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Family Medicine

Rare disease

In Malaysia, the prevalence of genetically confirmed heterozygous familial hypercholesterolemia (FH) was re-
ported as 1 in 427. Despite this, FH remains largely underdiagnosed and undertreated in primary care.

In this case series, we report 3 FH cases detected in primary care due to mutations in the low-density lipo-
protein receptor (LDLR), apolipoprotein-B (APOB), and proprotein convertase subtilisin/kexin type 9 (PCSK9)
genes. The mutations in case 1 (frameshift c.660del pathogenic variant in LDLR gene) and case 2 (missense
¢.10579C>T pathogenic variant in APOB gene) were confirmed as pathogenic, while the mutation in case 3 (mis-
sense ¢.277C>T mutation in PCSK9 gene) may have been benign. In case 1, the patient had the highest LDL-c
level, 8.6 mmol/L, and prominent tendon xanthomas. In case 2, the patient had an LDL-c level of 5.7 mmol/L
and premature corneal arcus. In case 3, the patient had an LDL-c level of 5.4 mmol/L but had neither of the
classical physical findings. Genetic counseling and diagnosis were delivered by primary care physicians. These
index cases were initially managed in primary care with statins and therapeutic lifestyle modifications. They
were referred to the lipid specialists for up-titration of lipid lowering medications. First-degree relatives were
identified and referred for cascade testing.

This case series highlights different phenotypical expressions in patients with 3 different FH genetic mutations.
Primary care physicians should play a pivotal role in the detection of FH index cases, genetic testing, manage-
ment, and cascade screening of family members, in partnership with lipid specialists.

Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the publisher
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Background

Familial hypercholesterolemia (FH) is an inherited genetic dis-
order with an autosomal dominant mode of inheritance [1]. It
is one of the most common monogenic diseases that leads to
an elevated risk of premature atherosclerosis, due to its ef-
fect on plasma cholesterol levels [2]. FH is commonly caused
by mutations in the low-density lipoprotein receptor (LDLR)
gene, apolipoprotein B (APOB) gene, and/or proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) gene [3], with the most
common mutations found in the LDLR gene, followed by APOB
and PCSK9 genes [4]. Other rare mutations in the LDL recep-
tor adaptor protein 1 (LDLRAP1I) gene, apolipoprotein E (APOE)
gene, and ATP-binding cassette subfamily G members 5 and 8
(ABCG5 and ABCG8) genes have been reported to be responsi-
ble for the recessive form of FH [5,6]. There are 2 forms of FH:
the heterozygous form (HeFH), in which the patients have 1
normal allele and 1 mutated allele; and the homozygous form
(HoFH), in which patients have 2 mutated alleles [1].

Clinically, the key characteristics of patients with FH are se-
verely elevated low-density lipoprotein cholesterol (LDL-c),
premature corneal arcus (<45 years old), and tendon xantho-
mas, predominantly in the Achilles tendon and on the exten-
sor tendons of the elbows, hands, knees, and toes [7,8]. FH
can be identified and diagnosed using established clinical di-
agnostic criteria, such as Simon Broome (SB) criteria [9] and
Dutch Lipid Clinic Criteria (DLCC) [10]. Genetic testing to con-
firm the diagnosis can be offered if resources are available [11].

HoFH is rarely reported [12], with a global prevalence estimat-
ed at 1in 160 000 to 1 in 300 000 [7]. HeFH is more common,
with a global prevalence estimated at 1 in 200 to 1 in 500 [13].
A recent systematic review and meta-analysis showed that the
pooled prevalence of HeFH based on genetic testing or estab-
lished clinical diagnostic criteria among the general adult pop-
ulation was 1 in 303 [14]. In Malaysia, the prevalence of clini-
cally diagnosed HeFH was estimated to be 1 in 100 [15], while
the prevalence of genetically confirmed HeFH was recently re-
ported as 1 in 427 [16]. This is comparable to the prevalence
in other countries [14].

If FH is left untreated, men with FH have a 50% risk of devel-
oping coronary artery disease (CAD) by the age of 50 years,
and women with FH have a 30% risk of developing CAD by the

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€939489-2

https://www.amjcaserep.com/abstract/index/idArt/939489

%60

age of 60 [17]. FH remains underdiagnosed and undertreated,
especially in the primary care setting [13]. This results in a lost
opportunity for preventing premature CAD [13,15]. Therefore,
early identification in primary care of patients who are at risk
of FH is pivotal. However, the established clinical criteria, such
as SB and DLCC, have limited utility for the purposes of case-
finding in primary care [18], as they were developed from sec-
ondary care registers of FH patients. These diagnostic criteria
would require a comprehensive physical examination (tendon
xanthoma and arcus cornealis), family history recording, and
genetic mutation testing, which are not routinely assessed
or are inadequately documented in primary care. As a conse-
quence, researchers in the United Kingdom have developed a
new case-finding tool, the Familial Hypercholesterolemia Case
Ascertainment Tool (FAMCAT), based on a risk prediction algo-
rithm developed and validated from primary care databases
[18,19]. In Malaysia, genetic testing is not routinely available
due to limited financial resources as well as a lack of exper-
tise to conduct genetic testing. Therefore, the SB, DLCC, and
FAMCAT can be used to identify FH cases in primary care when
genetic testing is unavailable.

With or without genetic testing, patients with clinically diag-
nosed FH are at a very high risk to develop atherosclerotic car-
diovascular diseases (ASCVD) and therefore should be treated
with high-dose potent statins and therapeutic lifestyle modi-
fications [20,21]. If patients fail to achieve an LDL-c target of
<1.8 mmol/L, the current Malaysian clinical practice guideline
recommends the combination of high-dose potent statins
with either ezetimibe or PCSK9 inhibitors [22]. Since FH is an
inherited genetic condition, its diagnosis should lead to cas-
cade screening of family members to identify those affect-
ed [23]. In this case series, we report 3 patients with FH who
were clinically diagnosed in primary care and, subsequently,
were genetically tested.

Case Reports

Methodology

The 3 patients reported in this case series were participants of
a study titled “Reducing Premature Coronary Artery Disease by
Early Identification of Familial Hypercholesterolemia: The UK-
Malaysia Joint-Partnership Call on Non-Communicable Diseases”
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(grant reference: 100-TNCPI/GOV 16/6/2 [002/2020]-02 and
MR/T 017384/1).

These 3 patients were identified in the primary care setting
from September 2020 to April 2021 and were invited to partic-
ipate. A patient information sheet about the study was given,
and written informed consent was obtained upon recruitment
into the study. Written informed consent to use the clinical
data and digital images was also obtained from all patients
in this case series.

Demographic data (age, ethnicity, education level, marital sta-
tus, household income, and family history) were obtained from
the patients. Information on symptoms of angina and periph-
eral vascular disease (PVD) were collected using the WHO
Rose Angina Questionnaire [24] and Edinburgh Claudication
Questionnaire [25], respectively. Information on potential sec-
ondary causes of hypercholesterolemia, such as chronic kidney
disease (CKD), diabetes, and hypothyroidism, were obtained
from the patients and verified with their electronic medical
records (EMR). Data on current medications and the highest
ever recorded fasting serum lipid profiles were obtained from
the EMR. Family history variables (elevated cholesterol lev-
el, FH, and myocardial infarction) were collected using a vali-
dated Family History Questionnaire, which has been translat-
ed into the Malay language. Physical examinations to identify
tendon xanthomas and corneal arcus were conducted during
the consultation.

Using these variables, the SB criteria, DLCC score, and FAMCAT
relative risk score was assessed for each patient. They would
be clinically diagnosed to have FH if they fulfilled “definite” or
“possible” FH by SB criteria [9], DLCC score >6 (“definite” or
“probable” FH) [10], or FAMCAT algorithm relative risk score
>1 (high probability of FH) [26]. The 3 patients were found to
fulfill at least 1 of the FH clinical diagnostic criteria. Therefore,
they were offered genetic testing. Primary care physicians were
trained by the lipid specialists to deliver genetic counseling
to the patients prior to genetic testing. Patients were coun-
seled regarding their risk of having FH, the pattern of inher-
itance, the genetic testing procedure, confirmation of diag-
nosis after the genetic testing, further management, and the
need for cascade screening of first-degree relatives once they
are genetically diagnosed. Written informed consent was ob-
tained from the patients.

Approximately 10 mL of venous blood sample was collected
from the patients into an ethylene diamine tetra-acetic acid
tube at the primary care clinics. These samples were kept in a
temperature-controlled container and delivered to the Universiti
Teknologi MARA genetic laboratory within 3 h of collection. Once
received, genomic DNA was extracted from the whole blood
collected using a MasterPure DNA Purification Kit for Blood
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Version Il (Epicentre, Madison, Winsconsin), according to the
manufacturer’s protocol. The concentration and purity of ex-
tracted DNA were determined using a SpectraMax QuickDrop
micro-volume spectrophotometer (Molecular Devices, San
Jose, CA, USA) followed by a Qubit fluorometer (Thermo Fisher
Scientific, Wilmington, DE, USA). The samples were then sub-
jected to targeted next generation sequencing, covering all the
exons (including the exon-intron boundaries) and the 5’ and
3’ untranslated regions of the 4 FH major genes (LDLR, APOB,
PCSK9, and LDLRAPI). Library preparation was performed us-
ing an AmpliSeq Library PLUS kit (Illumina, San Diego, CA,
USA), and enriched samples were sequenced on an ISeq 100
sequencer platform (Illumina, San Diego, CA, USA), according
to the manufacturer’s instructions. A GRCh37 hgl9 human
reference assembly was used to map genomic sequencing
data using the proprietary BaseSpace Sequence Hub applica-
tion (Illumina, San Diego, CA, USA). A Germline Variant Caller
(Ilumina, San Diego, CA, USA) was used to perform variant
calling. Only variants with minor allele frequency <5% in the
1000 Genomes database were assessed, using in silico web-
based software, ClinVar and Leiden Open Variation Database,
previous published reports, and clinical data from the 3 cas-
es. The pathogenicity of the variants was agreed based on the
American College of Medical Genetics and Genomics guide-
lines [27], by which variants were classified as pathogenic, like-
ly pathogenic, benign, likely benign, or variants of uncertain
significance. Likely pathogenic and pathogenic variants were
collectively referred to as pathogenic variants.

Lipid specialists trained the primary care physicians to deliver
genetic analysis results to the patients. During consultation, pa-
tients who were genetically confirmed to have FH were coun-
seled regarding the nature of the genetic mutations, mode of
inheritance, and need for further management, including cas-
cade screening of first-degree relatives. The importance of ad-
herence to lifestyle modification and pharmacotherapy were
emphasized. Lipid-lowering treatment for each patient was
reviewed and up-titrated to achieve an LDL-c target of <1.8
mmol/L [20,22]. Patients were also supported psychosocially
on how to adapt with the condition. They were referred to the
Universiti Teknologi MARA lipid specialists for further manage-
ment and for the cascade screening of first-degree relatives.

Case 1

This patient was a 39-year-old Malay woman, working as a
civil servant, who presented to a primary care clinic for rou-
tine follow-up for hypercholesterolemia. She was on atorvas-
tatin 20 mg at night and therapeutic lifestyle modification,
which included advice on dietary intake and physical activi-
ty. This patient was asymptomatic, with no personal history
of hypertension, diabetes, or hypothyroidism. The WHO Rose
Angina Questionnaire [24] and the Edinburgh Claudication

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Kamal A. et al:
FH case series in primary care
© Am J Case Rep, 2023; 24: €939489

Paternal

Paternal
dfath .—_
gondite 0,0,

Maternal
grandfather .——' graMna(}ﬁ:;':': or
Hypercholesterolemia,

minor stroke at 82

-
. Maternal uncle
Paternal uncle ._
. Suspected FH, reported to
have tendon xanthomas Father . Maternal uncle
Suspected FH, Mother
. paternal undle Miat 46 CABG at 47
On PCSK9 treatment . Maternal uncle
. Paternal uncle
‘ Maternal aunt
‘ Paternal aunt Brother Brother Brother Sister
Maternal aunt
. Paternal aunt .
Spouse Index case: X - Deceased
P Genetically confirmed . - Male
FH with LDLR gene
. Paternal aunt mutation @ - female
- Index case
Daughter Daughter _ First-degree relativies invited

—— for cascade screening

Figure 1. Family pedigree chart for case 1.

{

Figure 2. Tendon xanthomas on the metacarpophalangeal joints and Achilles tendon.

Questionnaire [25] were negative. There was also no history
of CAD, cerebrovascular disease (CVD), PVD, or CKD. She was
a non-smoker and did not drink alcohol.

It was noted that she had a strong family history of elevated
cholesterol level and premature CAD, particularly on the pa-
ternal side. Her father was suspected to have FH at the age
of 42 years old. He had an episode of myocardial infarction
(M) at the age of 46 years old and eventually underwent cor-
onary artery bypass grafting (CABG) 1 year after the MI, at the
age of 47 years. He was currently 65 years old and was be-
ing treated with a PCSK9 inhibitor as a lipid-lowering treat-
ment. Her paternal grandfather and uncle were also suspect-
ed to have FH and were reported to have tendon xanthomas.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€939489-4

On the maternal side, the family history was uneventful, as
her maternal grandfather had a minor stroke at the age of 82
years old. Despite these findings, none of her family members
had undergone genetic testing. Her family pedigree chart is
shown in Figure 1.

On examination, her vital signs were normal. There were ten-
don xanthomas on her bilateral metacarpophalangeal joints,
Achilles tendon, and knees. There was no premature corneal
arcus. Other physical examinations, including of the cardio-
vascular and respiratory systems, were unremarkable. Figure 2
shows the physical examination findings.
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Figure 3. Family pedigree chart for case 2.

Figure 4. Stage 4 corneal arcus in both eyes.

According to the data extracted from her EMR, the highest cho-
lesterol level was noted in 2019, with an LDL-c of 8.6 mmol/L
and a total cholesterol (TC) of 10.4 mmol/L. In terms of clini-
cal diagnosis, this patient fulfilled the SB criteria (definite FH),
DLCC (score of 16: definite FH), and FAMCAT (relative risk score
of 32.3). Upon targeted next generation sequencing analysis,
the patient was found to carry a frameshift c.660del patho-
genic variant in the LDLR gene (rs875989905) located in exon
4. The type of mutation was frameshift mutation p.Asp221fs.
Therefore, this patient was confirmed to have HeFH by genetic
testing. Despite pharmacological therapy with statin and ther-
apeutic lifestyle modification, she failed to achieve the LDL-c
target of <1.8 mmol/L and was therefore referred to the lipid
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specialists for further management. Cascade screening of first-
degree relatives is currently being conducted by the lipid spe-
cialists in order to identify those affected with FH.

Case 2

This patient was an unemployed 57-year-old Chinese woman,
diagnosed with hypercholesterolemia at the age of 55 years,
and with no other known medical illness. She presented at a
primary care clinic for a routine follow-up. This patient was on
simvastatin 20 mg at night and received advice on dietary in-
take and physical activity. During this visit, she was assessed
using the WHO Rose Angina Questionnaire [24] and described
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Figure 5. Family pedigree chart for case 3.

having a history of central chest tightness at the age of 55
years, which resolved in less than 5 min. The pain was worse
after a meal and was not exacerbated by exertion or physical
activity. She never had any chest pain at rest or any chest dis-
comfort that lasted more than 30 min. She did not seek med-
ical attention at the time, and it was not further investigat-
ed. She was also assessed using the Edinburgh Claudication
Questionnaire [25] and was found to be negative for the pres-
ence of PVD symptoms. There was no personal history of sec-
ondary causes of hypercholesterolemia, such as diabetes, hy-
pertension, or hypothyroidism. There was no history of CAD,
CVD, PVD, or CKD recorded in her EMR. She drank alcohol oc-
casionally but did not smoke cigarettes.

This patient has a significant family history of hypercholester-
olemia. Her father, elder sister, younger brother, and younger
sister were all on lipid-lowering therapy. She noted that her
elder sister had xanthelasma around the eyes and premature
corneal arcus in her forties. Her younger brother also had pre-
mature corneal arcus in his forties. Her mother died of a re-
current stroke at the age of 56 years old; the first stroke oc-
curred at the age of 54 years. Figure 3 depicts the patient’s
family pedigree chart.

On examination, she was well and did not appear to be in
pain. Her vital signs were normal. Stage 4 corneal arcus was
present in both eyes, as shown in Figure 4; she noticed that
they started in her thirties. Other physical examinations were
unremarkable.
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According to the data extracted from her EMR, the highest cho-
lesterol level was noted in 2019, with an LDL-c of 5.7 mmol/L
and TC of 8.5 mmol/L. Based on these findings, this patient ful-
filled the SB criteria (possible FH), DLCC (score of 14: definite
FH), and FAMCAT (relative risk score of 4.4). The genetic anal-
ysis of this patient showed a missense ¢.10579C>T pathogenic
variant in the APOB gene (rs144467873), located in exon 26.
The type of mutation was a missense mutation, p.Arg3527Trp,
which confirmed the diagnosis of HeFH in this patient.

This patient was immediately referred to the family medicine
specialist at the primary care clinic for further assessment of
her chest pain. Her resting electrocardiogram was normal, and
she was given a follow-up appointment with the family medi-
cine specialist for further monitoring of her chest pain. Despite
pharmacological therapy and therapeutic lifestyle modification,
her LDL-c and TC levels remained high and she failed to achieve
the LDL-c target of <1.8 mmol/L. Therefore, she was also re-
ferred to the lipid specialists for further management. Cascade
screening of first-degree relatives is currently being conducted
by the lipid specialists in order to identify those affected with FH.

Case 3

This patient was a 41-year-old Malay man with underlying
hypertension. He was working as a government official. He
came to a primary care clinic for a routine follow-up. He was
asymptomatic, with no subclinical evidence of ASCVD. There
was no personal history of hypercholesterolemia, diabetes, or
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hypothyroidism. The WHO Rose Angina Questionnaire [24] and
the Edinburgh Claudication Questionnaire [25] were negative.
There was no history of CAD, CVD, PVD, or CKD recorded in
the EMR. This patient had stopped smoking in 2016. He had
smoked 10 pack years of cigarettes since he was 18 years old.
His mother had a stroke at 60 years of age. There were no oth-
er family members with history of hypercholesterolemia, CAD,
CVD, or PVD. His family pedigree chart is shown in Figure 5.

On examination, his vital signs were normal. There was no ten-
don xanthoma or premature corneal arcus. Other physical ex-
aminations, including the cardiovascular and respiratory sys-
tems, were unremarkable.

According to the data extracted from his EMR, the highest cho-
lesterol level was noted in 2020, with an LDL-c of 5.4 mmol/L
and a TC of 7.3 mmol/L. This patient fulfilled the SB criteria (pos-
sible FH) but did not fulfill the DLCC (score of 4) and FAMCAT
(relative risk score of 0.6). The genetic analysis of this patient
showed a missense ¢.277C>T mutation in the PCSK9 gene
(rs151193009), which was located within exon 2. There are
conflicting findings whether this particular mutation is patho-
genic, a variant of uncertain significance, or benign [28-31].

He was initially managed in primary care with simvastatin 10
mg at night and therapeutic lifestyle modification, which in-
cluded advice on dietary intake and physical activity. However,
he failed to achieve the LDL-c target of <1.8 mmol/L and was
therefore referred to the lipid specialists for further manage-
ment. Cascade screening of first-degree relatives is currently
being conducted by the lipid specialists.

Table 1 shows a summary of all 3 patients selected for this

case series, who were identified in primary care and had sub-
sequently been genetically tested.

Discussion

This case series is the first to report genetically confirmed HeFH
in the Malaysian primary care setting. We presented 3 cases of
patients aged 39 to 57 years old with LDLR, APOB, and PCSK9
gene mutations. In case 1, the patient was confirmed to have
a pathogenic LDLR gene frameshift mutation, while the patient
in case 2 was confirmed to have a pathogenic APOB gene mis-
sense mutation. In case 3, the patient had a PCSK9 missense
€.277C>T mutation on p.Arg93Cys (rs151193009). There are
conflicting findings whether this particular mutation is patho-
genic, a variant of uncertain significance, or benign [28-31].

In Asian populations, including Malaysian, the most common
FH mutation that has been described is of the LDLR gene
[32-34], followed by APOB and PCSK9 [33]. It was previously
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reported that only 10% to 15% of FH cases in Asia was attrib-
utable to APOB gene mutations [33], which is more common
in Taiwan (9.2%) and China (10.9%) [35]. In contrast, muta-
tions of the PCSK9 gene were more common in Japan, with a
frequency of 7.8% [36]. PCSK9 mutation was found to be rare
in China and Korea, and none was reported in Taiwan [35]. In
Malaysia, published literature that described the prevalence
of APOB and PCSK9 gene mutations is limited [32].

With regards to LDL-c levels, the patients presented in this case
series had high levels of LDL-c, ranging from 5.4 to 8.6 mmol/L,
which is 3 to 5 times higher than the target value of 1.8 mmol/L
for individuals at very high cardiovascular risk [22]. This find-
ing is similar to that of a Canadian study involving 313 genet-
ically confirmed HeFH patients, in which 42% of the patients
had LDL-c levels between 5.0 and 6.0 mmol/L, and 88% of the
patients had an LDL-c level above 8.0 mmol/L [37]. It was ob-
served that the patient in case 1, who was confirmed to have an
LDLR gene mutation, had the highest LDL-c level at 8.6 mmol/L,
compared with case 2 with an APOB gene mutation and level
of 5.7 mmol/L and case 3 with a PCSK9 gene mutation and lev-
el of 5.4 mmol/L. Typically, FH patients with mutations in the
LDLR gene show the highest LDL-c levels compared with pa-
tients with mutations in other FH candidate genes [38,39]. The
genetic defects in the LDLR gene causes LDL-c to be removed
from the circulation at half the normal rate, causing an accu-
mulation of lipoprotein level in the blood at 2-fold above nor-
mal [40]. The c.660delC pathogenic variants results from a de-
letion of 1 nucleotide at position 660, causing a translational
frameshift change with a predicted stop codon (p.Asp221fs).
This mutation has been reported among FH cohorts from various
ethnic groups [41,42]. This LDLR pathogenic variant is expected
to result in premature protein truncation or nonsense-mediat-
ed mRNA decay, with subsequent loss of protein function [43].

With regards to the p.Arg3527Trp pathogenic variant that is lo-
cated in the APOB gene, our finding is consistent with the find-
ings of other studies which observed that among patients of
the same age, body mass index, and sex, those with an APOB
gene defect had elevated LDL-c values but relatively lower val-
ues than those with a pathogenic LDLR gene mutation [44,45].
Additionally, for p.Arg3527Trp, the arginine at codon 3527 is
replaced by tryptophan, an amino acid with different proper-
ties. Adding to that, it is located in an APOB region that is vi-
tal for protein folding and stability, suggesting that this vari-
ant can affect protein function. Based on this evidence, this
variant is classified as pathogenic for FH.

The PCSK9 missense ¢.277C>T mutation on p.Arg93Cys found
in case 3 has never been previously reported in the Malaysian
population. This mutation was described as a pathogenic vari-
ant among a Chinese population with premature acute MI [28].
However, 3 other studies showed that this loss-of-function
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Table 1. Summary of the genetic mutations of patients presented in this case series.

Details

Age (years)

Case 1

Kamal A. et al:
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Premature coronary heart disease
(male <55 y; female <60 y)

Yes

Father had MI at 46
years of age and CABG at
47 years old

Premature cerebrovascular or peripheral
vascular disease (male <55 y; female <60 y)

No

Maternal grandfather
had a minor stroke at
82 years of age

Yes

Mother had a stroke at
54 years old, deceased
from a recurring stroke at
56 years of age

Yes
Mother had a stroke at
60 years old

Hypercholesterolemia

Yes

Father — on PCSK9
inhibitor;

paternal grandfather;
paternal uncle;
maternal grandfather

Yes
Father and siblings

Yes
Elder sister & younger
brother in their 40s

Yes

Father,

paternal uncle,
paternal grandfather

Yes
Knuckles, Achilles tendon,
knees

Yes
Patient noticed since her
30s
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Table 1 continued. Summary of the genetic mutations of patients presented in this case series.

Details Case 1 Case 2 Case 3
Fasting serum lipid
| The highest TC ever recorded 104 &s 13
| The highest LDL-c ever recorded &6 s sa
Triglycerides 12 00 21
WDLe 13 24 00
Clinical diagnostic criteria
SimonBroomecriteia  Defite  Possble  Possible
CbicCscore 161 s
| FAMCAT relative riskscore 323 aa o6
CMatation
CGene R w08 pcsko
Bon s % 2
Nucleotide change ceeodel 1057961 7T
Chromosome positon Chr19-11216238-GCG  chr2-21229161-GA chr1-55509585-CT
Crsnumber 875089905 rsla4d67873 1151193009
Aminoacid change  pAsp22lfs  pAg3sTp pAgodlys
Typeofmutaton  Frameshift (deletion)  Missense  Missense
Pathogenicity of variants based on ACMG  Pathogenic ~ Pathogenic  Likelybenign

Guidelines

CKD - chronic kidney disease; TC — total cholesterol; LDL-c — low-density lipo-protein cholesterol; HDL-c — high-density lipoprotein
cholesterol; DLCC — Dutch Lipid Clinic Criteria; FAMCAT — familial hypercholesterolemia case ascertainment identification tool;

ACMG - American College of Medical Genetics and Genomics.

mutation was significantly associated with lower LDL-c levels
and a reduced risk of premature Ml of approximately 60% [29].
A study in Japan also showed the LDL-c levels were significant-
ly lower in patients harboring the PCSK9 gene mutation than
those with the LDLR gene mutation [36]. In case 3, the patient
fulfilled the SB criteria as “possible FH”, because the highest
LDL-c level was 5.4 mmol/L, and his mother had a stroke at 60
years old. He did not have any subclinical evidence of ASCVD.
Therefore, the PCSK9 missense ¢.277C>T mutation in this patient
may not have been pathogenic. However, he failed to achieve
the LDL-c treatment target of <1.8 mmol/L. This patient was
still referred to the lipid specialists for up-titration of lipid low-
ering treatment and cascade screening of first-degree relatives.

A higher LDL-c level in the blood has been associated with a
more severe expression of phenotypes [46]. Phenotypically, we
found that the patient in case 1, who was confirmed to have
LDLR deletion gene mutation, presented with a more severe
phenotype, namely tendon xanthomas, compared with the
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patient in case 2 with APOB pathogenic variants. These find-
ings are parallel to a previous local study involving 164 FH pa-
tients, in which those with a frameshift mutation of the LDLR
gene showed a more severe phenotype expression and higher
LDL-c level [44]. Another case of HeFH in Japan reported similar
findings, in which a female patient with an LDLR gene muta-
tion showed systemic xanthomatosis, including thickening of
the Achilles tendon and an elevated LDL-c level of 7.6 mmol/L
[47]. Regarding the APOB gene mutation, although the expres-
sion is less severe phenotypically compared with that of carri-
ers of LDLR gene defects, the APOB gene mutation is still more
strongly associated with a higher risk of CVD and TC: HDL ra-
tio than in those without mutation [44].

FH is still currently underdiagnosed in Malaysia, with a detec-
tion rate estimated at 0.5% [34]. Primary care physicians should
have a high index of suspicion in patients presenting with
LDL-c levels of 4.9 mmol/L [22,23]. In this case series, prima-
ry care physicians were trained on how to perform a thorough
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physical examination and to be familiar with the appropriate
clinical diagnostic tools, such as the SB, DLCC, and FAMCAT
case-finding tool. Referral for genetic testing should be con-
sidered if the patient fulfills the clinical diagnostic criteria and
if genetic testing is routinely available, as this is the criterion
standard to diagnose FH [48]. As with many developing coun-
tries, genetic testing is not routinely available in Malaysia ow-
ing to limited financial resources. However, in this case series,
patients who fulfilled at least 1 of the FH clinical diagnostic
criteria were offered genetic testing, which was funded by the
study. Primary care physicians were trained by the lipid special-
ists to deliver genetic counseling to the patients prior to ge-
netic testing. The counseling included informing the patients
of their risk of having FH, the pattern of inheritance, genetic
testing procedure, confirmation of diagnosis after the genetic
testing, further management, and need for cascade screening
of first-degree relatives once they are genetically diagnosed.

Primary care physicians were also trained to deliver genetic
analysis results to the patients. In this cases series, once the
patients were confirmed to have FH, they were counseled re-
garding the nature of the genetic mutations and mode of in-
heritance. These patients’ cases were initially managed in pri-
mary care with statins and therapeutic lifestyle modification,
which included advice on dietary intake and physical activity.
Patients with FH are recommended to receive individualized
advice about diet, physical activity, and healthy weight main-
tenance from healthcare providers to reduce their cardiovas-
cular risks [49-51]. With regards to the pharmacological man-
agement for patients with FH, the current Malaysian clinical
practice guideline recommends the combination of high-dose
potent statins with either ezetimibe or PCSK9 inhibitors for
those who fail to achieve the LDL-c target of <1.8 mmol/L [22].
However, awareness of FH is lacking among primary care phy-
sicians [13,52,53], which may explain the low-potency statins
being prescribed for patients in this case series. While access
to ezetimibe and a PCSK9 inhibitor are limited for primary
care physicians, higher-potency statins, such as atorvastatin,
are widely available in primary care and should be used ap-
propriately. In this case series, these patients were referred
to the lipid specialists for up-titration of lipid-lowering med-
ication, as they failed to achieve the LDL-c treatment target.

Apart from pharmacological treatment with lipid-lowering med-
ications, cascade screening of first-degree relatives should also
be conducted to allow early detection and management of this
autosomal dominant disorder. Cascade screening is a cost-ef-
fective method to identify additional cases of FH through sys-
tematic family tracing [54]. In this case series, primary care
physicians also played a significant role in identifying first-de-
gree relatives to be referred for cascade testing. Early detec-
tion of FH will reduce the average age at which family mem-
bers are diagnosed with FH and increase the percentage of
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them receiving pharmacological treatment [54]. In addition to
the above measures, long-term follow-up by both a primary
care physician and lipid specialist is vital to ensure patients
with FH achieve the LDL-c target, hence preventing prema-
ture ASCVD. The need to integrate the pivotal role of primary
care physicians with that of the lipid specialists’ service to en-
hance the detection and management of FH in the communi-
ty is well recognized [55]. There is extensive evidence to show
that this approach is clinically and financially effective [56-58].

Additionally, accurate national registries on the prevalence of
FH would assist in increasing the awareness of this condition
among clinicians [59]. In Malaysia, a national level FH registry is
currently being established [60]. Clinical practice guidelines on
the management of FH in Malaysia should also be established
to improve early detection and treatment of FH, especially in pri-
mary care, which serves as the front-line of the healthcare set-
ting. It is hoped that these systematic and widespread efforts will
improve the prevention of premature ASCVD in this population.

Conclusions

In summary, we reported 3 cases of patients with mutations of
LDLR, APOB, and PCSK9 genes seen in primary care. Consistent
with the literature, the patient with the LDLR gene mutation in
this case series showed a higher LDL-c level and a more prom-
inent phenotype compared with the other 2 patients. This case
series highlights the differences in phenotypical expression in
patients with genetic mutations of 3 different genes. Primary
care physicians should have a high index of suspicion in pa-
tients presenting with LDL-c levels of >4.9 mmol/L. These pa-
tients should be thoroughly assessed and clinically diagnosed
with established clinical diagnostic criteria, such as the SB and
DLCG, as well as the FAMCAT case-finding tool. Referral for ge-
netic testing should be considered if the testing is routinely
available. With or without genetic testing, clinically diagnosed
patients with FH should be treated accordingly, with combina-
tions of high-dose potent lipid-lowering medications, and cas-
cade screening of first-degree relatives should be performed.
Primary care physicians should play a pivotal role in the de-
tection of FH index cases, genetic testing, management, and
cascade screening of family members in partnership with the
lipid specialists. Establishment of a national FH registry and
clinical practice guideline are also important to improve aware-
ness and guide the treatment of patients with FH and subse-
quently reduce morbidity and mortality from premature ASCVD.
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