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Abstract 

BACKGROUND: Familial hypercholesterolemia (FH) is one of the most common genetic disorders, 
which leads to premature coronary artery disease (CAD). It has been suggested that heterozygous FH 
affects around 1:250 to 1:500 in the general population or even more than this, and homozygous FH 
affects 1:1000000 of the population. If patients with FH are not diagnosed and treated early in life, 
many of them will develop premature CAD event. As most of the patients with FH are undiagnosed, 
it is recommended that the general population be screened for high risks of the events since early 
treatments can reduce the risk of premature CADs. The clinical diagnostic criteria for FH consist of 
increased plasma low-density lipoprotein cholesterol (LDL-C), clinical features and family history of 
CAD. However, deoxyribonucleic acid (DNA)-based detection of FH mutation has high diagnostic 
values. As there was no screening for FH in Iran up until now, we have started screening and 
registering patients with FH using the CASCADE method. 

METHODS: We detected FH subjects in the general population by screening laboratories 
according to their high LDL-C levels (more than 190 mg/dl or 150 mg/dl if receiving 
treatments), while our second approach was hospital-based in which one screens hospitalized 
patients with premature CAD events. 

RESULTS: We intended to screen families of indexed patients to provide standard care and 
therapy in order to optimize their LDL-C. 

CONCLUSION: This article provides detailed information on the rationale and design of this 
screening and registry in Iran. 
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Introduction 
Familial hypercholesterolemia (FH), an autosomal 
dominant disorder, is a common genetic condition 
affecting low-density lipoprotein cholesterol (LDL-
C) metabolism with mutations in LDL receptor 
(LDL-R) gene, apolipoprotein B (APOB), a gene 
encoding the protein constituent of LDL-C, or 
proprotein convertase subtilsin-kexin type 9 (PCSK9)
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a gene encoding a protease that degrades LDL-C 
receptors. It is estimated that heterozygous FH 
exists 1 out of 500 to 1 out of 250 and in some 
areas could be up to 1 out of 100 in the general 
population which is more common than cystic 
fibrosis (CF), diabetes mellitus (DM), or neonatal 
hypothyroidism. These figures are even much 
higher in certain populations such as the French 
Canadians or Christian Lebanese.1,2 FH is 
characterized by LDL-C level above 190 mg/dl, and 
in some patients it is characterized with the 
presence of xanthelasma palpebrarum (XP), corneal 
arcus, as well as the presence of xanthoma on the 
tendons of hands, elbows, knees, feet, and 
particularly the Achilles tendon.3 

Because of a lifelong burden of high LDL-C 
levels, individuals with FH have a > 20-fold 
increased risk of premature coronary artery disease 
(CAD) compared with the general population.4 
Untreated men have a 50% risk of a coronary event 
by the age of 50, while untreated women have a 
30% risk by the age of 60.5 If the treatment is 
initiated in young adulthood, patients with FH will 
have nearly the same risk of CAD compared to 
their healthy counterparts. They demand lifelong 
pharmacotherapy with different lipid-lowering 
medications, dietary management, and modification 
of other risk factors to prevent cardiac diseases. 
Unfortunately, physicians are either unaware of the 
importance of early FH diagnosis or its prevalence 
or incidence in different countries. FH is a 
significant global public health concern; patients are 
often asymptomatic. As a result, an appropriate 
method to improve detection, management, and 
treatment of FH in order to decrease premature 
CAD events and its related death tolls are required 
among different populations. Previous studies 
showed that the prevalence of definite FH in 
premature CAD was about 5-10 percent based on 
the clinical phenotype.6,7 However, the true 
prevalence would be much higher.  

Due to the fact that the premature CAD events 
and its death tolls can be significantly decreased by 
early diagnosis and proper treatments and also 
based on our estimates that FH is underdiagnosed 
and undertreated in Iran,8 we decided to perform 
FH screening and registry in the general population 
and in premature cardiac patients using the 
CASCADE screening method.9 

The CASCADE screening method provides a 
cost-effective way of identifying new cases of FH. 
Using this method, a person diagnosed with FH and 
referred to as the indexed case, becomes the starting 

point for treatment among his or her family 
members among which a systemic screening of the 
close relatives is implemented. 

We believe that this FH registry will be a 
powerful tool for monitoring the patients and their 
families. Using this method provides the health 
decision makers with pivotal information that can 
be used in promoting our clinical practice. In 
addition, we will study other CAD risk factors, 
identify family members with existing or new FH 
diagnosis, and develop a bio-bank of 
deoxyribonucleic acid (DNA) and other 
biomaterials of patients with FH and their close 
relatives for future genetic and epigenetic studies. We 
intend to screen the suspected FH cases by using two 
approaches. The first approach deals with detecting 
our cases in the general population by screening their 
LDL-C levels whereas the second approach was a 
hospital-based one aimed to screen patients who 
have been hospitalized due to premature CAD 
events. This article provides detailed and precise 
information on the rationale and design of the 
above-mentioned approaches in Iran. 

Materials and Methods 

The enrollment framework in these approaches was 
based on first investigating laboratories for 
contacting patients with high LDL-C to enroll them 
in our study (National Clinical Trial No.2865694). 
All individuals aged above 2 years, irrespective of 
their sex with LDL-C of more than 150 mg/dl 
(LDL-C > 190 mg/dl or LDL-C > 150 mg/dl but 
under pharmacological treatments were considered 
eligible) were contacted by phone to come to our 
clinic for further evaluation. We used the Dutch 
Lipid Clinic Network Score (DLCNS) which was 
based on the clinical symptoms of FH and family 
history9 (Table 1).  

Our patient screening was based on young patients 
with CAD (men less than 55 years old and women less 
than 60 years) who were hospitalized for percutaneous 
coronary interventions (PCI) in hospitals with 
specialized cardiology facilities (National Clinical Trial 
No.02870660) in Isfahan, Iran.  

Our key exclusion criteria were those suffering 
from genetically hyperlipidemia (secondary 
hyperlipidemia), patients with chest pain and CADs 
along with concomitant serious diseases, and those 
who were previously screened. 

All subjects were referred to our FH clinic to be 
registered. Then they were asked to complete a 
questionnaire which included demographic 
characteristics such as physical examination looking 
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for tendon xanthomas and corneal arcus, the history 
of CAD and other diseases in the patients or their 
families, and the medications being used, especially 
anti-lipid drugs and other medications. In order to 
be able to follow them for a year, their addresses 
and phone numbers were collected. 

We performed our clinical examination with 
emphasis on the presence of tendon xanthoma, 
xanthelasma, or corneal arcus. Finally, the total 
Dutch criteria score indicates the probability of 
having or not having FH. Accordingly, people are 
divided into 4 categories: those whose scores are 
below 3 are very unlikely to have FH and those 
whose scores are above 8 are definitely affected by 
FH. People with scores between 3 and 8 have 
moderate and high risks of having FH; therefore, 
those whose scores are more than 8 definitely suffer 
FH, those whose scores are between 6–8 probably 
suffer from FH, and those whose scores are 
between 3–5 possibly suffer from FH10 (Table1). 

All participants underwent a complete blood test 
consisting of high-density lipoprotein cholesterol 
(HDL-C), LDL-C, triglyceride (TG), fasting blood 
sugar (FBS), and other blood indices such as red 
blood cells (RBC), white blood cells (WBC), platelet 
count, red cell distribution width (RDW), platelet 
distribution width (PDW), hematocrit (HCT), and 
hemoglobin (Hb). The patients' DNA was extracted 
and frozen for further genetic evaluation.  

Management and CASCADE testing: This 
method has also been used in other countries that 
have performed FH registry including the 
Netherlands and Canada. The CASCADE FH 

Registry is a national, multicenter initiative that 
tracks FH therapy, family screening, clinical 
outcomes, and patient-reported outcomes 
longitudinally.11 The CASCADE FH Registry 
represents collaboration among the FH registry 
team, lipid specialists, cardiologists, primary care 
providers, and subjects with FH.12 Our FH registry 
team implemented a recruitment design to 
maximize the participation of confirmed and 
suspected patients with FH. Figure 1 shows the 
algorithm of our study design. 

Results 

Upon the approval of probable or definite FH 
diagnosis, patients would be managed by a specialist 

if necessary. Patients’ lipid levels and cholesterol-
lowering medication would be monitored every  
3 months along with other lifestyle factors. Our 
team was responsible for the CASCADE testing of 

FH relatives. It was expected that up to 50% of first 
relatives would be diagnosed with FH; however, it 
was acknowledged that not all relatives would be 
followed up as they might decline the follow-up.12 

Data were stored in a password-protected 
database on a secure server. Only specified research 
personnel were permitted to have access to the data.  

Analyses were conducted using Stata software 
(version 13, Stata Corporation, College Station, TX, 
USA). Descriptive statistics were used to outline the 
number of patients at each point of the study 

(screened, at risk, followed up, and clinically 
diagnosed with FH). 

 

 
Figure 1. Schematic representation of the patient screening process for registry enrollment 
* Rule out secondary cause of high LDL-C 
** Age > 65 or > 55 for women and men, respectively 

LDL-C: Low-density lipoprotein cholesterol; ACS: Acute coronary syndrome; FH: Familial hypercholesterolemia; LDL-R: 

Low-density lipoprotein receptor; PCSK9: Proprotein convertase subtilsin-kexin type 9;  APOB: Apolipoprotein B 

Clinical diagnosis of FH or 

genetic diagnosis of FH (based on gene 

mutation LDL-R, PCSK9 or APOB) 

Patients** with premature ACS from hospitals  

Patients screening with LDL-C more than 

150 mg/dl from laboratories* Rule out 

secondary cause of high LDL-C 

Monitoring of diet and pharmacological 
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Table 1. Dutch lipid clinic network score (DLCNS) for diagnosis of familial hypercholesterolemia (FH)  

Criteria Score 

Family history  

First-degree relative with known premature coronary and vascular disease 1 

OR  

First-degree relative with known LDL-C level above the 95
th

 percentile 2 

Clinical history  

Patient with premature CAD 2 

Patient with premature cerebral or peripheral vascular disease 1 

Physical examination   

Tendinous xanthomata 6 

Corneal arcus prior to 45 years of age 4 

LDL-C levels (mg/dl, mmol/l)   

≥ 330, ≥ 8.5 8 

250–329, 6.5–8.4 5 

190–249, 5.0–6.4 3 

155–189, 4.0–4.9 1 

DNA analysis   

Functional mutation in the LDL-R, APOB, or PCSK9 genes 8 

Diagnosis (based on the total number of points obtained)   

Definite FH > 8 

Probable FH 6-8 

Possible FH 3-5 

Unlikely FH < 3 
LDL-C: Low-density lipoprotein cholesterol; CAD: Coronary artery disease; DNA: Deoxyribonucleic acid;  

LDL-R: Low-density lipoprotein receptor; APOB: Apolipoprotein B; PCSK9: Proprotein convertase subtilsin-kexin type 

9; FH: Familial hypercholesterolemia 

 
At 12 months, the number of new index cases 

and the number of new family cases that have been 
detected would be reported. Changes in LDL-C 
level would be examined using a multilevel mixed-
effects modelling. LDL-C level at 12 months would 
be the dependent variable. Random effects 
included: authorized medical staff (cluster effects) 
and time (repeated observations on the same 
individual). Analysis would also be adjusted for sex 
and age. 

Discussion 

Isfahan FH registry as the first FH registry in Iran 
will provide important evidence on the detection, 
prevalence, and management of patients with FH. It 
is well-known that registries are helpful in rapid and 
efficient collection of data that can be useful for 
further research, clinical practice, and health policy 
making. Many researchers prefer using registries' 
data as they allow the analysis of a disease in real-life 
conditions. Data obtained from registries provide a 
perspective of a problem in the community and allow 
for comparison of the results with large reference 
populations. This can stimulate improvements in 
quality and consistency of the practice.13 

FH registries and screening methods are either 
general population or selective screening which is 

based on specific criteria. The selective screening 
methods can be classified into different categories 
such as: 1) collective lipid and genetic screening, 2) 
genetic CASCADE screening, 3) lipid CASCADE 
screening, 4) family CASCADE screening, and 5) 
based on a family history of dyslipidemia or 
coronary or CVD risk factors in the screened 
person.14,15  

Isfahan FH registry can increase our knowledge 
on the burden of FH in Iran. Its results will enable 
comparisons of the attitudes and practices held in 
different disciplines including cardiology, internal 
medicine, and endocrinology. However, the 
calculation of FH prevalence may be difficult. In 
this study, we used the CASCADE method to 
detect patients with FH for both of our approaches. 
Our criterion for recruitment was high LDL-C level 
which was above 150 mg/dl (190 mg/dl if subjects 
did not receive treatments). Subjects were recruited 
from laboratories and invited to visit our FH clinic 
to undergo genotyping too. It became an integral 
part of clinical practice for FH, so all patients 
underwent genetic tests. 

The Dutch criteria for the diagnosis of FH are a 
modification of the Simon-Broome criteria.9 The 
principal reason for developing the Dutch criteria is 
that the Simon-Broome criteria diagnoses FH based 
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on personal and family history, physical 
examination, and laboratory findings. To address 
this shortcoming, the Dutch criteria introduce a 
point system and take the molecular defect of FH 
into consideration. Therefore, we studied our FH 
participants and classified them to different 
categories. Accordingly, they were defined as 
definite, probable, or possible.3,14 

The advantages of our work are using  
an internationally well-known method, using two 
approaches at the population and premature CAD 
patients’ levels, face-to-face examination of the 
participants, looking for examining the presence of 
tendon xanthomata and corneal arcus in addition to 
developing a bio bank of future genetic and  
other studies.  

Our limitation is not performing genetic study 
simultaneously to conform the final Dutch criteria 
score at this stage. 

Conclusion 

Isfahan FH registry is the first FH registry in Iran 
which will generate valuable evidence regarding the 
diagnosis and management of these patients in this 
country. This will fill the gap in preventive care and 
establish the effective treatments of FH. While the 
implementation has been initiated in Isfahan, the 
scale-up pilot study at the national level will be 
started which may improve the quality and 
consistency of clinical practice and lead to the 
establishment of a national policy for the diagnosis 
and treatment of patients with FH. These data would 
be a source for local and international research. 
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