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Abstract 

Psychiatric disorders are a leading cause of disability and mortality worldwide. Such disorders 
are influenced by genetic variants that act in conjunction with environmental factors. There is 
evidence that patients with Coronary Artery Disease (CAD) are at a high risk to develop Major 
Depressive Disorder (MDD).  There is a dire need to understand the underlying genetic 
relationships among psychiatric disorders and Cardiovascular disease risk factors.  

The aim of this project was to compare two statistical regression techniques, LDSC and HDL on 
GWAS datasets to estimate heritability (genetic influence) of the above disorders/traits and 
evaluate genetic correlation among them. This data was used for gene pathway analysis of the 
mapped genes. 

The Psychiatric disorders considered were Major Depressive Disorder (MDD), Bipolar Disorder 
(BiP), Schizophrenia (ScZ) and major CVD risk factors were Coronary Artery Disease(CAD), 
Type-2 diabetes. 

The results from LDSC and HDL showed that all three psychiatric disorders were highly 
heritable(0.5-0.75) and highly genetically correlated (0.3-0.74). MDD showed moderate 
correlation with CAD (0.29) and Diabetes (0.18). HDL showed more precise estimations for 
genetic correlation with 40% lower standard error than LDSC. The gene pathway analysis 
showed that the genes involved in MDD, CAD and Diabetes are enriched for the following 
pathways: Immune system, Developmental Biology, Metabolism, Signal Transduction, Neuronal 
System, Cellular responses to stimuli and Metabolism of proteins. 

Statistical genetics and gene pathway analysis can give us insights into complex genetic 
relationships among diseases/traits. Future genetic research will lead us to better diagnostic 
accuracy and precision medicine discovery.  

Introduction 

Psychiatric disorders are devastating conditions that disrupt normal functioning and are a leading 
cause of mortality world wide. Individuals with severe mental illness typically have a life expectancy 
around 10 years shorter than the general population [5]. This reduced lifespan is largely due to 
physical health conditions, mental health issues like suicide, and cardiovascular diseases. The 
World Health Organization has stressed the urgent need to improve both the care and prevention of 
mental illness. 

Psychiatric disorders are influenced by a mix of genetic and environmental factors. Research has 
found associations among cardiovascular disease (CVD) risk factors, such as body mass index, 
Type 2 Diabetes, hypertension, and psychiatric disorders. Meta-analyses reveal that depression 
affects between 45% and 51% of individuals with coronary artery disease (CAD) [5]. Furthermore, 
depression has been linked to a 1.5 to 2.7 times greater risk of future cardiac events and overall 



 

3 

mortality in CAD patients. However, the genetic factors contributing to these associations are not 
yet fully understood. [5] 

It is therefore important to understand the genetic influence of psychiatric disorders and their genetic 
overlap with cardiovascular risk factors. By delving into genetic research, we can uncover valuable 
insights and understand how genes interact with environmental influences. This can lead to 
improved risk assessment, earlier detection, and the development of more targeted and 
personalized treatment strategies. 

Recent advancements in Genome-Wide Association Studies (GWAS) have led to the development 
of statistical techniques for estimating heritability through single nucleotide polymorphisms (SNPs) 
and assessing genetic correlations between traits. The availability and efficiency of using GWAS 
summary statistics have made these methods increasingly preferred over those requiring 
individual-level genotype data. In the last two decades, many GWAS have been conducted, 
identifying a vast number of SNPs related to various complex human traits and diseases. 

This study aimed to show that statistical genetic methods can reveal significant heritability and 
genetic links between psychiatric disorders and cardiovascular risk factors. By analyzing these 
connections, we can uncover shared genetic features and pathways related to both types of 
conditions. Two statistical techniques, LDSC and HDL, were used on GWAS data to assess the 
heritability of three major psychiatric disorders: Major Depressive Disorder (MDD), Bipolar Disorder 
(BiP) and Schizophrenia (SCZ). We also evaluated the genetic relationships between these 
psychiatric disorders and various cardiovascular risk factors like Coronary Artery Disease (CAD), 
Hypertension, Triglycerides, Type-2 Diabetes, Body Mass Index, LDL, systolic and diastolic blood 
pressure, using datasets from the UK Biobank and the GWAS catalog. The results from LDSC and 
HDL regression techniques were compared and their performance was evaluated. Additionally, 
gene/loci/pathway analysis was done to find the overlapping genes and pathways. 

Background 

Table 1: Glossary of Genetic Terms 

SNP (Single Nucleotide Polymorphism) A Single Nucleotide Polymorphism (SNP) is a kind 
of genetic variation where a single nucleotide 
differs at a specific position in the DNA sequence. 
This means that one of the codes (A/C/T/G) is 
changed to a different letter. 

Linkage disequilibrium (LD) Patterns of correlation between genetic variants 
that are near one another are referred to as 
Linkage disequilibrium. 
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Genome-wide association studies 
(GWAS) 

GWAS identifies genes related to specific diseases 
or traits by analyzing the complete genome of a 
large population, particularly minor variations 
known as SNPs or single nucleotide 
polymorphisms. GWAS statistical methods enable 
us to estimate heritability captured by single 
nucleotide polymorphisms (SNPs) and genetic 
correlation between traits. 

Manhattan plot A Manhattan plot represents statistical significance 
by plotting –log10(p-value) on the vertical axis and 
chromosomes on the horizontal axis. This 
visualization effectively displays a large number of 
genetic variants in a single chart. 

Heritability Heritability measures how genetic factors 
contribute to variation in a trait or disease within a 
specific population. A high heritability suggests that 
genetics have a major impact on that trait or 
condition. 

Genetic correlation Genetic correlation measures how genetic 
variations that affect one trait are related to 
variations affecting another trait. A strong genetic 
correlation suggests that the traits share some of 
the same genetic influences, leading to a higher 
probability that the traits might occur together. 

Gene pathway A gene pathway refers to a network of genes that 
collaborate to achieve a specific biological function 
or contribute to a particular physiological process. 

LDSC vs HDL 

LDSC(Linkage Disequilibrium Score Regression ) and HDL (High Definition Likelihood) are two 
statistical regression methods that make use of GWAS summary statistics and can be used for 
computing SNP heritability and Genetic correlation. The differences and similarities between the 
two techniques have been captured below:  
 

Table 2: Comparison between LDSC and HDL Regression techniques 

 LDSC (Linkage Disequilibrium Score) Regression HDL Regression 
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Key 
Concept 

Estimates Heritability and Genetic Correlation using 
GWAS summary statistics instead of individual-level 
genotype data 

Uses GWAS summary statistics 
but considers non-diagonal 
elements of the matrix 

SNP 
Heritability 
(h2) 

 Standard Linear Model with N individuals and M genotypes 
𝒚 = 𝑿 ∗ 𝜷 + 𝝐, 𝒚, 𝝐ℝ𝑁×1, 𝑿 ∈ ℝ𝑁×𝑀, 𝜷 ∈ ℝ𝑀×1 

𝑿 = ሺ𝒙1, 𝒙2, … . . , 𝒙𝑴ሻ 
A Z-score is a measure of the effect allele in relation to the phenotype.  

𝑧𝑗 =
𝒙𝒋
𝑇𝜷

ξ𝑁
, 𝒙𝒋 ∈ ℝ𝑁×1 

 𝒛 = {𝑧1, 𝑧2, … . , 𝑧𝑀} 
 𝐶𝑜𝑣ሺ𝒛ሻ = 𝐸ሺ𝒛𝒛𝑇ሻ 
Linkage Disequilibrium (LD) is the non-random association of alleles at different loci in a 

given population, and LD-matrix (R) is defined as 𝑹 = ൛𝑟𝑗𝑘ൟ, 𝑟𝑗𝑘 = 𝐸൫𝒙𝒋
𝑇𝒙𝒌൯, {𝑟𝑗𝑗} = 1 

LD Score is a measure of how well each SNP can tag other local SNPs. LD score for a 

SNP is defined as𝑳 = ൛𝑙𝑗𝑘ൟ = 𝑹𝑇𝑹, 𝑙𝑗𝑘 = 𝐸ሺ𝒓𝒋
𝑇𝒓𝒌ሻ 

 
𝑑𝑖𝑎𝑔൫𝐸ሺ𝒛𝒛𝑇ሻ൯ =

𝑁ℎ2

𝑀
𝒅𝒊𝒂𝒈ሺ𝑳ሻ + 𝒅𝒊𝒂𝒈ሺ𝑹ሻ 

𝜎𝑗
2 =

𝑁ℎ2

𝑀
𝑙𝑗𝑗 + 1 

𝐶𝑜𝑣ሺ𝑧ሻ = 𝐸ሺ𝒛𝒛𝑇ሻ =
𝑁ℎ2

𝑀
𝑳+ 𝑹 

Genetic 
correlation 

Standard Linear Model for 2 Phenotype vectors {𝒚1, 𝒚2}, 2 genotype matrices൛𝑿ሺ1ሻ, 𝑿ሺ2ሻൟ, 

and 2 test-statistics {𝒛ሺ1ሻ, 𝒛ሺ2ሻ} are used. 
𝑁1= Number of Individuals for Phenotype 1 
𝑁2= Number of Individuals for Phenotype 2 
𝑁0= Overlapping number of Individuals 

 𝑑𝑖𝑎𝑔൛𝐶𝑜𝑣൫𝒛ሺ1ሻ, 𝒛ሺ2ሻ൯ൟ

=
ඥ𝑁1𝑁2ℎ12

𝑀
𝑑𝑖𝑎𝑔ሺ𝑳ሻ

+
𝑁0ሺℎ12 + 𝜌12ሻ

ඥ𝑁1𝑁2

𝑑𝑖𝑎𝑔ሺ𝑹ሻ𝐸ቀ𝑧𝑗
ሺ1ሻ𝑧𝑗

ሺ2ሻቁ

=
ඥ𝑁1𝑁2ℎ12

𝑀
𝑙𝑗𝑗 +

𝑁0ሺℎ12 + 𝜌12ሻ

ඥ𝑁1𝑁2

 

𝐶𝑜𝑣൫𝒛ሺ1ሻ, 𝒛ሺ2ሻ൯

=
ඥ𝑁1𝑁2ℎ12𝑳

𝑀

+
𝑁0ሺℎ12 + 𝜌12ሻ

ඥ𝑁1𝑁2

𝑹 

Pros/Cons Computationally Simpler Computationally Intensive 
Higher precision than LDSC 
Reduced variance of genetic 
correlation 
Lower standard deviation 
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Methods 

GWAS summary statistics for Major Depressive Disorder, Bipolar Disorder, and Schizophrenia 
were obtained from the Psychiatric Genomics Consortium. Summary statistics for 
cardiovascular risk factors—including Coronary Artery Disease, Type-2 Diabetes, Body Mass 
Index, Cholesterol, Diastolic Blood Pressure, Systolic Blood Pressure, Hypertension, High-
Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL), Smoking, Alcohol Consumption, and 
Atrial Fibrillation—were accessed from the GWAS Catalog. SNP heritability and genetic 
correlation were estimated using the LDSC package (available at https://github.com/bulik/ldsc). 
The GWAS summary statistics and LD Scores from the various datasets were downloaded and 
converted to LDSC recognized format for each dataset.  

SNP heritability and genetic correlation were assessed with the HDL R package. For traits and 
diseases with significant genetic correlations, Manhattan plots were created and analyzed using 
the topr package. The topr package enables visualization of association results across the 
whole genome or in specific regions, including detailed gene information.The genetic pathways 
for the mapped genes was determined using Reactome database and tool that helps with 
visualization, interpretation and analysis of genetic pathways. 

Results 

SNP-Heritability 
 

 

Figure 1: SNP-Heritability of Psychiatric disorders and cardiovascular traits. 

The SNP-Heritability results from LDSC and HDL showed that all three psychiatric disorders are 
highly heritable(0.5-0.75). CAD and Type2 Diabetes are moderately heritable (0.2-0.5). Acquired 
traits like Smoking and Alcohol consumption are not heritable (<0.1) 

https://github.com/bulik/ldsc
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Genetic Correlation 

The Genetic correlation results for LDSC and HDL from Figure 2, showed that all three 
psychiatric disorders have moderate to high genetic correlation (0.3-0.74). MDD was moderately 
correlated with CAD and Type2-Diabetes (0.1-0.3). Schizophrenia showed the highest genetic 
correlation with bipolar disorder (≥ 0.7). Schizophrenia also showed high genetic correlation with 
Smoking and Alcohol consumption (≥ 0.3). 

 

 

 

Figure 2: Genetic Correlation of (A) MDD, (B) Schizophrenia (C) Bipolar Disorder with other diseases 

(A) 

(B) 

(C) 
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Gene/Loci/Pathway Analysis (MDD- CAD) 

 

 

 

 

Figure 3: (A) Manhattan Plot (MDD-CAD), (B) Region Plot around genes MICA/B, (C) Gene Pathways 
(MDD-CAD) 

(A) 

(B) 

(C) 
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Figure 4: Visualization of pathways of mapped genes for MDD and CAD 

Manhattan plot for MDD versus CAD showed lead genes that crossed the threshold and the 
pathway analysis showed gene enrichment of the mapped genes for the following pathways: 
Immune system, Developmental Biology, Metabolism, Signal Transduction, Neuronal System, 
Cellular responses to stimuli and Metabolism of proteins.  
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Gene/Loci/Pathway Analysis (MDD- Type-2 Diabetes) 

 

 

 

(A) 

(B) 

(C) 
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Figure 5: (A) Manhattan plot (MDD-Type2 Diabetes), (B) Gene pathways MDD-Type2 diabetes, 
(C) Region plot around genes MICA/B, (D) Region plot around gene ZSCAN26 

 
Figure 6: Visualization of pathways of mapped genes for MDD-Type 2 Diabetes 

Manhattan plot for MDD versus Type2 Diabetes showed genes that crossed the threshold and 
the pathway analysis showed gene enrichment of the mapped genes for the following pathways: 
Immune System, Metabolism, Metabolism of RNA, Developmental Biology, Signal Transduction, 
Neuronal System, Cellular Response to Stimuli, Metabolism of Proteins. 

(D) 
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Gene/Loci/pathway analysis (Schizophrenia – Smoking) 

 

 

 

(A) 

(B) 

(C) 
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Figure 7: (A) Manhattan plot, (B) Genetic Pathways, (C) Region plot around gene EPB41, (D) 
Region plot around gene GLIS3 

 

Figure 8: Visualization of pathways of mapped genes for Schizophrenia and Smoking 

Manhattan plot for Schizophrenia versus Smoking showed genes that crossed the threshold and 
the pathway analysis showed gene enrichment of the mapped genes for the following pathways: 
Immune System, Metabolism, Gene Expression, Developmental Biology, Signal Transduction, 
Neuronal System, Cellular Response to Stimuli, Metabolism of Proteins, Diseases, Cell Cycle, 
Extracellular Matrix Organization. 

  

(D) 
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Discussion 

The high SNP-heritability of ~75-80% for psychiatric disorders, Major Depressive Disorder and 
Schizophrenia indicate that genetic factors play a strong role in these diseases and affected 
individuals carry a greater risk to pass on the disease to family members. The high genetic 
correlation among these psychiatric diseases also indicates significant genetic overlap. The 
Manhattan plots revealed top overlapping genes: ANK3 ,CACNA1C and MAD1LI for Bipolar Disorder, 
Major Depressive Disorder and Schizophrenia. ANK3 gene expression levels in blood are 
significantly elevated in individuals with Bipolar Disorder and Schizophrenia compared to healthy 
individuals, resulting in varied tissue expression and function, especially in relation to neuronal 
development. [12,13]  The CACNA1C gene is responsible for producing a particular type of calcium 
channel, which transports calcium ions into cells to generate electrical signals. This also affects 
the nervous system and can lead to schizophrenia [14]. MAD1L1 is associated with both Bipolar 
Disorder and Schizophrenia. In schizophrenia, differential DNA methylation in the brain spans 
across the genome and is connected to the MAD1L1 locus. This locus reveals a shared genetic 
variation between DNA methylation, gene expression changes, and susceptibility to schizophrenia. 
[15,16] 

 

Coronary Artery Disease and Type2 Diabetes showed a moderate heritability of ~25-40%. Coronary 
artery calcification (CAC) is significantly influenced by genetic factors. People with a family history 
of CAD are more likely to develop noncalcified plaque (NCP). Additionally, NCP is more frequent in 
younger individuals with a family history of CAD compared to those without any [11]. A number of 
individuals with Type 2 diabetes have a close family member, like a parent or sibling, who also 
suffers from the disease. The risk to develop Type 2 diabetes goes up with more affected family 
members, due to a combination of shared genetic factors and lifestyle habits, such as diet and 
physical activity. 

 

The results showed that there was a moderate correlation between Major Depressive Disorder and 
CAD and similarly, between MDD and Type2 Diabetes. The Manhattan plot for Major Depressive 
Disorder (MDD) and Coronary Artery Disease (CAD) identified the overlapping gene MICA/B. This 
gene produces stress-related proteins and is associated with inflammatory and autoimmune 
disorders, including atherosclerosis, which can lead up to CAD. CAD is considered to be an 
autoimmune disease, and atherosclerosis is the buildup of plaque in the coronary artery which 
ends up leading to CAD. Stress is also associated with MDD, and MICA/B codes for stress-induced 
proteins associating both MDD and CAD with each other[17]. Type 2 Diabetes is a metabolic 
condition, so issues with the gene expression of the genes that contribute to Metabolism, 
Metabolism of RNA, Metabolism of proteins may lead to Diabetes. An overlapping gene between 
MDD and Type 2 Diabetes happens to also be MICA/B. Type 2 Diabetes has been shown to be an 
independent risk factor for accelerated atherosclerosis development which MICA/B is associated 
with. Another overlapping gene between MDD and Type 2 Diabetes is ZSCAN26 that regulates the 
production of insulin which has a direct correlation with diabetes [17]. 

https://doi.org/10.1016/b978-0-12-819602-1.00015-2
https://medlineplus.gov/genetics/condition/noonan-syndrome/
https://doi.org/10.1161/circimaging.121.013348
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The top overlapping genes found for Schizophrenia and Smoking are EPB41 and GLIS3. EPB41 is a 
gene that influences peripheral blood leukocyte RNA leading to abnormal psychomotor behavioral 
characteristics. EPB41 is also a cytoskeleton-related gene and its impairment is linked to cigarette 
smoking. GLIS3 gene is a member of the GLI-similar zinc finger protein family and abnormalities 
with GLIS3 mutations have impacts on psychological development. [21,22,23,24]. 

 

Finally, the GWAS statistical methods, LDSC and HDL were compared for their computation times, 
precision and standard error. As expected, HDL showed more precise estimations for genetic 
correlation with 40% lower standard error than LDSC. HDL was however computationally more 
intensive and took several minutes to complete while LDSC completed in ~5seconds. 

Conclusion 

Recently, there has been growing interest in exploring the potential relationship between 
psychiatric disorders and cardiovascular diseases (CVDs). 

This study focused on applying GWAS-based statistical genetics methods to determine the SNP-
heritability of psychiatric disorders and examine their genetic connections with cardiovascular 
diseases, particularly Coronary Artery Disease (CAD). This data was then used to determine the 
overlap in the genetic architecture among these diseases/traits by identifying mapped genes/loci 
and pathways. 

The study revealed significant heritability for the three psychiatric disorders and a moderate genetic 
correlation between MDD-CAD and MDD-Type 2 Diabetes. It also identified several genes that 
contribute to the genetic overlap between MDD-CAD and MDD-Type 2 Diabetes, through various 
genetic pathways linking these conditions. 

Therefore, screening could likely be recommended for individuals with family history of psychiatric 
disorders. People who are diagnosed with MDD could preferably be screened for CAD.   

Statistical genetics and gene pathway analysis offer valuable insights into the intricate genetic 
relationships between diseases and traits. However, the biological impacts of these genetic risk 
variants are still under investigation. Genetic research has the potential to enhance mental health 
care by refining diagnostic accuracy and advancing precision medicine. 
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