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BACKGROUND: There is a lack of information on the health care of familial hypercholesterolemia
(FH).
OBJECTIVE: The objective of this study was to compare the health care of FH in countries of the
Asia-Pacific region and Southern Hemisphere.
METHODS: A series of questionnaires were completed by key opinion leaders from selected
specialist centers in 12 countries concerning aspects of the care of FH, including screening, diagnosis,
risk assessment, treatment, teaching/training, and research; the United Kingdom (UK) was used as the
international benchmark.
RESULTS: The estimated percentage of patients diagnosed with the condition was low (overall
,3%) in all countries, compared with w15% in the UK. Underdetection of FH was associated with
government expenditure on health care (8 5 0.667, P , .05). Opportunistic and systematic screening
methods, and the Dutch Lipid Clinic Network criteria were most commonly used to detect FH; genetic
testing was infrequently used. Noninvasive imaging of coronary calcium and/or carotid plaques was
underutilized in risk assessment. Patients with FH were generally not adequately treated, with
,30% of patients achieving guideline recommended low-density lipoprotein cholesterol targets on
conventional therapies. Treatment gaps included suboptimal availability and use of lipoprotein apheresis and proprotein convertase subtilsin-kexin type 9 inhibitors. A deficit of FH registries, training programs, and publications were identified in less economically developed countries. The demonstration
of cost-effectiveness for cascade screening, genetic testing, and specialized treatments were significantly associated with the availability of subsidies from the health care system (8 5 0.571–0.800,
P , .05).
CONCLUSION: We identified important gaps across the continuum of care for FH, particularly in
less economically developed countries. Wider implementation of primary and pediatric care, telehealth
services, patient support groups, education/training programs, research activities, and health technology assessments are needed to improve the care of patients with FH in these countries.
Ó 2019 National Lipid Association. All rights reserved.

Introduction
Familial hypercholesterolemia (FH) is a dominantly
inherited disorder owing to gene variants in the low-density
lipoprotein (LDL) receptor pathway that cause markedly
elevated plasma LDL cholesterol concentrations.1 Untreated
FH leads to premature death from coronary artery disease
(CAD) due to accelerated atherosclerosis from birth. The
prevalence of heterozygous FH is estimated to be 1 in 200 to
1 in 5002–4 in unselected community populations, with an estimated 30 million people worldwide, including 3.6 million individuals in the Asia-Pacific region alone. In many countries,
less than 1% of patients with FH are reported to be diagnosed.5
Despite the increasing recognition of the importance of
FH,6 the care for patients with FH remains suboptimal,
particularly in aspects of screening, diagnosis, and treatment of this condition.7 This may reflect the lack of implementation and organization of evidence-based utilization of
services and treatments.8
According to international recommendations, effective
models of care for FH should include the use of genetic and
imaging services, effective cholesterol-lowering therapies,
registries, education and training programs, patient support
groups, and clinical audit and research.1,9 However, information on the existing care and services are lacking in
the Asia-Pacific region and Southern Hemisphere. Redressing inequalities and imbalances in care and the implementation of effective solutions requires garnering of more

knowledge and comparing health care resources in countries across the globe.
We report on the outcomes of an investigation into the
diverse aspects of the health care of FH in selected
countries in the Asia-Pacific region and the Southern
Hemisphere, as well as in the United Kingdom (UK) as a
benchmark.

Methods
The present study was undertaken as part of the ‘‘Ten
Countries Study’’, a series of translational research projects
investigating several aspects of the care of FH.10–13 The
methodology has been as previously described.10 The countries included in the present study are Australia, China,
Hong Kong, Japan, Malaysia, New Zealand, Philippines,
Taiwan, and Vietnam that were members of the AsianPacific Society of Atherosclerosis and Vascular Disease,
and South Africa and Brazil (in the Southern Hemisphere).14 The UK was used as a reference group to provide
benchmark data for international comparison.10

Implementation of the survey
The study was based on a series of online questionnaires
(Survey Monkey) and phone/email interviews, followed by
further email and face-to-face conversations to verify and
elaborate on the initial responses; responses were
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ascertained from June 2014 to October 2018. The questionnaires investigated a wide range of topics including the
availability and implementation of key services and
facilities for the care of FH. The enquiry related to the
following elements of FH: screening strategies, diagnostic
and risk assessment protocols, treatment strategies, genetic
testing, imaging and apheresis facilities, management,
registries, education/training programs, research activities,
and publications. Full details of the original online
questionnaires are given in the Supplementary Material.
Some of key questions were raised following subsequent
emails and face-to-face conversations. The questionnaires
were completed by key opinion leaders in each country
based on their opinions and any available national surveys.
All key opinion leaders were clinicians and lipid specialists
with expertise in cardiology, endocrinology, or internal
medicine. Their full affiliations are given in the title page of
this article.
The responses from the key opinion leaders in each
center of excellence were collected and reviewed by three
investigators (JP, DC, and GFW). To ensure precision and
accuracy, each key opinion leader was provided with
summaries of their responses, at each stage, for confirmation. Additional or corroborative information was elicited
when responses to the questions were incomplete, inconsistent, or ambiguous. This was undertaken by direct email
contact or face-to-face meeting at international conferences. In addition to the surveys, a literature search for FHrelated publications (basic science and human studies) was
undertaken (DC and JP) to determine the number of FH
publication in each participating country. The search used
the PubMed database with the search string (title/abstract)
‘‘FH’’, ‘‘familial hypercholesterolemia’’, ‘‘familial hypercholesterolaemia’’, ‘‘primary hypercholesterolemia,’’ or
‘‘primary hypercholesterolaemia,’’ excluding professional
guidelines, reviews, editorials, and commentaries, between
January 1991 and December 2017. The first author’s
affiliation was used to define the country of publication.

Estimations of prevalence and health care
expenditure
In estimating the number of patients with FH in each
country/region, we assumed a prevalence of 1 in 1,000,000
and 1 in 300 for homozygous and heterozygous FH,
respectively, based on published data.2,3,15,16 Government
expenditure on health care in each country or region was
retrieved from public domains including Organization for
Economic Co-operation and Development,17 the World
Bank Group,18 and the World Health Organization.19

Data analyses
Data were analyzed using SPSS 21 (SPSS, Inc, Chicago,
IL). Cohen’s kappa coefficient (8) was used to measure the
agreements between the amount of government expenditure

289
on health care (expressed in USD dollars), the demonstration of cost-effectiveness for FH screening and treatment,
the percentage of people diagnosed with FH, the availability of government reimbursement for proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors and apheresis,
and the percentage of patients with FH achieving LDL
cholesterol treatment target, wherever appropriate.

Results
Population statistics and health care
expenditure
Table 1 shows the estimated number of patients with FH,
the proportion of patients with FH diagnosed, and government expenditure on health care in each of the 12 countries.
As anticipated, the estimated number of patients with FH
was highest in China. However, the percentage of people
diagnosed with FH was low, being ,3% in most countries
(Fig. 1). The exceptions were the UK (w15%), South Africa (5.3%), Australia (4.0%), and in Taiwan (3.8%). China,
Philippines, and Vietnam had detection rates of ,0.1%.
The total number of case of homozygous patients with
FH identified were as follows: 75 in UK, 40 in Australia,
15 in Brazil, 60 in China, 7 in Hong Kong, 180 in Japan,
41 in Malaysia, 8 in New Zealand, 160 in South Africa,
33 in Taiwan and 10 in Vietnam. Total expenditure per capita on health care in these countries ranged from $117
(Vietnam) to $4934 (Australia), or from 3.9% (Malaysia)
to 10.9% (Japan) when expressed as a share of gross domestic product (GDP) spent on health care. The percentage
of patients with FH with symptomatic CAD ranged from
5% to 10% (Hong Kong and Vietnam) to 30% (China,
New Zealand, Philippines, and Taiwan) with the UK,
Australia, Japan, Malaysia, and South Africa showing
15% to 25% of patients with FH. When categorizing the
countries according to the percentage of FH diagnosed
and health care expenditure (% GDP on health care), using
the median values as cutoffs (2.2% and 6.6%, respectively),
there was a moderate positive agreement between the percentage of people diagnosed with FH and government
expenditure on health care (8 5 0.667, P , .05).

Availability of guidelines and screening
strategies
Table 2 summarizes the availability of national detection
guidelines on FH and use of screening strategies for FH in
the countries. All countries had an established Heart Foundation (or related organization). Of them, 8 countries (UK,
Australia, Brazil, China, Hong Kong, Japan, New Zealand,
and Taiwan) had written national guidelines and protocols
for FH management. For screening strategies, opportunistic
and cascade approaches were commonly used for FH
screening (8 of 12 countries). Opportunistic screening

290

Journal of Clinical Lipidology, Vol 13, No 2, April 2019

Table 1 Population size, estimated number of patients with FH, percentage of FH diagnosed, prevalence of coronary artery disease
and total expenditure on health care across the countries
Estimated number of FH†
1/300

% FH
diagnosed‡

Total expenditure
per capita ($)
on health care*

% Gross domestic
product on
health care*

220,000
80,000
700,000
4,600,000
24,000
423,000
107,000
16,000
340,000
190,000
80,000
310,000

10–20
4
2.9
,0.1
2.2
1
1.4
2.5
,0.1
5.3
3.8
,0.1

4356
4934
780
426
2208
3733
377
3554
121
471
2546
117

9.9
9.5
8.9
5.3
5.7
10.9
3.9
9.3
4.4
8.2
6.6
5.7

Heterozygotes

Homozygotes

Country

Population*
(millions)

1/1,000,000

1/300,000

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

66
24
207
1400
7.3
128
32
4.7
103
56
24
95

66
24
207
1400
7
128
32
5
103
56
24
95

217
79
683
4600
23
422
107
17
340
185
79
314

*Based on 2016 data.
†Estimated number of patients with FH based on a prevalence rate of homozygous (1/1,000,000 and 1/300,000) and heterozygous FH (1/300) in the
general population.
‡Percentage of FH diagnosed was based on the estimated number of patients with FH identified using phenotypic criteria and/or genetic testing by the
key opinion leaders in each country; this was based on the estimated total number of heterozygous FH assuming a prevalence rate of 1/300.

was not carried out in China and cascade screening was not
practiced in South Africa and Taiwan. However, universal
screening for FH was not practiced in any of the countries.

Phenotypic criteria for diagnosis
Table 3 shows the reported use of phenotypic criteria
and genetic testing for the diagnosis of FH in the countries. The Dutch Lipid Clinic Network (DLCN) criteria
was the most commonly employed criteria for FH diagnosis (9 of the 12 countries: UK, Australia, Brazil, Hong
Kong, New Zealand, Malaysia, Philippines, Taiwan, and
Vietnam). The Simon Broome criteria were only used in
the UK and Malaysia. The MEDPED and DLCN criteria
were both used in the Philippines. The UK, China, Japan,

Figure 1

and South Africa used country-specific diagnostic criteria.
Genetic testing was available in specialized centers in
most countries, with the exception of the Philippines and
Vietnam. However, genetic testing was mainly employed
within the research setting.
FH diagnoses were primarily made using phenotypic
criteria alone in almost all countries, with the exception of
Brazil that reported 75% uptake of the combined phenotypic and genetic criteria to diagnose FH. A relatively high
percentage of genetic diagnosis of FH in Vietnam was
achieved by a recent international initiative with a research
center in Australia.27 Combined phenotypic and genetic
criteria were used to diagnose 20% to 30% of cases in
UK, Australia, Japan, Malaysia, New Zealand, South Africa, and Taiwan, and 10% in China and Hong Kong.

Patients diagnosed with FH as a percentage of estimated total number of patients in the countries.

Pang et al
Table 2

Health care of FH in the ‘‘Ten Countries Study’’
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Heart foundations, guidelines, and screening strategies for FH used in the countries
Heart foundation or
related organization

National guidelines
on FH

Screening strategies employed to detect FH

Country

Opportunistic

Systematic

Universal

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes*
Yes*
Yes
No
Yes
No
No
Yes*
No

Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes

No
No
No
No
No
No
No
No
No
No
No
No

*National guidelines/consensus statement on FH were recently published from Taiwan (2017),20 China (2018)21 and Hong Kong (2018).22

Cardiovascular risk assessment
As seen in Supplementary Table 1, smoking, hypertension, obesity, and diabetes were used for cardiovascular

risk assessment of patients with FH in all countries, with
the exception of China that did not account for obesity
and diabetes. However, a diagnosis of depression was not
used in risk assessment except in the UK, Australia, and

Table 3 Phenotypic definitions for FH, availability of genetic testing, and proportion of patients diagnosed by phenotypic criteria and
genetic testing in the countries
Phenotypic Criteria*,†

Country

DLCN

Simon
Broome

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

Yes
Yes
Yes
No
Yesk
No
Yes
Yes
Yes
No
Yes
Yes

Yes
No
No
No
No
No
Yes
No
No
No
No
No

Estimated % FH diagnosed by

MEDPED
No
No
No
No
No
No
No
No
Yes
No
No
No

Other

Genetic
Testing

Phenotypic
criteria alone

Phenotypic
criteria 1 genetic
testing

Yes‡
No
No
Yesx
No
Yes
No
No
No
Yes
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes{
Yes
Yes#

80
70
25
90
90
80
75
70
.95
80
70
15

20
30
75
10
10
20
25
30
,5
20
30
85

DLCN, Dutch Lipid Clinic Network; LDL, low-density lipoprotein; MEDPED, Make Early Diagnosis to Prevent Early Deaths Diagnostic.
*Phenotypic criteria for children: There are no standardized, international criteria for defining pediatric FH. However, the diagnosis is generally based
on an LDL cholesterol $5.0 mmol/L, or an LDL cholesterol $3.5 mmol/L plus a family history of premature CHD and/or baseline high cholesterol in one
parent and/or an FH-causing mutation.23 The diagnosis may also be defined according to specific age- and gender-specific LDL cholesterol cutoffs, particularly during cascade testing.24
†Phenotypic criteria for homozygous FH: There are no standardized, international criteria for defining homozygous FH. However, the diagnosis is
generally based on genetic confirmation of genetic confirmation of two mutant alleles at the LDLR, APOB, PCSK9, or LDLRAP1 gene locus, and/or an
untreated LDL cholesterol .13 mmol/L (.10 mmol/l in Japan) or treated LDL cholesterol $8 mmol/L together with either cutaneous/tendon xanthoma
before age 10 y or heterozygous FH in both parents.16,25.
‡Wales FH Service Scoring Criteria.26
xBased on the National consensus statement on FH (2018).21
kDLCN phenotypic criteria with a lower threshold for LDL cholesterol levels.
{With research funding alone.
#
With international assistance.
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Table 4

Dietary, drug, and apheresis treatments for patients with FH in the countries
Low saturated
fat diet

Statins

Country

Adults

Children*

Ezetimibe

Resins

Niacin

Probucol

Apheresis

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes (8 y)
Yes (10 y)
Yes (8 y)
Yes (10 y)
Yes (15 y)
Yes (15 y)
Yes (8 y)
Yes (10 y)
Nox
Yes (8 y)
Yes (8 y)
Yes (5 y)

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yesk
Yes
Yes

Yes
Yes
No
No
Yes
Yes
Yes
Yes
No
No
Yes
Yes

No
Yes
Yes
No
No
Yes
No
No
Yes
No
Yes
Yes

No
No
No
Yes
No
Yes
No
No
No
No
No
No

Yes
Yes
Yes
No†
No‡
Yes
Yes
Yes
No
Yes
Yes{
No†

*Earliest age that statin is registered for children with heterozygous FH in brackets.
†Apheresis facilities available in these countries, but services are limited owing to lack of government support and/or reimbursement by insurers.
‡Plasmapheresis carried out with government funding in a small number of homozygous patients in few hospital in Hong Kong.
xNo statins employed to treat children owing to lack of government reimbursement.
kUse limited to patients with LDL cholesterol .5.0 mmol/L.
{Funded by general medical insurance.

Taiwan. Lipoprotein(a) [Lp(a)] was also included in risk
assessment in most of the countries except Hong Kong,
Philippines, and Vietnam. While imaging facilities were
available in all countries, coronary artery calcium (CAC)
and carotid intima-media thickness/plaque were not
routinely used to assess cardiovascular risk in the UK,
Hong Kong, Malaysia, and New Zealand.

Dietary, drug, and apheresis treatments
The current dietary and therapeutic approaches for
treating patients with FH in the countries are summarized
in Table 4. As expected, low saturated fat diet, statins, and
ezetimibe were the first-line therapies universally provided
to all patients with FH. With the exception of the Philippines,
statins were routinely prescribed for children in all countries.
Resins were widely used in most of the countries, including
the UK, Australia, Hong Kong, Japan, Malaysia, New Zealand, Taiwan, and Vietnam. By contrast, Japan was the
only country to prescribe both niacin and probucol for patients with FH. Lipoprotein apheresis was available in all
countries except the Philippines, but was only utilized in
the UK, Australia, Brazil, Japan, Malaysia, New Zealand,
South Africa, and Taiwan for homozygous FH and severe
heterozygous FH. Lipoprotein apheresis in China, Hong
Kong, and Vietnam was limited owing to a lack of government support and/or reimbursement by insurers.

Details of apheresis in eight countries
Table 5 summarizes the types and frequency of apheresis, factors affecting the use of apheresis, and main
adverse effects in eight countries, where this treatment

was practiced. Cascade filtration was most commonly
used, with plasmapheresis exclusively used in Brazil, South
Africa, and Taiwan. Of these countries, dextran sulfate
adsorption was only used in Japan. Major factors affecting
the use of apheresis included a lack of local experience/support, government support and reimbursement by insurers.
Despite most countries offering to treat patients with apheresis during pregnancy, Malaysia, New Zealand, and South
Africa reported that women often refused this treatment
during pregnancy. Apheresis was offered to children in
the UK, Australia, Japan, New Zealand, South Africa,
and Taiwan. Main adverse effects reported with apheresis
included difficulty with vascular access, iron/vitamin/mineral deficiency, low blood pressure, nausea/vomiting, and
hemorrhage near injection site.

Use of PCSK9 inhibitors
Table 6 details the use of PCSK9 inhibitors for treating
patients with FH in the countries. While as of November
2018, PCSK9 inhibitors were registered for clinical use in
7 countries, government reimbursement was only available
for patients with homozygous FH in the UK, Australia,
Japan, and Taiwan. The UK and Australia were the only
country providing government reimbursement for PCSK9
inhibitors to both homozygous and heterozygous FH patients. PCSK9 inhibitors were used in 5%–10% of patients
with FH in most countries, except Hong Kong (1%–5%),
and not registered or available in China, Philippines, and
Vietnam. There was no significant association between
government expenditure on health care (as a share of
GDP) and the availability of government reimbursement
for PCSK9 inhibitors (8 5 0.333, P . .05).

Indications, types, use, and side-effects of apheresis in eight countries with available facilities

Indications for apheresis

United
Kingdom

HoFH

Australia

Type of apheresis

Frequency

Cascade filtration, weekly/fortnightly Patient refusal to receive treatment
plasmapheresis
HeFH with progressive CHD*
Lack of local experience and support
A reduction in LDL
Limited number of apheresis centers
cholesterol of ,50% or
LDL cholesterol
.5 mmol/L†
Heart UK guideline
HoFH
Cascade filtration fortnightly
Patient refusal to receive treatment
HeFH with progressive CHD*
Lack of local experience and support

Brazil

As per FDA indications

Japan

HoFH
Dextran sulfate
HeFH with progressive CHD*

Malaysia

HoFH
Cascade filtration
HeFH with progressive CHD*

2–4 weekly

New Zealand HoFH
Cascade filtration
HeFH with progressive CHD*

2–4 weekly

South Africa HoFH

Plasmapheresis

fortnightly

Taiwan

Plasmapheresis

weekly

HoFH

Plasmapheresis

fortnightly

Lack of government subsidies
Lack of insurance reimbursement
Apheresis only performed in one
lipid clinic
weekly/fortnightly Patient refusal to receive treatment
Lack of government subsidies for
HeFH
Patient
Lack of
Lack of
Patient
Lack of
Lack of
Patient
Lack of
Lack of
Lack of
Patient

refusal to receive treatment
government subsidies
insurance reimbursement
refusal to receive treatment
government subsidies
insurance reimbursement
refusal to receive treatment
government subsidies
insurance reimbursement
local experience and support
refusal to receive treatment

Yes

Yes

Difficulty with vascular access
Iron/vitamin/minerals deficiency
Anemia

Yes

Yes

Difficulty with vascular access
Iron/vitamin/minerals
deficiency
Anemia
Citrate toxicity
Venous thrombosis shunt
Low blood pressure

No

No

Yes

Yes

Yes‡

No

Yes‡

Yes

Yes‡

Yes

Hemorrhage near injection site
Difficulty with vascular access
Low blood pressure
Nausea/vomiting
Iron/vitamin/minerals deficiency
Hemorrhage near injection site
Nausea/vomiting
Tiredness

No

Yes

Difficulty with vascular access

Health care of FH in the ‘‘Ten Countries Study’’

Country

Offered
during
Offered to Main adverse effects
reported
Factors affecting the use of apheresis pregnancy children

Pang et al

Table 5

Difficulty with vascular access
Low blood pressure

HoFH, homozygous familial hypercholesterolemia (including compound heterozygous familial hypercholesterolemia); HeFH, heterozygous familial hypercholesterolemia; LDL, low-density lipoprotein.
*HeFH with progressive CHD, who are refractory or intolerant to maximal pharmacotherapy.
†HeFH who are on diet and maximally tolerated drug treatment.
‡Apheresis was not yet performed because of lack of FH pregnancy cases or patients refusal of treatment.
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Table 6

Registration, reimbursement and use of PCSK9 inhibitors for treating FH in different countries
Registered for
clinical use

Government reimbursement

Country

HoFH

HeFH

% diagnosed patients with
FH treated with PCSK9 inhibitors

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

Yes
Yes
Yes
Yes*
Yes
Yes
Yes
No†
No
No†
Yes
No

Yes
Yes
No
No
No
Yes
No
No
No
No
Yes‡
No

Yes
Yes
No
No
No
No
No
No
No
No
No
No

5%–10%
5%–10%
5%–10%
0%
1%–5%
5%–10%
5%–10%
5%–10%
0%
5%–10%
5%–10%
0%

*Registered but not available for use as of October 2018.
†PCSK9 inhibitors only available as part of clinical trials as of December 2018.
‡Taiwan National Health Insurance.

(8 5 0.667, P , .05) and expenditure on health care
(8 5 0.500, P 5 .079).

LDL cholesterol treatment targets
Figure 2 shows the percentage of patients with FH
achieving LDL cholesterol targets in the countries. UK
had the highest percentage of patients with FH achieving
the LDL cholesterol treatment targets of ,2.5 mmol/L
(70%) and ,1.8 mmol/L (25%).3,5 Less than 5% of patients
in Brazil, China, Japan, Malaysia, South Africa and, Vietnam were reported as achieving an LDL cholesterol treatment target of ,1.8 mmol/L. When categorizing the
countries according to the percentage of patients with FH
achieving an LDL cholesterol treatment target of
,2.5 mmol/L, there was a moderate positive agreement between the percentage of patients with FH achieving the
target and government reimbursement for PCSK9 inhibitors

Primary and pediatric care, telehealth service,
and patient support group
The availability and use of primary (general practice)
and pediatric care, telehealth services, and patient support
groups in the countries are shown in Supplementary
Table 2. Primary care for FH was practiced in all countries,
with the exception of Hong Kong and South Africa, where
care was provided by specialists alone. Of the 12 countries,
UK, Australia, China, Japan, Malaysia, Taiwan, and Vietnam reported providing specific services for children with
FH. Telehealth services for FH were only available in

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
LDL-cholesterol <1.8mmol/L

Malaysia
New Zealand

LDL-cholesterol <2.5mmol/L

Philippines
South Africa
Taiwan
Vietnam
0

10

20

30

40

50

60

70

80

90

100

% of FH paƟents achieving LDL-cholesterol targets (%)

Figure 2 Percentage of patients with FH achieving LDL cholesterol target in different countries. FH, familial hypercholesterolemia;
LDL, low-density lipoprotein.

Pang et al
Table 7
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Registries, education/training, research activities, and number of published works relating to FH in different countries
Research activities
Types of Human Studies

Country*

National
registry

Education/training
program†

Basic
science

Human
studies

Metabolic

Genetic

Epidemiological/
clinical

Clinical
trial

Number of
publications‡

United Kingdom
Australia
Brazil
China
Hong Kong
Japan
Malaysia
New Zealand
Philippines
South Africa
Taiwan
Vietnam

Yes
Yes
No
No
No
Yes
Yes
No
No
No
Yes
No

Yes
Yes
Yes
Yes
No
Yes
No
No
No
Yes
Yes
Yes

Yes
Yes
No
Yes
No
Yes
Yes
Yes
No
No
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

30–50
30–50
30–50
50–70
,10
100–120
20–30
10–20
,10
50–70
20–30
,10

*All countries are members of Familial Hypercholesterolaemia Studies Collaboration (FHSC).
†Education or training programs on FH for physicians, nurses or laboratory staff.
‡A literature review for FH research (basic science and human studies) was performed using the PubMed database between January 1991 to December
2017 with the search string (title/abstract) ‘‘FH’’, ‘‘familial hypercholesterolaemia’’, ‘‘familial hypercholesterolemia’’, ‘‘primary hypercholesterolemia’’ or
‘‘primary hypercholesterolemia’’ excluding professional guidelines, reviews, editorials and commentaries. The first author’s affiliation was used to define
the country of publication.

Australia and China, and patient support groups in the UK,
Australia, Japan, and Taiwan.

Availability of national registry, education, and
research programs
Table 7 details the availabilities of national FH registries,
education/training programs, research activities, and the number of published works relating to FH in the countries. National registries had been established in the UK, Australia,
Japan, Malaysia, and Taiwan. Education/training programs
were provided to physicians, nurses, and laboratory staff in
UK, Australia, Brazil, China, Japan, South Africa, Taiwan,
and Vietnam. All countries were members of Familial Hypercholesterolaemia Studies Collaboration,15 with research
studies relating primarily to genetics, epidemiology, and clinical trials. Japan had the highest number of published works,
mainly on clinical trials (.100) during 1991 to 2017, followed by China (mainly genetic studies), South Africa, UK,
Australia, Brazil, Malaysia, and Taiwan (20–70 publications).
However, the number of published works were ,10 in Hong
Kong, New Zealand, Philippines, and Vietnam.

Health economic analyses and subsidies/
reimbursements
Table 8 summarizes the use of health technology assessment (ie, inclusion of health economic analyses) and the availability of subsidies/reimbursement for cascade screening,
genetics testing and apheresis in the countries. Health technology assessments for pricing and reimbursement for health service are performed in UK, Australia, Brazil, China, Japan,

Malaysia, and Taiwan. However, cost-effectiveness analyses
of screening and/or treatment in FH were only carried out in
the UK, Australia, and Japan. Subsidies/reimbursements for
cascade screening, genetic testing, and apheresis by state/region and/or government were only available in the UK,
Australia, and New Zealand. Japan received state/regional
support only for cascade screening. There was a positive
agreement between the demonstration of the costeffectiveness of FH screening and the availability of subsidies
for cascade screening (8 5 0.571, P ,.05) and genetic testing
(8 5 0.750, P ,.01). Likewise, there was a significant positive
agreement between the demonstration of cost-effectiveness of
FH treatment and subsidies for PCSK9 inhibitors (8 5 0.800,
P , .01) and apheresis (8 5 0.636, P , .05) for treating FH.

Discussion
The present study is the first to investigate the services
and facilities for the care of FH across several countries in
the Asia-Pacific region and South Hemisphere. Although
the UK, Australia, and Japan are providing FH patients
with relatively better services and facilities, FH remains
largely underdiagnosed and inadequately treated, particularly in less economically developed countries, such as the
Philippines and Vietnam.

Population statistics and health care
expenditure
The overall percentage of patients diagnosed with FH in
most of the countries was low compared with the UK, as well as
other countries with established cascade screening program
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Table 8 Health economic analyses and subsidies/reimbursements for cascade screening, genetic testing, and apheresis in the
different countries

Country

Health technology
assessments on
pricing and
reimbursement for
health service

Cost-effectiveness analysis of the care of FH

Subsidies/reimbursements

Screening

Treatment

Cascade screening

Genetic testing

Apheresis

United
Kingdom
Australia
Brazil
China

Yes

Yes

Yes

State/regional

State/regional

State/regional

Yes
Yes
Yes

Yes
No
No

Yes
No
No

No

No

No

Japan

Yes

No

Yes

State/regional
Tax reducing program*
Research
Institute/University
Research
Institute/University
Hospital

Government
No
No

Hong Kong

State/regional
Tax reducing program*
Research
Institute/University
Research
Institute/University
State/regional

No

Government

Research
Institute/University
Research Grants

Research
Institute/University
State/regional
No
No

Malaysia

Yes

No

New Zealand
Philippines
South Africa

No
No
No

No
No
No

No
No
No

Taiwan
Vietnam

Yes
No

No
No

No
No

No
Health insurance
Charity

State/regional
No
Research
Institute/University
Health organization†
No

No
Government
(for hoFH)
Health insurance
(for heFH)
Government
(for hoFH)
Charity
State/regional
No
State/regional
Health insurance
Health insurance
No

HoFH, homozygous familial hypercholesterolemia (including compound heterozygous familial hypercholesterolemia); HeFH, heterozygous familial
hypercholesterolemia.
*Tax incentive program offered by the federal government of Brazil to FH services for cascade screening and genetic testing (eg, a private hospital
subsides the cascade screening via the lipid clinic, as a consequence is less liable for tax).
†Taiwan Society of Lipids and Atherosclerosis.

implemented.28 This concurs with earlier reports, reflecting the
underdiagnosis of FH in Asia-Pacific countries.5 The detection
of FH across the countries was also associated with lower government expenditure on health care. This observation underscores the need for explicit government funding policy and
public funding to improve the diagnosis of FH.
The proportion of cases of homozygous FH reported
across the countries was generally higher than previously
estimated.15,16 As shown elsewhere,29 many of these cases
are likely to have compound or double heterozygous FH.

Availability of guidelines and screening
strategies
Systematic (cascade) testing of family members of
known index cases of FH is cost-effective in detecting
FH30 but this requires initial identification of index cases,
which usually entails opportunistic screening. Consistent
with this, both systematic and opportunistic detection strategies for FH screening were widely deployed in most of
the 12 countries. While universal lipid screening is

recommended by expert opinions,31,32 none of the 12 countries implemented it for FH screening, probably owing to
acceptability and feasibility issues, although recent evidence has testified to its value.33–35

Phenotypic criteria for diagnosis
The DLCN criteria were the most commonly used
criteria for FH diagnosis across the countries. This concurs
with our recent findings that the phenotypic DLCN definite
FH had a better balance between sensitivity and specificity
than phenotypic Simon Broome and MEDPED criteria in
detecting a mutation.36 Although genetic testing for FH was
available in most countries, the overall percentage of FH
diagnosed by a combination of phenotypic criteria and genetic testing across the countries was low. The exception
was Brazil, but this was likely to be driven by a regionalspecific genetic cascade screening program in the state of
Sao Paulo since 2010.37 The reasons for the infrequent
use of genetic testing for FH diagnosis among the countries
are complex and may be principally driven by costs38 and
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possibly cultural issues.39 In respect of the need to standardize the diagnosis of homozygous FH, we propose that
use of the IAS definition for severe FH could provide a solution; recent data show that this definition predicts CAD
mortality in patients with a definite diagnosis of FH.40,41
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government reimbursement.51 Lack of accessibility to
PCSK9 inhibitors may contribute to patients with FH not
achieving LDL cholesterol treatment targets.

Primary and pediatric care, telehealth service,
and patient support group

Cardiovascular risk assessment
While conventional cardiovascular risk assessment, such
as Framingham risk score, is not appropriate in FH,
inclusions of modifiable factors in cardiovascular risk
assessment remains important for treatment decision in
addition to LDL cholesterol lowering.1,42 This notion is
consistent with our findings that smoking, hypertension,
obesity, and diabetes were included in risk assessment
across the countries/regions. Depression is known to have
an adverse impact on cardiovascular disease (CVD) and
health-related quality of life,43 but was only carried out in
the UK, Australia, and Taiwan. Whether depression predisposes affected individuals to poor adherence to treatment
merits investigation.13 Recent studies suggest that elevated
Lp(a) remains a risk factor in FH44,45 despite reduction of
LDL cholesterol with statins.46 That two-thirds of the countries included elevated Lp(a) in their risk assessment highlights their perception of elevated Lp(a) as a risk factor in
FH. However, reliable measurement of Lp(a) and its impact
on measured LDL cholesterol for risk assessment and intervention efficacy remains a challenge.47 Likewise, CAC and
plaque formation are known to be strong predictors of
atherosclerotic CVD, especially in asymptomatic FH patients,48,49 but only half of the countries included both
CAC and carotid intima-media thickness/plaques in their
risk assessment of FH. This underscores a need to increase
use of these imaging methods, as precision medicine tools,
in risk assessment in FH.

Models of care for FH ideally entail multidisciplinary
providers and patient support groups.52,53 This includes
shared care with primary care and specialist pediatric
clinics, and a telehealth services for remote areas. Patient
support groups are important to improve information,
communication and support services for patients and families with FH. We emphasize the need for better coordination to standardize the shared care services and awareness
of the importance of telehealth services and patient support
groups in improving the care for FH.53,54

Availability of national registry, education, and
research programs
Improving the quality of care of FH requires implementation of evidence-based interventions. This can be enabled by
clinical registries, continuing education/training of all health
care providers, and ongoing research and audit in FH. The UK,
Australia, and Japan have implemented FH registries, education/training programs and undertaken research. These activities were notably suboptimal in less economically developed
countries, such as the Philippines and Vietnam. Development
of closer regional and international collaboration on genetic
services, research, and education/training programs between
countries could greatly enhance the quality of services for FH
where gaps are identified.

Health economic analyses and subsidies/
reimbursements

Dietary, drug, and apheresis treatments
FH is associated with a high risk of atherosclerotic CVD
and requires aggressive treatment through a combination of
lifestyle modifications and high-intensity LDL cholesterol–
lowering therapy.1 Treatment strategies appropriately
included a low saturated fat diet, statins, and ezetimibe,
consistent with current guidelines for FH.1 The uses of
resins, niacin, and probucol varied greatly across the countries. While apheresis is safe and effective in reducing LDL
cholesterol in patients with homozygous FH or when drug
therapy is inadequate in reducing LDL cholesterol to target
levels,50 the use of apheresis services was limited in most
of these countries probably owing to substantial costs that
were not covered by government support or reimbursement
by insurers (Table 5). Improving the use of apheresis
through patient education and local training is important
to close the treatment gaps in this area. PCSK9 inhibitors
were registered for use in most countries. However, the proportion of patients with FH treated with PCSK9 inhibitors
was generally low, owing to high cost and restricted

The use of health technology assessment on pricing and
reimbursement for health service was under-recognized in
most of the assessed countries. We found significant
agreements between the demonstration of costeffectiveness of the screening and treatment in FH and the
subsidisation/reimbursements for cascade screening, genetic
testing, and PCSK9 inhibitors/apheresis. These observations
suggest that cost-effectiveness analyses are an important tool
to provide better evidence advocating for government subsidies and reimbursements in the care of FH.

Study limitations
Study limitations include the accuracy and reliability of
the responses of the selected key opinion leaders, who were
based in centers of excellence in their respective countries.
Responses might have been biased and not captured real
deficits in services and facilities across the countries. The
methodology used, however, recapitulates that used in other
surveys and was also based on available national studies.15
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However, the investigators considered that their responses
were generally concordant in the views of other national experts. The percentage of people with diagnosed FH identified in each country was based on a prevalence rate of 1/
300. This is generally comparable with the existing prevalence data for heterogeneous FH in the UK (1 in 273),
Australia (1 in 250–350), Brazil (1 in 263), and China (1
in 250-350).2,3,55,56 However, our 1 in 300 estimation
may not accurately reflect the true FH prevalence in countries such as South Africa, where gene founder effects may
occur in selected groups in the population.57 A prevalence
of 1 in 208 was reported in the Hokuriku District of Japan
using the Hardy–Weinberg equilibrium, which has also
been suggested to reflect a possible founder effect.58
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Conclusion
The present study identified important deficits in the
detection and treatment of FH, in the care of FH across
countries in the Asia-Pacific region and Southern Hemisphere. The UK, Australia, and Japan appeared to provide
better services and facilities to patients with FH. Major FH
detection and treatment gaps were identified in countries that
are less economically developed, including the Philippines
and Vietnam. Implementation of health technology assessment for the care of FH is important to enhance funding
support from government and industries to improve the
accessibility to genetic testing and wider uses of advanced
drug and apheresis treatment in these countries. Further
collaborative efforts with countries in Europe and North
America or other international initiatives, such as Familial
Hypercholesterolaemia Studies Collaboration,15 are also
important.
The implementation of recommendations for improving
the care of FH in the countries included in this study involves
several generic strategies.59–61 This requires a combination of
approaches involving government and health care organizations, on the one hand, and patients, providers, and communities, on the other. At the top level is the establishment of
government policy and support from public funding. At the
middle level is the improvement of the efficiency of organizations, such as health care systems. At the lowest level is the
strengthening of the capabilities of patients and health care
providers. Empowering communities and multiple stakeholders to recognize the importance of detecting and treating
elevated cholesterol in the context of a family history of premature coronary disease is also critical. Updating of the
World Health Organization recommendations62 on FH is an
essential first step to the global implementation of improved
care of patients and families with FH.
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