without pre-existing CVD
and less than 70 mg/dl (1.8 mmol/l) for FH patients with pre-existing CVD; (B) less than 70 mg/dl (1.8 mmol/l) for FH without pre-existing CVD or any other cardiovascular risk
factor and less than 55 mg/dl (1.4 mmol/l) for FH with pre-existing CVD or another cardiovascular risk factor.
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3. Results
3.1. Study population

A total of 1501 patients with cleared datasets by November 2020
were included in this analysis. Median age (25th and 75th per-
centiles) at the time of registry entry and at first diagnosis of FH was
56 years (46—64 years) and 40 years (29—50 years), respectively.
The median (25th and 75th percentiles) corrected LDL-C concen-
tration was 238 mg/dl (184—339 mg/dl) or 6.15 mmol/l
(4.76—8.77 mmol/l), median actual LDL-C 140 mg/dl (92—201 mg/
dl) or 3.62 mmol/l (2.38—5.2 mmol/l), median HDL-C 54 mg/dl
(44—66 mg/dl) or 1.46 mmol/l (1.14—1.71 mmol/l), and median
triglycerides 127 mg/dl (89-186 mg/dl) or 144 mmol/l
(1.01—2.1 mmol/l). Most laboratory values were within the clinical
reference range. A total of 13.3% patients had diabetes mellitus,
34.6% had hypertension, and 22.1% were obese (Table 1).

3.2. Genetic testing

Genetic testing for FH had been conducted in 297 (20%) of 1501
individuals (Fig. 1). Among the 1204 patients without genetic
testing, testing had been recommended in 297 but had not (yet)
been performed. In 128 patients (8% of the total cohort), the
treating physician indicated “no indication for genetic testing” on
our questionnaires and 41 patients (3% of entire cohort) refused to
undergo genetic testing.

In 150 (51%) tested individuals, FH-causing LDLR, APOB, PCSK9 or
LDLRAP1 mutations were found. Nine (3%) patients carried at least

Table 1
Characteristics of patients in the CaRe High registry.
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one ¢4 allele at the APOE locus in the absence of a major FH mu-
tation (“other mutations”). In 18 (6%) patients, the genetic findings
were of unclear significance.

No FH-causing mutation was found in 54 (18%) tested in-
dividuals, and 11 (4%) patients refused to provide their results. For
55 (19%) patients, genetic testing had been ordered but the result
was still pending at the time of our analysis.

3.3. Treatment status at the time of study inclusion

At the time of study inclusion (often the first visit at a lipid
outpatient clinic), 35% of all patients received statins, 26% received
oral combination therapy, 19% were treated with PCSK9i alone or in
combination with other lipid-lowering drugs (no apheresis), 4% of
patients received apheresis treatment with or without oral therapy,
and 14% of patients were not treated with any lipid-lowering
medication (Fig. 2).

3.4. Target value attainment

According to the 2016 EAS/ESC guidelines, 26% of patients with
CVD and 23% of patients without CVD achieved LDL-C goals. In
contrast, only 10% of patients with ASCVD or another cardiovascular
risk factor (CVRF) and only 4% of FH patients without ASCVD or one
other CVRF achieved their LDL-C goals according to the 2019 EAS/
ESC guidelines (data not shown). However, 37% of FH patients
without previous cardiovascular events achieved a 50% reduction of
LDL-C levels versus 60% of FH patients with ASCVD (data not
shown).

BINARY/CATEGORICAL VARIABLES

Variable N (%)
Male 682 (45.4%)
Female 819 (54.6%)

Treatment by specialists

DLCN, FH unlikely

DLCN, possible FH

DLCN, probable FH

DLCN, definite FH

Diabetes mellitus (type 1 or 2)
Hypertension

Obesity

No additional cardiovascular risk factor
One additional cardiovascular risk factor
Two cardiovascular risk factors

1311 (87.3%)
72 (5.8%)

522 (42%)

358 (28.8%)
291 (23.4%)
200 (13.3%)
520 (34.6%)
332 (22.1%)
728 (48.5%)
531 (35.4%)
205 (13.7%)

Three or more cardiovascular risk factors 37 (2.5%)
METRIC VARIABLES

Parameter, unit #(defined values) mean +SD? median (25th-75th percentile)?
Age, years 1501 54 + 14 56 (46—64)

Age at first diagnosis, years 978 40 + 14 40 (29-50)

BMI, kg/m? 1427 26.6 +5 26 (23—29)

LDL-C, mg/dl 1434 151 + 73 140 (92—201)

LDL-C, mmol/1 1434 391 +1.89 3.62 (2.38—5.20)

LDL-C (corrected for treatment), mg/dl 1434 278 + 147 238 (184—-339)

LDL-C (corrected for treatment), mmol/l 1434 7.19 +3.79 6.15 (4.76—8.77)

HDL-C, mg/dl 1405 57 +18 54 (44—66)

HDL-C, mmol/l 1405 1.46 + 047 1.40 (1.14-1.71)

Total cholesterol (with treatment), mg/dl 1429 226 + 81 215 (165—-282)

Total cholesterol (on treatment), mmol/I 1429 5.84 + 2.09 5.56 (4.27—7.29)
Triglycerides, mg/dl 1372 149 + 86 127 (89—-186)

Triglycerides, mmol/l 1372 1.68 + 0.97 1.44 (1.01-2.10)

Thyroid stimulating hormone (TSH), plU/ml 705 1.83 + 1.02 1.59 (1.10—-2.30)

HbA1lc, % 776 5.74 + 0.77 5.6 (5.3-5.9)

Fasting glucose, mg/dl 790 98 + 21 94 (87—-103)

¢ Only metric values > 0.2 x median and <5 x median value (related to the totality of persons with defined values) are taken into account.
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FH patients treated with PCSK9i or combination therapies ach-
ieved their LDL-C goals according to the 2016 EAS/ESC guidelines
more often than those treated with oral lipid-lowering drug mon-
otherapy (Fig. 3A). Approximately one-fifth of patients without
CVRFs and one-third of patients with ASCVD and another risk factor
achieved LDL-C goals according to the 2019 EAS/ESC guidelines if
they were treated with PCSK9i, whereas LDL-C goals were only
achieved by a small proportion of patients using other therapies
(Fig. 3B).

Overall, treatment with PCSK9i alone or in combination with
other therapies led to achieving LDL-C goals for the largest pro-
portion of patients in this cohort, regardless of whether we applied
the EAS/ESC guidelines of 2016 (Fig. 3A) or 2019 (Fig. 3B), or the 50%
reduction in LDL-C criterion (data not shown).

3.5. Factors associated with treatment

To examine which factors were associated with treatment in-
tensity (cf. section “Patients and Methods”), we estimated odds
ratios (ORs) and their 95% confidence intervals (Cls) as part of a
multivariate logistic regression making the following comparisons:
“low-medium intensity treatment” versus “no treatment”, “high
intensity therapy” versus “low-medium intensity treatment”. The
independent variables were age, sex, presence of ASCVD, diabetes
mellitus, obesity, hypertension, therapy-naive LDL-C, and genetic
test status.

Significantly increased ORs for low-medium intensity versus no
treatment were found for diabetes mellitus (OR = 1.82), hyper-
tension (OR = 2.55), corrected LDL-C (OR = 1.35 per mmol/l). For
gender (OR = 1.37, reference: female), the p-value is in the
borderline range between 0.05 and 0.1 (Fig. 4 A).

Significantly increased ORs for high intensity versus low-
medium intensity treatment were found for male gender
(OR = 1.52, reference: female), ASCVD (OR = 3.65), corrected LDL-C
(OR = 1.18 per mmol/l) and a positive genetic test result (OR = 2.03,
reference: genetic test negative) (Fig. 4 B) associated with high
intensity treatment.

In the supplementary analyses, significantly increased ORs for
monotherapy versus no treatment were found for male gender,
diabetes mellitus, hypertension, corrected LDL-C. Significantly
increased ORs for combination therapy versus monotherapy were
found for male gender, ASCVD, corrected LDL-C and a positive

A. Low-medium intensity treatment vs. No treatment
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genetic test result. For age, the p-value is in the borderline range
between 0.05 and 0.1.

Significantly increased ORs for generic agents versus no treat-
ment were found for male gender, diabetes mellitus, hypertension,
corrected LDL-C. For positive genetic test results, the p-value to is in
the borderline range between 0.05 and 0.1. Significantly increased
ORs for PCSK9i versus generic agents were found for age, ASCVD,
corrected LDL-C, and positive genetic test results.

In Germany, the prescription of PCSK9 inhibitors is restricted to
board-licensed cardiologists, angiologists, nephrologists and endo-
crinologists, or lipid outpatient clinics. Therefore, patients treated by
these specialists might be at a higher likelihood to receive more
intensive treatment. We therefore conducted a sensitivity analysis in
which we included only those patients treated by specialists. This did
not materially change our results (treatment intensities associated
with age, gender, ASCVD, obesity, diabetes mellitus, hypertension,
treatment naive LDL C, genetic test result, respectively).

GPs and internists treated more patients with statins alone (44%
vs 33%), whereas patients in lipid clinics were more often treated
with PCSK9i alone or in combination (21% vs 8%) and more often
received apheresis treatment alone or in combination (2% vs 5%)
(Supplementary Fig. 1).

This suggests that treatment by specialists might also have been
associated with a higher treatment intensity. However, because the
majority of patients (n = 1311, 87%) was treated by specialists rather
than non-specialists (GPs and internists), we did not include this
distinction into the multivariate regression analysis.

4. Discussion
4.1. Study population

The CaRe High registry studied a population with FH in Germany
and a high prevalence of CVD (42% in women and 45% in men).
Some of the patients had other risk factors, but the proportion of
patients with diabetes mellitus, hypertension, and obesity was
lower than in the German general population [10].

4.2. Genetic testing

A study of more than 20,000 patients showed that at approxi-
mately equal LDL-C (200 mg/dl, 5.2 mmol/1) the atherosclerosis risk

Age (per 10 years) @

Male (*female)
ASCVD (*no ASCVD)
Obesity (*no obesity)

Diabetes mellitus (*no DM)

—

—

Hypertension (*no hypertension)
Corrected LDL-C (per mmol/l)

*negative [ ]

Genetic test positive
not performed

—

1
B. High intensity treatment vs. Low-medium intensity treatment

Age (per 10 years)

Male (*female)

ASCVD (*no ASCVD)

Obesity (*no obesity)

Diabetes mellitus (*no DM)
Hypertension (*no hypertension)
Corrected LDL-C (per mmol/l)
*negative
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g
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Fig. 4. Multivariate logistic-regression analysis of therapy intensity adjusted for age, gender, ASVD, obesity, DM, hypertension, corrected LDL-C and genetic test result. The odds
ratios (with 95% Cls) to the binary outcomes are shown. * indicates the reference category.
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is higher in genetically proven FH than in those without and that
55% of those patients with genetically confirmed FH are below the
threshold value of 190 mg/dl [30]. Thus, the genetic detection of FH
has far-reaching therapeutic consequences.

Though genetic testing is consequentially recommended by
current international (EAS 2019) [12,13] and national guidelines
[31], only one-fifth of patients in the study population underwent
genetic testing. In another fifth, genetic analysis had been recom-
mended to the patients but had not been completed at the time of
analysis. One reason for this may be that GPs are afraid to exceed
their assigned budget for laboratory services, disregarding that
genetic testing is reimbursed by the German statutory health in-
surance funds outside the regular laboratory budgets. Notably,
some German university outpatient departments are not entitled to
order genetic tests at the expense of the statutory health insurance
and, therefore, are dependent on cooperation with GPs for pre-
scribing genetic tests.

Some patients may have also rejected genetic testing either
because they are in fear of disadvantages (e.g., health insurance) or
because they reinforce their right not to know. Another reason for
the low uptake of genetic testing may be that physicians lack the
time to cope with the formal requirements of carrying out genetic
diagnosis.

Several systematic studies have shown that adherence to statins
is improved by genetic evidence of FH [32], as the motivation to take
the primarily prescribed statins regularly and over the long-term
increases significantly. In turn, adherence correlates with the effec-
tiveness of statins in reducing the number of cardiovascular events
[33]. Taken together, further efforts are therefore warranted to
enhance the uptake of genetic testing. Genetic testing should be
considered more regularly by patients and treating physicians, as
genetic testing for FH also provides a starting point for familial
cascade screening, as described in the large, nationwide, publicly
funded, cascade screening program in the Netherlands [34].

4.3. Treatment status at time of study inclusion

At the time of study inclusion, 86% of study participants regu-
larly received lipid-lowering medication. The reasons for not
providing regular treatment in 14% of study participants were not
specifically investigated but may be related to an underestimation
of the vascular risk conferred by FH and intolerance to previous
medication. Notably, the data regarding treatment status were only
recorded once at the time of inclusion, often at the first visit to the
lipid outpatient clinic so that changes may have been implemented
afterwards. In line with this, preliminary data from a follow-up of
our patients have shown that most patients will be treated over
time.

4.4. Target value attainment

Overall, only one quarter of FH patients in the CaRe High registry
achieve the LDL-C goals according to the 2016 EAS/ESC guidelines
and only a tenth of FH patients in the CaRe High registry achieve the
LDL-C target values according to the 2019 guidelines.

Data from the Greek FH registry and an Italian observational
study indicate a very low rate of target value attainment among FH
patients as well [35,36]. In Italy, the electronic health records of
more than 200,000 individuals referred to a laboratory for routine
assessment and of more than 500 ASCVD patients (age <65 years)
who underwent percutaneous transluminal coronary angioplasty
(PTCA) were studied [37]. The 50% LDL-C reduction goal was ach-
ieved by 70.6% of patients in the laboratory survey, but only 18.5% of
PTCA patients achieved the LDL-C < 55 mg/dl goal. This is in good
agreement with the 26% and 10% of our patients with ASCVD at goal
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according to the 2016 and 2019 ESC/EAS dyslipidemia guidelines,
respectively, and with the 60% of FH patients with ASCVD achieving
a 50% reduction in LDL-C.

Most patients in CaRe High registry achieving the LDL-C goals
received PCSK9i in combination with other oral LLTs These results are
in line with data from the global FHSC registry. Therein, higher
numbers of therapies used are significantly associated with higher
goal attainment rates, particularly when PCSK9i were included [38].

This illustrates that a tremendous gap still exists between
guideline recommendations and their implementation in clinical
practice, and that the implementation of the 2019 guidelines will
be challenging.

4.5. Factors associated with treatment

Basically, two comparisons were made to identify factors asso-
ciated with treatment intensity: low-medium to no treatment and
high intensity to low-medium intensity. First, male sex, baseline
LDL-C, diabetes mellitus and hypertension increased the likelihood
of being treated at all. Second, male sex, baseline LDL-C, ASCVD, and
a positive genetic test result were associated with escalated treat-
ment. This is in line with a study reporting an increased treatment
adherence in patients with previous cardiovascular events [39]. In
Germany, the occurrence of ASCVD related may open the regulatory
window for PCSK9i prescription, which is otherwise limited, and
genetic testing may be used to support their prescription.

A theoretical possibility to explain the association of a positive
genetic test with treatment intensity may be that very high LDL
concentrations themselves increase the probability of ordering a ge-
netic test and are treated more intensely. Both, however, treatment
naive LDL cholesterol and outcomes of genetic testing have been
included simultaneously as “predictors” of treatment intensity into
our logistic regression models. This means that both factors are
mutually adjusted for each other and that the odds ratios reported can
be considered independent from each other without confounding,.

Studies suggest that genetic findings are associated with
improved treatment [11,40]. In consistence, our results cross-
sectionally indicate associations of high-intensity treatment, com-
bination therapy and PCSK9i prescription with positive results of
genetic tests.

Potentially, LDL-C goal attainment and intensity of LLT may be
associated with treatment by lipid specialist, as suggested by the
results in Supplementary Fig. 1. While non-specialists focused on
monotherapy with statins and oral lipid-lowering drugs, specialists
more frequently used PSCK9i. This discrepancy may be related to the
largely conflicting guidelines of scientific societies (2016 and 2019
ESC/EAS dyslipidemia guidelines, DEGAM S3 guideline “General
practitioner risk consultation for cardiovascular prevention”)
[12,13,30] which may address different audiences and/or reflect the
G-BA (Federal Joint Committee)-issued restrictions on prescribing
PCSK9is in Germany, stating that only board-licensed specialists
(lipidologists, nephrologists, cardiologists, angiologists, endocrinol-
ogists) are entitled to initiate treatment with a PCSK9i, whereas GPs
are permitted to issue follow-up prescriptions only [41].

Because only a minor percentage of patients in our study was
included by non-specialists (GPs and internists) who would not be
entitled for an initial prescription of PCSKi, we did not include the
distinction between non-specialists and specialists into our
regression analysis for treatment intensity.

4.6. Limitations
Our study has several limitations [14]. Genetic testing was not

mandatory for inclusion in our registry. Nevertheless, compared to
our previous interim report, we were able to substantially increase
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the available number of results from genetic testing (from 11% to
20%). An FH-causing mutation was found in 51% of the 297 tested
individuals. In patients who underwent genetic testing, diagnostic
strategies were heterogenous (Sanger sequencing, next generation
sequencing, panel diagnostics) because of a lack of standardization
amongst the different human genetic laboratories in Germany. The
genes that were analyzed were mostly selected by the treating
physicians or may have been limited by the available methods;
therefore, they may not have included all candidate genes, and the
rate of genetically detectable FH may be higher than reported here.
As 87% of patients in the CaRe High registry are treated by lipid
specialists, data from the current study are not representative of the
ambulatory sector in general. Many patients were included in the
study either at their first appointment with the treating physicians
or a lipid clinic. Therefore, the information on their treatment
status provides point estimate that may be subject to adjustment
and improvement. Furthermore, the patients in this registry are
probably not representative of the FH population in Germany, as
both the patients and physicians who took part in this study may
have had a higher-than-average awareness of FH.

We applied both the 2016 and 2019 ESC/EAS dyslipidemia
guidelines [12,13]. However, most patients in this interim analysis
were included before the 2019 guidelines were published. There-
fore, the proportion of patients not achieving the LDL-C goals ac-
cording to the 2019 guidelines may be overestimated.

The current data rely on information given by patients and their
physicians. Not all of the information or laboratory values were
available in all cases. Thus, the total number of datasets varies for
each analysis. The LDL-C values before treatment were not always
known and we had to use correction factors depending on specific
medication use to calculate treatment-naive LDL-C values.

5. Conclusions

The interim analysis confirms that lipid-lowering treatment of
FH patients in Germany is still insufficient with potential for
improvement. Treatment intensity is significantly associated with
sex, ASCVD, therapy-naive LDL-C, and a positive genetic test result.
This should prompt physicians to consider genetic testing more
often in patients with clinical suspicion of FH in order to improve
awareness and treatment intensity for ultimately achieving treat-
ment goals and reducing cardiovascular risk.
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