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Naturally occurring human genetic variation has served for decades to elucidate the root causes of disease,

including cardiovascular disease.

Exponential technologic advances in computation, data science, and assay development have recently enabled

population-based analyses, broad clinical profiling, and direct-to- consumer genetic testing in millions of

people. Because germline genetic variation is established at conception and persists for the lifetime, genetics

offers a robust tool for causal inference for broader preventive and therapeutic insights.



Heritability 

Heritability refers to the fraction of interindividual variability

in risk for disease attributable to additive genetic variation.

Many cardiovascular diseases, 

including CAD, aggregate within 

families.



• It is estimated that CAD is 40% to 60% heritable, based on the
family-based methods or statistical genetics approaches.



Genetic Variation

• Among individuals, 99.9% of the 6.4 billion base pairs are the same; genetic
analyses leverage the 0.1% differences to understand trait or disease
variation.











Common genetic variation influencing phenotypes tends to occur within noncoding

regulatory elements. Coding sequence is less tolerant of genetic variation, and single

base pair changes may lead to substantial phenotypic changes.



Genetic Architecture

Single gene 

(monogenic)

Few genes

(oligogenic)

Several genes 

(polygenic)

The “genetic architecture” of a

disease refers to the number and

magnitude of genetic risk factors

that exist in each patient and in the

population, as well as their

frequencies and interactions.
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• Traits with higher degrees of heritability are more 

suitable for gene discovery studies and genetic risk 

prediction.

• Remaining contributors to disease risk variability

include environmental influences, nonadditive

genetic influences (epistasis), nonadditive

genotype/environment effects, errors in estimations

of relatedness or disease, and random chance.











The Tehran cardiometabolic genetic study

(TCGS) is a large population-based cohort

study that conducts periodic follow-ups.

TCGS has created a comprehensive

database comprising 20,367 participants

born between 1911 and 2015 selected from

four main ongoing studies in a family-based

longitudinal framework.
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GENE DISCOVERY

Family-Based Studies

Case-Control and Population-Based Studies



Family-Based Studies

• classic mendelian inheritance patterns        monogenic factor

• polygenic or environmental factors- Phenocopy

• novel syndromes or phenotypes- Recruitment of multiple family

members both with and without the phenotype allows for elimination

of genotypes inconsistent with mendelian segregation.

phenocopy and reduced penetrance









Hypercholesterolemia and Coronary Artery
Disease
• FH afflicts approximately 1 in 300 individuals, manifesting as severely 

elevated blood cholesterol levels and increased risk for early-onset 
myocardial infarction. 





However, a single pathogenic variant in the canonical FH-genes (LDLR, APOB or 

PCSK9) is identified in only 15–50% of phenotypical FH patients (classified by 

clinical scoring systems)

At present, over 3100 common genetic variants have been shown to be 

associated with LDL-C levels

PRS is constructed by summing the number of alleles from trait-affecting variants 
an individual has, weighted by their effect size as reported in the GWAS.

in the early 2000s, linkage and cloning analyses of families with autosomal recessive FH
prioritized a large region on chromosome 1. Ultimately, homozygous mutations in
LDLRAP1 (previously known as ARH, autosomal recessive hypercholesterolemia).
LDLRAP1 encodes LDL receptor adaptor protein 1, which is required for endocytosis of
the LDL receptor.



LDLR Mutations:
Patients with mutations in the LDLR gene have a more severe form of FH and may respond less
effectively to statins compared to those with mutations in other genes like APOB or PCSK9.

APOB Mutations:
Statins are generally more effective in patients with APOB mutations compared to those with
LDLR mutations.

PCSK9 Mutations:
Patients with gain-of-function mutations in PCSK9 may also have a different response to statins.
While statins can still lower LDL cholesterol levels, these patients may require additional
therapies, such as PCSK9 inhibitors, for optimal management due to their unique genetic profile.

For patients who do not respond adequately to statins due to their genetic 
makeup, other medications such as ezetimibe or PCSK9 inhibitors may be 

recommended.



As a result, precision medicine, by

incorporating established biomarkers,

functional tests, imaging, and new

genomics and omics developments

for each population, aims to provide

the “right treatment to the

right patient at the right

time”



Metabolic Syndrome and Coronary Artery 
Disease



• In 2007, researchers studied a large Iranian family with early coronary artery

disease (CAD) and metabolic syndrome.

• They found a specific genetic change (missense variant) in the LRP6 gene that

disrupted a key signaling pathway called Wnt signaling.





the same team examined three additional large 
Iranian families with similar health issues.





• They used linkage analysis to narrow down a specific area on chromosome 19

that was linked to these conditions.

• By performing whole exome sequencing in this region, they discovered another

missense variant in the DYRK1B gene that was consistently found in all three

families.




