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Familial hypercholesterolemia (FH) is the most common and serious form of inherited hyperlipidaemia. 
Dominantly inherited with high penetrance, untreated FH leads to premature death from coronary 
artery disease due to accelerated atherosclerosis from birth. Despite its importance, there is still a major 
shortfall in awareness, detection and treatment of FH worldwide. International models of care for FH 
have recently been published, but their effective implementation requires the garnering of more knowl-
edge about the condition. The “Ten Countries Study” aims to investigate diagnostic, epidemiological and 
service aspects, as well as physician practices and patient experiences of FH in several countries in the 
Asia-Pacific Region and the Southern Hemisphere. Five observational studies are being undertaken that 
will systematically investigate the following aspects of FH: the phenotypic predictors of low-density lipo-
protein receptor mutations, the point prevalence in available community populations, current knowledge 
and clinical practices among primary care physicians, availability and utilisation of services and facilities, 
and patient perceptions and personal experiences of the condition. The information gathered will inform 
better clinical practice and will enable the development of country-specific models of care for FH.
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largest number of individuals with FH in the world 
(Fig.1). In particular, China and India may have at 
least 5.2 million affected individuals. Despite this, 
there are several gaps in knowledge of the phenotypic 
predictors of mutations, the community prevalence, 
physician awareness, patients’ perceptions, and the 
availability of health services9, 15).

Guidelines on treatment and management of FH 
have been published by the International FH Founda-
tion9) and endorsed by the Asian-Pacific Society of 
Atherosclerosis and Vascular Disease16). This provides 
an early foundation for the development of expert 
guidelines, essential services, and new models of care 
in Asian countries. Guidelines and diagnostic criteria 
for FH have hitherto been produced by Japan17) and 
Australasia18); Hong Kong19) and South Korea20) also 
recently communicated their experiences in managing 
FH. This is a good start to a long journey.

Core Group and Networks

The “Ten Countries Study” is being undertaken 
under the auspices of the FH Australasia Network. 
The study group was assembled to tackle several coun-
try-specific questions in the Asia-Pacific region and 
the southern hemisphere. However, the increasing 
communication among centers and the development 
of new networks have resulted in the recruitment of 
other centers. Hence, the study group and network 
currently includes at least 15 countries: Australia, Japan, 
Hong Kong, China, Taiwan, South Korea, Malaysia, 
Philippines, Vietnam, Singapore, India, New Zealand, 
South Africa, Brazil, and the United Kingdom (Fig.2). 
The United Kingdom, a country with a highly devel-
oped healthcare system and a sophisticated guideline 
for the care of FH developed by the National Institute 
for Health and Care Excellence (NICE), will provide 
benchmark data for international comparison. Further 
networking has spawned a new association with the 
FH Studies Collaboration (FHSC)21).

Overarching Aim and Objectives

The overarching aim of the study is to ultimately 
improve the care of patients and families with FH via 
the following projects that address: (1) the phenotypic 
predictors of FH mutations, (2) the point prevalence 
of FH in unselected community populations, (3) 
knowledge and practices of primary care physicians 
concerning FH, (4) availability and utilization of ser-
vices and facilities for the care of FH, and (5) patient 
perceptions and personal experiences of FH (Table 1). 
These projects are aligned to the FH research agenda 
recently proposed in a scientific statement from the 

Introduction

Familial hypercholesterolemia (FH) is the most 
common and serious form of inherited hyperlipid-
emia1). It is dominantly inherited and has a high phe-
notypic penetrance. If untreated, FH leads to prema-
ture death from coronary heart disease (CHD) in 
many families2). FH accelerates atherosclerotic cardio-
vascular disease (ACVD), particularly coronary artery 
disease. The pathogenesis of FH results from muta-
tions in several genes that impair the catabolism of 
low-density lipoprotein (LDL) particles; the most 
common of these are in the LDL-receptor (LDLR) 
gene, which can affect receptor synthesis, transport, 
binding, internalization, and recycling. Mutations in 
the genes encoding apolipoprotein B (APOB), the 
receptor ligand, and proprotein convertase subtilisin/
kexin type 9 (PCSK9), a binding protein that degrades 
LDLR, are less frequently implicated.

The prevalence of heterozygous FH is commonly 
estimated to be 1:5003) in unselected community pop-
ulations. However, the prevalence is high in popula-
tions subject to a “founder gene effect” such as the Afri-
kaners, Lithuanian Jews, Christian Lebanese, French 
Canadian, and the Finns4). The prevalence of true 
homozygous FH is considered to be 1 in 1,000,0005). 
The forgoing population prevalence data have been 
recently questioned and updated6). The frequency of 
FH is also higher in clinical populations with prema-
ture CHD, such as among patients in coronary care 
units7). Under-detection of FH is a global problem, 
and there are estimated to be at least 15 million peo-
ple with FH worldwide8). Screening enables early evi-
dence-based interventions, such as lifestyle measures 
and cholesterol-lowering medications, which decrease 
the risk of ACVD, improves the health of families, 
and saves lives and health expenditure9, 10).

Impetus for the Investigation

The value of the detection and treatment of FH 
is abundantly supported by the outcome of several 
international cohort studies11-14). However, there are 
significant gaps in knowledge that impede the effec-
tive implementation of screening services and care 
pathways worldwide.

Owing to the very high population density in 
some Asian countries, Asia is estimated to have the 
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sin/kexin type 9)1, 23, 24). The prognostic importance of 
identifying a genetic mutation causative of FH in 
patients with profound hypercholesterolemia in the 
community has recently been underscored25). How-
ever, genetic testing is often prohibitively expensive 
and not commonly available, particularly in primary 
care and in Asian centers. The diagnostic thresholds of 
untreated LDL-cholesterol have not been defined in 
relation to their ability to predict a pathogenic FH 
mutation. Phenotypic criteria also require detailed 
family history and detection of occasionally subtle 
physical signs, such as arcus cornealis or xanthomata; 
these may not be easily detectable, and their age-
dependence invalidates them as criteria for the early 
detection of FH9, 15, 26). A recent study from South 
Korea demonstrated that traditional criteria have lim-
ited detection power and low specificity for mutations 
in their population27). This underscores the need for 
region- or country-specific criteria and guidelines. We 
aim to inform a first-step screening test for FH, based 
on LDL-cholesterol measurement, for use in primary 
care.

The study has involved countries where genetic 
testing is available for clinical or research purposes 

American Heart Association (Table 2)22).
A related objective of the “Ten Countries Study” 

is to close gaps in knowledge and awareness of FH 
through an educational program utilizing the collec-
tive data obtained from the individual studies. This 
will also more widely facilitate best practices in the 
care of FH in the region. Education will be provided 
by country-specific societies that are members of the 
International Atherosclerosis Society, with the ulti-
mate objective of creating a network of local health-
care providers with the expertise in clinical lipidology.

Individual Projects

(1) Screening and Diagnostic Testing: LDL-choles-
terol as a Predictor of FH Mutations

FH specifically elevates plasma LDL-cholesterol 
concentration owing to the decreased uptake of LDL, 
mediated by the ligand apoB-100 for the LDL recep-
tor. Diagnostic accuracy relies on identifying a caus-
ative mutation1, 9, 15). Most mutations causing FH occur 
in the LDLR (encoding low-density lipoprotein recep-
tor) and fewer in APOB (encoding apolipoprotein B) 
and PCSK9 (encoding proprotein convertase subtili-

Fig.1. Estimated number (millions) of individuals with FH in 
WHO-defined regions based on the theoretical prevalence of 
1:5003) for heterozygous FH (Adapted from Pang et al 42). At 
least 50% of FH patients in the world are likely to come from 
Asian countries (included in the Western Pacific region and 
South-East Asia region).
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(2) Epidemiology: Prevalence of FH in Community 
and High-risk Populations

Excluding rare populations subject to a gene 
founder effect in whom FH is particularly common, 
the community prevalence of FH is estimated to be 1 
in 500, with reports varying from 1 in 200 to 1 in 
20002). Prevalence data enable the design of screening 
programs for FH in the community31). We have com-
pleted studies in China and Australia, where the prev-
alence of heterozygous FH was found to be 1:211 –
35932) and 1:229–35333), respectively, consistent with 
recent findings from the US34) and Europe35, 36). In 
children from Australia, we also found a frequency of 
FH of 1 in 267 by LDL-cholesterol and family history 
criteria37). The apparent higher frequency of FH in 
community populations has been well evidenced by 
two recent studies employing genetic testing25, 35). Data 
from all countries appear to consistently indicate under-
diagnosis and under-treatment of FH across all ages 
and ethnic groups. The prevalence of FH in coronary 
care units is also informative for targeted screening for 
index cases. In Australia7), 14.3% of coronary patients 
aged less than 60 years were found to have phenotypic 
FH. These data concur with reports from Europe38).

(Australia, Hong Kong, Brazil, and New Zealand). 
The cross-sectional investigation aims to select a level 
of plasma LDL-cholesterol that has the highest sensi-
tivity and specificity in predicting a pathogenic muta-
tion. Adults who have provided informed consent for 
genetic testing and collection of phenotypic data will 
mainly be studied. LDL-cholesterol levels from a fast-
ing blood sample at screening will be adjusted if 
required for the type and dose of cholesterol-lowering 
drugs28). Mutational analyses for defects in the LDLR, 
APOB, and PCSK9 genes and assessment of pathoge-
nicity have been uniformly performed as described 
elsewhere18, 24, 29, 30).

The ability of plasma LDL-cholesterol concen-
trations to predict a genetic variant will be investigated 
using receiver operator characteristic curves. The best 
value of LDL-cholesterol for predicting a mutation 
will be defined as a having a sensitivity ＞90%, with 
the highest corresponding level of specificity and/or 
the highest sum of sensitivity and specificity. The 
effect of other variables (such as family and personal 
history of high cholesterol or coronary heart disease, 
physical signs, and ethnicity) on the sensitivity and 
specificity of the LDL-cholesterol threshold will also 
be tested by multiple logistic regression analysis.

Fig.2. Map showing the countries currently participating in the “Ten Countries Study.”
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being offered to PCPs via cardiovascular education 
sessions and/or mail lists from the royal colleges (or 
country equivalent). Completion of the survey is vol-
untary and anonymous. The survey enquires about 
the following elements: general familiarity with FH; 
awareness of national and international guidelines for 
FH; the clinical description of FH; identification of 
the typical lipid profile; prevalence and inheritance of 
FH; extent of elevation in risk of CVD, definition of 
premature CVD, and physical features in FH; whether 
the diagnosis requires genetic confirmation; methods 
for alerting PCPs about the possibility of FH; type of 
health professional best placed to detect FH; number 
of patients with FH currently being treated; specific 
treatments; knowledge and practices concerning fam-
ily screening; and treatment and referral practices 
regarding patients with severely elevated cholesterol. 
In addition, demographic data, including gender, qual-
ifications and training status, years of experience, and 
size and location of practice, are recorded. The overall 
information generated by this project will ultimately 

(3) Education and Training: Knowledge and Prac-
tices of FH Among Physicians

The majority of people in the community will 
have contact with their primary care physician (PCP) 
or family doctor. PCPs can perform absolute cardio-
vascular risk assessments and are well placed to oppor-
tunistically detect FH39, 40). Well controlled and low 
complexity patients, initially identified in specialist 
centers, should be transitioned if feasible to primary 
care for long-term management or for shared care, 
whereas high complexity patients should be followed 
up by the specialist service9). The role of primary care 
in the care of FH has not been adequately defined. A 
preliminary study suggested a significant shortfall in 
awareness, knowledge, and practices among family 
doctors in the Asia-Pacific region41, 42). Defining the 
role of PCPs in the care of FH is essential for develop-
ing multidiscplinary and integrated total quality man-
agement. Assessing current knowledge and practices is 
considered to be the starting point.

In the investigation, a formal questionnaire is 

Table 1. Summary of the five principal projects comprising in the “Ten Countries Study”.

Project
Number

Title Aim Translational Value

1
Plasma LDL-cholesterol as a 
predictor of FH mutations

To select a level of plasma LDL-cho-
lesterol that has the highest sensitivity 
and specificity in predicting a muta-
tion in different countries.

The data will inform a simple screening test for FH, 
based on LDL-cholesterol measurement, for use in 
primary care and where genetic testing is not avail-
able.

2
Prevalence of FH in commu-
nity populations

To assess the prevalence of FH in adult 
and childhood populations.

The data will emphasize the public health problem 
presented FH, including the shortfalls in detection 
and treatment. This will inform screening programs 
for FH in the community.

3
Knowledge and practices of 
Primary Care Physicians 
(PCPs) concerning FH

To determine awareness, knowledge 
and practices regarding FH in PCPs; 
and conduct a comparison across the 
centres in the region.

Defining the role of PCPs in the care of FH is essen-
tial for developing multi-disciplinary and integrated 
total quality management. Assessing current knowl-
edge and practices is the starting point. The infor-
mation also will be employed to design effective 
teaching and training modules for PCPs in the 
detection and management of FH.

4
Comparison of services and 
facilities for the care of FH

To describe and compare existing 
health services, facilities and resources 
for the care in FH in the region.

The study will provide international benchmarking 
of performance in health care for FH. It will identify 
and promote successful strategies within a context 
that takes into account cultural, economic and logis-
tic differences and create opportunities for imple-
menting country-specific or region-specific models 
of care for FH.

5
Patient perceptions and per-
sonal experiences of FH

To investigate the association between 
patients’ psychological factors and key 
behavioural and clinical outcome vari-
ables salient to the management of 
FH; and conduct a comparison across 
the centres in the region.

The study will identify the key psychological factors 
associated with compliance and patient decisions. 
The factors can then be used as a basis for behav-
ioural interventions to promote better treatment 
compliance and patient decisions.
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takes an account of cultural, economic, and logistic 
differences and will create opportunities for imple-
menting country-specific or region-specific models of 
care for FH. It will promote regional and international 
collaboration that could greatly enhance the develop-
ment of new services for FH where gaps are identified.

The project is based on an online questionnaire 
that specifically investigates the key dimensions of a 
desirable model of care9, 44, 45). This will be completed 
voluntarily by the main key opinion leaders or experts 
in FH in the region. The enquiry relates to the follow-
ing elements: national guidelines and protocols, medi-
cal specialties involved in care, role of primary care, 
screening, diagnostic and assessment protocols, DNA 
testing facilities, pediatric services, therapeutic strate-
gies, apheresis and liver transplantation; clinical sup-
port (nurses, dieticians, counsellors, information tech-
nology, and registry), biochemistry laboratory services, 
cardiology services, funding (public, private, health 
insurance), drug re-imbursement, education and train-
ing programs, research programs, links with and sup-
port from government and non-government organiza-
tions, and existence of a family support group9, 43, 45).

be employed to design effective teaching and training 
modules for PCPs in the care of FH.

(4) Health Service Research: Comparison of Ser-
vices and Facilities for the Care of FH

Despite the increasing recognition of the impor-
tance of FH, the care of patients and families remains 
suboptimal9, 15). Services need improvement and stan-
dardization at several levels18, 43). This includes pediat-
ric services, cascade screening, and multidisciplinary 
care that involves laboratory medicine, cardiology, and 
transfusion medicine. Close collaboration between 
healthcare systems, patient support groups, and non-
government organizations is essential9). A clinical reg-
istry can also provide invaluable information for 
research and audit as well as for improving the quality 
of care. There are no published data describing or 
comparing healthcare resources for the detection and 
management of FH across different countries with 
diverse healthcare systems. This project will provide 
knowledge that could form an international bench-
mark for future performance in the care of FH. The 
knowledge will be generated within a context that 

Table 2. The research agenda for FH (adapted and modified from Gidding et al 22)). Highlighted are research items that are being 
addressed in the “Ten Countries Study”.

Models of Care Population Science Basic Science Life Course Clinical Research Patient-Centric Research

Evaluation of coun-
try-specific FH care 
delivery

Use registries to under-
stand natural history 
and impact of treat-
ments

Identification 
of genes beyond 
LDLR, APOB, 
and PCSK9

Better define the nat-
ural history of athero-
sclerosis to direct tim-
ing and intensity of 
intervention to lower 
LDL-cholesterol

Clinical trials of new 
pharmacological 
agents and nutriceu-
ticals

Assessment of patient 
and family perceptions 
of different aspects of 
care, including family 
contacts related to cas-
cade screening

Role of allied health 
personnel (pharma-
cist, nurse, genetic 
counsellor) and pri-
mary care physicians

Determine FH preva-
lence in different eth-
nic populations

Understand 
the interactions 
of main gene 
effects with 
modifier genes

Close guideline gaps 
from paediatric to 
adult care; separate 
FH from population-
based lipid treatment 
guidelines

Incorporate subclini-
cal atherosclerosis 
imaging into trials as 
risk stratifiers

Patient and family 
awareness of FH

Better understand 
patient and family 
perspective on living 
with FH, including 
concerns about the 
disease, medication, 
and genetic testing

Compare diagnostic 
criteria schema for effi-
ciency in diverse popu-
lations, including age-
specific LDL-choles-
terol levels

Create an FH 
biobank with a 
long-term goal 
of linkage of 
registry to bio-
bank

Better define risk/
benefit of lifelong FH 
care, including assess-
ment of treatment 
goals and long-term 
side effects of treat-
ment

Understand the natu-
ral history of aphere-
sis and liver trans-
plantation treatments 
for homozygous FH

Gaps in care (screening, 
diagnosis, drug adher-
ence, and intolerance)

Cost-effectiveness 
studies that include 
universal and/or cas-
cade screening meth-
ods; also include chil-
dren in risk/benefit 
assessment

Better understand the 
impact of pregnancy 
on the natural history 
of FH

Identify and study 
biomarkers that may 
improve identifica-
tion of early athero-
sclerosis, risk predic-
tion, and drug 
responsiveness

Decision aids (ie, tools 
to help children, young 
adults, and adults think 
through screening and 
treatment decisions)
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that patient attitudes and beliefs toward treatment and 
behaviors rather than beliefs about the illness are the 
key determinants of intentions to engage in treatment 
and self-management behaviors, suggesting that chang-
ing attitudes and beliefs toward the behaviors is a pri-
ority for promoting better management of FH. We 
plan to investigate and compare the effects of these 
psychological factors on behaviors and outcomes among 
the participating countries.

Conclusion and Future Perspective

The “Ten Countries Study” is the first collabora-
tive effort relating to FH in countries in Asia and the 
southern hemisphere. A series of five studies will gar-
ner new knowledge that is likely to enhance the care 
of patients and families with FH in a region that has 
the highest density of people with the condition. The 
projects are aligned with the research agenda recently 
proposed in a Scientific Statement by the American 
Heart Association (AHA)22). The complete collection 
of data and analyses will be completed in the second 
half of 2016; some findings have already been pub-
lished32, 33, 37, 51). The future will hopefully see the 
extension of the projects to other countries, piloting 
of a regional web-based registry (including a pediatric 
registry52)), updating international guidelines, and 
developing a wider research agenda within the remit 
proposed by the AHA22). Transfer of the research find-
ings to enhance the awareness and knowledge of FH 
among healthcare professionals is an essential future 
objective, including the incorporation and utilization 
of the findings into routine clinical practice. The 
wider impact and effectiveness of future studies relies 
on the development of closer collaborative efforts with 
other international initiatives, such as the FH Studies 
Collaboration (FHSC)21) and the ScreenPro FH Proj-
ect53). At country, region, and local levels, the instiga-
tion of partnership between clinical and political 
stakeholders and patient support groups is essential to 
effectively translate current and future evidence into 
better healthcare for all patients and families with 
FH54).
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(5) Health Psychology: Patient Perceptions and 
Personal Experiences of FH

Numerous psychological factors have been found 
to be associated with salient adaptive outcomes and 
individual patient-related behaviors linked with suc-
cessful treatment and management of FH46). Current 
research suggests that attitudes and beliefs about the 
severity of FH predict intentions and motivation to 
engage in treatment, particularly adherence to lipid-
lowering drug regimens and self-management behav-
iors such as physical activity and diet47). However, 
much of the research has been conducted in relatively 
small samples using qualitative methods48). Other 
additional psychological factors that may be related to 
important outcomes related to the management of ill-
ness should be investigated in FH patients. These 
include facilitating factors and barriers in compliance 
with behavioral therapy and lifestyle changes, particu-
larly among those who do not have any clinical mani-
festation of the illness and are asymptomatic49). In 
addition, factors that may affect adherence to treat-
ment, including beliefs about the controllability of the 
illness and efficacy of medication, should be identified 
and investigated. This project will identify key psycho-
logical factors associated with adherence and patient 
decisions to consent to refer relatives for cascade test-
ing for FH. The factors can then be used as a basis for 
behavioral interventions to promote better care of 
families with FH.

Participants will be recruited from regional clin-
ics managing FH patients in different countries. Vol-
unteer patients with FH will be recruited via clinic 
staff who will offer them the opportunity to partici-
pate. The study will adopt a correlational, quantitative 
design, in which psychometric measures of key psy-
chological and behavioral variables will be elicited 
from samples of FH patients. The factors include atti-
tudes, motives, and beliefs toward treatment, includ-
ing drug and self-management behaviors, beliefs in 
medication, FH illness perceptions, and health liter-
acy. Measures will be based on previous research and 
will be informed by a preliminary qualitative study50). 
Key clinical and behavioral outcomes will also be col-
lected from patient records in the collaborating clinics. 
Language-specific versions of the questionnaire will be 
developed from the English-language version using 
standardized back-translation techniques with the aid 
of bilingual translators. Comparisons of the key psy-
chological correlates of treatment and management 
behaviors and outcomes across the different countries 
is of particular interest because it will facilitate under-
standing of the cultural influences on living with, 
treating, and managing FH.

A pilot study in Australia51) has demonstrated 
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