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Original Article

Aim: Familial hypercholesterolaemia (FH) is the most common autosomal dominant lipid disorder, leading to 
severe hypercholesterolaemia. Early detection and treatment with lipid-lowering medications may reduce the risk 
of premature coronary artery disease in FH patients. However, there is scarcity of data on FH prevalence, 
detection rate, treatment and control with lipid-lowering therapy in the Malaysian community.

Methods: Community participants (n=5130) were recruited from all states in Malaysia. Blood samples were 
collected for lipid profiles and glucose analyses. Personal and family medical histories were collected by means of 
assisted questionnaire. Physical examination for tendon xanthomata and premature corneal arcus were conducted 
on-site. FH were clinically screened using Dutch Lipid Clinic Network Criteria. 

Results: Out of 5130 recruited community participants, 55 patients were clinically categorised as potential 
(Definite and Probable) FH, making the prevalence FH among the community as 1:100. Based on current total 
population of Malaysia (32 million), the estimated number of FH patients in Malaysia is 320,000, while the 
detection rates are estimated as 0.5%. Lipid-lowering medications were prescribed to 54.5% and 30.5% of 
potential and possible FH patients, respectively, but none of them achieved the therapeutic LDL-c target.

Conclusion: Clinically diagnosed FH prevalence in Malaysian population is much higher than most of the 
populations in the world. At community level, FH patients are clinically under-detected, with majority of them 
not achieving target LDL-c level for high-risk patients. Therefore, public health measures are warranted for early 
detection and treatment, to enhance opportunities for premature CAD prevention.

lipoprotein cholesterol (LDL-c) level and accelerated 
atherogenesis that leads to premature coronary artery 
disease (CAD)3). Mutations in LDLR is generally more 
severe, causing higher LDL-c level than that by other 
gene mutations4). Statin was introduced in 1976 and 
since then it became the first-line medication for 
hypercholesterolaemia5). Administration of statin in 
FH patients has been demonstrated to reduce CAD 
risk by about 76%6), hence early detection and 

Introduction

Familial hypercholesterolaemia (FH), an 
inherited lipid disorder, is the most common 
autosomal dominant disease affecting mankind1). The 
most common gene mutations were found in LDLR, 
followed by APOB and PCSK9, whilst other minor 
genes have also been implicated2). Individuals with 
FH will experience severely elevated low-density 
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nationwide FH prevalences were still yet to be 
investigated21, 22). Vietnam shared the same dedication 
of reporting the molecularly confirmed FH patients, 
but only managed to discover 20 individuals with 
APOB R3500Q mutations23). The clinical and genetic 
prevalence of FH in the rest of Western Pacific and 
Southeast Asia countries, to the best of our knowledge, 
were yet to be reported24). 

Regional collaborative study to investigate the 
clinical and epidemiological aspects of FH, including 
prevalence of FH in the community, has been initiated 
by the ‘10 Countries Study’ programme in 2016 
which consists of 15 countries, including Malaysia25, 26). 
With the hypercholesterolaemia prevalence of 35.0% 
in 2011, 47.7% in 2015, and 38.1% in 2019, and a 
very high frequency of hypercholesterolaemia at 
67.0% in certain rural areas27, 28), Malaysia has placed 
itself above the average prevalence of raised total 
cholesterol among Western Pacific nations29), which 
further support the possibility of high prevalence of 
FH among Malaysian population. Thus far, The 
Malaysian Study on Health and Wellbeing Assessment 
for Familial Hypercholesterolaemia (MyHEBAT - 
FH) has completed the FH patient recruitment across 
the country. Therefore, the study group aimed to 
report the first nation-wide investigation on the 
prevalence of FH in the Malaysian population, their 
detection rate, proportion on lipid-lowering treatment 
and control within the Malaysian community. 

Methods

Study Design and Population
This was a cross-sectional population-based study 

involving participants attending the Health Screening 
Programmes across East and West Malaysia over 9 
years duration, from 2011 to 2019. Inclusion criteria 
were Malaysian adults aged ≧18 years old. Those with 
secondary hypercholesterolaemia (hypothyroidism, 
chronic kidney disease, nephrotic syndrome and 
cholelithiasis) or pregnancy were excluded. 

Definition of Terms
FH was clinically diagnosed using the DLCN11). 

The minimal pre-treatment LDL-c cut-offs for FH 
with and without premature CAD were set at LDL-c 
≧4.0 and ≧4.9 mmol/L respectively. DLCN score of 
≧6 (Probable FH: 6-8; Definite FH ＞8) were 
categorised as “Potential FH”30), and those with 
DLCN score of 3 – 5 were categorised as “Possible 
FH”. Those with DLCN score of ＜3 were categorised 
as “Unlikely” FH. Prevalence of clinically diagnosed 
FH was defined as those with Potential FH (Probable 
or Definite FH).

treatment will provide opportunities for prevention of 
premature CAD and better quality of life. 

Despite many decades of statin introduction at 
global scale, cardiovascular disease is still the number 
one cause for non-communicable disease (NCD) 
death worldwide, including Malaysia7). Countries with 
advanced health system such as Japan, Canada and 
France have lower rate of cardiovascular-related death, 
partly due to their elaborated screening programme, 
treatment and prevention for hypercholesterolaemia8). 
Unlike non-FH hypercholesterolaemic patients, 
genetically confirmed FH patients have additional four 
folds of CAD risk and require more extensive lipid-
lowering therapy, compared to hypercholesterolaemia 
patients without genetic mutation9). Early detection 
and commencement of lipid-lowering therapy may 
extend CAD-free life up to 18 years10) when compared 
to untreated FH patients.

The prevalence of clinical FH in Caucasian 
populations was reported to be between 1:500 to 
1:200 11), while globally it was estimated to be about 
1:250 12, 13). Out of six World Health Organization 
(WHO) global regions, more than half of the 
individuals affected by FH are located in just two 
regions, namely, Western Pacific and South East Asia 
regions, which has been estimated to contain about 7.2 
million individuals with FH14). Within these regions, 
the FH prevalence of some countries were well-
documented. Using Dutch Lipid Clinic Network 
criteria (DLCN), Australia has reported an FH 
prevalence of 1:353 – 1:229 15), while Japan, using 
their own FH diagnostic criteria16), has reported FH 
prevalence of 1:208 17). China has recently developed 
their own FH diagnostic criteria, and has reported a 
staggering FH prevalence of 1:58 18). Taiwan, which 
has started their national FH registry in 2015, has 
estimated their FH prevalence as ≈1:200 19). However, 
the reports on prevalence of FH in some Western 
Pacific and South East Asia countries are scarce. Due 
to the possible founder effect from non-native 
immigrating ethnics, which is especially true in the 
racially diversified countries, the prevalence of FH in 
these regions can be higher than that of Caucasian 
population. 

Singapore, the smallest nation within Western 
Pacific region with a total population of only 5.9 
million people, is uniquely diverse with different 
ethnics, but has only reported 50 patients with 
molecularly confirmed LDLR mutations20) by next-
generation sequencing method. Thailand and the 
Philippines have also respectively reported 45 and 20 
molecularly confirmed FH patients using PCR and 
denaturing high-performance liquid chromatography 
methods to detect LDLR mutations, but their 
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tendons at Achilles tendons, dorsal extensor of hands, 
elbows or knees31). Premature corneal arcus was 
visually identified by the presence of white opaque 
ring at the peripheral of cornea32) in participants with 
age ＜45 years old, while participants with corneal 
arcus but age ≧45 years old were asked for the age of 
onset for the corneal arcus. Those with corneal arcus 
onset at age ≧45 years old were not considered as 
premature corneal arcus.

Blood Sampling and Laboratory Analysis
A total of 9 mL venous blood samples were 

collected following non-traumatic venepuncture for 
fasting lipid profiles and glucose level. The blood 
samples were stood for 30 – 60 min at 4℃ before 
being centrifuged on-site at 4000 rpm for 15 minutes. 
The serum and plasma samples were aliquoted into 
secondary tubes and kept at －20℃ until analysis. 
Serum lipid profile which includes total cholesterol 
(TC), triglyceride (TG) and high-density lipoprotein 
(HDL) and glucose level were analysed on automated 
analyser (Roche COBAS Integra® 400, Germany). 
Serum TC, TG and HDL were measured 
enzymatically with the use of commercially available 
reagents while LDL-c level was derived by calculation 
using the Friedewald equation33). For subjects whose 
samples were collected whilst on lipid-lowering 
medications, the baseline pre-treatment LDL-c level 
was calculated using the conversion algorithm34). The 
conversion algorithm requires the information of 
statin type and dose in order to determine the baseline 
LDL-c. If the statin information is not available, the 
treated LDL-c value were multiplied with a general 
conversion factor of 1.43 35).

Plasma glucose was measured by using enzymatic 
hexokinase reference method. Calibration and internal 
quality control (QC) were performed as per work 
instruction set up by the institutional Pathology 
Laboratory which is ISO 15189 certified by the 
National Laboratory Accreditation Scheme, Skim 
Akreditasi Makmal Malaysia (SAMM), and recognised 
by APLAC Asia-Pacific Laboratory Accreditation 
Cooperation) and ILAC (International Laboratory 
Accreditation Cooperation). 

Statistical Analyses
Data were analysed using the IBM SPSS Statistics 

version 22 (IBM, NY, USA). Categorical variables 
were reported as frequency and percentage (%). 
Continuous variables were reported using means and 
standard deviation (SD) for normally distributed data 
and as median with interquartile range (IQR) for non-
normally distributed data. Normally distributed 
continuous data were analysed using one-way 

Participants Recruitment 
Participants who attended the Health Screening 

Programmes in almost all states in Malaysia were 
recruited via convenience sampling. The Health 
Screening Programmes were mainly held in school 
halls or municipal general-purpose halls on weekends, 
where the events were advertised by the respective 
local authority by means of banners and social media, 
at least two weeks before the event day. At the 
registration desk, all participants were given the study 
information sheet and screened for eligibility 
according to the inclusion and exclusion criteria. 
Written informed consent was obtained from those 
who were eligible and recruited into the study.

Demographic and Anthropometric Data Collection
Data were collected by research assistants who 

were trained regarding the study procedures prior to 
the conduct of the study in order to standardise and 
minimise variability of the data collection methods. 
Demographic information (age, gender and ethnicity) 
and clinical history (presence of co-morbidities, 
smoking status and lipid-lowering therapy) were 
collected via face-to-face interview using standardised 
questionnaire. Data on premature CAD was obtained 
from the history taken based on past record of angina, 
myocardial infarction, percutaneous coronary 
intervention and/or coronary artery bypass graft 
surgery, onset at age ＜55 in men and ＜60 years old 
in women. Diabetes mellitus (DM) was defined as 
past history of known DM with/without anti-diabetic 
medication regardless of the glucose level; or having 
fasting plasma glucose ≧7.0 mmol/L and/or random 
plasma glucose ≧11.1 mmol/L for newly diagnosed 
cases. 

Blood pressure (BP) was measured twice, two 
minutes apart on the right arm in sitting position, 
using an Omron HEM-8712 automatic digital blood 
pressure monitor (Omron, Tokyo, Japan). Participants 
were made to rest for at least 5 minutes before the 
measurements were taken. They were seated upright 
with their right arm supported at the heart level. The 
mean of the first and second systolic and diastolic 
measurements was reported as the BP value for the 
individual participant. Waist Circumference (WC) 
was measured to the nearest 0.1 cm using non-
stretchable measuring tape with the subjects standing 
in a relaxed position and arms at the side. The 
measurement was taken at the midpoint between the 
lower rib margin (12th rib) and the iliac crest. Physical 
examination for tendon xanthomata and premature 
corneal arcus were conducted by the clinicians. 
Tendon xanthomata were examined by visually 
identifying the presence of nodules or thickening of 
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Table 2 shows the distribution of participants on 
lipid-lowering therapy and proportion achieving 
therapeutic target according to the FH categories. The 
percentage of participants who received lipid-lowering 
medication increased from 32.2 to 71.4% across 
Possible to Definite FH categories. All treated FH 
participants in this study acquired their treatment at 
their local primary healthcare centres. Virtually all 
who received the lipid-lowering therapy were treated 
with statin or statin combination. None of the 
participants with FH on lipid-lowering medications 
achieved the therapeutic target of LDL-c ＜1.4 mmol/
L or ＜1.8 mmol/L, the recommended therapeutic 
target of post-lipid-lowering treatment for very high-
risk group44, 45).

Discussion

This study is the first to report the prevalence of 
clinically-diagnosed FH in the Malaysian community, 
as defined by having Potential FH (Definite and 
Probable FH) according to the DLCN criteria. This 
definition was used in order to standardise the 
reporting method with other Western countries. 

Our study shows that the prevalence of Potential 
FH in the Malaysian population was 1.1% i.e. about 
1 in 100 individuals. This is no doubt higher than the 
reported global prevalence of 1 in 250 12), and 
surprisingly six times higher than what has been 
estimated two decades ago48), based on the data 
acquired from Singapore Lipid Clinic49). This high 
prevalence of FH has put Malaysia among the highest 
reported FH prevalence in the Western Pacific region, 
just below China, and above Russia that respectively 
have reported FH prevalence of 1 in 58 and 1 in 108 18, 50). 
The high prevalence of FH in these three countries 
could be explained by the fact that physical 
examinations to identify premature corneal arcus and 
tendon xanthomata were performed in these studies. 
Besides high level of LDL-c, premature corneal arcus 
and tendon xanthomata are the cardinal signs for FH 
that contribute towards high scores in DLCN scoring. 
Omitting these physical signs in FH clinical 
assessment may lead to under-detection of FH 
patients, as indicated in this study where people with 
tendon xanthomata has almost 10-fold chance of 
being identified as Potential FH. Therefore, there is a 
possibility that other countries such as Australia and 
Taiwan may obtain higher prevalence of FH than 
what they currently reported if physical examination 
had been incorporated into their studies. On the other 
hand, there were only a few countries that have 
reported FH prevalence of more frequent than 1% (1 
in 100 individuals), such as in South Africa who had 

ANOVA, non-normally distributed data were analysed 
using Kruskal Wallis test followed by Mann-Whitney 
test. Chi-squared test were performed to analyse the 
association between categorical data. Statistical value 
of p＜0.05 indicated significant difference.

Ethical Consideration
The ethical approval was obtained from the 

Institutional Research Ethics Committee (Ref: UiTM 
600-IRMI [5/1/6]), which is in accordance to the 
Declaration of Helsinki. Written informed consent 
was obtained from all participants prior to 
recruitment. The study information sheet highlighted 
the rights of the participants to voluntarily participate 
in the study and to withdraw from the study at any 
time without any reason and without penalty.

Results

A total of 5130 participants were recruited. Table 
1 shows the distribution of participants into Definite, 
Probable, Possible and Unlikely FH according to the 
DLCN criteria. Malay was the major ethnic across all 
categories of FH. Out 55 participants with Potential 
FH, 41 and 14 had Probable and Definite FH 
respectively, whilst another 374 were found to have 
Possible FH. The mean age of participants in the 
Definite FH group was higher compared to those in 
the other FH groups (59.8±10.3 vs 58.7±10.1 vs 
50.5±13.1 vs 40.3±15.4 years, definite vs probable 
vs possible vs unlikely FH, p＜0.05). The LDL-c and 
TC levels were significantly different (p＜0.05) across 
all FH groups (LDL-c: 7.4±1.4 vs 5.8±1.1 vs 5.6±
0.7 vs 3.1±0.9 mmol/L; TC: 8.3±1.7 vs 7.2±1.5 vs 
7.3±1.1 vs 5.1±1.1 mmol/L). Presence of tendon 
xanthomata, personal history of CAD, premature 
corneal arcus and hypertension were significantly 
associated with positive FH, with odds ratio of 9.77, 
5.55, 2.93 and 2.37 respectively, compared to 
Unlikely FH individuals. 

Fig.1 shows the prevalence of FH among the 
study participants. Out of 5130, 429 (8.3%) were 
found to have Possible, Probable or Definite FH. The 
prevalence of clinically diagnosed FH as defined by 
having Potential FH (Probable and Definite FH) was 
about 1 in 100 individuals (1.1%). Based on the 
current Malaysian total population of 32 million and 
the prevalence of 1:100, it was estimated that there 
were approximately 320,000 of individuals with 
Potential FH in Malaysia. Assuming that all FH cases 
in Malaysia were reported36-43), and taking 1:500 
global prevalence of FH, this translates to an estimated 
detection rate of 2.3% and 0.3% for all categories of 
FH and potential FH respectively. 
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Table 1. Distribution of Participants into Definite, Probable, Possible and Unlikely FH according to the DLCN criteria (n=5130) 
†Potential FH 

(Definite and Probable 
FH, n=55)

Definite FH (n=14) Probable FH (n=41) Possible FH (n=374) Unlikely FH (n=4701)

Age (years)#A 59.0±10.1 59.8±10.3@ 58.7±10.1＊^ 50.5±13.1＊^ 40.3±15.4＊@

Gender^
Male 25 (45.5%) 5 (35.7%) 20 (48.8%) 170 (45.5%) 1753 (37.3%)
Female 30 (54.5%) 9 (64.3%) 21 (51.2%) 204 (54.5%) 2948 (62.7%)

Ethnicity
Malay 50 (90.9%) 14 (100.0%) 36 (87.8%) 292 (78.1%) 3409 (72.5%)
Chinese 0 0 0 4 (1.1%) 161 (3.4%)
Indian 0 0 0 12 (3.2%) 87 (1.9%)
Others 5 (9.1%) 0 5 (12.2%) 66 (17.6%) 1044 (22.2%)

LDL-c (mmol/L) 
(Baseline)#A

6.2±1.3 7.4±1.4＊ 5.8±1.1＊ 5.6±0.7＊ 3.1±0.9＊

TC (mmol/L)A 7.5±1.6 8.3±1.7＊ 7.2±1.5＊ 7.3±1.1＊ 5.1±1.1＊

TG (mmol/L)B 1.7, IQR 0.9 1.8, IQR 2.4@ 1.6, IQR 3.4^ 1.8, IQR 1.1＊ 1.4, IQR 1.1＊^@

HDL (mmol/L)#A

Males 1.3±0.4 1.1±0.2 1.4±0.5^ 1.2±0.3＊ 1.1±0.3＊^
Females 1.6±0.5 1.9±0.6＊^@ 1.4±0.3＊ 1.4±0.4^ 1.4±0.4@

Waist circumference 
(cm)#A

Males 89.2±12.0 90.9±7.2 88.7±13.1 92.3±12.2 90.1±13.1
Females 88.8±12.6 81.8±9.7 91.7±12.7 88.7±10.7 82.9±12.9

Tendon xantomata#

Yes 6 (13.6%) 6 (50.0%) 0 (0.0%) 0 (0.0%) 5 (0.4%)
No 38 (86.4%)  (50.0%) 32 (100.0%) 87 (100.0%) 1222 (99.6%)

Premature corneal arcus#

Yes 41 (95.3%) 10 (90.9%) 31 (96.9%) 6 (7.0%) 201 (16.3%)
No 2 (4.7%) 1 (9.1%) 1 (3.1%) 80 (93.0%) 1029 (83.7%)

Diabetes mellitus#C

Yes 9 (17.3%) 4 (7.7%) 8 (20.5%) 44 (12.3%) 374 (8.2%)
No 43 (82.7%) 12 (92.3%) 31 (79.5%) 314 (87.7%) 4204 (91.8%)

Hypertension#C

Yes 29 (52.7%) 4 (28.6%) 23 (56.1%)＊ 176 (47.7%)＊ 1317 (28.3%)＊

No 26 (47.3%) 10 (71.4%) 18 (43.9%)＊ 176 (52.3%)＊ 3329 (71.7%)
Blood pressure
(Systolic/Diastolic 
mmHg)#A

132.2 (±18.8)/
77.7 (±10.4) 

127.4 (±12.2)/
75.8 (±10.2)

133.8 (±20.3)/
78.4 (±10.5)^

132.1 (±20.9)/
80.3 (±12.0)＊

123.2 (±19.1)/
76.4 (±11.7)＊^

History of premature 
CAD#C

Yes 6 (10.9%) 2 (14.3%)＊ 4 (9.8%)＊ 22 (6.2%)＊ 60 (1.3%)＊

No 49 (89.1%) 12 (85.7%) 37 (90.2%) 333 (93.8%) 4539 (98.7%)
Smoking status#

Current smoker 5 (9.3%) 1 (7.7%) 4 (9.8%) 59 (16.3%) 572 (12.5%)
Ever smoker 10 (18.5%) 2 (15.4%) 8 (19.5%) 78 (21.5%) 435 (9.5%)
Non-smoker 39 (72.2%) 10 (76.9%) 29 (70.7%) 225 (62.2%) 3575 (78.0%)

On lipid-lowering 
therapy#C

Yes 30 (56.6%) 10 (71.4%)＊ 20 (51.3%)＊ 114 (32.2%)＊ 228 (5.1%)＊

No 23 (43.4%) 4 (28.6%)＊ 19 (48.7%)＊ 240 (67.8%)＊ 4258 (94.9%)

†=Potential FH is a combination of Definite and Probable FH
Normally distributed continuous data are presented as mean±standard deviation.
Non-normally distributed continuous data are presented as median with interquartile range (IQR).
#Subjects with no data were excluded
A=One-way ANOVA
B=Kruskal Wallis followed by Mann Whitney tests
C=Chi-squared test
＊^@ =p＜ 0.05. Statistical tests with same symbols in a same row are significantly different with each other.
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DLCN overscoring by the presence of corneal arcus (4 
points). However, extra care has been taken where 
only patients with premature corneal arcus which 
appeared at age of ＜45 years old were recorded as 
positive corneal arcus. The absence of tendon 
xanthomata in Probable FH patients could possibly be 
due to the fact that tendon xanthomata can be 
regressed by lipid-lowering medications53), which had 
been prescribed in half of the Probable FH patients in 
this study, while for corneal arcus, the manifestation is 
non-regressible54). Another possible explanation for 
this observation is that this present study was an 
epidemiological study based in the community, where 
corneal arcus can be easily detected whilst tendon 

molecularly confirmed FH prevalence of 1:83 among 
1612 Afrikaners51). A meta-analysis on global data of 
FH in patients on statin treatment also discovered 
very high prevalence of FH such as in Egypt (5.9%), 
Baltic States (4.9%) and Slovenia (3.4%)52). The high 
FH prevalence were expected in these populations as 
they predominantly included statin-treated patients 
with CAD. 

The majority of the Potential FH in this study 
was comprised of Probable FH patients, where the 
DLCN scores were substantially contributed by the 
presence corneal arcus. However, none of the Probable 
FH patients in this study has tendon xanthomata, 
which raise the concern of overdiagnosis due to 

Fig.1. Prevalence of FH in the Malaysian community (N=5130)
＊FH was defined as those with Possible, Probable and Definite FH by DLCN.
#Prevalence of clinically diagnosed FH was defined as those with Potential FH (Probable or Definite FH)

Table 2.  Distribution of participants on lipid-lowering therapy and proportion achieving therapeutic target according to the FH 
groups

Therapeutic target44-47) ＊#Potential FH (n=53) Definite FH (n=14) #Probable FH (n=39) #Possible FH (n=354)

On lipid-lowering therapy# 30 (56.6%) 10 (71.4%) 20 (51.3%) 114 (32.2%)
LDL-c ＜3.4 mmol/L 1 (3.3%) 0 1 (5.0%) 8 (7.0%)
(% achieving therapeutic target)
LDL-c ＜3.0 mmol/L 0 0 0 1 (0.9%)
(% achieving therapeutic target)
LDL-c ≤ 2.6 mmol/L 0 0 0 0
(% achieving therapeutic target)

LDL-c ＜1.8 mmol/L 0 0 0 0
(% achieving therapeutic target)

LDL-c ＜1.4 mmol/L 0 0 0 0
(% achieving therapeutic target)

＊Potential FH is a combination of Definite and Probable FH
#Subjects with no data were excluded
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by genetic testing. However, diagnosis of FH, even in 
Malaysia, are usually made clinically due to limited 
financial resources to conduct genetic testing. Based 
on the current FH prevalence of 1:100, Malaysia has 
clinically detected only 0.5% of the total estimated 
individuals with FH, which is substantially lower 
when compared to other Western Pacific countries 
with advance healthcare system, such as Japan (26%) 
and Australia-New Zealand (4%)59). In countries 
where genetic testing for FH is funded by the 
government, such as the Netherlands, a commendable 
genetic testing rate of 71% has been reported60). 
Financial constraints, lack of human resources and 
workforce experience, in addition to lack of widely 
available genetic testing facilities are among barriers to 
FH genetic testing in the Asia-Pacific region including 
Malaysia61, 62). Currently, genetic testing is still not a 
routine protocol for FH management in Malaysia and 
most Asian countries, and is only possibly conducted 
as part of clinical research, funded by the universities, 
government or industrial grants. There are several 
Malaysian studies which reported various FH genetic 
variants from LDLR to PCSK9 38, 63-67). However, some 
pathogenic LDLR variants such as LDLR c.763T＞
A37, 42, 64, 68) and c.301G＞A37, 64, 69) were detected in 
multiple FH patients by unrelated Malaysian study 
groups, which give a glimpse of potential utilisation of 
genetic testing as standard diagnostic protocol in 
detecting common pathogenic FH genetic variants in 
Malaysia Healthcare system. 

Enhancing genetic testing and implementation 
of family cascade screening may increase FH 
detection. Data has shown that some FH genetic 
mutations are found in individuals with moderate 
LDL-c level (3.4 - 4.8 mmol/L)9), hence the reported 
FH prevalence in our study could be under-reported 
as some individuals with moderate level of LDL-c 
were categorised as Unlikely or Possible FH by 
DLCN. The probability of under-detection of FH by 
clinical diagnosis without genetic testing was 
evidenced by a Dutch population study, where an FH 
prevalence of 1:137 was reported when over 60,000 of 
community participants were genetically screened for 
pathogenic LDLR and APOB variants35). In contrast, 
another Dutch community-based meta-analysis which 
had solely rely on clinical diagnosis, reported a lower 
FH prevalence of 1:232 70). Furthermore, genetic 
testing for FH, an autosomal dominant disorder with 
high penetrance, is valuable to enhance diagnostic 
precision, enable cascade testing, improve risk 
prediction, treatment adherence, and justify use of 
potent expensive medications61). The use and wider 
application of genetic testing for FH will be enhanced 
by rapidly advancing technology, but cost-

xanthomata may be easily missed by the less 
experience doctors. This is particularly so when the 
signs are subtle, especially in the in the statin-treated 
patients. 

Another possibility that could explain the high 
prevalence of FH in the Malaysian population is the 
founder effect and consanguineous marriages. Founder 
effect is known to contribute towards high prevalence 
of FH in some countries with high composition of 
none native-ethnics, where those ethnics may have 
carried the pathogenic FH genetic variants from their 
countries of origin and introduced the founder effect 
for FH after thriving for several generations in the 
new countries3, 55). Malaysia is an ethnically diversified 
country, where ＞30% of the Malaysian citizens are 
non-native (Chinese or Indians ethnicities), who may 
introduce founder effect for FH in the Malaysian 
population. In this study, although more than 90% of 
Potential FH were found in native Malays, the other 
ethnic groups were under-represented, hence the 
possibility of founder effect cannot be totally excluded. 
Therefore, future studies should address the possible 
founder effect of FH in the Malaysian community. 
Consanguineous marriages are also noted to be 
prevalent in certain states in Malaysia which parallels 
the high prevalence of FH in those states (data not 
shown).

The high mean TC and LDL-c levels across the 
FH groups in our study could be explained by the 
unhealthy diet among the Malaysian population. 
Culturally, Malaysian traditional foods such as ‘nasi 
lemak’ (coconut oil rice) and ‘roti canai’ (Indian-style 
flatbread) are inherently high in saturated fat 
content56). Together with the gradual transition of 
Malaysian dietary pattern to urban fast food 
consumption57), Malaysian population are generally 
consuming more fat compared to other Western 
Pacific Countries, which subsequently may have 
caused the high level of mean TC and LDL-c in the 
Malaysian population, and ultimately may tip the 
Malaysian DLCN score to the higher side.

Genetic testing is not a routine test for FH even 
in an advanced Western Pacific countries like Japan, 
where their national FH guideline extensively relies on 
clinical assessment such as LDL-c level and examination 
of tendon xanthomata rather than genetic finding16). 
The Japanese guideline only utilise the genetic testing 
as a differential test to distinguish between FH and 
autosomal recessive hypercholesterolaemia, where 
clinical manifestation for both disorders are similar, 
but the latter is caused by different genetic mutations 
(ATP-binding cassette transporter G5 or G8) than 
that in FH58). Given that FH is an inherited genetic 
disorder, the ultimate way to diagnose it is supposedly 
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difficult.
Improving FH management starts with accurate 

early clinical detection and treatment, and where 
possible genetic testing, in addition to family cascade 
screening. However, even without molecular testing, 
additional inexpensive assay such as measurement of 
Lp(a) may improve the accuracy of DLCN and Simon 
Broome FH clinical diagnostic criteria. Clinical 
diagnosis of FH without genetic confirmation is 
heavily dependent on LDL-c. Indirect LDL-c 
measurement, which is derived from Friedewald 
equation, includes TC in the calculation that may be 
contributed by Lp(a), where Lp(a) level is highly 
varied among individuals74). A recent study also 
demonstrated that the accuracy of DLCN and Simon 
Broome criteria can be affected by Lp(a) level, and 
thus has recommended that all suspected FH patients 
to have their Lp(a) measured75). In addition, elevated 
Lp(a) serum level which is predominantly genetically 
determined, has great value in risk prediction. 
However, at present, genetic testing for identification 
of LPA gene copy number variants has no clinical 
diagnostic role61).

Strengths and Limitations

The strength of this study include the application 
of physical examination to identify premature corneal 
arcus and tendon xanthomata for more accurate 
clinical diagnosis of FH. This study also recruited the 
largest number of FH patients, covering various states 
and regions in Malaysia, compared to other previous 
smaller scale FH studies ever conducted in Malaysia. 
Therefore, the prevalence of FH reported in this study 
is the best representation of the Malaysian population 
which we have to date. However, this study has several 
limitations. Firstly, majority of the participants in this 
study were Malays, Bidayuh and Dusun. The 
Malaysian Chinese and Indians were under-
represented in this study. Ideally, prevalence study in a 
multi-ethnic country such as Malaysia requires 
proportional coverage of all major ethnic groups in 
the country. Second, the participants were recruited 
using convenient sampling method, which may 
introduce selection bias when the demographic nature 
of any of the Health Screening sites were not 
heterogenous. However, the possibility of sampling 
bias in this study is remedied by the fact that the 
Health Screening Programmes were carried out at 
multiple sites in almost all states, which may 
sufficiently be representative to the whole Malaysian 
population. Third, this study also acquired 
participant’s clinical history through face-to-face 
interview, where the participants may not give the 

effectiveness, patient preferences and health care 
professional training in genomic medicine remain key 
issues that need to be addressed. 

The lipid-lowering treatment coverage for 
individuals with Potential FH in the Malaysian 
community was well over 50%. This is comparable to 
other countries such as Australia and the Netherlands 
that have the lipid-lowering therapy coverage of 67% 
and 48% in their respective communities 15, 35). 
However, the achievement for therapeutic target of the 
lipid-lowering therapy in our study population did 
not share the same optimism, where none of the 
individuals with Potential and Possible FH in the 
community achieved the therapeutic LDL-c targets. 
In contrast to our finding, the Centralized Pan-Asian 
Survey on the Under Treatment of Hypercholesterolemia 
(CEPHEUS) reported a therapeutic target 
achievement (n=112) of 36.6% 71). However, 
individuals with FH recruited in our study included 
newly diagnosed FH, whereas FH patients in the 
CEPHEUS were previously diagnosed and aggressively 
treated. This may explain why the LDL-c target 
achievement in CEPHEUS was better than that in 
this present study. Poor therapeutic LDL-c target 
achievement among individuals with FH in the 
Malaysian community could be due to the lack of 
awareness about FH among primary care physicians 
and the patients themselves. This is supported by a 
study by Azraii et al. where less than half of Malaysian 
primary care physicians were familiar with FH, and 
only about a quarter of them were aware of FH 
diagnostic criteria72). Therefore, increasing awareness 
and knowledge regarding FH among primary care 
physicians in Malaysia through educational training 
should be a priority. Primary care physicians need to 
be more vigilant in identifying and managing FH. 
Individuals with Potential FH should have been 
clinically identified earlier by primary care physicians 
and treated more aggressively to target LDL-c levels 
for high-risk category patients. Referral to lipid 
specialist and/or cardiologist in secondary care setting 
should also be done early for diagnostic confirmation, 
treatment optimisation and family cascade screening 
for early detection of affected family members. 
Another barrier to lipid-lowering treatment among 
individuals with FH is the treatment cost, especially 
among those with uncontrolled LDL-c. Aside from 
subsidised oral lipid-lowering agents, the treatment 
modalities for patients with uncontrolled severely 
elevated LDL-c are lipoprotein apheresis and injectable 
PCSK9 inhibitors 73). However, both of these 
therapeutic modalities are expensive and are therefore 
not subsidised in Malaysia13), making the management 
of FH in patients with severely elevated LDL-c 
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FH78). Lastly, a national FH registry has to be 
established in Malaysia in order to integrate the FH 
data collection, which is not only useful for 
epidemiological study, but essential in standardising 
the FH management throughout the country.

Conclusion

The prevalence of clinically diagnosed FH in the 
Malaysian community is 1:100 which is much higher 
than that of the global general population, with low 
detection rate of ＜1.0%. Molecular testing for FH 
may improve detection rate and family cascade 
screening, but cost-effectiveness, patient preferences 
and health care professional training in genomic 
medicine remain key issues that need to be addressed. 
FH is under-detected and under-treated with poor 
achievement of LDL-c targets in Malaysian community. 
Increasing awareness and knowledge regarding FH 
among primary care physicians and the community 
may improve early detection and optimal treatment. 
Timely referral to secondary care for further 
management of poorly controlled LDL-c and family 
cascade screening is also pivotal to reduce 
complications including premature CAD. Public 
Health policies should include strategies including 
public education, development of FH training module 
and clinical practice guidelines for clinicians. A 
national FH registry needs to be further supported to 
enhance clinical research and improvement in 
comprehensive FH management.
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most accurate answer, especially the medical history of 
their family members. More often than not, 
participants did not remember the exact age of onset 
for CAD in their family members, or the baseline 
LDL-c level in their statin-treated family members. 
Lastly, due to majority of the participants not being 
able to recall the type and dose of their lipid-lowering 
medication, half of the reported baseline LDL-c for 
potential FH were estimated using the LDL-c 
conversion algorithm, which may affect the accuracy 
of the reported FH prevalence. The only way to obtain 
the actual baseline LDL-c level were to access the 
patients’ medical record in their respective clinics, but 
this was technically and logistically not feasible to be 
done by our research team at that time.

Implications on Future Research and 
Clinical Practice 

The findings of this study suggest that clinically 
diagnosed FH is highly prevalent, and is under-
detected and under-treated in the Malaysian 
community. However, Malaysia is a unique multiracial 
country. Epidemiological study of disease that can be 
implicated by genetic diversity should take the 
participants racial proportion into consideration. 
Therefore, future study on FH prevalence which 
includes all the major ethnic groups by probability 
sampling in Malaysia is recommended. Further 
research should also include identification of FH by 
genetic testing among the Malaysian population.

Our study shows poor therapeutic target 
achievement among FH patients treated with lipid-
lowering medications. Majority of them received their 
lipid lowering prescriptions from their local primary 
healthcare centres. This indicates lack of awareness, 
knowledge and skills to optimally manage FH among 
primary care physicians. These Potential FH patients 
should be referred to the Lipid Specialists for 
confirmation of diagnosis and further management 
which include cascade screening of family members. 
Primary care physicians are ideally suited to play a 
pivotal role in the early detection and treatment of FH 
in the community. To increase awareness and 
knowledge regarding FH among primary care 
physicians in Malaysia, FH training module and 
clinical guideline need to be developed. Additionally, 
the community itself has to be educated on health 
consequences of FH through government-organised 
health campaign or FH family support group76, 77), 
which are yet to be initiated in Malaysia. Well-
informed community are more prone to self-report 
their condition, or adhere to their lipid-lowering 
medications if they are aware of the consequences of 
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