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HIGHLIGHTS

The EAS FHSC is an international initiative involving a network of investigators interested in FH from around 70 countries.
Information on FH prevalence is lacking in most countries; where available, data tend to align with contemporary estimates.
FH diagnosis and management varies widely across countries, with overall suboptimal identification and under-treatment.
In most countries diagnosis primarily relies on DLCN criteria, and less frequently on Simon Broom or MEDPED.

Therapy for FH is not universally reimbursed, and criteria vary across countries. Access to PCSK9i and apheresis is limited.

ARTICLE INFO

Keywords:

Familial hypercholesterolaemia
Primary dyslipidaemia

FHSC

ABSTRACT

Background and aims: Management of familial hypercholesterolaemia (FH) may vary across different settings
due to factors related to population characteristics, practice, resources and/or policies. We conducted a survey
among the worldwide network of EAS FHSC Lead Investigators to provide an overview of FH status in different
countries.

Methods: Lead Investigators from countries formally involved in the EAS FHSC by mid-May 2018 were invited to
provide a brief report on FH status in their countries, including available information, programmes, initiatives,
and management.

Results: 63 countries provided reports. Data on FH prevalence are lacking in most countries. Where available,
data tend to align with recent estimates, suggesting a higher frequency than that traditionally considered. Low
rates of FH detection are reported across all regions. National registries and education programmes to improve
FH awareness/knowledge are a recognised priority, but funding is often lacking. In most countries, diagnosis
primarily relies on the Dutch Lipid Clinics Network criteria. Although available in many countries, genetic
testing is not widely implemented (frequent cost issues). There are only a few national official government
programmes for FH. Under-treatment is an issue. FH therapy is not universally reimbursed. PCSK9-inhibitors are
available in ~2/3 countries. Lipoprotein-apheresis is offered in ~60% countries, although access is limited.
Conclusions: FH is a recognised public health concern. Management varies widely across countries, with overall
suboptimal identification and under-treatment. Efforts and initiatives to improve FH knowledge and manage-
ment are underway, including development of national registries, but support, particularly from health autho-
rities, and better funding are greatly needed.

1. Introduction

EAS FHSC protocol is described elsewhere [5]. Currently, investigators
from ~70 countries are involved [6], with > 10,000 cases already in-

Familial hypercholesterolaemia (FH) is a now major public health
concern [1,2]. Untreated FH confers a significantly higher and earlier
atherosclerotic cardiovascular disease (CVD) risk [1,3]. Furthermore,
contemporary studies suggest FH to be more common than previously
estimated [4]. Yet reports indicate it is still widely underdiagnosed and
under-treated [1]. Population characteristics, together with differences
in health systems and policies, clinical practice, resources, or available
information, among other factors, contribute to variations in FH iden-
tification and management across different sites and settings, and
countries.

The European Atherosclerosis Society FH Studies Collaboration
(EAS FHSC) is an international initiative which aims to develop a
worldwide, cross-regional registry of FH patients and promote a net-
work of investigators interested in FH (www.eas-society.org/fhsc). The
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cluded in the registry. Taking advantage of the wide network of FHSC
Lead Investigators (FHSC-LI), we conducted a survey to provide an
overview of FH status (prevalence/management/initiatives) in different
countries involved in the EAS FHSC.

2. Materials and methods

All FHSC-LI from countries formally involved in the EAS FHSC by
mid-May 2018 were invited by email to provide a brief report on FH
status in their countries. Specifically, FHSC-LI were asked about (1)
“Available information on FH in the country”; (2) “FH programmes and
initiatives”; (3) “FH management in the country”. Where more than one
FHSC-LI from the same country responded, a final joint report was
agreed. Methods are described in detail in the Supplementary Material.


http://www.eas-society.org/fhsc
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3. Results

73 of the 81 FHSC-LI responded to the survey, corresponding to 63
countries (from the overall 68 countries in the FHSC network at the
time of the study). Information is summarised by WHO region [7]
below and in Table 1 and Figs. 1-4.

3.1. AFRICA

3.1.1. Nigeria

The EAS-FHSC collaborative study is the first FH initiative in
Nigeria, established at University of Benin Teaching Hospital (UBTH).
After implementation at UBTH, it will be extended to other centres.
Dyslipidemias are managed by cardiology and endocrinology clinics.
Genetic testing is unavailable. The Centre for Disease Control of UBTH
operates a subsidised general population screening programme for a
variety of conditions including lipid testing, which will be used for
recruiting FH patients. Costs of care are mainly paid out-of-pocket,
while a few, mostly government workers, have health insurance. To
date, 7 patients have been diagnosed.

Atherosclerosis 277 (2018) 234-255

3.1.2. South Africa

The diverse ethnic profile and presence of founder effects among
selected groups (Afrikaners, Jews) make it difficult to accurately de-
termine the true FH prevalence. The estimated prevalence in the
Afrikaner population is among the highest worldwide (1:83) due to a
founder effect (3 founder mutations account for ~90% of cases) [8].
The estimated prevalence in the South African Indian population is
~1:100 but it is uncertain whether this is a true founder effect [9].
Information on prevalence in black South Africans remains limited
[10]; interestingly, the LDLR mutation c.137_142del (“CapeTown-1” or
“FH-Pedi-1”) was identified in several black Africans with a clinical FH
diagnosis and may be a common African mutation.

3.2. AMERICAS

3.2.1. Argentina

The FH Detection Program estimates a prevalence of 1:291 (Dutch
Lipid Clinics Network criteria [DLCN]; > 100,000 cases expected).
Genetic testing is performed for individuals with DLCN > 6; among
patients studied so far, 33% have mutations in LDLR (95%) and APOB

Egypt: Egyptian FH Research Forum (FHRF), a national initiative
endorsed by the Egyptian Association of Vascular Biology and
Atherosclerosis (EAVA), currently involving >30 lead investigators
from different Egyptian governorates and healthcare centres.

s Y
@)

Nigeria: EAS-FHSC collaborative
study (first initiative on FH in
Nigeria; functional since Feb
2018) at University of Benin
Teaching Hospital, aiming to
extend to other centres in the
country.

South Africa: Currently FH expertise is
limited to only 2 clinics (Cape Town and
Johannesburg). Screening programmes
and lipidology courses are implemented
to improve awareness, detection and
management of FH.

Lebanon: Studies carried out at the School of Pharmacy, Saint-
Joseph University of Beirut (LBTM Laboratory-USJ) with collaboration
of physicians at Hotel-Dieu de France Hospital in Beirut.

Iran: Initiative to establish a
network of paediatric
endocrinology experts in different
referral centres in the country,
aiming to identify index cases,
designing uniform data collection
criteria, and cascade screening.

Irag: Network of 10 lipid clinics
(Dec-2017) around the country has
been established to populate the
first Iraqgi national registry.

Arabian Gulf: Gulf FH Registry, aiming to
determine FH prevalence, genetic
characteristics and current FH management
in the Arabian Gulf region. It includes FH
patients recruited from 15 centres across 5
Arabian Gulf countries. Annual courses on
lipid metabolism and severe FH for the
Middle East and North Africa region
(conducted by IAS and OSLA).

Fig. 1. FH-related initiatives in countries involved in the EAS FHSC network in the Africa and Eastern Mediterranean WHO regions.
In red, countries currently involved in the EAS FHSC network. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)
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Mexico: recent implementation
of a National Registry and a
National Association for FH
patients. FH Mexico website
(www.fhmexico.org.mx) has been
launched to raise awareness in
patients and physicians, and as
the site for the National Registry.

Chile: FH Registry using clinical criteria (DLCN)
and/or genetic diagnosis in 2 centres (Santiago and \
Concepcidn). Molecular testing has been performed
in collaboration with accredited laboratories in Sao
Paulo, Lisbon and Barcelona, and, recently,
Universidad de Concepcién started implementing
genetic testing in Chile.

Argentina: FH Detection Program, started in Buenos Aires
in 2015, now expanded to several sites over the country.
Genetic testing is performed for individuals with DLCN >6.
Funded by grants from industry and supported by two
Universities.
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Canada: FH Canada (www.fhcanada.net), national
registry across 19 academic sites acting as “hubs” in
Canada designed to identify subjects with FH to
improve health and healthcare delivery.

Venezuela: Individual efforts of FH investigators to
promote diagnosis, raise awareness and overcome
shortage of medicines in the country.

Brazil: Hipercol Brasil (HB), genetic cascade
screening programme in Sao Paulo, performing
genetic testing for adults with LDL-C >230
mg/dL. HB also started an itinerant programme
in some remote country areas, to identify
possible  founder effects. Brazilian FH
association (AHF; www.ahfcolesterol.org), aims
to increase awareness and interacts with
organisations from other countries.

Uruguay: GENYCO, a National Program for Early Detection
and Treatment of FH, developed and funded by the
Honorary Commission for Cardiovascular Health (GENYCO
Clinical Coordination Unit) (www.cardiosalud.org). The
centralised registry, being implemented in all health
institutions, provides access to free genetic testing,
cascade screening, follow-up and treatment for FH.

Fig. 2. FH-related initiatives in countries involved in the EAS FHSC network in the Americas WHO region.
In red, countries currently involved in the EAS FHSC network. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

(5%), 8 had homozygous FH (HoFH), and 4 mutations were novel
[11,12]. Cascade screening was performed in 22 families, clinically
and/or genetically. A polygenic risk score is used to assess polygenic
causes. FH care is reliant on individual physicians.

3.2.2. Brazil

The ELSA Study suggests heterozygous FH (HeFH) may affect 1:263
Brazilians (~ 766,000 individuals). Currently, the only active genetic
cascade screening program in Brazil is Hipercol Brasil in Sao Paulo
(genetic testing for adults with low-density lipoprotein cholesterol
(LDL-C) =230 mg/dL, to maximise cost-effectiveness), with 1719 het-
erozygotes, 25 homozygotes, 13 compound-heterozygotes and one
double-heterozygote identified by March 2018. To date, 4340 in-
dividuals from 440 families were screened. Genetic testing is funded by
a government tax reduction programme (PROADI-SUS), and cascade
screening by partnering between Samaritano Hospital and Heart
Institute (InCor) University of Sao Paulo. Most FH patients are under
non-specialist care and currently under-treated.

3.2.3. Canada
Estimated prevalence is 1:250 overall [13] (up to 1:80 in some areas
with founder effects [14]), with < 10% of estimated cases identified.
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FH Canada, a national registry, had included > 3100 FH patients by
December 2017. Diagnosis is made using the newly developed, sim-
plified Canadian FH definition, based on DLCN and Simon-Broome (SB)
criteria. Efforts are underway to develop clinically-approved assays for
genetic testing in several provinces. A free smartphone app is available
to impute baseline LDL-C and FH diagnosis using the Canadian defini-
tion, DLCN and SB [15]. Healthcare delivery for FH follows the Cana-
dian Clinical Practice Guidelines [16].

3.2.4. Chile

The 2010 National Health Survey detected 7 cases with LDL-C
=230 mg/dL from 1700 subjects with lipid measurements. Although
likely underestimating the true figure, available data suggest FH pre-
valence is 1:243 (> 69,000 cases [20-60 HoFH] in a 17,300,000 po-
pulation). A registry using clinical criteria and/or genetic diagnosis has
been developed in Santiago and Concepcién (4 HoFH and 67 HeFH
registered so far). Draft Ministry of Health guidelines consider FH care
for the first time. Genetic testing and proprotein convertase subtilisin/
kexin type 9 inhibitors (PCSK9i) for severe FH have been proposed for
incorporation into national law regulations funding the cost of rare and
expensive diseases.
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United Kingdom: Heart UK, actively committed to raising awareness and
recently published a statement on management of patients with HoFH.%” 1

Ireland: Irish Lipid Network established, meeting 3 times a year
to bring together those interested in lipid metabolism. A
national FH database has been initiated.

Belgium: BEL-Cascade: examines the feasibility of cascade
screening performed with the help of field nurses in 150
families living in 2 limited areas of Flanders, Brussels and
Wallonia. BEL-FaHST (Belgium FH Strategy): promotes
recommendations (from a Belgian panel of experts) for FH
identification and management in patients admitted to CCU.
Belchol: FH patient’s organisation active since Sept-2015.

France: National FH French Registry. Initiatives to improve
knowledge of FH among general practitioners and specialists
and involved genetic counsellors.

Portugal: Portuguese FH Study: network of >80 physicians
(paediatrics, internal medicine, cardiology, genetics, endocrinology,
general medicine) from around the country. Establishment of
National FH registry under discussion with the Ministry of Health.

&
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Netherlands: Cascade screening programme between early 1990s and

2014 by the StOEH (foundation subsidised by the government).

—~— —~

Denmark: governmental financial support set for FH

management and to establish a nationwide

government-driven FH register (being established).
7 I

Germany: Nationwide CaRe-High  registry,

initiated in 2014 by the D-A-CH Society for the

Prevention of Heart and Circulatory Diseases

e.V.% German patients organisation: Cholco e.V.

{ 2.
Switzerland: 5-year cascade screening programme
(Swiss Awareness Program for Primary

Hypercholesterolemia: Identification of Risk Elevation
in Families with High cholesterol [SAPPHIRE-FH])
& recently initiated, to improve FH detection rates.
g L A

Italy: LIPIGEN project: run by a network of lipid
S clinics (>40) that covers the whole nation. LIPIGEN
has started a registry for collection of
clinical/genetic data of FH subjects (promoted by
the Italian Atherosclerosis Society).5°

£ S

e

Spain: Spanish FH Foundation (nonprofit patient organisation established in 1997) has driven a nationwide,
cost-effective, FH programme in collaboration with lipid clinics, primary care and regional and national health
authorities for cascade genetic screening; index cases and relatives are included in the SAFEHEART study.88138

Malta: FH registry started in 2017 as an observational study. Initiatives
to raise awareness through education to cardiologists, primary care
practitioners, public health physicians and undergraduate students.

o VioiZ |

N

™ S

Fig. 3. FH-related initiatives in countries involved in the EAS FHSC network in the WHO region of Europe (A-C).
In red, countries currently involved in the EAS FHSC network [138]. (For interpretation of the references to colour in this figure legend, the reader is referred to the

Web version of this article.)

3.2.5. Mexico

A national registry and non-government patient organisation have
been initiated to replace previous isolated initiatives. A large propor-
tion of FH cases are undiagnosed. Cases are treated mainly in reference
centres. Diagnosis is mostly clinical (genetic testing is only available in
referral centres). Accumulated data show that LDLR mutations (in-
cluding some novel) are the most frequent [12,17]. Currently each in-
stitution has its own FH model of care (no government-supported
programmes or national guidelines). The healthcare system does not
universally cover high-dose statins and ezetimibe and medications are
generally out-of-pocket expenses.

3.2.6. Uruguay

Estimated prevalence is ~1:360 (~9100 patients; 2.47% cases
identified to date) based on analysis of lipid profiles from a routine
clinical setting. In 2014, a Ministry of Health National Law and
Regulatory Decree established a National Program for Early Detection
and Treatment of FH (GENYCO). Suspected FH cases are selected in
reference clinics using software incorporating the DLCN criteria. The
Clinical Coordination Unit selects the index cases for genetic testing.
The registry currently includes 805 FH cases, 225 with positive mole-
cular diagnosis (68 index cases/139 relatives with LDLR or APOB mu-
tations and 18 index cases with positive polygenic FH score). FH
treatment is covered by the Integrated National Health System.

3.2.7. Venezuela
A prevalence of ~1:300 was estimated from patients attending an
endocrinology unit in Ciudad Bolivar [18]. FH is diagnosed clinically

(previously, genetic diagnosis was also used in some patients) [19,20].
A major problem is the general shortage of medicines (including up to
85% of previously available drugs such as statins or ezetimibe) and lack
of PCSK9i or apheresis. This situation compromises the efforts to tackle
the FH burden and highlights the need for implementation of health
policies.

3.3. EASTERN MEDITERRANEAN

3.3.1. Arabian Gulf (Kuwait, Oman, Qatar, Saudi Arabia, United Arab
Emirates)

High consanguinity rate in the region (up to 50%) [21] suggests that
prevalence may be higher than that reported. Latest censuses suggest
~130,693 HeFH and 87 HoFH cases. Only 57 mutations have been
reported in 17 Middle East and North Africa countries, attributed to the
lack of national registries and screening programmes [22]. A cross-
national Gulf FH-Registry initiated in February 2017. Although lipid
clinics and lipoprotein apheresis centres are available in the region, FH
remains under-treated. Only 13% of patients with acute coronary syn-
drome (ACS) achieve an LDL-C < 70mg/dL (Gulf-COAST registry)
[23].

3.3.2. Egypt

Preliminary data from the Egyptian Cardiorisk project showed
premature atherosclerosis in 47% of men and 69% of women admitted
with ACS, of whom ~50% may have HeFH [24,25]. A higher incidence
may occur in areas where consanguinity is common. The Egyptian FH
Research Forum is a national initiative aiming to empower the medical
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Poland: National Centre for FH (Gdansk) established in 2017 as a model centre for FH
diagnosis and therapy, providing education of FH, diagnosis (clinical and genetic), therapy and
apheresis. The Association of FH Patients in Gdansk active since 1999. New Polish Lipid
Association FH-Registry (PoLA-FH Registry; www.rejestr-ptl-rh.pl) established beginning 2018.

a2 bt
Czech Republic: Czech MEDPED network of 69 active centres and collaborators
operating throughout the country, under the Czech Atherosclerosis Society
umbrella. A patient organisation has operated since 2014.

S, Y
Austria: Since 2016, enrolment and partly cascade screening in FH
registry under the umbrella of the Austrian Atherosclerosis Society
(multidisciplinary project at Universities in Vienna, Graz and Innsbruck,
planned to expand to other centres across Austria). The project is
supported by similar societies, e.g. Austrian Heart Foundation, Austrian
FH patient organisation (FHchol Austria). Pilot project FH Kids (selective
screening among pre-school children and via school doctors in Vienna).
A
Slovenia: Universal cholesterol screening in children. Universal screening
for CVD risk factors available for adults. National Registry of FH established
in 2017, currently including records of ~ 200 children and 200 adults.
=
Croatia: Croatian Atherosclerosis Society: FH leaflets to all medical personnel on
primary care. “FH patient ID card” distributed to patients after their visit to lipid clinic. |
| .S

Bosnia and Herzegovina: Initiatives for education of doctors and patients through media, lectures,
flyers and publishing books on FH. Spreading network of medical centres willing to participate in FH
project. Approval from local ethics committee, informing Ministry of health, getting Medical Council
support. Working within national Association of Cardiologist/Working Group for Atherosclerosis.
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Slovakia: National paediatric cholesterol screening. FH
patients” organisation established in 2016. Slovak MedPed
FH project: since 1999, using cascade screening approach,
led by the Coordination Centre for Familial Hyperlipidemias
at Slovak Medical University, Bratislava; 25 outpatient
centres throughout the country (4 paediatrics) currently
participating; supported by the Heart of Family Foundation
and Slovak Association of Atherosclerosis.

=

Hungary: FH Website to raise awareness and reach
both the medical and general community. Regular
communication through media. Cooperation with
patient organisations including SzivSN.

< B

Serbia: Organisation of a national FH registry in
collaboration with clinics throughout the country.

A N I~ 1

Bulgaria: National FH programme (since 2017) for
identification, treatment and control of patients
organised by Bulgarian Society of Cardiology; including
7 lipid clinics in the university hospitals in Sofia, Plovdiv,
Varna and Pleven. One active patient’s organisation.

G ¢

Greece: National HELLAS FH Registry, coordinated by the Hellenic
Atherosclerosis Society and including 12 participating lipid clinics.*”

L

e s

Fig. 3. (continued)

community and organisations to promote FH detection and manage-
ment to reduce the burden of premature atherosclerosis in Egypt.

3.3.3. Iran

FH awareness/knowledge are limited. An initiative to establish a
network of paediatric endocrinology experts in different referral centres
in Iran is planned. Currently, genetic testing has been performed in 32
probands (definite clinical FH) and first-degree relatives in collabora-
tion with MRL (Belgium) and UCL (UK), with diagnosis of 16 HoFH, 28
HeFH, and 1 compound HeFH. Most probands are children/adolescents
with LDLR mutations. There has been a call for identified cases to un-
dergo clinical, biochemical, echocardiographic and ophthalmological
examinations. Funding and personnel for the future development of this
project, cooperation with the global network, and access to novel
treatments, are needed.

3.3.4. Iraq

The first lipid clinic was established in February 2017 in Diwaniyah,
aiming to initiate the first lipid clinic network and FH Registry in Iraq.
Subsequent efforts led to opening 9 more clinics; participating physi-
cians attend specific training courses in Muscat, Oman. Genetic testing
is offered in the Sultan Qaboos Bin Saeed University Hospital, Oman.
Future plans involve improving quality of care and physician skills for
FH.

3.3.5. Lebanon

FH is particularly common (e.g. HoFH is 10-fold higher than in
other populations), attributable to founder effects and high con-
sanguinity rates [26,27]. The p.Cys681X mutation (“Lebanese allele”) is
responsible for FH in 81.5% of Lebanese probands from different re-
gions or religious communities [28]; We also showed that PCSK9 was a
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modifier gene [28]. Other less frequent mutations in LDLR and
LDLRAPI genes have also been reported [28,29]. The healthcare system
partially reimburses conventional FH treatment. The Ministry of Public
Health partially covers LDL-apheresis at the National LDL-Apheresis
Centre at a governmental Hospital. Genetic testing is available mainly
through research studies in universities.

3.4. EUROPE

3.4.1. Austria

HeFH/HoFH patients are thought to number ~40,000/100 (only 15
HoFH identified so far). Genetic testing is available, but not routinely
reimbursed by the Austrian health system. There is no common rule as
to how FH patients are managed — partly by internists, endocrinologists,
cardiologists, paediatric lipid centres and general practitioners (GPs).
PCSKO9i are generally only reimbursed in secondary prevention or with
proven statin intolerance.

3.4.2. Belgium

There are no quantitative estimates of HeFH prevalence; 9 HoFH
cases are identified to date. Negotiations for establishing a centralised
registry within the National Institute of Health (NIH) e-health platform
are ongoing. The FH management setting varies, including the few lipid
clinics. Genetic testing is covered by NIH and may be prescribed by any
clinicians, ideally for those with DLCN > 5. Reimbursement for statin,
ezetimibe and PCSK9i is based on DLCN score. Lipoprotein apheresis is
only reimbursed through solidarity funding.

3.4.3. Bosnia and Herzegovina
Data are collected individually using DLCN and cascade screening
(no official national registry). Overall, ~3%/11% of definite/probable
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Norway: National Advisory Unit on FH (established in 2014; www.NKTforFH.no)
to help increase FH awareness, especially targeting general practitioners.

Estonia: Estonian Society of Cardiology organises
teaching courses on FH for doctors and general
population. North Estonia Medical Centre IT system
makes DLCN score mandatory if LDL-C is 25 mmol/L
(pure  hypercholesterolaemia) and  releases
instructions on treatments based on individual
scores.

& <
Latvia: FH Latvian Registry, consisting of a nationwide
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Finland: Initiatives to raise awareness by the Finnish Atherosclerosis Society
and Finnish Heart Association. Local initiatives to screen FH in several
hospital districts. First outpatient clinic specifically focusing on FH screening
and treatment established at Helsinki University Central Hospital in 2016.

Russia: FH Registry initiated by Russian Atherosclerosis
- Society in 2014 (application of DLCN and SB allowed,
including >1000 definite/probable FH).”” Attempts to
perform opportunistic and cascade screening at local
levels. Two patient organisations registered in Saint
Petersburg and Moscow. Educational activities at

centre managed by cardiologists in collaboration with 4 wwuw.lipidology.ru, lectures in regional conferences.
general practitioners. The Registry collaborates with the £
Latvian Society of Cardiology and non-governmental Uzbekistan: research grant (Ministry of Health
cardiovascular patient organisation ParSirdi.lv involved and State Uzbek Scientific Committee) for early
in public and professional awareness activities. diagnosis, risk stratification and treatment of
= atherogenic resistant dyslipidaemia in CAD
Lithuania: Lithuanian High Cardiovascular Risk (LitHiR) patients. Pending to organise schools of patients
primary prevention programme (Coordinating centre (many living in remote regions of the country).
at Vilnius University Hospital Santaros Klinikos).
|2 ]
Ukraine: Participation in international programs (EAS FHSC, ™
ScreenPro FH). Annually, about 8 regional lipid schools are 8 ,k”,
conducted for training of cardiologists and family physicians. ' o § a3 ":o Kyrgyzstan: Programme to identify FH
1 7 o= - individuals with a laboratory database
. R Turkey: National FH programme being analysed for patients with high
(RS G (A Rty (o e cEd U 68 et el M e (estab‘llished 2015), initigtivge of the lipids meeting FH criteria. If probable FH,
2 ¢ { Turkish Society of Cardiology, with then cascade screening will be
Israel: Israel Atherosclerosis Society working on guidelines for aims of raising awareness, performed. To be carried out at regional
identification and treatment of FH patients. A FH Family addressing  FH  burden, and level, supported by the Cardiology and
Foundation established to increase awareness and early implementing an uniform standard Atherosclerosis Societies.
diagnosis. of care.
Fig. 3. (continued)

FH cases have been identified, suggesting an estimated prevalence
of > 1:200. FH management is affected by lack of funding for labora-
tory and genetic testing, and under-treatment with the only available
therapy (statins). Significant steps towards raising FH awareness are
ongoing [30].

3.4.4. Bulgaria

EUROASPIRE-IV estimated a 9% age-standardised prevalence of
potential FH [31]. A study in 12 cardiology hospitals identified 196 FH
subjects (DLCN; 27 definite, 94 probable, 74 possible) from 24,000
subjects with =2 lipids measurements (2015-2016) [32]. Genetic
testing is paid by patients. Patients requiring combination therapy are
managed by lipid clinics, with 5% of very high- and 14.5% of high-risk
FH patients achieving LDL-C goals [32]. The health system reimburses
PCSK9i at 75% (if DLCN > 6, on high-intensity statin, and LDL-
C > 3.6 mmol/L if very-high risk, > 2.6 mmol/L if multiple athero-
thrombotic events, > 5mmol/L for primary prevention); statins for
secondary prevention at 25%; and fixed atorvastatin-ezetimibe at 50%.
Since the programme started, 120 more patients are on PCSK9i.

3.4.5. Croatia

About 200 FH cases (MEDPED; one HoFH) are identified from the
estimated 15,000 (~ 1% detection rate) [33]. A pilot regional screening
programme in ACS patients showed that 1:12 has possible FH. Genetic
testing will soon be available in a pilot project at the University of
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Zagreb. Preliminary results suggest no FH patient achieved an LDL-
C < 1.8 mmol/L despite statin or statin/ezetimibe. FH patients are
managed in lipid clinics by lipid specialists, and also by cardiologists
and endocrinologists. PCSK9i are prescribed only in hospitals, covered
by the Croatian National Insurance (from hospitals own budgets).

3.4.6. Cyprus

There are no data on prevalence and no formal registry. Screening is
opportunistic at the discretion of the treating physician, who can refer
patients/relatives for genetic testing available centrally at a National
Institute. Studies have revealed clustering for LDLR mutations, possibly
due to low migration rates and high consanguinity [34]. Care is free for
those entitled to National Health Care (NHC). Most FH patients are
managed by cardiologists and internists, and treated with statins or
plasmapheresis (available in public hospitals) [35]; PCSK9i are be-
coming available privately and in the NHC (selected patients).

3.4.7. Czech Republic

Since joining the worldwide MEDPED initiative in 1998, a nation-
wide network of 69 centres has been established [36]. Currently, the
Czech National MEDPED Database includes 7784 FH patients (modified
MEDPED criteria; 19 HoFH) in 5884 families (19.5% of expected FH
patients in the Czech Republic, if prevalence is 1:250). Cascade
screening is facilitated using genetic testing. DNA samples are available
from 4963 unrelated patients (LDLR, APOB, and PCSK9 mutations were
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detected in 961, 488, and 1 patients, respectively). Statins/ezetimibe/
PCSK9i are fully reimbursed (PCSKO9i restricted to secondary prevention
with LDL-C > 3mmol/L, or HeFH with LDL-C > 4 mmol/L, on max-
imum tolerated lipid modifying treatment [LMT]); LDL-apheresis is
fully reimbursed but restricted (few cases).

3.4.8. Denmark

HeFH prevalence is 1:223 clinically [37] or 1:217 genetically [38]
(Copenhagen General Population Study). A 2017 government report
concluded that, with a prevalence of 1:200-250, only 11-13% of
HeFH patients are identified (particularly lacking identification of
children). A 1:220 HeFH prevalence would translate to an allele fre-
quency of 1:440 and 1:193,600 HoFH frequency (expected 28 HoFH
individuals; very few already diagnosed). FH diagnosis/treatments
are covered by the healthcare system, including genetic testing where
needed.

3.4.9. Estonia

The North Estonia Medical Centre (NEMC) electronic database in-
cludes ~1800 possible/probable/definite FH patients, suggesting a
prevalence of 1:440. An algorithm introduced to the NECM IT system
mandates DLCN scoring if LDL-C =5 mmol/L (pure hypercholester-
olaemia) and informs on treatments according to individual scores.
Genetic testing is funded but used in limited cases. FH is mainly man-
aged by cardiologists in lipid clinics. Statins and ezetimibe are re-
imbursed, unlike PCSK9i, used only in a few patients; use of lipoprotein
apheresis is limited.

3.4.10. Finland

National guidelines for FH management are available, but there is
no national screening programme or registry. The mutation spectrum in
Finland is restricted and unique; 5 distinctive founder LDLR mutations
are identified, with a combined estimated heterozygous carrier rate of
1:500 [39,40]. If FH prevalence is ~1:200, a substantial proportion of
Finnish FH is still molecularly undefined [1]. Up to 27,500 may have
FH, but, according to nationwide statistics, only ~5000 patients re-
ceive reimbursement for LMT for hereditary dyslipidemia.

3.4.11. France

About 8000 FH patients are followed in lipid clinics (~3.3% of the
expected 240,000 if prevalence is 1:250). In 2015, a national network
of physicians (mainly endocrinologists and cardiologists) and geneti-
cists created the national French FH Registry, sponsored by the
Nouvelle Société Francophone d’Athérosclérose (NSFA) [41]. Inclusion
is based on DLCN (probable diagnosis) and/or genetic mutation. By
March 2018, 4660 adults and children from 15 lipid clinics were in-
cluded throughout France, almost two-thirds with a genetic diagnosis
[42]. NSFA recommendations for FH management are guidelines for
standard practice in France [43]. PCSK9i are reimbursed (alirocumab
for HeFH with LDL-apheresis criteria; evolocumab for HoFH).

3.4.12. Germany

An estimated prevalence of 1:300 (HoFH: 1:860,000) [44,45] sug-
gests ~ 275,000 individuals may have FH, but only a minority are di-
agnosed/treated. Genetic testing is available if indicated by the treating
physician, covered by statutory health insurance. Private health in-
surance is, however, reluctant to cover costs. There are no national FH
guidelines; patients are managed in primary care, internal medicine,
cardiology, and lipid clinics. The only systematic approach to collect
more information is the nationwide CaRe-High registry [46] (al-
ready > 500 individuals). CaRe-High also offers support for cascade
screening and cooperates with Cholco (German patient organisation).

244

Atherosclerosis 277 (2018) 234-255

PCSK9i and lipoprotein apheresis are available, covered by insurance.

3.4.13. Greece

The estimated prevalence is 1:250 (~ 40,000 cases; > 90% remain
undiagnosed). Two university centres offer genetic testing, although
costs are met by patients. The national HELLAS FH Registry was re-
cently established [47]. Patients with LDL-C > 190 mg/dL (> 160 mg/
dL in children) are evaluated for FH; if at least possible FH, they are
registered and offered cascade screening (genetic testing is free to se-
lected patients). FH is mainly managed in lipid clinics in large cities.
PCSK9i and lomitapide are offered free-of-charge to selected patients.
Three centres offer lipoprotein apheresis (reimbursed). Few patients
achieve LDL-C goals [48].

3.4.14. Hungary

FH may affect ~20,000-40,000 individuals. The national network
involves 2 national centres (Budapest and Debrecen), and 18 regional
centres. The Hungarian FH-Registry includes 301 patients. The Registry
uses an automated programme that calculates the DLCN score; patients
with suspected FH are referred to regional centres. Genetic testing is
performed if needed (limited/partial funding). There are 2 LDL apher-
esis centres (Budapest, Debrecen); PCSK9i are available but not sub-
sidised.

3.4.15. Ireland

Studies suggest a decline in cholesterol levels in Ireland since the
1980s [49-51]. A recent study identified one possible FH case among
259 of the public screened [49]. A national FH database has been in-
itiated, supported by industry, which also funds lipid nurses for FH
screening. Cascade screening is offered [52]. Genetic testing became
available recently at St James Hospital (referrals based on DLCN score).
Patients receive treatment in different settings, particularly in cardi-
ology, diabetes and a small number (n =75) of lipid clinics. Re-
imbursement for management of lipid disorders is currently unavail-
able. PCSK9i have been utilised only as part of an early access
programme which is now full.

3.4.16. Israel

FH research began > 20 years ago as part of the MEDPED initiative.
The estimated HeFH prevalence is 1:355 [53]. Currently ~500 families
are followed; among 455 FH patients, 176 are mutation-positive, re-
presenting < 5% of expected FH cases. The common mutations iden-
tified reflect the various ethnicities in the country (characteristic
founder effects identified in each ethnicity) [54,55]. 25 HoFH patients
were identified, reflecting a cultural tendency towards consanguinity.
Most patients are treated in lipid clinics; most > 40-year-old hyperch-
olesterolaemic patients are on statins; data in younger adults/children
and on LDL-C goal attainments in all age groups are lacking.

3.4.17. Italy

Data from Health Search IMS Health Longitudinal Patient Database
showed a prevalence (DLCN =6) of 1:526 [56]. Using only an LDL-C
cut-off of =250 mg/dL identified 1:1038 and 1:369 among non-treated
and statin-treated subjects, respectively [57]. Among patients admitted
to rehabilitation and secondary prevention programmes, FH prevalence
was 1:27 [58]. Data from Sardinia and Sicily, two insular regions, re-
ported a 1:2500 rate of ARHI mutation carriers (1:140,000 homo-
zygous) [59]. Patients are generally referred to lipid clinics [60]. Sub-
jects with suspected clinical FH undergo genetic testing (reimbursed by
the National Health Service [NHS]). Available treatments include li-
poprotein apheresis and PCSK9i, reimbursed under NHS specific mon-
itoring programme.
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3.4.18. Kyrgyzstan

There is a high cardiovascular morbidity rate. Earlier studies
showed that atherogenic lipid levels were lower in the Kyrgyz ethnic
group than in individuals of Caucasian descent. Although prevalence is
unknown, FH is thought to be more common than in other countries.
Genetic testing is unavailable. FH is managed by cardiologists and in-
ternists and treated with statins (not reimbursed). There are no accurate
data on LDL-C goal attainment.

3.4.19. Latvia

Prevalence is unknown but assumed at 1:250. There is no state
programme and few patients were diagnosed before the Latvian FH
Registry was established in 2015. To date, the Registry has identified
181 cases (2.3% of 7876 estimated HeFH cases; no HoFH). Cascade
screening is performed in first-degree relatives of index cases with
probable/definite FH. Genetic testing is not reimbursed but has been
funded by research grants for a few patients/relatives. About 5% of
patients had LDL-C at target before inclusion in the Registry [61].
Statins are reimbursed 50% in primary prevention; statins and ezeti-
mibe, 75-100% in secondary prevention; PCSK9i are available, but not
reimbursed.

3.4.20. Lithuania

Cardiovascular mortality rates are extremely high (56.1% in 2017).
With a population of 2,847,904, it is estimated that there are 14,240
(1:200) HeFH cases and 18 (1:160,000) HoFH cases. ~15% of FH cases
are diagnosed. The nationwide Lithuanian High Cardiovascular Risk
primary prevention program [62,63], covered by the health system
since 2006, screens > 200,000 individuals every year; in > 93,000
middle-aged adults included in the electronic database for detailed
analysis, 3.2% had LDL-C =6 mmol/L. High-risk patients with dysli-
pidaemia are managed in preventive cardiology units by cardiologists,
geneticists, apheresis specialists, and followed-up in primary care. Ge-
netic testing is reimbursed. Statins are reimbursed for primary/sec-
ondary prevention; PCSK9i are not reimbursed yet.

3.4.21. Malta

Up to 10% of the estimated 1500 FH individuals are identified. An FH
Registry started in 2017, run on a voluntary basis (no official funds);
inclusion has changed from opportunistic to cascade screening, with
relatives considered at lower cut-off LDL-C [64]. Genetic testing is un-
available. Patients are managed at the only national lipid clinic (or in-
ternal medicine clinics with the same physicians). FH patients are en-
titled to free treatment with statins, fibrates, and cholestyramine but
other therapies are not funded; PCSK9i are made available exceptionally.
96% of patients identified are on statins (60% at LDL-C goal).

3.4.22. Netherlands

Cascade screening was practised routinely between the early 1990s
and 2014 by StOEH, a government-subsidised foundation. Diagnosis
was based on the presence of mutations in LDLR/APOB/PCSK9. Genetic
analyses were performed by a core laboratory (Academic Medical
Centre, Amsterdam), while patient care was mostly at local lipid clinics.
Initially, only molecular diagnostics were performed in the screening
programme, with lipid testing included after the early 2000s. Based on
studies on HoFH prevalence and among primary care, a 1:200-250
HeFH prevalence is estimated (40% [~ 30,000] patients identified)
[65-671].

3.4.23. Norway
Since 1991, the Unit for Cardiac and Cardiovascular Genetics (Oslo
University Hospital) performs all genetic testing and cascade screening
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free-of-charge (government funded). Currently, > 8000 patients
(~800 < 18 years; 13 HoFH) have been diagnosed. Estimated pre-
valence is 1:300, i.e. ~17,000 cases. The National Advisory Unit on FH
was established in 2014. Diagnosis of index patients has increased
from < 100 patients/year previously to > 350 patients/year in the last
2 years. There are 10 lipid clinics (largest in Oslo, with > 1300 FH
patients seen every year). Few patients attain LDL-C goal with statins/
ezetimibe [68]. PCSK9i are available if LDL-C > 5 mmol/L (> 4 mmol/
L if CVD) on statin/ezetimibe, or if eligible for apheresis.

3.4.24. Poland

Estimated prevalence is 1:250 (based on a meta-analysis of 6 ob-
servational studies) or 136,300 adults (only 2% diagnosed) [69,70].
Based on LIPIDOGRAM studies (2004-2015, ~50,000 participants),
prevalence might be < 1:200 [71,72]. Five HoFH cases are described
[73,74]. Patients with DLCN = 3 are referred for genetic testing, funded
by the National Health Program. The National Centre for FH at Uni-
versity Clinical Hospital, Medical University of Gdansk, was established
in 2017, financed by the Ministry of Health. From August 2017, 345
patients underwent genetic testing (153 positive, including 46 relatives;
1 HoFH). Since 1999, 1884 patients (562 families) have undergone
genetic testing and cascade diagnosis (data from the National Polish FH
Registry, Medical University of Gdansk, established in 2000). PCSK9i
are not reimbursed (under discussion with the Ministry of Health).

3.4.25. Portugal

There is no government programme for FH identification. However,
since 1999, the National Institute of Health "Dr Ricardo Jorge" pro-
moted the Portuguese FH Study [75]; to December 2017, 801 index
cases (clinical diagnosis) and > 1000 relatives (cascade screening)
were referred, of whom 772 (319 index cases, 453 relatives, 11 HoFH)
had a potential pathogenic mutation. Establishment of a National FH
Registry is under discussion with the Ministry of Health. Statins and
ezetimibe (partly) and LDL-apheresis (fully) are covered by the health
system. Overall, < 10% of patients attain LDL-C goal.

3.4.26. Russia

The estimated number of HeFH patients is at least ~590,000 (if
prevalence is 1:250 [13]). The Epidemiology of Cardiovascular Risk
Factors and Diseases Study in 2 Siberian regions reported prevalence for
definite/probable FH of 0.24%/0.68% [76]. Genetic testing is available
commercially but is used only in studies or paid by patients. FH care is
provided by cardiologists, and by lipid clinics in several large cities.
Ezetimibe and PCSK9i are commercially available but not reimbursed
by the health system. Apheresis is available in some large cities but is
not reimbursed. Few patients meet LDL-C goal [77]; in a study in 4 lipid
clinics (> 500 FH patients -DLCN =8 with coronary heart disease)
only 6.6% achieved an LDL-C < 1.8 mmol/L [78].

3.4.27. Serbia

CVD is the leading cause of mortality (51.7%). 13.2% of the popu-
lation have hypercholesterolaemia [79,80]. There are no data on FH
prevalence and no national registry, but an active FH programme is in
place. Estimated FH prevalence is 1:500 (14,400-15,000 in > 7 million
population). The only lipid unit (Clinical Centre of Serbia, Belgrade)
initiated a local registry based on opportunistic and cascade screening,
identifying > 700 FH patients (7 suspected HoFH). Genetic testing is
unavailable. Statins, ezetimibe and apheresis are reimbursed, but not
PCSK9i. Preliminary data suggest LDL-C goal attainment is low (statins
are frequently under-dosed).
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3.4.28. Slovakia

Estimated FH cases range from 10,858-21,716 (1:250-500 pre-
valence). Prevalence of the FDB_R3500Q mutation is 0.09% in the
general population [81]; 2 HoFH patients have been identified. The
MEDPED-Slovakia Registry collects information on identified FH pa-
tients (DLCN, SB, MEDPED) and includes 1184 probands from 2246
registered patients. Genetic testing availability is limited to research
grants and health insurance [82]. National paediatric cholesterol
screening (at 11 and 17 years) was initiated in 2004. Statins, ezetimibe
and PCSK9i are reimbursed by the health system.

3.4.29. Slovenia

One in 500 children born in 2008 have genetically confirmed HeFH
(8 HoFH) [83]. As mandated by law, total cholesterol is universally
screened at age 5 years [83]; those with elevated levels are referred to
UMC Ljubljana (UMCL) for genetic testing (funded by hospital funds/
research projects). Universal nationwide screening for CVD risk factors
is available in adults aged 35-70-years, with referral to lipid clinics if
FH is suspected (e.g. total cholesterol > 8.0 mmol/L). FH children are
followed by paediatricians, adults at the UMCL lipid clinic. Statins/
ezetimibe are introduced from 8 to 10 years. Statins are fully re-
imbursed; ezetimibe is co-paid for primary prevention in adults; PCSK9i
are reimbursed for FH adults with LDL-C > 5.0 mmol/L, > 4.0 mmol/L
or > 3.6 mmol/L in primary prevention, secondary prevention or pro-
gressive CVD, respectively, on maximal statin/ezetimibe (or with
documented statin intolerance).

3.4.30. Spain

Although FH prevalence is estimated at 1:300 (> 150,000 subjects;
HoFH: 1:450,000) only ~20% of cases have been detected (97 with
HoFH), 65% with clinical criteria and 35% with genetic testing (funded
by the NHS, indicated if the index case has DLCN =6) [84-86]. FH is
managed in lipid clinics and primary care. Lipoprotein apheresis,
PCSK9i and other LMT for FH are covered by the NHS. About 80% of FH
patients are on treatment; LDL-C goals are attained by 11% of adults
and 42% of children/adolescents [87,88]. A cardiovascular risk equa-
tion for FH developed from SAFEHEART might improve risk stratifi-
cation and indication for emerging treatments [89].

3.4.31. Switzerland

The highest worldwide prevalence of APOB pathogenic variants
(1:209) was discovered in Switzerland [90]. Along with LDLR-variants
(1:317), FH prevalence is 1:125-135. From the estimated 65,000 pa-
tients, > 1500 are listed in the nationwide Swiss FH Center (diagene
Research Institute). By 2018, available data suggest 0.8-3.3% of FH-
patients are diagnosed, similar to 1998 (2.3%) [91], highlighting the
need for the provision of additional resources to improve current de-
tection. The detection rate is considerably lower than the estimated
13% detection rate published in 2013 by others [1]. The discordance
between these estimates may have implications for resource allocation
and highlights the importance of the present Swiss initiative and the
FHSC to global health.

3.4.32. Turkey

A high prevalence (1:150-200; ~ 420,000 cases) is expected due to
founder effects and high consanguinity (23%) [92,93]. EUROASPIRE-IV
suggested 8.9% of coronary patients have potential FH [31]. FH is
mainly diagnosed clinically due to the high cost of genetic testing.
Several registries are ongoing; A-HIT1, a nationwide survey of 88 HoFH
patients undergoing LDL-apheresis, showed that most experience in-
effective apheresis [94,95], and A-HIT2 (1000 FH adults from 30
clinics) showed that FH is undertreated even in specialized centres
(LDL-C goal attainment: 9.1%) [94]. A-HIT3 is in FH patients admitted
to coronary care units with premature MI. Statins, ezetimibe and
apheresis are reimbursed. PCSK9i are available (only evolocumab is
reimbursed for HoFH).
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3.4.33. Ukraine

The prevalence of total cholesterol > 5mmol/L is 69.4% (LDL-
C > 5mmol/L, 8.1%) [96], partly influenced by high rates of secondary
hypercholesterolaemia (13% hypothyroidism, 50% prediabetes/dia-
betes, 45.7% obesity). About 160,000 FH patients (~0.4% of the po-
pulation) are expected (if prevalence is 1:250). There is no government
funding/support. Cascade screening is conducted. Genetic testing is
paid by patients (including 8 HoFH). Currently, the FHSC-related reg-
istry in Ukraine includes 165 patients (63% possible/20% probable/
17% definite FH). There are no specialized lipid clinics. FH care is co-
ordinated by the Dyslipidaemia Department, M.D. Strazhesko Institute
of Cardiology NAMS of Ukraine. State reimbursement for statins began
in 2018.

3.4.34. United Kingdom

Estimates suggest only 10-20% of HeFH cases are diagnosed (~ 60
HoFH) [97]. LDLR/APOB/PCSK9 mutations are carried by ~93%/5%/
2% of identified HeFH [98]. NICE 2017 updated guidelines recommend
SB or DLCN for diagnosis [99]. In 2008, NICE recommended DNA
testing to diagnose index cases, followed by family cascade testing.
Access to genetic testing remains limited, however, and few regions
have screening programmes supported by DNA testing. The imminent
re-design of Genomic Laboratory Service in England will improve ac-
cess to genetic testing. PCSK9i are commissioned by NHS (NICE tech-
nology appraisals 393/394). NHS England commissioned evolocumab
and lomitapide for HoFH.

3.4.35. Uzbekistan

Estimated prevalence is ~ 160,000 HeFH/30 HoFH cases (based on
prevalence 1:200; 32.653 million population). FH identification is
based on target screening in outpatient departments and in the CAD and
Atherosclerosis Laboratory of the Republican Specialized Centre of
Cardiology (RSCC), Tashkent. Genetic testing is not routinely available
(since 2018, available in the Scientific Laboratory of Molecular Genetic
Studies). The RSCC database includes 105 HeFH (< 0,01% of estimated
cases) and 3 HoFH (10%) patients. Patients are monitored by the RSCC
CAD and Atherosclerosis Laboratory. LDL-apheresis is available in pri-
vate clinics.

3.5. South-east Asia and western Pacific

3.5.1. Australia

HeFH prevalence is 1:250-350 [100,101]. A web-based registry
across Australia has included > 1000 subjects [102]. Cascade screening
from a local centrally coordinated clinical service has demonstrated
cost-effectiveness but requires nationwide implementation [103-105].
Screening in coronary care units is useful for detecting FH and elevated
lipoprotein(a) [106,107]. In primary care, electronic screening tools
can identify FH patients. FH is managed in lipid clinics, by cardiolo-
gists/endocrinologists, and in primary care according to a model of care
[108,109]. Lipoprotein apheresis for refractory FH with progressive
CHD is available, funded by the health system [109]. PCSK9i are re-
imbursed according to FH severity.

3.5.2. China

The reported FH prevalence is 0.28% (7.1% in premature MI)
[110,111]. On this basis, there could be 5.6 million HeFH and ~ 5000
HoFH cases. Recent research showed that mean untreated LDL-C was
15.1 *= 3.8 mmol/L in HoFH/compound HeFH, and 5.7 * 1.3 in
HeFH [112]. Previously, DLCN was used widely and genetic testing was
self-funded. In 2018, an expert consensus group proposed diagnostic
criteria for Chinese FH [113]. There are few lipid clinics in China, and
widespread FH awareness is lacking, with many patients misdiagnosed/
under-treated. Only 4.2% definite/probable FH patients are treated
with high-intensity therapy [110] (statins/ezetimibe/probucol), cov-
ered by health insurance.
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China: Cascade screening
program in some centres
(e.g. Beijing Anzhen Hospital,
Capital Medical University).

1

India: aiming to establish a
lipid clinics network. A few
centres in Mumbai, Chennai,
Kolkata and New Delhi work
on genetic screening and
awareness of FH.

Malaysia: FH awareness programmes organised in
collaboration with scientific societies. FH Support
Group initiated. Voluntary community health screening
programmes covering all 13 states being organised at
local, regional and national levels in collaboration with
local Health Authorities. Family cascade screening
conducted at the clinics, with opportunistic screening
performed during health screening programmes.

Singapore: FH CARE program (FH: Case identification,
Assessment and Reduction in adverse Events), with
opportunistic screening in lipid and cardiology clinics; expanded
to 7 public health care institutes, with plans for expansion to
private healthcare sector and patients organisation.
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Japan: A patients’ organisation (Advocacy Group)
for severe FH established in 2008 to raise
awareness and knowledge of FH and new
treatments available, and to persuade authorities
for the reimbursement of FH medical costs.

Taiwan: Taiwan FH Registry Study (national registry),
established in 2015 under the umbrella of the
Taiwanese Society of Lipids and Atherosclerosis.

Hong Kong: Cascade screening and genetic testing have
been provided mainly by government research grant-
funded research programmes at the lipid clinics of the
Prince of Wales Hospital and Queen Mary Hospital.

Vietnam: FH programme started in
Northern Vietnam in 2014, supported by
the Vietnam National Heart Institute, Bach
Mai Hospital. Development of new projects
for the Mekong Delta region and Central
Vietnam.

Australia:  FH  Australasia  Network
(FHAN),'3? along with local patient support
groups, provides FH information to
patients and  health  professionals.
Initiatives to improve understanding of
patient’s perceptions and preferences has
also been undertaken. Web-based Registry
in over 30 sites across Australia.1%?

> 4

J.,
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Fig. 4. FH-related initiatives in countries involved in the EAS FHSC network in South-East Asia and Western Pacific WHO regions.
In red, countries currently involved in the EAS FHSC network 139. (For interpretation of the references to colour in this figure legend, the reader is referred to the

Web version of this article.)

3.5.3. Hong Kong

About 500 FH patients have been identified in 2 main centres (<2%
of cases according to global data) [1]. Originally, MEDPED was used to
identify patients, with data presented at the second WHO Consultation
in Geneva (1998) [114]. More recently, DLCN was adopted after re-
commendation in recently developed local consensus guidance. FH
patients are usually managed in lipid/other specialist clinics in gov-
ernment hospitals. Statins/ezetimibe are generally provided at nominal
charge [115]. Plasmapheresis is used at Queen Mary Hospital for severe
cases.

3.5.4. India

There are no accurate data on FH prevalence [116]. A survey on FH
awareness in 79 GPs showed that 67% were unaware of FH definition
and 72% were unaware of FH prevalence [117]. An ongoing study in
Mumbai has enrolled 10/13/87 definite/probable/possible cases
(DLCN). Genetic screening for PCSK9 will use RT-PCR and sequencing.
Similar studies are being performed in South, North and East India
[118,119]. FH is treated in routine consultations at hospitals or private
clinics, but, due to the lack of lipid clinics, treatments rely on statins
only.

3.5.5. Japan
The estimated prevalence is 1:200-500 (1:160,000-1,000,000 for
HoFH). Clinical characteristics of HeFH/HoFH were reported by the

Research Committee of the Ministry of Health [120]. The Japanese
Atherosclerosis Society has published criteria for FH diagnosis in
adults/children [121-123]. Genetic testing is recommended for diag-
nosis (required for HoFH), but it is not yet covered by health insurance
and only available in several institutions. FH is managed by lipidolo-
gists/cardiologists/internists and primary care physicians. Health in-
surance covers 70% of medical costs for HeFH and 80% (up to a limit of
100%) for HoFH.

3.5.6. Malaysia

Estimated HeFH prevalence is ~1:100 (~0.4% identified) [124].
29 HoFH cases with LDLR mutations have been identified in 14 families
[124-127]. This research group has identified ~707 clinical FH pa-
tients (190 screened for genetic mutations). Overall, 1524 cases have
been clinically diagnosed from various clinics and community; genetic
testing was performed in 1007 (43.9% with LDLR/APOB100/PCSK9
mutations) [124-130]. Genetic testing is not government-funded. FH is
managed in specialist lipid, endocrine and metabolic medicine, cardi-
ology, internal medicine and primary care clinics. Excluding PCSK9i
and apheresis, treatment is covered by the health system. Only 12.1% of
high-risk patients receive LMT (32.5% attain LDL-C goal) [131].

3.5.7. Singapore
There are an estimated 22,000 HeFH individuals among the ~5.5
million population. The 2016 Ministry of Health Clinical Practice
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Guidelines recommended SB for clinical diagnosis [132]. Among 96
identified FH patients in one centre, 52% were heterozygous for LDLR
mutations and 4.2% heterozygous for APOB mutations [133]. The FH
programme in Singapore started in 2015, with proband identification
via opportunistic screening [133]. Cascade screening is challenging as
probands are reluctant to inform relatives. FH care is shared across
primary and tertiary care, public and private institutions. One single
centre study showed that only 57.7% of patients received LMT, and
56.3% attained goals (LDL-C < 1.8 mmol/L or =50% reduction) [133].

3.5.8. Taiwan

Prevalence is estimated at 1:200-300. A national registry (Taiwan
FH Registry Study) was established in 2015 supported by the Taiwanese
Society of Lipids and Atherosclerosis, which published the “Taiwan
Lipid Guideline for High Risk Patients” in 2017 [134]. Four LDLR
mutations and one APOB mutation (among 136 reported) account for
34% of FH cases in Han Chinese population [135]. Genetic testing for
screening will be available from late 2018 at the National Taiwan
University Hospital (available for genetic diagnosis for Taiwan/other
countries). Recently, the Taiwan National Health Insurance approved
reimbursement of PCSK9i for HoFH.

3.5.9. Vietnam

The FH programme started in North Vietnam in 2014 using op-
portunistic screening to identify index cases, followed by cascade
screening. The social health insurance system partly covered the cost of
treatment. Currently, the registry includes 70 FH patients (DLCN and
age- and gender-specific LDL-C criteria) [64] (53 HeFH/8 HoFH ge-
netically confirmed). After diagnosis, only 15.7% of patients (6 HeFH, 5
HoFH) were regularly followed by cardiologists. LMT included statins
(100%), ezetimibe (36.4%), stanols (27.3%), and plasma exchange
(9.1%). 83.3% of HeFH cases had LDL-C < 2.5 mmol/L. Mean LDL-C in
HoFH before and after treatment was 17.5 = 6.0 and
10.2 + 4.1 mmol/L, respectively.

4. Discussion

This survey highlights the lack of information on FH prevalence in
most countries. Where available, data tend to agree with contemporary
estimates, higher than that traditionally considered [1]. In the absence
of data, the general reported figure of 1:250-500 [1] are frequently
assumed and extrapolated to local populations. There are, however,
several factors that influence FH identification/diagnosis and, thus,
estimation of the burden of disease. These include, among others: (i)
population characteristics, e.g. presence of different ethnicities, mi-
gration patterns, mutation spectrum (which may differ widely across
the world) [136], founder effects, consanguinity rate, and population
cholesterol levels (and factors that may influence them, e.g. dietary
patterns, lifestyle); (ii) general FH awareness among the community,
healthcare professionals and policy-makers [137]; (iii) socio-cultural
factors (e.g. disease visibility and social acceptance); (iv) lack of stan-
dardisation in diagnostic criteria and of adjustment to specific popu-
lation characteristics (e.g. the most widely used DLCN criteria use ab-
solute LDL-C levels as cut-offs, which may fit well with Western
populations with similar LDL-C frequency distribution like the Neth-
erlands; however in other regions or ethnicities or living standards
(even within the same countries, e.g. urban vs. rural) the 90th-95th
percentiles may vary considerably, and by using the Dutch cut-offs the
estimated or recorded FH prevalences may be over- or under-esti-
mated); (v) accessibility to genetic testing, or presence (and coverage)
of screening programmes; (vi) variability in clinical practice [4]. Con-
sideration of all these factors makes it difficult to accurately model FH
prevalence in a particular setting/population, and extrapolations be-
tween regions are likely inappropriate. Nevertheless, low rates of FH
identification are reported universally. To address this, national re-
gistries have been initiated in many countries, in some cases prompted
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by participation in the EAS FHSC. Education programmes to improve
FH awareness and knowledge are a recognised priority. In most cases,
initiatives are promoted in association with scientific societies, aca-
demic/research institutions, and patient groups. Support and funding
for FH management and initiatives are often lacking.

In most countries, diagnosis primarily relies on DLCN, and less
frequently on SB or MEDPED. Whether these traditional criteria are
applicable to more contemporary populations and different regions is
uncertain. There is a need for country/region-specific tools for FH di-
agnosis (for the reasons discussed above, it is unlikely that a one-fits-all
standard, e.g. for LDL-C cut-off levels, be applicable to all populations,
but adjustments are likely needed); however, only a minority have re-
gionally-modified criteria. Though often available, genetic testing is not
widely implemented, with cost being a frequent issue (in some cases
self-funded or only available in the context of research). Where avail-
able, genetic testing is mainly used to confirm diagnosis where there is
a strong likelihood of FH based on clinical criteria. About one-third of
countries offer genetic cascade screening, albeit usually on a regional
basis with few offering nationwide coverage. Only a minority of “na-
tional government programmes” are promoted by health authorities.

FH management varies across (and frequently within) countries
(specialist lipid clinics, non-lipid specialists, and/or in primary care),
and under-treatment is common. High-intensity statins, usually with
add-on ezetimibe, are the standard of care. However, therapy for FH is
not universally reimbursed, and criteria vary across countries. In 4
countries ezetimibe is not available. PCSK9i are available in ~ two-
thirds of countries, but with restricted use. Lipoprotein apheresis is
offered in ~60% of countries, usually limited to one centralised or a
few reference centres, sometimes in private healthcare.

In conclusion, this survey of > 60 countries participating in the EAS
FHSC reinforces the need to improve FH awareness, identification and
management worldwide. Registries (including data linkage studies),
both national and international, are essential for driving improvement
in FH care and policy. The EAS FHSC registry, which aims to generate
large-scale, cross-regional data on FH, will play a major role in this
respect.
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Appendix

EAS Familial Hypercholesterolaemia Studies Collaboration (FHSC)
investigators

National Lead Investigators for each country are identified as “NLI”.

FHSC COORDINATING CENTRE: Asif Akram!, Josip Car!, Martina
De Marco', Kausik K. Ray', Christophe A.T. Stevens', Antonio J. Vallejo-
Vaz'; (i) Imperial College London, United Kingdom. ARGENTINA: Pablo
Corral' (NLI), Laura Schreier'; (i) FASTA University, School of Medicine,
Pharmacology Dept., Mar del Plata; (ii), University of Buenos Aires, Dept. of
Clinical Biochemistry, Laboratory of Lipids and Atherosclerosis, INFIB-
IOC-UBA, Buenos Aires. AUSTRALIA: Gerald F. Watts"ii (NLI), Jing
Pangi; (i) School of Medicine, Faculty of Health and Medical Sciences,
University of Western Australia, Perth; (ii) Lipid Disorders Clinic, Dept. of
Cardiology, Royal Perth Hospital; (iii) FH Australasia Network (FHAN).
AUSTRIA: Christoph J. Binder' (NLI), Hans Dieplinger', Gabriele
Hanauer-Mader'; (i) Dept. of Laboratory Medicine, Medical University of
Vienna; (ii) Division of Genetic Epidemiology, Dept. of Medical Genetics,
Clinical and Molecular Pharmacology, Innsbruck Medical University; (iii)
Project Coordinator FH Registry/Austrian Atherosclerosis ~ Society.
BELGIUM: Olivier Descampsi (NLI), Johan Desutter', Michel Langloism,
Ann Mertens'”, Ernst Rietzschel’, Caroline Wallemacq’; (i) Centres
Hospitaliers Jolimont, Haine Saint-Paul; (ii) UZ Gent; (iii) AZ Brugge; (iv)
UZ Leuven; (v) CHU Liége. BOSNIA AND HERZEGOVINA: Belma
Pojskic! (NLI), Dzenana Isakovic, Amra M. Dzankovic’, Jasna
Obralija', Lamija Pojskic!, Ibrahim Sisic!, Ena Stimjanin', Vildana A.
Torlak’; (i) Cantonal Hospital Zenica; (ii) Private Internal Medicine
Practice, Sarajevo; (iii) PI Health Center of Kakanj. BRAZIL: Raul D.
Santos"! (NLI), Cinthia E. Jannes', Jose E. Kriegeri, Alexandre C.
Pereira'; (i) Heart Institute (InCor) University of Sao Paulo, Medical School
Hospital; (ii) Hospital Israelita Albert Einstein, Sao Paulo. BULGARIA:
Arman Postadzhiyan (NLI), Medical University of Sofia, President,
Bulgarian Society of Cardiology. CANADA: Jacques Genest' (NLI),
Isabelle Ruel“; (i) Research Institute of the McGill University Health
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