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Abstract

In present study, a multi-source GWAS (Genome-Wide Association Study) data fetchor for Mendelian
Randomization (MR) analysis was presented. The data fetcher is a web-based application designed to automate
the retrieval of genome-wide association study (GWAS) summary statistics from multiple public databases. It
facilitates Mendelian Randomization (MR) analysis by allowing researchers to search multiple GWAS
databases simultaneously, map phenotypes across different nomenclature systems, filter results by statistical
significance thresholds, download results in standardized CSV format, and support both univariable and
multivariable MR designs. In the fetchor, the inputs are exposure trait(s) (variable(s)) and outcome trait
(variable), the outputs are GWAS exposure and outcome data.
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1 Introduction

Mendelian randomization (MR) is a set of methodology for evaluating causality in observational studies. MR
will provide information on causality in situations where randomized controlled trials are not possible
(Burgess et al., 2013; Burgess and Bowden, 2015; Burgess et al., 2016; Hartwig et al., 2017; Zhang, 20253, b).
The success of a MR analysis relies on the quality of data.

The statistical essence of MR is the use of instrumental variables to study causality. An instrumental
variable is a variable that is associated with the exposure factor but unrelated to the neglected confounders and
the outcome (GWASLab, 2024; Zhang, 2025b). In genetics, the instrumental variable is the gene. Single
nucleotide polymorphisms (SNPs) are commonly used instrumental variables in MR studies. SNPs refer to
variations in a single nucleotide in a DNA sequence. Genome-Wide Association Study (GWAS) data is a
collective term for data reflecting the effects of SNPs on phenotypes. GWAS data provide information on the
association between genotype and phenotype and are the foundation of MR analysis. GWAS data can be used
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to identify SNPs that are significantly associated with specific phenotypes (such as diseases and biomarkers).
The GWAS databases commonly used by MR are as follows: (1) OpenGWAS is the simplest, most widely
used and publicly available comprehensive GWAS database, which brings together a large number of GWAS
results, including gene association information for various phenotypes (such as diseases, physiological traits,
behavioral traits, etc.). Find genetic variants (SNPs) associated with specific phenotypes. SNPs associated with
the phenotype of interest can be found. (2) GWAS Catalog provides a consistent, searchable, visual and free
downloadable SNP-trait association database that can be easily integrated with other resources and is
accessible to scientists, clinicians and other users around the world. In this website, all eligible published
GWAS studies are identified through literature searches and evaluated by staffs, who then extract the traits
involved in the literature, important SNP-trait associations and sample metadata. The goal is to curate eligible
studies based on the availability of literature within 1-2 months after the publication of the article, and data
will be released weekly. Submissions of unpublished GWAS data will also be accepted after 2020. Published
GWAS data can be searched and viewed through the search page of the website, downloaded directly, or
called through the API. GWAS summary data can also be downloaded via FTP. (3) GWAS Atlas provides a
comprehensive, searchable, and freely accessible database of GWAS summary statistics that facilitates
large-scale genetic association analysis and cross-trait comparisons for researchers worldwide. This resource
systematically collects and harmonizes summary-level GWAS data from multiple sources, including published
studies and large biobank initiatives. The platform employs standardized quality control procedures and
uniform data processing pipelines to ensure consistency across diverse datasets. GWAS Atlas curators extract
and standardize key metadata including study population characteristics, phenotype definitions, genotyping
platforms, and statistical parameters. The database enables users to explore genetic associations across
thousands of traits and diseases through an intuitive web interface, perform cross-trait lookups for specific
variants or genomic regions, and access pre-computed genetic correlations between phenotypes. Data can be
queried interactively through the website's search functionality, retrieved programmatically via RESTful API
endpoints, or downloaded in bulk for large-scale analyses. The resource is continuously updated as new
GWAS become available, making it a valuable tool for Mendelian randomization studies, genetic correlation
analyses, and phenome-wide association studies (PheWAS). (4) eQTLGen Consortium provides the largest
publicly available meta-analysis of blood expression quantitative trait loci (eQTL), offering comprehensive
and freely accessible gene expression-genotype association data to support functional genomics research and
disease gene mapping worldwide. This collaborative initiative combines genotype and whole blood
RNA-sequencing data from 37 cohorts comprising over 31,000 individuals of primarily European ancestry.
The consortium applies standardized quality control protocols, uniform expression quantification pipelines,
and robust meta-analysis methods to identify genetic variants associated with gene expression levels
(cis-eQTL and trans-eQTL). eQTLGen systematically maps eQTL effects for approximately 19,000 genes
expressed in blood, providing effect sizes, standard errors, p-values, and replication statistics for millions of
variant-gene pairs. The resource enables researchers to perform gene expression-based lookups, investigate
regulatory mechanisms underlying GWAS signals through colocalization analyses, and conduct
transcriptome-wide Mendelian randomization studies. Summary statistics can be accessed through an
interactive web portal for individual gene or variant queries, downloaded in bulk via direct file downloads, or
integrated into analysis pipelines for systematic functional annotation of genetic associations. The eQTLGen
data serves as a critical bridge between genetic variation and molecular phenotypes, facilitating the
identification of causal genes and biological pathways in complex disease research. (5) FinnGen combines
genomic information with digital healthcare data, summarizes the GWAS and PheWAS results of various
diseases, and contains the genomic data of more than 1.4 million Finnish participants. The electronic health
record data is combined with the participants' electronic health record data; the diseases are extensive,
including cardiovascular, metabolic, cancer, mental and many other diseases. Through the FinnGen database,
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one can download the summary statistics of GWAS with large sample sizes and rich phenotypes for free.

In present study, a multi-source GWAS (Genome-Wide Association Study) data fetchor for Mendelian
Randomization (MR) analysis was presented. The data fetcher is a web-based application designed to automate
the retrieval of genome-wide association study (GWAS) summary statistics from multiple public databases. It
facilitates Mendelian Randomization (MR) analysis by allowing researchers to search multiple GWAS
databases simultaneously, map phenotypes across different nomenclature systems, filter results by statistical
significance thresholds, download results in standardized CSV format, and support both univariable and
multivariable MR designs.

2 Overview
The Multi-Source GWAS Data Fetcher is a web-based tool designed to automatically retrieve genome-wide
association study (GWAS) summary statistics from multiple databases for Mendelian Randomization (MR)
analysis. It supports both univariable and multivariable MR workflows.

Key features of the fetcher include:

. Multi-database support: IEU OpenGWAS, GWAS Catalog, FinnGen, GWAS Atlas, eQTLGen

. Intelligent trait mapping: Automatically maps trait names across different database schemas

. Data validation: Validates SNP data quality (rsID format, beta values, p-values, allele frequencies)
. Caching mechanism: Reduces redundant API calls with 1-hour cache

. Rate limiting: Prevents API throttling with configurable request limits

. Retry logic: Exponential backoff for failed requests (up to 3 attempts)

. CORS handling: Built-in proxy support for cross-origin requests

3 Algorithmic Description
(1) Core Architecture

|
| User Interface Layer |
| (HTML Form: Trait Input, Database Selection, P-value) |
|
|

v

Control Flow Manager |
- fetchGWASData() orchestrates entire workflow |
- Progress tracking and Ul updates |

v

Trait Mapping Engine |
- getMappedTraitld() maps user input to database IDs |
- 200+ pre-defined trait mappings |
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Infrastructure Layer (Middleware) |

|
|
| | DataCache | | RateLimiter | | LoadingManager | |
| | @hrTTL) | | (10 reg/sec) | | (Status) | |
| ! |1 |1 ! |
| |
|
|
v

API Connector Layer |

|

| fetchFromSource() - Database-agnostic wrapper ||
| - Retry logic (3 attempts, exponential backoff) ||
| - Error handling and validation |
|

|
| fetchFromIEU | |fetchFromGWAS | | fetchFromFinn | .. |
| OpenGWAS() | |cCatalog() | |Gen() | |
| Il I | |
|
I
|
v

Data Processing Layer |
- validateSNPData() - Quality control |
- formatGWASDataToCSV() - Standardization |
- SNP filtering by p-value threshold |

v

Output Layer |
- Display results in Ul |
- CSV download generation |
- Local storage for settings persistence |

(2) Main Workflow Algorithm
javascript
ALGORITHM: fetchGWASData()
INPUT:
- exposureTraits: Array of trait names
- outcomeTrait: Single outcome trait name
- pvalThreshold: Significance threshold (e.g., 5e-8)
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- selectedSources: Array of database identifiers
- apiTokens: Optional authentication tokens

OUTPUT:
- Formatted GWAS summary statistics in CSV format
- Validation reports
- Download-ready data files

PROCESS:

1. INITIALIZATION
a. Parse user inputs (trim, validate)
b. Check for empty fields — Alert and EXIT if invalid
c. Disable fetch button to prevent double-submission
d. Initialize progress tracking (0%)
e. Clear previous results

2. PROGRESS CALCULATION
totalSteps = (exposureTraits.length x selectedSources.length) + selectedSources.length
currentStep =0

3. FOR EACH exposure_trait IN exposureTraits DO
a. FOR EACH database IN selectedSources DO
i. currentStep++
ii. UPDATE_PROGRESS(currentStep, totalSteps)

iii. MAP trait to database-specific ID
mappedTrait = getMappedTraitld(exposure_trait, database)

iv. RETRIEVE data with retry mechanism
result = fetchFromSource(
database,
mappedTrait,
pvalThreshold,
apiTokens[database]

v. IF result.success THEN
- Validate SNP data quality
- Format to standard CSV
- Generate download button
- Display in Ul with success indicator
ELSE
- Display error message
- Show troubleshooting suggestions
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END IF
END FOR
END FOR

4. FOR EACH database IN selectedSources DO

a. currentStep++

b. REPEAT steps 3.a.i through 3.a.v for outcome_trait
END FOR

5. FINALIZATION
a. UPDATE_PROGRESS(100%, "Complete™)
b. Re-enable fetch button
c. Save settings to localStorage

RETURN: Ul populated with results and download links
(3) Retry Logic with Exponential Backoff
javascript
ALGORITHM: fetchFromSource(source, traitld, pvalThreshold, apiToken)
INPUT:
- source: Database identifier
- traitld: Trait ID (original or mapped)
- pvalThreshold: P-value cutoff
- apiToken: Optional authentication

OUTPUT:
- {success: boolean, snpCount: number, data: Array, error: string}

PROCESS:
1. maxRetries = 3
2. lastError = null

3. FOR attempt = 1 TO maxRetries DO
a. TRY:
i. CHECK cache for existing data
IF cache_hit THEN RETURN cached_data

ii. APPLY rate limiting
WAIT for available API slot

iii. CALL appropriate database function
IF source == 'ieugwas' THEN
data = fetchFromlEUOpenGWAS(...)
ELSE IF source == 'gwascatalog' THEN
data = fetchFromGWASCatalog(...)
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ELSE IF source == ‘finngen' THEN
data = fetchFromFinnGen(...)
END IF

iv. FILTER data by p-value threshold
filteredData = data.filter(snp => snp.p <= pvalThreshold)

v. VALIDATE each SNP
validData = filteredData.filter(validateSNPData)

vi. FORMAT to CSV
csvData = formatGWASDataToCSV (validData, source)

vii. CACHE result
gwasCache.set(cacheKey, validData)

viii. RETURN success result

b. CATCH error:

i. lastError = error

ii. IF attempt < maxRetries THEN
waitTime = 27attempt x 1000 milliseconds
SLEEP(waitTime)
CONTINUE loop

END IF

END FOR

4. RETURN failure result with lastError
(4) Data Validation Algorithm
javascript
ALGORITHM: validateSNPData(snp, source)
INPUT:
- snp: SNP object {rsid, beta, se, p, ea, nea, eaf}
- source: Database name for logging

OUTPUT:
- boolean: true if valid, false otherwise

VALIDATION RULES:
1. rsID Format Check
IF NOT match pattern /Ars\d+$/ THEN
LOG warning
RETURN false
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2. Beta Value Check
IF beta == null OR beta == undefined OR isNaN(beta) THEN
LOG warning
RETURN false

3. Standard Error Check
IF se == null OR se == undefined OR isNaN(se) OR se <=0 THEN
LOG warning
RETURN false

4. P-value Check (if provided)
IF p NOT null THEN
IF isNaN(p) OR p<0OR p>1THEN
LOG warning
RETURN false

5. Allele Frequency Check (if provided)
IF eaf NOT null THEN
IF isNaN(eaf) OR eaf <0 OR eaf > 1 THEN
LOG warning
RETURN false

6. Allele Format Check
IFea NOT IN[A', T, 'C','G] THEN
LOG warning
RETURN false

7. IF all checks pass THEN
RETURN true
(5) Trait Mapping Algorithm
javascript
ALGORITHM: getMappedTraitld(traitName, database)
INPUT:
- traitName: User-provided trait name (e.g., "body mass index")
- database: Target database identifier

OUTPUT:
- Mapped trait ID suitable for the specified database

PROCESS:
1. NORMALIZE input

lowerTraitName = traitName.toLowerCase().trim()

2. SEARCH in traitMappings dictionary

IAEES

WWW.iaees.org



Network Pharmacology, 2026, 11(1-2): 1-61 9

FOR EACH [key, mapping] IN traitMappings DO
a. lowerGwasName = mapping.gwas.toLowerCase()

b. IF lowerTraitName == lowerGwasName OR
lowerTraitName == key.toLowerCase() THEN

i. Map database name to dictionary key
dbKey = SWITCH(database):
CASE 'ieugwas': ‘opengwas'
CASE 'gwascatalog": 'gwas'
DEFAULT: database

ii. RETURN mapping[dbKey] IF exists
ELSE RETURN traitName (original)
END FOR

3. IF no mapping found THEN
RETURN traitName (original, unmodified)

EXAMPLE:
Input: ("body mass index", "ieugwas")
Process: Finds BMI mapping — dbKey="opengwas' — Returns "ieu-a-2"
(6) Caching Mechanism
javascript
ALGORITHM: DataCache Operations

CLASS DataCache:
PROPERTIES:
- cache: Map<string, {data: any, timestamp: number}>
- maxAge: number (default 3600000 ms = 1 hour)

METHOD set(key, value):
cache[key] = {
data: value,
timestamp: Date.now()

}

METHOD get(key):
IF key NOT IN cache THEN
RETURN null

entry = cache[key]
currentTime = Date.now()
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IF (currentTime - entry.timestamp) > maxAge THEN
DELETE cache[key]
RETURN null

RETURN entry.data

METHOD clear():
cache.clear()

CACHE KEY GENERATION:
cacheKey = "${databaseName}_${traitld}_${pvalThreshold}

EXAMPLE:
Key: "ieugwas_ieu-a-2_5e-8"
Stores: Array of validated SNP objects
Expiry: 1 hour from storage time

(7) Rate Limiting Algorithm

javascript

ALGORITHM: RateLimiter.waitForSlot()

CLASS RateLimiter:
PROPERTIES:
- maxRequests: number (default 10)
- perSeconds: number (default 1)
- requests: Array<timestamp>

METHOD waitForSlot():
1. currentTime = Date.now()
2. cutoffTime = currentTime - (perSeconds x 1000)

3. FILTER requests array
requests = requests.filter(time => time > cutoffTime)

4. IF requests.length >= maxRequests THEN
a. oldestRequest = requests[0]
b. waitTime = (oldestRequest + perSecondsx1000) - currentTime
¢. SLEEP(waitTime)
d. RECURSIVELY call waitForSlot()

5. ADD current timestamp to requests array
requests.push(currentTime)

6. RETURN (allow request to proceed)

IAEES
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RATE LIMITS BY DATABASE:
- IEU OpenGWAS: 10 requests/second
- GWAS Catalog: 5 requests/second
- FinnGen: 10 requests/second
- GWAS Atlas: 10 requests/second
- eQTLGen: 10 requests/second

4 User Guide

Getting Started

(1) Access the Tool

Open the HTML file in a modern web browser (Chrome, Firefox, Edge, or Safari recommended).
(2) Configure Analysis Type

Univariable MR (Default)

. Studies the effect of one exposure on one outcome

. Example: Effect of BMI on coronary artery disease

Multivariable MR

. Studies multiple exposures simultaneously

. Example: Joint effects of BMI, cholesterol, and smoking on heart disease

How to Select:

o Univariable MR e Multivariable MR

Step-by-Step Workflow

Step 1: Enter Exposure Trait(s)

For Univariable MR:

Exposure Trait(s): body mass index

For Multivariable MR:

Exposure Trait(s): body mass index, LDL cholesterol, smoking

Tips:

. Use common trait names (e.g., "BMI", "body mass index", "cholesterol")
. Separate multiple traits with commas

. The tool automatically maps to database-specific 1Ds

. Case-insensitive (both "BMI" and "bmi" work)

Supported Trait Categories:

. Anthropometric: BMI, height, waist circumference, body fat percentage
. Cardiometabolic: cholesterol, triglycerides, blood pressure, glucose

. Disease: diabetes, CAD, stroke, Alzheimer's, cancer types

. Psychiatric: depression, schizophrenia, ADHD, anxiety

. Lifestyle: smoking, alcohol, coffee, physical activity

. Biomarkers: CRP, cytokines, hormones, vitamins

Step 2: Enter Outcome Trait
Outcome Trait: coronary artery disease
Common Outcomes:

. coronary artery disease
. Type 2 diabetes
o Alzheimer's disease
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. stroke
. breast cancer
. depression

Step 3: Set P-value Threshold
P-value Threshold: 5e-8
Standard Thresholds:

. 5e-8: Genome-wide significance (most common)
. le-5: Suggestive significance

. 5e-6: Moderate threshold

. le-7: Strict threshold

Effect on Results:

. Lower threshold = fewer, more significant SNPs
. Higher threshold = more SNPs, less stringent

Step 4: Select Data Sources
A IEU OpenGWAS
A GWAS Catalog

A GWAS Atlas

A eQTLGen

Y FinnGen

Database Characteristics:

Database Best For Authentication Notes

IEU OpenGWAS General traits, biomarkers ~ Optional Largest collection, easy API
GWAS Catalog Published studies Optional Curated, high-quality
FinnGen Diseases (European ancestry) May require  Finnish population

GWAS Atlas Bulk download N/A Requires manual download
eQTLGen Gene expression N/A Requires manual download

Recommendation:

Start with IEU OpenGWAS and GWAS Catalog for best coverage.
Step 5: API Authentication (Optional)

IEU OpenGWAS Token: [leave blank or enter token]

GWAS Catalog Token: [leave blank or enter token]

When to Use Tokens:

. Higher rate limits needed

. Access to restricted datasets

. Commercial use

How to Obtain Tokens:

. IEU OpenGWAS: https://api.opengwas.io/

. GWAS Catalog: https://www.ebi.ac.uk/gwas/docs/api

Step 6: Fetch Data
Clickthe  Fetch GWAS Data button.
Progress Tracking:

Fetching body mass index (ieu-a-2) from ieugwas...

IAEES
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What Happens:

1. Trait names mapped to database IDs

2. API rate limits applied

3. Data retrieved with retry on failure

4. SNPs validated for quality

5. Results formatted to CSV

Expected Time:

. Single trait, 1 database: 2-5 seconds

. Multiple traits, 3 databases: 15-30 seconds

Understanding Results
Success Result:

|| Exposure: body mass index
IL

]
|| Source: ieugwas

| Mapped ID: ieu-a-2

| Data retrieved successfully
| SNPs found: 2,476

| [ Download CSV]

IL

SNP,beta,se,pval,eaf,other_allele,effect_allele
rs1558902,0.0567,0.0019,2.1e-198,0.42,A, T
rs6567160,0.0423,0.0022,3.4e-85,0.65,C,T
rs9939609,0.0387,0.0021,1.2e-76,0.41,A, T

Result Components:

. Mapped ID: Database-specific identifier used
. SNPs found: Number of genome-wide significant variants
. Download CSV: Standard format for MR analysis

Error Result:

|| Exposure: rare disease XYZ
IL

Il
|| Source: ieugwas

| Mapped 1D: rare disease XYZ

| No SNPs found below p-value threshold 5e-8
|| Note: Dataset may not exist in this database

| Try: Select a different database or increase

| the p-value threshold

IL

Common Errors and Solutions:
Error Cause Solution

"No SNPs found" Trait not in database Try different database

IAEES
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Error Cause Solution

"API error: 401" Authentication required Add API token

"API error: 429" Rate limit exceeded Wait 1 minute, retry

"CORS error" Browser blocking request Enable proxy mode

"Network error" Internet/server issue Check connection, retry

Downloading and Using Data

CSV Format:

csv
SNP,beta,se,pval,eaf,other_allele,effect _allele
rs1558902,0.0567,0.0019,2.1e-198,0.42,A, T
rs6567160,0.0423,0.0022,3.4e-85,0.65,C,T
Column Descriptions:

SNP: rsID identifier

beta: Effect size (log odds ratio or standardized beta)
se: Standard error of beta

pval: P-value of association

eaf: Effect allele frequency (0-1)

other_allele: Non-effect/alternative allele
effect_allele: Allele for which beta is calculated

Import to MR Software:
TwoSampleMR (R):

R

library(TwoSampleMR)

# Read exposure data

eX

posure_dat <- read_exposure_data(
filename = "exposure_BMI_ieugwas.csv",

sep=",",
snp_col = "SNP",
beta_col = "beta",
se_col = "se",

effect_allele_col = "effect_allele”,
other_allele_col = "other_allele™,
eaf _col ="eaf",

pval_col = "pval"

# Read outcome data
outcome_dat <- read_outcome_data(

filename = "outcome_CAD_ieugwas.csv",
sep et II,II,
snp_col = "SNP",

beta_col = "beta",

IAEES
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se_col = "se",
effect_allele_col = "effect_allele”,
other_allele_col = "other_allele",

eaf col = "eaf",
pval_col = "pval”
)
# Harmonize

dat <- harmonise_data(exposure_dat, outcome_dat)

# Run MR

res <- mr(dat)
MendelianRandomization (R):
R
library(MendelianRandomization)

exposure <- read.csv("exposure_BMI_ieugwas.csv")
outcome <- read.csv("outcome_CAD_ieugwas.csv")

# Create MRInput object

mr_input <- mr_input(
bx = exposure$beta,
bxse = exposureS$se,
by = outcome$beta,
byse = outcome$se

# Run IVW
mr_ivw(mr_input)

5 Advanced Features
(1) Settings Persistence
Your last-used settings are automatically saved:

. Exposure traits

. Outcome trait

. P-value threshold
. Analysis type

Location: Browser's localStorage

To Clear: Browser settings — Clear browsing data — Cookies and site data

(2) Data Validation Warnings

The tool validates each SNP:

# 23 SNPs excluded due to validation errors
Validation Checks:

. Valid rsID format (rs followed by numbers)

IAEES
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. Numeric beta and standard error

. P-value between 0 and 1

. Allele frequency between 0 and 1

. Valid nucleotide alleles (A, T, C, G)

Excluded SNPs:

Downloaded CSV will note how many SNPs failed validation.

(3) Caching System

Benefit: Repeat queries are instant (no API call)

Cache Duration: 1 hour

Cache Storage: Browser memory (cleared on page refresh)
Example:

First query: "BMI from IEU OpenGWAS" — 3 seconds

Second query: "BMI from IEU OpenGWAS" — 0.1 seconds (cached)
(4) Batch Processing

Multivariable MR Example:

Exposure Traits: BMI, LDL cholesterol, systolic BP, smoking, CRP
Outcome: coronary artery disease

Databases: IEU OpenGWAS, GWAS Catalog

Result: 5 exposures x 2 databases + 1 outcome x 2 databases
= 12 separate datasets fetched automatically

6 Troubleshooting
Problem: **No data found"'
Solutions:

1 Try alternative trait names:

o] "BMI" — "body mass index"

o] "CHD" — "coronary artery disease"
2. Increase p-value threshold:

o] 5e-8 — 1e-5

3 Try different databases:

o] Some traits only in specific databases
4 Check spelling:

o] "Alzheimer's disease™ not "Alzheimers"
Problem: "API Error 429 (Rate Limited)"
Solutions:

1. Wait 60 seconds before retrying

2. Add API authentication token

3. Reduce number of simultaneous queries
Problem: "CORS Error"

Solutions:

1. Enable proxy mode:

javascript

const USE_PROXY = true;

IAEES
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const PROXY_URL = "https://your-proxy.com/’;

2.
3.

Use server-side implementation
Browser extensions: CORS Unblock (development only)

Problem: Slow Performance
Causes:

Multiple databases selected
Large trait lists
Network latency

Solutions:

1. Select fewer databases initially

2. Query one trait at a time

3. Use cached results (repeat same query)
4. Check internet connection

Best Practices
(1) Data Quality

DO:
Start with well-studied traits (BMI, cholesterol, diabetes)
Use genome-wide significance threshold (5e-8)
Cross-reference multiple databases
Download and inspect raw data

DON'T:
Use extremely relaxed p-values (>1e-4) without justification
Rely on single-database results
Ignore validation warnings

(2) Trait Selection

DO:
Use standardized trait names
Check trait mappings (200+ pre-configured)
Start with univariable MR for new analyses
DON'T:
Use ambiguous trait names
Mix different populations without adjustment
Include highly correlated exposures in multivariable MR

(3) Database Selection
For Biomarkers/Quantitative Traits:

Primary: IEU OpenGWAS
Secondary: UK Biobank (via IEU)

For Diseases:

Primary: FinnGen, GWAS Catalog
Secondary: IEU OpenGWAS

For Gene Expression:

Primary: eQTLGen (manual download)
Secondary: GTEX (not supported in this tool)

IAEES
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(4) Downstream Analysis

After downloading data:

1. Clumping (remove LD):

R

clumped <- Id_clump(
dplyr::tibble(rsid=snps$SNP, pval=snps$pval),
plink_bin = genetics.binaRies::get_plink_binary(),
pop = "EUR"

Harmonization:
Align effect alleles between exposure and outcome
Flip alleles if necessary (A/T, C/G palindromes)
MR Analysis:
Inverse-variance weighted (IVW)
MR-Egger (pleiotropy test)
Weighted median
Sensitivity analyses
Reporting:
Document all data sources
Report SNP counts before/after QC
Include database versions/dates

O O 0O O O O O WO O MW«

7 Technical Reference
Supported Traits (Sample)

Category Examples

Anthropometric BMI, height, waist circumference, hip circumference, body fat %
Cardiometabolic LDL, HDL, triglycerides, total cholesterol, SBP, DBP
Glycemic glucose, insulin, HbAlc, HOMA-IR, Type 2 diabetes
Cardiovascular Disease CAD, Ml, stroke, atrial fibrillation, heart failure
Inflammatory CRP, IL-6, TNF-alpha, fibrinogen

Neurological Alzheimer's, Parkinson's, MS, epilepsy, migraine
Psychiatric depression, schizophrenia, bipolar, ADHD, anxiety
Cancer breast, prostate, lung, colorectal, pancreatic
Autoimmune RA, SLE, psoriasis, IBD, celiac disease

Lifestyle smoking, alcohol, coffee, physical activity
Reproductive age at menarche, menopause, PCOS, endometriosis

Total Mapped Traits: 200+

API Endpoints Used

IEU OpenGWAS

GET https://gwas-api.mrcieu.ac.uk/tophits/{id}
Response: Array of top hits (p < 5e-8)

Rate Limit: 10 requests/second
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GWAS Catalog

GET https://www.ebi.ac.uk/gwas/rest/api/studies/search/findByEfoTrait?trait={name}
GET {study_link}/associations

Response: Nested JSON with studies and associations
Rate Limit: 5 requests/second

FinnGen

GET https://r9.finngen.fi/api/pheno/{id}

Response: Variants with p-values, betas, etc.

Rate Limit: 10 requests/second

Authentication: May be required

Data Format Specifications

Input Format (User-provided)

Trait Name: Free text (e.g., "body mass index")
P-value: Scientific notation (e.g., 5e-8)

Output Format (CSV)

csv

SNP,beta,se,pval,eaf,other_allele,effect_allele
rs1234567,0.05,0.01,2.1e-8,0.35,A,G

Field Requirements:

. SNP: rsID (rs + digits)

. beta: Numeric, can be negative
. se: Positive numeric

. pval: 0<p<1

. eaf: 0<eaf<1

. Alleles: A, T,C,or G

Browser Compatibility

Browser Version Status

Chrome 90+ Fully supported
Firefox 88+ Fully supported
Edge 90+ Fully supported
Safari 14+ Fully supported
IE11l - Not supported

Required Features:

. ES6 JavaScript (async/await, classes)
. Fetch API

. localStorage

. CSS Grid

Performance Benchmarks

Operation Typical Time
Single trait, 1 database 2-5 seconds

Single trait, 5 databases 10-20 seconds
3 traits, 3 databases 25-40 seconds
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Operation Typical Time
Cache hit <0.1 seconds
Large dataset (10k SNPs) formatting 0.5-1 second

Network: Measured on 50 Mbps connection
Hardware: Modern laptop (Intel i5, 8GB RAM)
Security Considerations

API1 Tokens

. Stored in browser memory only (not localStorage)
. Not transmitted to third parties

. Cleared on page refresh

Data Privacy

. All processing done client-side (browser)

. No data sent to external servers (except API calls)
. No tracking or analytics

CORS

. Cross-origin requests may be blocked by browsers
. Use proxy server for production deployments

. Never disable CORS in production browsers

Extending the Tool

Adding a New Database

1. Add to HTML (checkboxes):

<div class="checkbox-item">
<input type="checkbox" id="source_newdb" value="newdb">
<label for="source_newdb">New Database</label>

</div>

2. Add API token field:

<div class="api-token-item">
<label for="apiToken_newdb">New Database Token:</label>
<input type="text" id="apiToken_newdb" placeholder="Optional">

</div>

3. Implement fetch function:

javascript

async function fetchFromNewDB(traitld, pvalThreshold, apiToken, mappinginfo) {
const cacheKey = "newdb_${traitld} ${pvalThreshold}’;
const cached = gwasCache.get(cacheKey);
if (cached) return cached;

await apiLimiters.newdb.waitForSlot();

const headers = {};
if (apiToken) headers['Authorization'] = "Bearer ${apiToken}";

const response = await fetchWithCORS(
“https://api.newdb.org/gwas/${traitld}",
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{ headers }
)i

if (Iresponse.ok) throw new Error("NewDB API error: ${response.status}");
const data = await response.json();

const processed = data.results
filter(snp => parseFloat(snp.pvalue) <= pvalThreshold)
.map(snp => ({
rsid: snp.variant_id,
beta: snp.effect,
se: snp.stderr,
p: snp.pvalue,
ea: snp.effect_allele,
nea: snp.other_allele,
eaf: snp.frequency

)k

gwasCache.set(cacheKey, processed);
return processed;
¥
4. Add to fetchFromSource:
javascript
} else if (source === "newdb") {
data = await fetchFromNewDB(traitld, pvalThreshold, apiToken, mappinginfo);
5. Add rate limiter:
javascript
const apiLimiters = {
/I ... existing limiters
newdb: new RateLimiter(10, 1) // 10 requests per second

Y
6. Update trait mappings:
javascript
const traitMappings = {
BMI: {
gwas: "body mass index",
opengwas: "ieu-a-2",
newdb: "NEWDB:BMI" // Add mapping
}
I3

Customizing Validation Rules
Edit the validateSNPData() function:
javascript
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function validateSNPData(snp, source) {

const issues = [];

/I Custom: Require minimum sample size
if (snp.sample_size && snp.sample_size < 10000) {
issues.push('Sample size too small’);

/I Custom: Stricter allele frequency
if (snp.eaf '==null && (snp.eaf < 0.01 || snp.eaf > 0.99)) {
issues.push(‘'Rare variant (MAF < 1%)9;

/I ... existing validation rules

8 Frequently Asked Questions

Q: Can | use this tool offline?

A: The Ul works offline, but API calls require internet. Download the HTML file for local use.
Q: How do I cite this tool?

A: Zhang WJ. 2026. A multi-source GWAS data fetcher for Mendelian Randomization analysis. Network
Pharmacology, 11(1-2): 1-61.

Q: Why are some traits not found?

A: Not all traits have GWAS data in all databases. Try alternative databases or trait names.
Q: Can | automate this with scripts?

A: Yes, extract the JavaScript functions for use in Node.js or Python (via libraries like js2py).
Q: Is this tool validated?

A: The tool retrieves published GWAS data. Validate results against original publications.

Q: Can | run this on a server?

A: Yes, deploy as a web app. Ensure CORS headers are configured on your server.

Q: What's the maximum number of SNPs | can download?

A: No hard limit. Very large datasets (>100k SNPs) may slow browser performance.

Q: How do I handle palindromic SNPs (A/T, G/C)?

A: The tool preserves allele information. Harmonization (allele alignment) should be done in your MR
software.

Q: Can | contribute to this project?
A: This is an open educational tool. Modifications and extensions are encouraged for research purposes.

9 Glossary
GWAS: Genome-Wide Association Study - identifies genetic variants associated with traits

MR: Mendelian Randomization - uses genetic variants as instruments to infer causality
SNP: Single Nucleotide Polymorphism - a genetic variant at a single position

rsID: Reference SNP ID - unique identifier for SNPs (e.g., rs1234567)

Beta: Effect size - magnitude of association between SNP and trait

IAEES
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. SE: Standard Error - uncertainty in beta estimate

. P-value: Statistical significance - probability of observing result by chance

. EAF: Effect Allele Frequency - proportion of effect allele in population

. Clumping: Process of selecting independent SNPs (removing linkage disequilibrium)
. Harmonization: Aligning effect alleles between exposure and outcome datasets

. IVW: Inverse-Variance Weighted - primary MR method

. Pleiotropy: When a SNP affects multiple traits (violation of MR assumptions)

10 Support and Resources
Official Documentation:

. IEU OpenGWAS: https://gwas.mrcieu.ac.uk/

. GWAS Catalog: https://www.ebi.ac.uk/gwas/

o FinnGen: https://www.finngen.fi/en

MR Software:

. TwoSampleMR (R): https://mrcieu.github.io/TwoSampleMR/

. MendelianRandomization (R): https://cran.r-project.org/web/packages/MendelianRandomization/
o MR-Base: https://www.mrbase.org/

Learning Resources:

o MR Tutorial: https://mrcieu.github.io/TwoSampleMR/articles/introduction.html
. GWAS Catalog Documentation: https://www.ebi.ac.uk/gwas/docs

Version: 1.0

Last Updated: 2026
Author: Zhang WJ
License: Educational/Research Use

11 Complete Codes
The following are the HTML+JavaScript codes of the GWAS data fetcher:

<html lang="en">

<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Multi-Source GWAS Data Fetcher for Mendelian Randomization Analysis</title>

<style>

*{
margin: 0;
padding: 0;
box-sizing: border-box;

}

body {
font-family: ‘'Times New Roman’, Times, serif;
line-height: 1.5;
color: #333;
background: linear-gradient(135deg, #667eea 0%, #764ba2 100%);
min-height: 100vh;
padding: 15px;
font-size: 12px;

}

.container {

max-width: 1200px;
margin: 0 auto;
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IAEES

background: white;

padding: 20px;

border-radius: 10px;

box-shadow: 0 10px 25px rgba(0,0,0,0.1);

hl{
color: #2c3e50;
text-align: center;
margin-bottom: 10px;
font-size: 24px;

}

.subtitle {
text-align: center;
color: #7f8c8d,;
margin-bottom: 20pXx;
font-size: 12px;

}

.section {
background: #f8f9fa;
padding: 15px;
border-radius: 8px;
margin-bottom: 15px;
border-left: 4px solid #667eea;
}

.section h2 {
color: #2¢3e50;
margin-bottom: 12px;
font-size: 16pXx;
display: flex;
align-items: center;
gap: 8px;

}

.form-group {
margin-bottom: 12px;

}

label {
display: block;
margin-bottom: 5px;
color: #2¢3e50;
font-weight: bold,;
font-size: 11px;

}

input[type="text"],
input[type="number"],
textarea,
select {
width: 100%;
padding: 8px;
border: 1px solid #ddd;
border-radius: 4px;
font-size: 11px;
font-family: 'Times New Roman’, Times, serif;
transition: border-color 0.3s;

}

input[type="text"]:focus,
input[type="number"]:focus,
textarea:focus,
select:focus {
outline: none;
border-color: #667eea;
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}

textarea {
resize: vertical;
min-height: 60px;

}

.checkbox-group {
display: grid;
grid-template-columns: repeat(auto-fill, minmax(150px, 1fr));
gap: 8px;
margin-top: 8px;

}

.checkbox-item {
display: flex;
align-items: center;
gap: 6px;

}

.checkbox-item input[type="checkbox"] {
width: auto;
cursor: pointer;

}

.checkbox-item label {
margin: 0;
font-weight: normal;
cursor: pointer;

}

.radio-group {
display: flex;
gap: 15px;
margin-top: 8px;

}

.radio-item {
display: flex;
align-items: center;
gap: 5px;

}

.radio-item input[type="radio"] {
cursor: pointer;

}

.radio-item label {
margin: 0;
font-weight: normal;
cursor: pointer;

}

button {
background: linear-gradient(135deg, #667eea 0%, #764ba2 100%);
color: white;
padding: 10px 25px;
border: none;
border-radius: 5px;
cursor: pointer;
font-size: 13px;
font-weight: bold;
transition: transform 0.2s, box-shadow 0.2s;
display: block;
margin: 0 auto;

}

button:hover {
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transform: translate (-2px);
box-shadow: 0 5px 15px rgba(102, 126, 234, 0.4);

}

button:disabled {
background: #95a5a6;
cursor: not-allowed;
transform: none;

}

.save-button {
background: linear-gradient(135deg, #27ae60 0%, #229954 100%);
padding: 6px 15px;
font-size: 11px;
margin: 10px 0 0 0;
display: inline-block;
}

.save-button:hover {
box-shadow: 0 5px 15px rgba(39, 174, 96, 0.4);
}

.download-button {
background: linear-gradient(135deg, #3498db 0%, #2980b9 100%);
padding: 5px 12px;
font-size: 10pXx;
margin-top: 5px;
display: inline-block;
}

.download-button:hover {
box-shadow: 0 5px 15px rgba(52, 152, 219, 0.4);
}

#progressContainer {
display: none;
margin-top: 15px;

}

#progressBar {

width: 100%;

height: 25px;

background-color: #ecf0f1;

border-radius: 12px;

overflow: hidden;

box-shadow: inset 0 2px 4px rgha(0,0,0,0.1);
}

#progressFill {
height: 100%;
background: linear-gradient(90deg, #667eea 0%, #764ba2 100%);
width: 0%;
transition: width 0.3s ease;
display: flex;
align-items: center;
justify-content: center;
color: white;
font-weight: bold,;
font-size: 11px;

}

#status {
margin-top: 8px;
padding: 8px;
background: #e8f4f8;
border-radius: 4px;
font-size: 11px;
color: #2¢3e50;
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}

#results {
margin-top: 20px;

}

result-item {
background: white;
padding: 12pXx;
border-radius: 6px;
margin-bottom: 10pXx;
border: 1px solid #e0e0e0;
box-shadow: 0 2px 4px rgha(0,0,0,0.05);

}

.result-item h3 {
color: #667eea;
margin-bottom: 8px;
font-size: 14px;
display: flex;
justify-content: space-between;
align-items: center;

}

result-item p {
margin: 4px 0;
font-size: 11px;

}

.data-box {
background: #f8f9fa;
border: 1px solid #ddd,;
border-radius: 4px;
padding: 10px;
margin-top: 10px;
max-height: 300px;
overflow-y: auto;
font-family: ‘Courier New', monospace;
font-size: 10px;
white-space: pre;

}

.success {
color: #27ae60;
font-weight: bold,;

}

.error {
color: #e74c3c;
font-weight: bold;

}

warning {
color: #f39¢12;
font-weight: bold,;

}

.info-box {
background: #e8f4f8;
padding: 10pXx;
border-radius: 5px;
margin-bottom: 12px;
border-left: 3px solid #3498db;
font-size: 11px;

}

.help-text {
font-size: 10px;
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color: #7f8c8d;
margin-top: 4px;
font-style: italic;

}

.api-token-group {
display: grid;
grid-template-columns: repeat(auto-fill, minmax(200px, 1fr));
gap: 12px;

margin-top: 10px;
}

.api-token-item {
display: flex;
flex-direction: column;

}

.api-token-item label {
font-size: 10px;
margin-bottom: 3px;

}

.api-token-item input {
font-size: 10pXx;
padding: 6px;

}

@media (max-width: 768px) {
.container {
padding: 15pXx;
}

hi{
font-size: 20px;

}

.checkbox-group {
grid-template-columns: 1fr;

}

.api-token-group {
grid-template-columns: 1fr;
}
}
</style>
</head>
<body>
<div class="container">
<hl> Multi-Source GWAS Data Fetcher</h1>
<p class="subtitle"><a href="http://www.iaees.org/publications/journals/np/articles/2026-11(1-2)/1-Zhang-Abstract.asp">Zhang WJ.
2026. A multi-source GWAS data fetcher for Mendelian Randomization analysis. Network Pharmacology, 11(1-2): 1-61</a></p>

<div class="section">
<h2> Analysis Configuration</h2>

<div class="form-group">
<label>Analysis Type:</label>
<div class="radio-group">
<div class="radio-item">
<input type="radio" id="univariable" name="analysisType" value="univariable" checked>
<label for="univariable">Univariable MR</label>
</div>
<div class="radio-item">
<input type="radio" id="multivariable" name="analysisType" value="multivariable">
<label for="multivariable">Multivariable MR</label>
</div>
</div>
</div>
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<div class="form-group">
<label for="exposureTraits">Exposure Trait(s) (comma-separated for Multivariable MR):</label>
<textarea id="exposureTraits" placeholder="e.g., body mass index, cholesterol, smoking"></textarea>
<div class="help-text">Enter multiple traits separated by commas. Each trait will be searched across all selected
databases.</div>
</div>

<div class="form-group">

<label for="outcomeTrait">Outcome Trait:</label>

<input type="text" id="outcomeTrait" placeholder="e.g., coronary artery disease">

<div class="help-text">The disease or trait you want to investigate as the outcome.</div>
</div>

<div class="form-group">

<label for="pvalThreshold">P-value Threshold:</label>

<input type="number" id="pvalThreshold" value="5e-8" step="1e-9" min="0" max="1">

<div class="help-text">SNPs with p-values below this threshold will be considered genome-wide significant.</div>
</div>

</div>

<div class="section">
<h2> Data Sources</h2>
<div class="info-box">
Select one or more databases to search for GWAS summary statistics. Multiple sources increase the chance of finding
relevant data.
</div>
<div class="checkbox-group">
<div class="checkbox-item">
<input type="checkbox" id="source_ieugwas" value="ieugwas" checked>
<label for="source_ieugwas">IEU OpenGWAS</label>
</div>
<div class="checkbox-item">
<input type="checkbox" id="source_gwascatalog" value="gwascatalog" checked>
<label for="source_gwascatalog">GWAS Catalog</label>
</div>
<div class="checkbox-item">
<input type="checkbox" id="source_gwasatlas" value="gwasatlas">
<label for="source_gwasatlas">GWAS Atlas</label>
</div>
<div class="checkbox-item">
<input type="checkbox" id="source_eqtlgen" value="eqtlgen">
<label for="source_eqtlgen">eQTLGen</label>
</div>
<div class="checkbox-item">
<input type="checkbox" id="source_finngen" value="finngen" checked>
<label for="source_finngen">FinnGen</label>
</div>
</div>
</div>

<div class="section">
<h2> API Authentication (Optional)</h2>
<div class="info-box">
Some databases may require authentication tokens for access or higher rate limits. Leave blank if not required.
</div>

<div class="api-token-group">
<div class="api-token-item">
<label for="apiToken_ieugwas">IEU OpenGWAS Token:</label>
<input type="text" id="apiToken_ieugwas" placeholder="Optional">
</div>
<div class="api-token-item">
<label for="apiToken_gwascatalog">GWAS Catalog Token:</label>
<input type="text" id="apiToken_gwascatalog" placeholder="Optional">
</div>
<div class="api-token-item">
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<label for="apiToken_gwasatlas">GWAS Atlas Token:</label>
<input type="text" id="apiToken_gwasatlas" placeholder="Optional">
</div>
<div class="api-token-item">
<label for="apiToken_eqtlgen">eQTLGen Token:</label>
<input type="text" id="apiToken_eqtlgen" placeholder="Optional">
</div>
<div class="api-token-item">
<label for="apiToken_finngen">FinnGen Token:</label>
<input type="text" id="apiToken_finngen" placeholder="0Optional">
</div>
</div>
</div>

<button id="fetchButton" onclick="fetchGWASData()"> Fetch GWAS Data</button>

<div id="progressContainer">
<div id="progressBar">
<div id="progressFill">0%</div>
</div>
<div id="status">Initializing...</div>
</div>

<div id="results"></div>
</div>

<script>

// Data Cache Implementation
class DataCache {
constructor(maxAge = 3600000) { // 1 hour default
this.cache = new Map();
this.maxAge = maxAge;

}

set(key, value) {
this.cache.set(key, {
data: value,
timestamp: Date.now()

i
}
get(key) {
const entry = this.cache.get(key);
if (lentry) return null;
if (Date.now() - entry.timestamp > this.maxAge) {
this.cache.delete(key);
return null;
}
return entry.data;
}
clear() {
this.cache.clear();
}

}

const gwasCache = new DataCache();

/I Rate Limiter Implementation
class RateLimiter {
constructor(maxRequests = 10, perSeconds = 1) {
this.maxRequests = maxRequests;
this.perSeconds = perSeconds;
this.requests = [];
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}

async waitForSlot() {
const now = Date.now();
const cutoff = now - (this.perSeconds * 1000);

/I Remove old requests
this.requests = this.requests.filter(time => time > cutoff);

if (this.requests.length >= this.maxRequests) {
const oldestRequest = this.requests[0];
const waitTime = (oldestRequest + (this.perSeconds * 1000)) - now;
await new Promise(resolve => setTimeout(resolve, waitTime));
return this.waitForSlot();

}

this.requests.push(now);

const apiLimiters = {

2

ieugwas: new RateLimiter(10, 1),
gwascatalog: new RateLimiter(5, 1),
finngen: new RateLimiter(10, 1),
gwasatlas: new RateLimiter(10, 1),
eqtlgen: new RateLimiter(10, 1)

/I Loading Manager Implementation
class LoadingManager {

}

constructor() {
this.activeOperations = new Set();

}

start(operationld, message) {
this.activeOperations.add(operationld);
this.updateUl(operationld, ‘loading’, message);

}

update(operationld, message) {
if (this.activeOperations.has(operationld)) {
this.updateUl(operationld, ‘loading', message);
}
}

complete(operationld, message) {
this.activeOperations.delete(operationld);
this.updateUl(operationld, ‘complete’, message);

}

error(operationld, message) {
this.activeOperations.delete(operationld);
this.updateUl(operationld, ‘error', message);

}

updateUl(operationld, status, message) {
const statusEl = document.getElementByld('status');
if (statusel) {
statusEl.textContent = message;
statusEl.className = “status ${status};

const loadingManager = new LoadingManager();

/I Trait mapping for different databases
const traitMappings = {

BMI: {
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gwas: "body mass index",

opengwas: “ieu-a-2",

gwasatlas: "BMI",

eqtlgen: "body_mass_index",

finngen: "FINNGEN:body _mass_index"
}
CRP: {

gwas: "C-reactive protein®,

opengwas: "ieu-a-7",

gwasatlas: "CRP",

eqtlgen: "c_reactive_protein",

finngen: "FINNGEN:C_reactive_protein™
}
Type2Diabetes: {

gwas: "Type 2 diabetes",

opengwas: “ieu-a-302",

gwasatlas: "T2D",

eqtlgen: "type_2_diabetes",

finngen: "FINNGEN:diabetes_type 2"
}
TypelDiabetes: {

gwas: "Type 1 diabetes",

opengwas: "ieu-a-301",

gwasatlas: "T1D",

eqtlgen: "type_1_diabetes",

finngen: "FINNGEN:diabetes_type 1"

+
Height: {
gwas: "height",
opengwas: "ieu-a-3",
gwasatlas: "Height",
eqtlgen: "height",
finngen: "FINNGEN:height"
}
LDL: {
gwas: "LDL cholesterol”,
opengwas: "ieu-a-8",
gwasatlas: "LDL",
eqtlgen: "ldl_cholesterol",
finngen: "FINNGEN:LDL_cholesterol"
+
HDL: {
gwas: "HDL cholesterol",
opengwas: “ieu-a-9",
gwasatlas: "HDL",
eqtlgen: "hdl_cholesterol",
finngen: "FINNGEN:HDL_cholesterol"
}

Triglycerides: {
gwas: "triglycerides"”,
opengwas: "ieu-a-10",
gwasatlas: "Triglycerides",
egtlgen: “triglycerides",
finngen: "FINNGEN:triglycerides"
}
TotalCholesterol: {
gwas: "total cholesterol",
opengwas: "ieu-a-123",
gwasatlas: "TotalCholesterol",
eqtlgen: "total_cholesterol”,
finngen: "FINNGEN:total_cholesterol"

}
SystolicBP: {
gwas: "systolic blood pressure",
opengwas: "ieu-a-11",
gwasatlas: "SBP",
eqtlgen: "systolic_blood_pressure",
finngen: "FINNGEN:systolic_blood_pressure"
IAEES

WWW.iaees.org



Network Pharmacology, 2026, 11(1-2): 1-61 33

}
DiastolicBP: {

gwas: "diastolic blood pressure”,

opengwas: “ieu-a-12",

gwasatlas: "DBP",

eqtlgen: “diastolic_blood_pressure™,

finngen: "FINNGEN:diastolic_blood_pressure"
}

PulsePressure: {
gwas: "pulse pressure”,
opengwas: "ieu-a-1357",
gwasatlas: "PulsePressure™,
eqtlgen: "pulse_pressure",
finngen: "FINNGEN:pulse_pressure™
}
CoronaryArteryDisease: {
gwas: "coronary artery disease",
opengwas: “ieu-a-7",
gwasatlas: "CAD",
eqtlgen: "coronary_artery_disease",
finngen: "FINNGEN:coronary_artery_disease"
3
Myocardiallnfarction: {
gwas: "myocardial infarction”,
opengwas: "ieu-a-798",
gwasatlas: "MI",
egtlgen: "myocardial_infarction",
finngen: "FINNGEN:myocardial_infarction"
}
AtrialFibrillation: {
gwas: "atrial fibrillation",
opengwas: "ieu-a-1358",
gwasatlas: "AtrialFib",
eqtlgen: “atrial_fibrillation",
finngen: "FINNGEN:atrial_fibrillation"
}
HeartFailure: {
gwas: "heart failure",
opengwas: "ieu-a-1359",
gwasatlas: "HeartFailure",
eqtlgen: "heart_failure",
finngen: "FINNGEN:heart_failure"
}
VenousThromboembolism: {
gwas: "venous thromboembolism",
opengwas: “ieu-a-1360",
gwasatlas: "VTE",
eqtlgen: "venous_thromboembolism",
finngen: "FINNGEN:venous_thromboembolism"
}
PulmonaryEmbolism: {
gwas: "pulmonary embolism",
opengwas: "ieu-a-1361",
gwasatlas: "PE",
egtlgen: "pulmonary_embolism",
finngen: "FINNGEN:pulmonary_embolism"
}
DeepVeinThrombosis: {
gwas: "deep vein thrombosis",
opengwas: "ieu-a-1362",
gwasatlas: "DVT",
eqtlgen: "deep_vein_thrombosis",
finngen: "FINNGEN:deep_vein_thrombosis"
}
BreastCancer: {
gwas: "breast cancer",
opengwas: “ieu-a-1259",
gwasatlas: "BreastCancer",
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eqtlgen: "breast_cancer",
finngen: "FINNGEN:breast_cancer"
}
ProstateCancer: {
gwas: "prostate cancer",
opengwas: “ieu-a-1260",
gwasatlas: "ProstateCancer",
eqtlgen: "prostate_cancer"”,
finngen: "FINNGEN:prostate_cancer"
}
LungCancer: {
gwas: “lung cancer",
opengwas: "ieu-a-1261",
gwasatlas: “LungCancer",
eqtlgen: "lung_cancer",
finngen: "FINNGEN:lung_cancer"
}
ColorectalCancer: {
gwas: "colorectal cancer",
opengwas: “ieu-a-1262",
gwasatlas: "ColorectalCancer",
eqtlgen: "colorectal_cancer",
finngen: "FINNGEN:colorectal_cancer"
3
PancreaticCancer: {
gwas: "pancreatic cancer",
opengwas: "ieu-a-1363",
gwasatlas: "PancreaticCancer"”,
eqtlgen: "pancreatic_cancer",
finngen: "FINNGEN:pancreatic_cancer"
}
OvarianCancer: {
gwas: "ovarian cancer",
opengwas: “ieu-a-1364",
gwasatlas: "OvarianCancer",
eqtlgen: "ovarian_cancer",
finngen: "FINNGEN:ovarian_cancer"
}
EndometrialCancer: {
gwas: “endometrial cancer",
opengwas: "ieu-a-1365",
gwasatlas: "EndometrialCancer”,
egtlgen: "endometrial_cancer",
finngen: "FINNGEN:endometrial_cancer"
}
KidneyCancer: {
gwas: "kidney cancer",
opengwas: “ieu-a-1366",
gwasatlas: "KidneyCancer",
eqtlgen: "kidney_cancer",
finngen: "FINNGEN:kidney_cancer"
}
BladderCancer: {
gwas: "bladder cancer",
opengwas: "ieu-a-1367",
gwasatlas: “BladderCancer",
egtlgen: "bladder_cancer",
finngen: "FINNGEN:bladder_cancer"
}
ThyroidCancer: {
gwas: "thyroid cancer",
opengwas: "ieu-a-1368",
gwasatlas: "ThyroidCancer",
eqtlgen: "thyroid_cancer”,
finngen: "FINNGEN:thyroid_cancer"
}
Melanoma: {
gwas: "melanoma”,
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opengwas: "ieu-a-1369",
gwasatlas: “"Melanoma",
eqtlgen: "melanoma”,
finngen: "FINNGEN:melanoma™
}
BasalCellCarcinoma: {
gwas: "basal cell carcinoma”,
opengwas: “ieu-a-1370",
gwasatlas: "BasalCellCarcinoma",
eqtlgen: "basal_cell_carcinoma",
finngen: "FINNGEN:basal_cell_carcinoma"
3
NonHodgkinLymphoma: {
gwas: "non-Hodgkin lymphoma”,
opengwas: "ieu-a-1371",
gwasatlas: "NHL",
eqtlgen: "non_hodgkin_lymphoma",
finngen: "FINNGEN:non_hodgkin_lymphoma"

}
Leukemia: {
gwas: "leukemia”,
opengwas: “ieu-a-1372",
gwasatlas: "Leukemia",
eqtlgen: "leukemia”,
finngen: "FINNGEN:leukemia"
}

AlzheimersDisease: {
gwas: "Alzheimer's disease",
opengwas: "ieu-a-1263",
gwasatlas: "Alzheimers",
eqtlgen: "alzheimers_disease",
finngen: "FINNGEN:alzheimers_disease"
}
ParkinsonsDisease: {
gwas: "Parkinson's disease",
opengwas: “ieu-a-1264",
gwasatlas: "Parkinsons",
eqtlgen: "parkinsons_disease",
finngen: "FINNGEN:parkinsons_disease"
}
MultipleSclerosis: {
gwas: "multiple sclerosis",
opengwas: "ieu-a-1265",
gwasatlas: "MS",
egtlgen: "multiple_sclerosis",
finngen: "FINNGEN:multiple_sclerosis"
}
ALS: {
gwas: "amyotrophic lateral sclerosis",
opengwas: "ieu-a-1373",
gwasatlas: "ALS",
eqtlgen: "amyotrophic_lateral_sclerosis",
finngen: "FINNGEN:amyotrophic_lateral_sclerosis"
}
Epilepsy: {
gwas: "epilepsy"”,
opengwas: "ieu-a-1374",
gwasatlas: "Epilepsy",
eqtlgen: "epilepsy"”,
finngen: "FINNGEN:epilepsy"
}
Dementia: {
gwas: "dementia”,
opengwas: "ieu-a-1375",
gwasatlas: "Dementia",
eqtlgen: "dementia”,
finngen: "FINNGEN:dementia"
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RheumatoidArthritis: {
gwas: "rheumatoid arthritis",
opengwas: "ieu-a-1266",
gwasatlas: "RA",
eqtlgen: "rheumatoid_arthritis",
finngen: "FINNGEN:rheumatoid_arthritis"
}
SystemicLupusErythematosus: {
gwas: "systemic lupus erythematosus",
opengwas: “ieu-a-1376",
gwasatlas: "SLE",
eqtlgen: "systemic_lupus_erythematosus",
finngen: "FINNGEN:systemic_lupus_erythematosus"
}
Sarcoidosis: {
gwas: "sarcoidosis",
opengwas: "ieu-a-1377",
gwasatlas: "Sarcoidosis",
eqtlgen: "sarcoidosis",
finngen: "FINNGEN:sarcoidosis"
}
AnkylosingSpondylitis: {
gwas: "ankylosing spondylitis",
opengwas: “ieu-a-1378",
gwasatlas: "AS",
eqtlgen: "ankylosing_spondylitis",
finngen: "FINNGEN:ankylosing_spondylitis"
}
Asthma: {
gwas: "asthma",
opengwas: "ieu-a-1267",
gwasatlas: "Asthma",
egtlgen: "asthma",
finngen: "FINNGEN:asthma"
}
COPD: {
gwas: "chronic obstructive pulmonary disease",
opengwas: “ieu-a-1379",
gwasatlas: "COPD",
eqtlgen: “"copd",
finngen: "FINNGEN:copd"
}
PulmonaryFibrosis: {
gwas: "pulmonary fibrosis",
opengwas: "ieu-a-1380",
gwasatlas: "PulmonaryFibrosis",
egtlgen: "pulmonary_fibrosis",
finngen: "FINNGEN:pulmonary_fibrosis"
}
AtopicDermatitis: {
gwas: "atopic dermatitis",
opengwas: "ieu-a-1268",
gwasatlas: "Eczema",
eqtlgen: "atopic_dermatitis",
finngen: "FINNGEN:atopic_dermatitis"

}

Psoriasis: {
gwas: "psoriasis”,
opengwas: “ieu-a-1269",
gwasatlas: "Psoriasis",
egtlgen: "psoriasis",
finngen: "FINNGEN:psoriasis"

}

Vitiligo: {
gwas: "vitiligo",
opengwas: "ieu-a-1381",
gwasatlas: "Vitiligo",
eqtlgen: "vitiligo",
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finngen: "FINNGEN:vitiligo"
}
Schizophrenia: {
gwas: “schizophrenia",
opengwas: "ieu-a-22",
gwasatlas: "Schizophrenia®,
eqtlgen: "schizophrenia",
finngen: "FINNGEN:schizophrenia™
}
BipolarDisorder: {
gwas: "bipolar disorder",
opengwas: “ieu-a-1270",
gwasatlas: "Bipolar”,
eqtlgen: "bipolar_disorder",
finngen: "FINNGEN:bipolar_disorder"
}
MajorDepressiveDisorder: {
gwas: "major depressive disorder",
opengwas: "ieu-a-1271",
gwasatlas: "MDD",
eqtlgen: "major_depressive_disorder",
finngen: "FINNGEN:major_depressive_disorder"
}
Depression: {
gwas: "depression”,
opengwas: “ieu-a-27",
gwasatlas: "Depression”,
eqtlgen: "depression”,
finngen: "FINNGEN:depression™
}
AnxietyDisorder: {
gwas: "anxiety disorder",
opengwas: "ieu-a-1382",
gwasatlas: "Anxiety",
eqtlgen: "anxiety_disorder",
finngen: "FINNGEN:anxiety_disorder"
}
PTSD: {
gwas: "post-traumatic stress disorder",
opengwas: “ieu-a-1383",
gwasatlas: "PTSD",
eqtlgen: "ptsd"”,
finngen: "FINNGEN:ptsd"
}
OCD: {
gwas: "obsessive-compulsive disorder"”,
opengwas: "ieu-a-1384",
gwasatlas: "OCD",
eqtlgen: “ocd",
finngen: "FINNGEN:ocd"
}
ADHD: {
gwas: "attention deficit hyperactivity disorder",
opengwas: "ieu-a-1385",
gwasatlas: "ADHD",
eqtlgen: "adhd",
finngen: "FINNGEN:adhd"
}
AutismSpectrumDisorder: {
gwas: "autism spectrum disorder",
opengwas: “ieu-a-1386",
gwasatlas: "ASD",
eqtlgen: "autism_spectrum_disorder",
finngen: "FINNGEN:autism_spectrum_disorder"
}
AnorexiaNervosa: {
gwas: "anorexia nervosa",
opengwas: "ieu-a-1387",
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gwasatlas: "AnorexiaNervosa",
eqtlgen: “anorexia_nervosa“,
finngen: "FINNGEN:anorexia_nervosa"
2

WaistHipRatio: {
gwas: "waist hip ratio",
opengwas: "ieu-a-4",
gwasatlas: "WHR",
eqtlgen: "waist_hip_ratio",
finngen: "FINNGEN:waist_hip_ratio"
}
HipCircumference: {
gwas: "hip circumference",
opengwas: “ieu-a-5",
gwasatlas: "HipCircumference",
eqtlgen: "hip_circumference",
finngen: "FINNGEN:hip_circumference"
}
WaistCircumference: {
gwas: "waist circumference",
opengwas: "ieu-a-6",
gwasatlas: "WaistCircumference",
eqtlgen: "waist_circumference”,
finngen: "FINNGEN:waist_circumference"
}
BodyFatPercentage: {
gwas: "body fat percentage",
opengwas: “ieu-a-1388",
gwasatlas: "BodyFatPercentage",
eqtlgen: "body_fat_percentage",
finngen: "FINNGEN:body_fat_percentage"
3
LeanBodyMass: {
gwas: "lean body mass",
opengwas: "ieu-a-1389",
gwasatlas: "LeanBodyMass",
eqtlgen: "lean_body_mass",
finngen: "FINNGEN:lean_body_mass"
}
Insulin: {
gwas: "insulin",
opengwas: "ieu-a-13",
gwasatlas: "Insulin®,
eqtlgen: "insulin",
finngen: "FINNGEN:insulin"
}
Glucose: {
gwas: “glucose",
opengwas: "ieu-a-14",
gwasatlas: "Glucose",
egtlgen: “glucose”,
finngen: "FINNGEN:glucose"
}
FastingGlucose: {
gwas: "fasting glucose",
opengwas: "ieu-a-1390",
gwasatlas: "FastingGlucose",
eqtlgen: "fasting_glucose",
finngen: "FINNGEN:fasting_glucose"
}
Fastinglnsulin: {
gwas: "fasting insulin®,
opengwas: “ieu-a-1391",
gwasatlas: "Fastinglnsulin®,
eqtlgen: "fasting_insulin”,
finngen: "FINNGEN:fasting_insulin"
}
HOMA_IR: {
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gwas: "HOMA-IR",
opengwas: “ieu-a-1392",
gwasatlas: "HOMA_IR",
eqtlgen: "homa_ir",
finngen: "FINNGEN:homa_ir"
}
HbAlc: {
gwas: "HbAlc",
opengwas: "ieu-a-15",
gwasatlas: "HbA1c",
eqtlgen: "hbalc",
finngen: "FINNGEN:hbalc"
}
Creatinine: {
gwas: "creatinine",
opengwas: “ieu-a-16",
gwasatlas: "Creatinine",
eqgtlgen: “creatinine”,
finngen: "FINNGEN:creatinine"
3
eGFR: {
gwas: "eGFR",
opengwas: "ieu-a-17",
gwasatlas: "eGFR",
eqtlgen: "egfr",
finngen: "FINNGEN:egfr"
}
ChronicKidneyDisease: {
gwas: "chronic kidney disease",
opengwas: "ieu-a-1393",
gwasatlas: "CKD",
eqgtlgen: "chronic_kidney_disease",
finngen: "FINNGEN:chronic_kidney_disease"
}
UricAcid: {
gwas: "uric acid",
opengwas: "ieu-a-18",
gwasatlas: “UricAcid",
eqtlgen: "uric_acid",
finngen: "FINNGEN:uric_acid"
}
VitaminD: {
gwas: "vitamin D",
opengwas: "ieu-a-19",
gwasatlas: "VitaminD",
eqtlgen: "vitamin_d",
finngen: "FINNGEN:vitamin_d"
}
VitaminB12: {
gwas: "vitamin B12",
opengwas: "ieu-a-1394",
gwasatlas: "VitaminB12",
egtlgen: "vitamin_b12",
finngen: "FINNGEN:vitamin_b12"
}
Folate: {
gwas: "folate",
opengwas: "ieu-a-1395",
gwasatlas: "Folate",
eqtlgen: "folate",
finngen: "FINNGEN:folate"
}
Iron: {
gwas: "iron",
opengwas: “ieu-a-1396",
gwasatlas: "lron",
egtlgen: “iron",
finngen: "FINNGEN:iron"
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}
Ferritin: {

gwas: "ferritin®,

opengwas: “ieu-a-1397",

gwasatlas: "Ferritin",

eqtlgen: “ferritin®,

finngen: "FINNGEN:ferritin"
}
Hemoglobin: {

gwas: "hemoglobin”,

opengwas: “ieu-a-1398",

gwasatlas: "Hemoglobin®,

eqtlgen: "hemoglobin",

finngen: "FINNGEN:hemoglobin*
}
RedBloodCellCount: {

gwas: "red blood cell count",

opengwas: “ieu-a-1399",

gwasatlas: "RBC",

eqtlgen: "red_blood_cell_count",

finngen: "FINNGEN:red_blood_cell_count"
}
WhiteBloodCellCount: {

gwas: "white blood cell count”,

opengwas: "ieu-a-1400",

gwasatlas: "WBC",

eqtlgen: "white_blood_cell_count",

finngen: "FINNGEN:white_blood_cell_count"
}
PlateletCount: {

gwas: "platelet count”,

opengwas: “ieu-a-1401",

gwasatlas: "PlateletCount",

eqtlgen: "platelet_count”,

finngen: "FINNGEN:platelet_count"
}
Testosterone: {

gwas: "testosterone”,

opengwas: "ieu-a-20",

gwasatlas: "Testosterone"”,

egtlgen: "testosterone",

finngen: "FINNGEN:testosterone"
}
SHBG: {

gwas: "SHBG",

opengwas: "ieu-a-21",

gwasatlas: "SHBG",

eqtlgen: "shbg",

finngen: "FINNGEN:shbg"
}
Oestradiol: {

gwas: "oestradiol"”,

opengwas: "ieu-a-22",

gwasatlas: "Oestradiol”,

egtlgen: "oestradiol”,

finngen: "FINNGEN:oestradiol"
}
Progesterone: {

gwas: "progesterone”,

opengwas: "ieu-a-1402",

gwasatlas: "Progesterone”,

eqtlgen: "progesterone”,

finngen: "FINNGEN:progesterone™
}
FSH: {

gwas: "follicle stimulating hormone",

opengwas: “ieu-a-1403",

gwasatlas: "FSH",

IAEES

WWW.iaees.org



Network Pharmacology, 2026, 11(1-2): 1-61 41

eqtlgen: "fsh",
finngen: "FINNGEN:fsh"

LH: {
gwas: "luteinizing hormone",
opengwas: “ieu-a-1404",
gwasatlas: "LH",
eqtlgen: “lh",
finngen: "FINNGEN:Ih"
}
TSH: {
gwas: "thyroid stimulating hormone",
opengwas: "ieu-a-1405",
gwasatlas: "TSH",
eqtlgen: "tsh",
finngen: "FINNGEN:tsh"
}
FreeT4: {
gwas: "free T4",
opengwas: “ieu-a-1406",
gwasatlas: "FreeT4",
eqtlgen: "free_t4",
finngen: "FINNGEN:free_t4"
}
Cortisol: {
gwas: "cortisol",
opengwas: "ieu-a-23",
gwasatlas: "Cortisol",
eqtlgen: “cortisol",
finngen: "FINNGEN:cortisol"
}
IGF1: {
gwas: "IGF-1",
opengwas: "ieu-a-24",
gwasatlas: "IGF1",
eqtlgen: "igf1",
finngen: "FINNGEN:igf1"
}
GrowthHormone: {
gwas: "growth hormone",
opengwas: "ieu-a-1407",
gwasatlas: "GrowthHormone",
egtlgen: "growth_hormone",
finngen: "FINNGEN:growth_hormone"

}
Leptin: {
gwas: "leptin”,
opengwas: "ieu-a-25",
gwasatlas: "Leptin",
eqtlgen: "leptin”,
finngen: "FINNGEN:leptin"
}

Adiponectin: {
gwas: "adiponectin”,
opengwas: "ieu-a-26",
gwasatlas: "Adiponectin®,
egtlgen: "adiponectin”,
finngen: "FINNGEN:adiponectin"

}
IL6: {
gwas: "IL-6",
opengwas: "ieu-a-27",
gwasatlas: "I1L6",
eqtlgen: "il6",
finngen: "FINNGEN:il6"
}
TNFAlpha: {

gwas: "TNF-alpha",
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opengwas: "ieu-a-28",
gwasatlas: "TNFAIpha”,
eqtlgen: "tnf_alpha",
finngen: "FINNGEN:tnf_alpha™

}
IL1Beta: {
gwas: "IL-1 beta",
opengwas: “ieu-a-1408",
gwasatlas: "IL1Beta",
eqtlgen: "il1_beta",
finngen: "FINNGEN:il1_beta"
}
IL8: {
gwas: "IL-8",
opengwas: "ieu-a-1409",
gwasatlas: "1L8",
eqtlgen: "il8",
finngen: "FINNGEN:il8"
}
IL10: {
gwas: "IL-10",
opengwas: “ieu-a-1410",
gwasatlas: "1L10",
eqtlgen: "il10",
finngen: "FINNGEN:il10"
}
Fibrinogen: {
gwas: "fibrinogen”,
opengwas: "ieu-a-1411",
gwasatlas: “Fibrinogen",
egtlgen: "fibrinogen",
finngen: "FINNGEN:fibrinogen™
}

AlkalinePhosphatase: {
gwas: "alkaline phosphatase",
opengwas: “ieu-a-1412",
gwasatlas: "AlkalinePhosphatase”,
eqtlgen: "alkaline_phosphatase”,
finngen: "FINNGEN:alkaline_phosphatase"

}

ALT: {
gwas: "alanine aminotransferase"”,
opengwas: "ieu-a-1413",
gwasatlas: "ALT",
egtlgen: "alt",
finngen: "FINNGEN:alt"

}

AST: {
gwas: "aspartate aminotransferase",
opengwas: "ieu-a-1414",
gwasatlas: "AST",
eqtlgen: "ast",
finngen: "FINNGEN:ast"

}

GGT: {
gwas: "gamma-glutamyl transferase",
opengwas: "ieu-a-1415",
gwasatlas: "GGT",
egtlgen: "ggt",
finngen: "FINNGEN:ggt"

}

Bilirubin: {
gwas: "bilirubin®,
opengwas: "ieu-a-1416",
gwasatlas: "Bilirubin®,
eqtlgen: "bilirubin®,
finngen: "FINNGEN:bilirubin®
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Albumin: {
gwas: "albumin®,
opengwas: "ieu-a-1417",
gwasatlas: "Albumin®,
eqtlgen: "albumin”,
finngen: "FINNGEN:albumin™
}
TotalProtein: {
gwas: "total protein",
opengwas: “ieu-a-1418",
gwasatlas: "TotalProtein"”,
eqtlgen: "total_protein™,
finngen: "FINNGEN:total_protein"
}
Osteoarthritis: {
gwas: "osteoarthritis",
opengwas: "ieu-a-1272",
gwasatlas: "Osteoarthritis",
eqtlgen: "osteoarthritis",
finngen: "FINNGEN:osteoarthritis"
}
Gout: {
gwas: "gout",
opengwas: “ieu-a-1273",
gwasatlas: "Gout",
eqtlgen: "gout",
finngen: "FINNGEN:gout"
3
BackPain: {
gwas: "back pain”,
opengwas: "ieu-a-1419",
gwasatlas: "BackPain",
eqtlgen: "back_pain",
finngen: "FINNGEN:back_pain"
}
Migraine: {
gwas: "migraine"”,
opengwas: “ieu-a-1274",
gwasatlas: "Migraine",
eqtlgen: "migraine”,
finngen: "FINNGEN:migraine"
}
Headache: {
gwas: "headache",
opengwas: "ieu-a-1420",
gwasatlas: "Headache",
egtlgen: "headache”,
finngen: "FINNGEN:headache"
}
RestlessLegsSyndrome: {
gwas: "restless legs syndrome",
opengwas: "ieu-a-1275",
gwasatlas: "RLS",
eqtlgen: "restless_legs_syndrome",
finngen: "FINNGEN:restless_legs_syndrome"

}
Insomnia: {
gwas: "insomnia”,
opengwas: “ieu-a-1276",
gwasatlas: “Insomnia",
egtlgen: "insomnia",
finngen: "FINNGEN:insomnia"
}

SleepDuration: {

gwas: "sleep duration",
opengwas: "ieu-a-1421",
gwasatlas: "SleepDuration”,
eqtlgen: "sleep_duration”,
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finngen: "FINNGEN:sleep_duration”
}
Chronotype: {
gwas: “chronotype”,
opengwas: "ieu-a-1422",
gwasatlas: “Chronotype",
eqtlgen: "chronotype",
finngen: "FINNGEN:chronotype"
}
Educational Attainment: {
gwas: "educational attainment",
opengwas: “ieu-a-1277",
gwasatlas: "Education"”,
eqtlgen: “educational_attainment",
finngen: "FINNGEN:educational_attainment"

3
Intelligence: {
gwas: "intelligence",
opengwas: "ieu-a-1278",
gwasatlas: “Intelligence",
eqtlgen: "intelligence",
finngen: "FINNGEN:intelligence"
}

CognitivePerformance: {
gwas: "cognitive performance”,
opengwas: “ieu-a-1423",
gwasatlas: "CognitivePerformance",
eqtlgen: "cognitive_performance",
finngen: "FINNGEN:cognitive_performance"
}
ReactionTime: {
gwas: “reaction time",
opengwas: "ieu-a-1424",
gwasatlas: "ReactionTime",
egtlgen: "reaction_time",
finngen: "FINNGEN:reaction_time"
}
SubjectiveWellbeing: {
gwas: "subjective wellbeing",
opengwas: “ieu-a-1279",
gwasatlas: "Wellbeing",
eqtlgen: "subjective_wellbeing",
finngen: "FINNGEN:subjective_wellbeing"
}
LifeSatisfaction: {
gwas: "life satisfaction",
opengwas: "ieu-a-1425",
gwasatlas: “LifeSatisfaction"”,
egtlgen: "life_satisfaction",
finngen: "FINNGEN:life_satisfaction"
}
Neuroticism: {
gwas: "neuroticism",
opengwas: "ieu-a-1280",
gwasatlas: "Neuroticism",
eqtlgen: "neuroticism®,
finngen: "FINNGEN:neuroticism"
}
Extraversion: {
gwas: "extraversion",
opengwas: "ieu-a-1281",
gwasatlas: "Extraversion”,
egtlgen: “extraversion”,
finngen: "FINNGEN:extraversion"
}
Openness: {
gwas: "openness”,
opengwas: "ieu-a-1426",
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gwasatlas: "Openness",
eqtlgen: "openness”,
finngen: "FINNGEN:openness"
}
Conscientiousness: {
gwas: “conscientiousness”,
opengwas: "ieu-a-1427",
gwasatlas: "Conscientiousness”,
eqtlgen: "conscientiousness”,
finngen: "FINNGEN:conscientiousness"
}
Agreeableness: {
gwas: "agreeableness",
opengwas: “ieu-a-1428",
gwasatlas: "Agreeableness”,
eqtlgen: "agreeableness”,
finngen: "FINNGEN:agreeableness"

3
RiskTaking: {
gwas: "risk taking",
opengwas: "ieu-a-1429",
gwasatlas: "RiskTaking",
eqtlgen: "risk_taking",
finngen: "FINNGEN:risk_taking"
}

AgeAtMenarche: {

gwas: "age at menarche",

opengwas: “ieu-a-1282",

gwasatlas: "MenarcheAge",

eqtlgen: "age_at_menarche",

finngen: "FINNGEN:age_at_menarche"
}
AgeAtMenopause: {

gwas: "age at menopause",

opengwas: "ieu-a-1283",

gwasatlas: "MenopauseAge"”,

egtlgen: "age_at_menopause",

finngen: "FINNGEN:age_at_menopause"
}
AgeAtFirstBirth: {

gwas: "age at first birth",

opengwas: “ieu-a-1430",

gwasatlas: "AgeFirstBirth",

eqtlgen: "age_at_first_birth",

finngen: "FINNGEN:age_at_first_birth"
}
NumberOfChildren: {

gwas: "number of children”,

opengwas: "ieu-a-1431",

gwasatlas: "NumberChildren",

egtlgen: "number_of_children",

finngen: "FINNGEN:number_of_children"

}
Infertility: {
gwas: "infertility",
opengwas: "ieu-a-1432",
gwasatlas: "Infertility",
eqtlgen: "infertility",
finngen: "FINNGEN:infertility"
}

Endometriosis: {
gwas: "endometriosis”,
opengwas: “ieu-a-1433",
gwasatlas: "Endometriosis",
eqtlgen: "endometriosis”,
finngen: "FINNGEN:endometriosis"

}
PCOS: {
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gwas: "polycystic ovary syndrome",

opengwas: “ieu-a-1434",

gwasatlas: "PCOS",

eqtlgen: “pcos”,

finngen: "FINNGEN:pcos"
}
Smoking: {

gwas: "smoking",

opengwas: "ieu-a-1435",

gwasatlas: “Smoking",

eqtlgen: "smoking",

finngen: "FINNGEN:smoking"
}
Smokinglnitiation: {

gwas: "smoking initiation",

opengwas: “ieu-a-1436",

gwasatlas: "Smokinglnitiation",

eqgtlgen: "smoking_initiation",

finngen: "FINNGEN:smoking_initiation"
}
SmokingCessation: {

gwas: "smoking cessation",

opengwas: "ieu-a-1437",

gwasatlas: "SmokingCessation",

egtlgen: "smoking_cessation",

finngen: "FINNGEN:smoking_cessation"
}
CigarettesPerDay: {

gwas: "cigarettes per day",

opengwas: "ieu-a-1438",

gwasatlas: "CigarettesPerDay",

eqtlgen: “cigarettes_per_day",

finngen: "FINNGEN:cigarettes_per_day"
}
YearsOfSmoking: {

gwas: "years of smoking",

opengwas: "ieu-a-1284",

gwasatlas: “SmokingYears",

eqtlgen: "years_of_smoking",

finngen: "FINNGEN:years_of_smoking"
}
AlcoholConsumption: {

gwas: "alcohol consumption”,

opengwas: “ieu-a-1285",

gwasatlas: "Alcohol",

eqtlgen: "alcohol_consumption®,

finngen: "FINNGEN:alcohol_consumption”
}
DrinksPerWeek: {

gwas: "drinks per week",

opengwas: "ieu-a-1439",

gwasatlas: "DrinksPerWeek",

eqtlgen: "drinks_per_week",

finngen: "FINNGEN:drinks_per_week"
}
AlcoholDependence: {

gwas: "alcohol dependence”,

opengwas: "ieu-a-1440",

gwasatlas: "AlcoholDependence”,

eqtlgen: "alcohol_dependence”,

finngen: "FINNGEN:alcohol_dependence"
}
CoffeConsumption: {

gwas: "coffee consumption”,

opengwas: “ieu-a-1441",

gwasatlas: "Coffee",

eqtlgen: “coffee_consumption”,

finngen: "FINNGEN:coffee_consumption”
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}
TeaConsumption: {

gwas: "tea consumption”,

opengwas: “ieu-a-1442",

gwasatlas: "Tea",

eqtlgen: “tea_consumption”,

finngen: "FINNGEN:tea_consumption"
}
Physical Activity: {

gwas: "physical activity"”,

opengwas: "ieu-a-1286",

gwasatlas: “Physical Activity"”,

eqtlgen: "physical_activity",

finngen: "FINNGEN:physical_activity"
}
ModerateActivity: {

gwas: "moderate physical activity",

opengwas: “ieu-a-1443",

gwasatlas: "ModerateActivity",

egtlgen: "moderate_activity",

finngen: "FINNGEN:moderate_activity"
3
VigorousActivity: {

gwas: "vigorous physical activity",

opengwas: "ieu-a-1444",

gwasatlas: "VigorousActivity",

eqtlgen: "vigorous_activity",

finngen: "FINNGEN:vigorous_activity"
}
HandGripStrength: {

gwas: "hand grip strength",

opengwas: "ieu-a-1287",

gwasatlas: "GripStrength”,

eqtlgen: "hand_grip_strength",

finngen: "FINNGEN:hand_grip_strength"
}
WalkingPace: {

gwas: "walking pace",

opengwas: "ieu-a-1445",

gwasatlas: “WalkingPace",

eqtlgen: "walking_pace",

finngen: "FINNGEN:walking_pace"
}
LungFunction: {

gwas: "lung function”,

opengwas: “ieu-a-1288",

gwasatlas: "FEV1FVC",

eqtlgen: "lung_function”,

finngen: "FINNGEN:lung_function"

}
FEV1: {
gwas: "FEV1",
opengwas: "ieu-a-1446",
gwasatlas: "FEV1",
eqtlgen: "fevl",
finngen: "FINNGEN:fev1"
}
FVC: {
gwas: "FVC",
opengwas: "ieu-a-1447",
gwasatlas: "FVC",
eqtlgen: "fvc",
finngen: "FINNGEN:fvc"
}
PEF: {

gwas: "peak expiratory flow",
opengwas: “ieu-a-1448",
gwasatlas: "PEF",
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eqtlgen: "peak_expiratory_flow",
finngen: "FINNGEN:peak_expiratory_flow"
}
BoneMineralDensity: {
gwas: "bone mineral density",
opengwas: “ieu-a-1289",
gwasatlas: "BMD",
eqtlgen: "bone_mineral_density",
finngen: "FINNGEN:bone_mineral_density"
}
HeelBMD: {
gwas: "heel bone mineral density",
opengwas: "ieu-a-1449",
gwasatlas: "HeelBMD",
eqtlgen: "heel_bmd",
finngen: "FINNGEN:heel_bmd"
}
SpineBMD: {
gwas: "spine bone mineral density",
opengwas: “ieu-a-1450",
gwasatlas: "SpineBMD",
eqtlgen: "spine_bmd",
finngen: "FINNGEN:spine_bmd"
}
FemoralNeckBMD: {
gwas: "femoral neck bone mineral density",
opengwas: "ieu-a-1451",
gwasatlas: "FemoralNeckBMD",
eqtlgen: "femoral_neck_bmd",
finngen: "FINNGEN:femoral_neck_bmd"

}
Fracture: {
gwas: "fracture",
opengwas: “ieu-a-1452",
gwasatlas: "Fracture",
eqtlgen: "“fracture",
finngen: "FINNGEN:fracture"
}

HipFracture: {
gwas: "hip fracture”,
opengwas: "ieu-a-1453",
gwasatlas: "HipFracture",
eqtlgen: "hip_fracture”,
finngen: "FINNGEN:hip_fracture"
}
HearingDifficulty: {
gwas: "hearing difficulty",
opengwas: “ieu-a-1290",
gwasatlas: "Hearing",
eqtlgen: "hearing_difficulty",
finngen: "FINNGEN:hearing_difficulty"
}
HearingLoss: {
gwas: "hearing loss",
opengwas: "ieu-a-1454",
gwasatlas: "HearingLoss",
egtlgen: "hearing_loss",
finngen: "FINNGEN:hearing_loss"

}
Tinnitus: {
gwas: "tinnitus",
opengwas: "ieu-a-1455",
gwasatlas: "Tinnitus",
eqtlgen: "tinnitus",
finngen: "FINNGEN:tinnitus"
}

VisualAcuity: {
gwas: "visual acuity",
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opengwas: "ieu-a-1291",
gwasatlas: "Vision",
eqtlgen: "visual_acuity",
finngen: "FINNGEN:visual_acuity"
}
Myopia: {
gwas: "myopia",
opengwas: “ieu-a-1456",
gwasatlas: "Myopia",
eqtlgen: "myopia”,
finngen: "FINNGEN:myopia"
}
Hyperopia: {
gwas: "hyperopia",
opengwas: "ieu-a-1457",
gwasatlas: "Hyperopia“,
eqtlgen: "hyperopia",
finngen: "FINNGEN:hyperopia"
}
Astigmatism: {
gwas: "astigmatism",
opengwas: “ieu-a-1458",
gwasatlas: "Astigmatism",
eqtlgen: "astigmatism",
finngen: "FINNGEN:astigmatism"

3
Stroke: {
gwas: "stroke",
opengwas: "ieu-a-26",
gwasatlas: "Stroke",
eqtlgen: "stroke",
finngen: "FINNGEN:stroke"
}

IschemicStroke: {
gwas: "ischemic stroke",
opengwas: “ieu-a-1459",
gwasatlas: "lschemicStroke",
eqtlgen: "ischemic_stroke",
finngen: "FINNGEN:ischemic_stroke"
}
HemorrhagicStroke: {
gwas: "hemorrhagic stroke",
opengwas: "ieu-a-1460",
gwasatlas: "HemorrhagicStroke",
egtlgen: "hemorrhagic_stroke",
finngen: "FINNGEN:hemorrhagic_stroke"
}
CrohnsDisease: {
gwas: "Crohn's disease",
opengwas: "ieu-a-31",
gwasatlas: "CD",
eqgtlgen: "crohns_disease",
finngen: "FINNGEN:crohns_disease"
}
UlcerativeColitis: {
gwas: "ulcerative colitis",
opengwas: "ieu-a-32",
gwasatlas: "UC",
egtlgen: "ulcerative_colitis",
finngen: "FINNGEN:ulcerative_colitis"
}
InflammatoryBowelDisease: {
gwas: "inflammatory bowel disease",
opengwas: "ieu-a-1461",
gwasatlas: “1BD",
eqtlgen: "inflammatory_bowel_disease",
finngen: "FINNGEN:inflammatory_bowel_disease"
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Glaucoma: {
gwas: "glaucoma”,
opengwas: "ieu-a-29",
gwasatlas: "Glaucoma",
eqtlgen: "glaucoma",
finngen: "FINNGEN:glaucoma”
}
MacularDegeneration: {
gwas: "macular degeneration”,
opengwas: “ieu-a-30",
gwasatlas: "MD",
eqtlgen: "macular_degeneration”,
finngen: "FINNGEN:macular_degeneration"
}
DiabeticRetinopathy: {
gwas: "diabetic retinopathy",
opengwas: "ieu-a-1462",
gwasatlas: "DiabeticRetinopathy",
eqtlgen: "diabetic_retinopathy",
finngen: "FINNGEN:diabetic_retinopathy"
}
KidneyStones: {
gwas: "kidney stones",
opengwas: “ieu-a-33",
gwasatlas: "KidneyStones",
eqtlgen: "kidney_stones",
finngen: "FINNGEN:kidney_stones"

h
Gallstones: {
gwas: "gallstones",
opengwas: "ieu-a-34",
gwasatlas: “Gallstones",
eqtlgen: "gallstones",
finngen: "FINNGEN:gallstones"
}

Appendicitis: {

gwas: "appendicitis”,

opengwas: "ieu-a-35",

gwasatlas: "Appendicitis”,

eqtlgen: "appendicitis",

finngen: "FINNGEN:appendicitis"
}
Diverticulitis: {

gwas: "diverticulitis",

opengwas: "ieu-a-36",

gwasatlas: "Diverticulitis",

eqtlgen: "diverticulitis",

finngen: "FINNGEN:diverticulitis"
}
IrritableBowelSyndrome: {

gwas: "irritable bowel syndrome",

opengwas: "ieu-a-37",

gwasatlas: "IBS",

eqtlgen: "irritable_bowel_syndrome",

finngen: "FINNGEN:irritable_bowel_syndrome"
}
CeliacDisease: {

gwas: “celiac disease",

opengwas: "ieu-a-38",

gwasatlas: "CeliacDisease",

egtlgen: “celiac_disease",

finngen: "FINNGEN:celiac_disease"
}
GERD: {

gwas: "gastroesophageal reflux disease",

opengwas: "ieu-a-1463",

gwasatlas: "GERD",

eqtlgen: "gerd",
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finngen: "FINNGEN:gerd"
}
PepticUIcer: {
gwas: “peptic ulcer",
opengwas: "ieu-a-1464",
gwasatlas: "PepticUlcer",
eqtlgen: "peptic_ulcer",
finngen: "FINNGEN:peptic_ulcer"
}
LiverCirrhosis: {
gwas: "liver cirrhosis",
opengwas: “ieu-a-1465",
gwasatlas: "LiverCirrhosis",
eqtlgen: “liver_cirrhosis",
finngen: "FINNGEN:liver_cirrhosis"
3
NonAlcoholicFattyLiverDisease: {
gwas: "non-alcoholic fatty liver disease",
opengwas: "ieu-a-1466",
gwasatlas: "NAFLD",
eqtlgen: "nafld",
finngen: "FINNGEN:nafld"
}
ThyroidDisease: {
gwas: "thyroid disease",
opengwas: “ieu-a-39",
gwasatlas: "ThyroidDisease",
eqtlgen: "thyroid_disease",
finngen: "FINNGEN:thyroid_disease"
}
Hypothyroidism: {
gwas: "hypothyroidism",
opengwas: "ieu-a-40",
gwasatlas: "Hypothyroidism",
eqtlgen: "hypothyroidism",
finngen: "FINNGEN:hypothyroidism"
}
Hyperthyroidism: {
gwas: "hyperthyroidism",
opengwas: "ieu-a-41",
gwasatlas: "Hyperthyroidism",
eqtlgen: "hyperthyroidism",
finngen: "FINNGEN:hyperthyroidism"
}
GravesDisease: {
gwas: "Graves' disease",
opengwas: "ieu-a-1467",
gwasatlas: "GravesDisease",
eqtlgen: "graves_disease",
finngen: "FINNGEN:graves_disease"
}
HashimotosThyroiditis: {
gwas: "Hashimoto's thyroiditis",
opengwas: "ieu-a-1468",
gwasatlas: "Hashimotos",
eqtlgen: "hashimotos_thyroiditis",
finngen: "FINNGEN:hashimotos_thyroiditis"

}
Acne: {
gwas: "acne",
opengwas: "ieu-a-43",
gwasatlas: "Acne",
egtlgen: "acne",
finngen: "FINNGEN:acne"
}
Alopecia: {

gwas: "alopecia”,
opengwas: "ieu-a-44",
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gwasatlas: "Alopecia”,
eqtlgen: “alopecia”,
finngen: "FINNGEN:alopecia"
}

MalePatternBaldness: {

gwas: "male pattern baldness",

opengwas: "ieu-a-1469",

gwasatlas: “"MalePatternBaldness",

eqtlgen: "male_pattern_baldness",

finngen: "FINNGEN:male_pattern_baldness"
}
Narcolepsy: {

gwas: "narcolepsy",

opengwas: “ieu-a-45",

gwasatlas: "Narcolepsy",

eqtlgen: "narcolepsy”,

finngen: "FINNGEN:narcolepsy"
}
SleepApnea: {

gwas: "sleep apnea”,

opengwas: "ieu-a-47",

gwasatlas: "SleepApnea”,

eqtlgen: "sleep_apnea”,

finngen: "FINNGEN:sleep_apnea"

}
Cataract: {
gwas: "cataract”,
opengwas: “ieu-a-49",
gwasatlas: "Cataract",
eqtlgen: “cataract",
finngen: "FINNGEN:cataract"
}

Osteoporosis: {
gwas: “osteoporosis"”,
opengwas: "ieu-a-1254",
gwasatlas: "Osteoporosis"”,
egtlgen: "osteoporosis"”,
finngen: "FINNGEN:osteoporosis"
}
DiabetesInsipidus: {
gwas: "diabetes insipidus"”,
opengwas: “ieu-a-1255",
gwasatlas: "DiabetesInsipidus”,
eqtlgen: "diabetes_insipidus",
finngen: "FINNGEN:diabetes_insipidus"
}
Hypertension: {
gwas: "hypertension",
opengwas: "ieu-a-1256",
gwasatlas: "Hypertension",
egtlgen: "hypertension”,
finngen: "FINNGEN:hypertension"
}
Peripheral ArteryDisease: {
gwas: "peripheral artery disease",
opengwas: "ieu-a-1257",
gwasatlas: "PAD",
eqtlgen: "peripheral_artery_disease",
finngen: "FINNGEN:peripheral_artery_disease

}
SleepDisorder: {

gwas: "sleep disorder",

opengwas: "ieu-a-1258",

gwasatlas: "SleepDisorder"”,

eqtlgen: "sleep_disorder",

finngen: "FINNGEN:sleep_disorder"
}
Longevity: {
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gwas: "longevity",

opengwas: “ieu-a-1355",
gwasatlas: "Longevity",
eqtlgen: "longevity",

finngen: "FINNGEN:longevity"

}
Lifespan: {
gwas: "lifespan”,
opengwas: "ieu-a-1470",
gwasatlas: "Lifespan”,
eqtlgen: "lifespan”,
finngen: "FINNGEN:lifespan”
}

ParentalLifespan: {

gwas: "parental lifespan",

opengwas: “ieu-a-1471",

gwasatlas: "ParentalLifespan”,

eqtlgen: "parental_lifespan”,

finngen: "FINNGEN:parental_lifespan"
}
FacialAging: {

gwas: "facial aging",

opengwas: "ieu-a-1356",

gwasatlas: "Facial Aging",

eqtlgen: "facial_aging",

finngen: "FINNGEN:facial_aging"
}
Frailty: {

gwas: "frailty",

opengwas: "ieu-a-1472",

gwasatlas: "Frailty",

eqtlgen: "frailty",

finngen: "FINNGEN:frailty"
}
SkinColor: {

gwas: “skin color",

opengwas: "ieu-a-1473",

gwasatlas: “SkinColor",

eqtlgen: "skin_color",

finngen: "FINNGEN:skin_color"
}
HairColor: {

gwas: "hair color"”,

opengwas: “ieu-a-1474",

gwasatlas: "HairColor",

eqtlgen: "hair_color",

finngen: "FINNGEN:hair_color"
}
EyeColor: {

gwas: "eye color",

opengwas: "ieu-a-1475",

gwasatlas: "EyeColor",

egtlgen: "eye_color",

finngen: "FINNGEN:eye_color"
}
Freckling: {

gwas: "freckling",

opengwas: "ieu-a-1476",

gwasatlas: "Freckling",

eqtlgen: "freckling",

finngen: "FINNGEN:freckling"
}
TanningResponse: {

gwas: "tanning response”,

opengwas: “ieu-a-1477",

gwasatlas: "TanningResponse",

egtlgen: "tanning_response",

finngen: "FINNGEN:tanning_response"
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}

Handedness: {
gwas: "handedness"”,
opengwas: “ieu-a-1478",
gwasatlas: "Handedness",
eqtlgen: "handedness”,
finngen: "FINNGEN:handedness"

h

/l Function to get mapped trait 1D for a specific database
function getMappedTraitld(traitName, database) {
/I Try to find exact match in traitMappings
for (const [key, mapping] of Object.entries(traitMappings)) {
const lowerTraitName = traitName.toLowerCase().trim();
const lowerGwasName = mapping.gwas ? mapping.gwas.toLowerCase() : *;

if (lowerTraitName === lowerGwasName || lowerTraitName === key.toLowerCase()) {
/I Map database names to traitMappings keys
const dbKey = database === "ieugwas' ? 'opengwas' :
database === 'gwascatalog' ? 'gwas" :

database;

return mapping[dbKey] || traitName;

}

/I'1f no mapping found, return original trait name
return traitName;

}

/I CORS-aware fetch function
const USE_PROXY = false; // Set to true if using a proxy server
const PROXY_URL = 'https://iaees.net/";

async function fetchWithCORS(url, options = {}) {
const finalUrl = USE_PROXY ? PROXY_URL + encodeURIComponent(url) : url;

try {
const response = await fetch(finalUrl, options);

return response;
} catch (error) {
if (error.message.includes('CORS')) {
console.warn('"CORS error - consider using a proxy or backend service');

}

throw error;

}

/I SNP Data Validation
function validateSNPData(snp, source) {
const issues = [J;

if (Isnp.rsid || 'snp.rsid.match(/~rs\d+$/)) {
issues.push('Invalid or missing rsiD");

}

if (snp.beta === null || snp.beta === undefined || isNaN(snp.beta)) {
issues.push(‘Invalid beta value');

}

if (snp.se === null || snp.se === undefined || isNaN(snp.se) || snp.se <=0) {
issues.push('Invalid standard error');

}

if (snp.p !'==null && snp.p == undefined) {
if (isNaN(snp.p) || snp.p <0 || snp.p > 1) {
issues.push(‘Invalid p-value');
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}

}

if (snp.eaf !== null && snp.eaf == undefined) {
if (isNaN(snp.eaf) || snp.eaf < 0 || snp.eaf > 1) {
issues.push(‘Invalid allele frequency');
}
3

if (snp.ea && I['A', 'T', 'C', 'G'].includes(snp.ea.toUpperCase())) {
issues.push('Invalid effect allele");

}

if (issues.length > 0) {
console.warn("SNP ${snp.rsid} from ${source}: ${issues.join(’, \}°);
return false;

}

return true;

/I lmproved API functions with retry logic and caching

async function fetchFromlEUOpenGWAS(traitld, pvalThreshold, apiToken, mappingInfo) {

}

async function fetchFromGWASCatalog(traitld, pvalThreshold, apiToken, mappinginfo) {

const cacheKey = “ieugwas_${traitld}_${pvalThreshold};
const cached = gwasCache.get(cacheKey);

if (cached) {
console.log("Using cached data for ${traitld}");
return cached,;

}

await apiLimiters.ieugwas.waitForSlot();

const headers = {};
if (apiToken) headers['Authorization'] = “Bearer ${apiToken};

const response = await fetchWithCORS(
“https://gwas-api.mrcieu.ac.uk/tophits/${traitld}",
{ headers }

)

if ('response.ok) throw new Error('IEU OpenGWAS API error: ${response.status}");

const data = await response.json();

const processed = data
filter(snp => parseFloat(snp.p) <= pvalThreshold)
-map(snp => ({
rsid: snp.rsid,
beta: snp.beta,
Se: snp.se,
p:snp.p,
ea: snp.ea,
nea: snp.nea,
eaf: snp.eaf

b))k

gwasCache.set(cacheKey, processed);
return processed;

const cacheKey = “gwascatalog_${traitld}_${pvalThreshold};
const cached = gwasCache.get(cacheKey);

if (cached) {
console.log("Using cached data for ${traitld}’);
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return cached;

}

await apiLimiters.gwascatalog.waitForSlot();

const headers = {};
if (apiToken) headers['Authorization'] = “Bearer ${apiToken};

const response = await fetchWithCORS(
“https://www.ebi.ac.uk/gwas/rest/api/studies/search/findByEfoTrait?trait=${encodeURIComponent(traitld)},
{ headers }

)

if (Iresponse.ok) throw new Error(CGWAS Catalog API error: ${response.status}");
const data = await response.json();

if (\data._embedded || !data._embedded.studies) {
return [J;

}

const allSnps = [];
for (const study of data._embedded.studies.slice(0, 5)) { // Limit to first 5 studies
try {
const associationsResponse = await fetchWithCORS(study._links.associations.href);
const associations = await associationsResponse.json();

if (associations._embedded && associations._embedded.associations) {
associations._embedded.associations.forEach(assoc => {
if (assoc.pvalue && parseFloat(assoc.pvalue) <= pvalThreshold) {
const snps = assoc.loci?.[0]?.strongestRiskAlleles || [];
snps.forEach(riskAllele => {
allSnps.push({
rsid: riskAllele.riskAlleleName?.split(*-')[0] || 'NA',
beta: assoc.betaNum || null,
se: assoc.standardError || null,
p: assoc.pvalue,
ea: riskAllele.riskAlleleName?.split(*-")[1] || null,
nea: null,
eaf: assoc.riskFrequency || null
b
bk
}
b
}
} catch (error) {
console.warn("Error fetching associations for study: ${error.message}");
}
}

gwasCache.set(cacheKey, allSnps);
return allSnps;

}

async function fetchFromFinnGen(traitld, pvalThreshold, apiToken, mappinginfo) {
const cacheKey = “finngen_${traitld}_${pvalThreshold};
const cached = gwasCache.get(cacheKey);

if (cached) {
console.log("Using cached data for ${traitld}");

return cached,;

}

await apiLimiters.finngen.waitForSlot();

const headers = {};
if (apiToken) headers['Authorization'] = “Bearer ${apiToken}";
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const response = await fetchWithCORS(
“https://r9.finngen.fi/api/pheno/${traitld}",
{ headers }

)

if (Iresponse.ok) throw new Error("FinnGen API error: ${response.status} - FinnGen may require authentication’);
const data = await response.json();

const processed = (data.variants || [1)
filter(snp => snp.pval && parseFloat(snp.pval) <= pvalThreshold)
-map(snp => ({
rsid: snp.rsid,
beta: snp.beta,
se: snp.sebeta,
p: snp.pval,
ea: snp.alt,
nea: snp.ref,
eaf: snp.maf

D)}

gwasCache.set(cacheKey, processed);
return processed;

}

async function fetchFromGWASAtlas(traitld, pvalThreshold, apiToken, mappinglinfo) {
/I GWAS Atlas requires bulk download
throw new Error((GWAS Atlas APl implementation requires direct data download from https://atlas.ctglab.nl/");

}

async function fetchFromEQTLGen(traitld, pvalThreshold, apiToken, mappinginfo) {
// eQTLGen requires bulk download
throw new Error('eQTLGen data requires download from https://www.eqtlgen.org/cis-eqtls.html’);

}

/I Format GWAS data to standard format with validation
function formatGWASDataToCSV(data, source) {
let formatted = 'SNP,beta,se,pval,eaf,other_allele,effect_allele\n’;

if (\data || data.length === 0) {
return formatted + ‘'[No data available]’;

}
const validData = data.filter(snp => validateSNPData(snp, source));

validData.forEach(snp => {
formatted += "${snp.rsid},${snp.beta},${snp.se},${snp.p || 'NA'},${snp.eaf || 'NA'},${snp.nea || 'NA'},${snp.ea || 'NAHn";
bk

if (validData.length < data.length) {
formatted += "\n# ${data.length - validData.length} SNPs excluded due to validation errors\n;
}

return formatted,

}

/I Enhanced fetch with retry logic

async function fetchFromSource(source, traitld, pvalThreshold, apiToken, mappinglInfo) {
const maxRetries = 3;
let lastError;

for (let attempt = 1; attempt <= maxRetries; attempt++) {

try {
let data = [];

if (source === "ieugwas') {

data = await fetchFromlEUOpenGWAS(traitld, pvalThreshold, apiToken, mappingInfo);
} else if (source === 'gwascatalog’) {
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data = await fetchFromGWASCatalog(traitld, pvalThreshold, apiToken, mappinglInfo);
} else if (source === "finngen') {
data = await fetchFromFinnGen(traitld, pvalThreshold, apiToken, mappinglInfo);
} else if (source === 'gwasatlas’) {
data = await fetchFromGWASAtlas(traitld, pvalThreshold, apiToken, mappinginfo);
} else if (source === "eqtlgen’) {
data = await fetchFromEQTLGen(traitld, pvalThreshold, apiToken, mappingInfo);
}
if (!data || data.length === 0) {
return {
success: false,
error: "No SNPs found below p-value threshold ${pvalThreshold}",
snpCount: 0,
suggestion: ‘'Try increasing the p-value threshold or selecting a different database’
+
}
const rawData = formatGWASDataToCSV(data, source);
return {
success: true,
snpCount: data.length,
data: data,
rawData: rawData,
mappinglInfo: mappingInfo
¥
} catch (error) {
lastError = error;
if (attempt < maxRetries) {
/I Exponential backoff
const waitTime = Math.pow(2, attempt) * 1000;
console.log("Retry attempt ${attempt} for ${source} after ${waitTime}ms...");
await new Promise(resolve => setTimeout(resolve, waitTime));
}
}
return {
success: false,
error: “${lastError.message} (after ${maxRetries} attempts)’,
snpCount: 0,
retryable: true
+
}

/I Save data to file

function saveDataToFile(data, filename) {

const blob = new Blob([data], { type: ‘text/csv' });
const url = window.URL.createObjectURL (blob);
const a = document.createElement(‘a’);

a.href = url;

a.download = filename;
document.body.appendChild(a);

}

a.click();

document.body.removeChild(a);

window.URL.revokeObjectURL (url);

async function fetchGWASData() {

IAEES

const exposureTraits = document.getElementByld(‘exposureTraits').value.split(',").map(t => t.trim()).filter(t => t);

const outcomeTrait = document.getElementByld(‘outcomeTrait).value.trim();
const pvalThreshold = parseFloat(document.getElementByld(‘pval Threshold').value);
const analysisType = document.querySelector(‘input[name="analysisType"]:checked").value;

const selectedSources = Array.from(document.querySelectorAll(input[type="checkbox"]:checked"))

.map(cb => ch.value);
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/I Get API tokens for selected sources

const apiTokens = {};

selectedSources.forEach(source => {
const token = document.getElementByld("apiToken_${source}").value.trim();
if (token) apiTokens[source] = token;

b

if (exposureTraits.length === 0 || loutcomeTrait) {
alert('Please enter both exposure traits and outcome trait.");

return;

}

if (selectedSources.length === 0) {
alert('Please select at least one data source.");

return;

}

const button = document.getElementByld('fetchButton');

const progressContainer = document.getElementByld(‘progressContainer');
const progressFill = document.getElementByld(‘progressFill’);

const status = document.getElementByld('status');

const results = document.getElementByld('results');

button.disabled = true;
progressContainer.style.display = 'block’;
results.innerHTML =";

let progress = 0;

const totalSteps = exposureTraits.length * selectedSources.length + selectedSources.length;

function updateProgress(step, message) {
progress = Math.min(100, (step / totalSteps) * 100);
progressFill.style.width = progress + '%';
progressFill.textContent = Math.round(progress) + '%";
status.textContent = message;

}

updateProgress(O0, 'Starting data fetch...");

let currentStep = 0;
let resultsHTML =

/I Fetch exposure data
for (const trait of exposureTraits) {
for (const source of selectedSources) {
currentStep++;
const mappedTrait = getMappedTraitld(trait, source);
updateProgress(currentStep, “Fetching ${trait} (${mappedTrait}) from ${source}...");

const apiToken = apiTokens[source] || null;

const result = await fetchFromSource(source, mappedTrait, pvalThreshold, apiToken, { original

const datald = “exposure_${trait.replace(/\s+/g, ' ")} ${source}_${Date.now()}";

resultsHTML +="
<div class="result-item">

IAEES

<h3>
<span>Exposure: ${trait}</span>
</h3>
<p><strong>Source:</strong> ${source}</p>
<p><strong>Mapped ID:</strong> ${mappedTrait}</p>
${apiToken ? '<p><strong>Authentication:</strong> Using API token</p>': "}
<p class="${result.success ? 'success' : ‘error'}">
${result.success ? 'v Data retrieved successfully' : ' X ' + (result.error || 'No data found')}
</p>
${result.success ? *
<p><strong>SNPs found:</strong> ${result.snpCount}</p>

: trait, mapped: mappedTrait });
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<button class="download-button" onclick="saveDataToFile(\"${result.rawData.replace(/"/g, W,
‘exposure_${trait.replace(\s+/g, '_")}_${source}.csv')">
Download CSV
</button>
<div class="data-box" id="${datald}">${result.rawData}</div>

<p class="warning"><strong>Note:</strong> ${result.error}</p>
${result.suggestion ? “<p class="help-text">${result.suggestion}</p>": "}
3

</div>

}

/I Fetch outcome data
for (const source of selectedSources) {
currentStep++;
const mappedOutcome = getMappedTraitld(outcomeTrait, source);
updateProgress(currentStep, “Fetching outcome (${outcomeTrait}) as ${mappedOutcome} from ${source}...”);

const apiToken = apiTokens[source] || null;
const result = await fetchFromSource(source, mappedOutcome, pvalThreshold, apiToken, { original: outcomeTrait, mapped:
mappedOutcome });

const datald = “outcome_${outcomeTrait.replace(/\s+/g, '_")}_${source}_${Date.now()}";

resultsHTML +="
<div class="result-item">
<h3>
<span>Outcome: ${outcomeTrait}</span>
</h3>
<p><strong>Source:</strong> ${source}</p>
<p><strong>Mapped ID:</strong> ${mappedOutcome}</p>
${apiToken ? '<p><strong>Authentication:</strong> Using API token</p>': "}
<p class="${result.success ? 'success' : 'error'’}"'>
${result.success ? ‘v Data retrieved successfully' : * X ' + (result.error || '‘No data found’)}
</p>
${result.success ?
<p><strong>SNPs found:</strong> ${result.snpCount}</p>
<button class="download-button" onclick="saveDataToFile(\'${result.rawData.replace(/'/g, WIHH,
‘outcome_${outcomeTrait.replace(N\s+/g, '_")}_${source}.csv')">
Download CSV
</button>
<div class="data-box" id="${datald}">${result.rawData}</div>

<p class="warning"><strong>Note:</strong> ${result.error}</p>
${result.suggestion ? “<p class="help-text">${result.suggestion}</p>": "}
3

</div>

}

updateProgress(totalSteps, 'Data fetch complete!");
results.innerHTML = resultsHTML;

button.disabled = false;

}

function saveSettings() {
const settings = {
exposureTraits: document.getElementByld(‘exposureTraits').value,
outcomeTrait: document.getElementByld(‘outcomeTrait').value,
pvalThreshold: document.getElementByld(‘pval Threshold’).value,
analysisType: document.querySelector(‘input[name="analysisType"]:checked’).value
+
localStorage.setltem(‘gwasFetcherSettings', JSON.stringify(settings));
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function loadSettings() {
const settings = JSON.parse(localStorage.getltem(‘gwasFetcherSettings') || '{});
if (settings.exposureTraits) document.getElementByld(‘exposureTraits').value = settings.exposureTraits;
if (settings.outcomeTrait) document.getElementByld(‘outcomeTrait').value = settings.outcomeTrait;
if (settings.pvalThreshold) document.getElementByld(‘pval Threshold’).value = settings.pvalThreshold,;
if (settings.analysisType) {
document.querySelector(“input[name="analysisType"][value="${settings.analysisType}"]").checked = true;
}
}

/I Load settings on page load
loadSettings();

/I Save settings when inputs change

document.getElementByld(‘exposureTraits').addEventListener(‘change’, saveSettings);

document.getElementByld(‘outcomeTrait').addEventListener(‘change’, saveSettings);

document.getElementByld(‘pval Threshold').addEventListener(‘change’, saveSettings);

document.querySelectorAll(‘input[name="analysisType"]’).forEach(radio => {
radio.addEventListener(‘change’, saveSettings);

b

</script>
</body>
</html>
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