
nature medicine

https://doi.org/10.1038/s41591-024-02796-zArticle

Selection, optimization and validation of ten 
chronic disease polygenic risk scores for 
clinical implementation in diverse US 
populations

In the format provided by the 
authors and unedited

https://doi.org/10.1038/s41591-024-02796-z


eMERGE Polygenic Risk Report

PATIENT INFORMATION

Patient Name: TEST_FN
TEST_LN

Date of Birth: 11/01/1956
Sample ID: TEST_SAMPLE
Patient ID: INTERNAL_TEST_SAMP

LE
Accession ID: test_high_risk
Site Sample ID: TEST_SAMPLE

REFERRING PROVIDER

Provider Name: TEST_PROVIDER
Referring Facility: Vanderbilt

University
Medical Center

Test Performed: Polygenic Risk
Evaluation

Indication: N/A

SPECIMEN

Report Type: Final
Collected: 01/15/2021
Received: 01/01/2021
Report Date: 03/23/2023
Material Type: DNA
Material Source: Blood

Results Summary
In this patient the Polygenic Risk Score for the following condition(s) was determined to be HIGH*: 

asthma 

*See detailed results for a description for how this risk was determined. 

Detailed Results
This patient met the threshold for HIGH POLYGENIC RISK for the following condition(s): 

Condition: asthma

A high polygenic risk score for asthma was found in this individual. A high polygenic risk score is associated with up to 2
times increased risk for developing asthma relative to a person not in the high risk category. The data is based on
pediatric populations of European, African, and Hispanic/Latino descent. Information is insufficient or not available for
populations of other descent.

Factors including monogenic disease risk, family history, and other clinical measures can have an impact on the
individuals overall (absolute) risk and should be considered.

This participant was tested as part of the Electronic Medical Records and Genomics (eMERGE) Genomic Risk
Assessment and Management Study. The participant's integrated Genome Informed Risk Assessment (GIRA) report will
be generated which will incorporate the results from this report as well as family history and monogenic risk status, if
available.

Other Results
Specific polygenic risk score details for coronary heart disease and breast cancer

The specific polygenic risk score value (expressed as a z-score) for coronary heart disease and breast cancer are being reported
for inclusion in absolute risk models that a healthcare provider may choose to use. 

 

Sample ID: TEST_SAMPLE

1. 

2. 

3. 

Clinical Sequencing Research Platform
320 Charles St, Cambridge, MA 02141 

CLIA ID No: 22D2055652; CAP: 8707596 
genomics@broadinstitute.org 

Clinical Laboratory Director: Heidi Rehm, Ph.D, FACMG
Massachusetts Clinical Laboratory License No: 5347 

1



Condition: Test z-score:

breast cancer N/A 

coronary heart disease 1.00 
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Limitations
A polygenic score is neither deterministic nor diagnostic. Some people with a 'high risk' polygenic score will never
develop the disease while others with a 'not high risk' polygenic score still have a risk of developing the disease that is
equal to the general population. Therefore, this test is not intended to diagnose a disease or to make surgical or
pharmacological intervention decisions. This test does not tell a patient anything about their current state of health
and should not substitute for regular visits to the doctor. Any diagnostic or treatment decisions should be based on
additional testing and/or other information that is managed by a healthcare provider. 

This test will detect genetic variants that are predefined. This test does not evaluate or report on all possible genetic
variation related to a given disease. It will not detect novel or rare genetic variants and will not rule out the presence
of these additional genetic variants related to a disease. 

The predefined list of genetic variants tested in this assay may be different from another institution or company,
therefore genetic risk calculations and polygenic scores may differ if compared across different institutions or
companies. 

The odds ratio (OR) listed for each condition does not take into account other factors that may play a role in a
patient's overall risk of developing a disease (e.g family history or monogenic risk of developing the disease, or
environmental and lifestyle risk factors). 

Receiving genetic test results may induce patient anxiety. Patients should speak to their doctor or healthcare provider
regarding these test results and potential implications for their health and lifestyle decisions. If you have questions
regarding your test results, you can contact the eMERGE clinical study team using the instructions provided to you
during the consent process. 

Although the polygenic score has been developed to maximize the ability to predict risk in all ancestries, the
availability of population reference data means that the score is currently most accurate for those with European
ancestry. Due to this population limitation, as well as assay performance and processing issues, some patients may
not receive a polygenic risk calculation for every condition listed. A result of "Not Resulted" for one condition does not
impact the reliability of the risk polygenic score of other conditions. 

Methodology
A genotyping microarray (the Global Diversity Array from Illumina, Inc.) was used to call single nucleotide variants (SNVs) at
~1.8 million sites in the genome. Only arrays meeting the QC criteria of >98% Call Rate were passed through to the
downstream steps. Millions more SNVs in the sample were determined through imputation using data from the 1000
Genomes Project as a reference panel (Khera et al. 2018). Statistical association of SNVs and each condition listed were
previously determined through examination of thousands of patient records and genomic data. The relative contribution of
the set of SNVs associated with each condition were combined to provide a score. The score was further adjusted to account
for the frequency of SNVs in different ancestry populations. The adjusted score was then represented as odds ratio (OR) and
95% confidence interval (CI) compared to a reference population. 

The test is validated to determine polygenic risk for 10 conditions: asthma, atrial fibrillation, breast cancer, chronic kidney
disease, coronary heart disease, hypercholesterolemia, obesity, prostate cancer, type 1 diabetes, and type 2 diabetes. Only
conditions that meet the condition-specific criteria for high polygenic risk are reported as such by this test. In patients
younger than 18 years of age, ONLY the following conditions are examined for risk: asthma, obesity, type 1 diabetes, and type
2 diabetes. Breast cancer is only assessed for individuals who elected their sex at birth as female and prostate cancer is only
assessed for individuals who have elected their sex at birth as male. The methodologies used to determine the risk criteria for
each condition are listed below: 
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asthma polygenic risk status was determined based on a method that scores 985,837 sites in the genome. A Bayesian
regression framework method was applied using the Trans-National Asthma Genetic Consortium (TAGC) GWAS to derive a
multi-ancestral PRS score (PMID: 29273806). In a multiethnic study, individuals in the top 5% of the risk percentile had an
increased risk of developing asthma. Values within the top 5% of this polygenic risk score are associated with a 1.95 odds
ratio (OR) in pediatric populations of European descent at a 95% CI [1.43-2.65], 1.83 OR in pediatric populations of African
descent at a 95% CI [1.24-2.70], and 3.12 OR in pediatric populations of Hispanic/Latino descent at 95% CI [1.32-7.44].
Information is insufficient or not available for populations of other descent. 

atrial fibrillation polygenic risk status was determined based on a method developed by Nielsen et al. (PMID: 30061737)
that scores 161 sites in the genome. In a multiethnic study, individuals in the top 3% of the risk percentile exhibited an
increased risk of developing atrial fibrillation. Values within the top 3% of this polygenic risk score are associated with a
2.32 OR in populations of European descent at a 95% CI [2.07-2.61], 2.19 OR in populations of African descent at a 95% CI
[1.38-3.38], and 2.27 OR in populations of Hispanic/Latino descent at a 95% CI [1.09-4.50]. Information is insufficient or not
available for populations of other descent. 

breast cancer polygenic risk status was determined based on a method developed by Mavaddat et al. (PMID: 30554720)
that scores 308 sites in the genome. In a multiethnic study, individuals who fell in the top 5% of the risk percentile exhibited
an increased risk of developing breast cancer. Values within the top 5% of this polygenic risk score are associated with a
2.47 OR in populations of European descent at a 95% CI [2.20 - 2.77] (PMID: 30554720), 1.61 OR in populations of African
descent at a 95% CI [1.38-1.87] (PMID: 33769540), 2.05 OR in populations of Hispanic/Latino descent at a 95% CI
[1.10-3.83] (PMID: 34347061), and 2.22 OR in populations of Asian descent at a 95% CI [1.99-2.47] (PMID: 32737321).
Information is insufficient or not available for populations of other descent. 

chronic kidney disease polygenic risk status was determined based on a study of renal function by Wuttke et al. (PMID:
31152163) and includes 471,316 sites in the genome. In a multiethnic validation study, individuals who fell in the top 2% of
the risk percentile exhibited an increased risk of developing chronic kidney disease. Values within the top 2% of this
polygenic risk score are associated with a 3.60 OR in populations of European descent at a 95% CI [3.11-4.17], 2.66 OR in
populations of African descent at a 95% CI [2.01-3.51], 4.93 OR in populations of Hispanic/Latino descent at a 95% CI
[2.46-9.89], and 2.81 OR in populations of Asian descent at a 95% CI [1.91-7.59]. Information is insufficient or not available
for populations of other descent. 

coronary heart disease polygenic risk status was determined based on a method that scores 458,384 sites in the
genome. In a multiethnic study, individuals in the top 5% of the risk percentile exhibited an increased risk of developing
coronary heart disease. Values within the top 5% of this polygenic risk score are associated with a relative risk of 2.30 in
populations of European descent at a 95% CI [2.07-2.56], 1.68 in populations of African descent at a 95% CI 1.39-2.032],
and 2.16 in populations of Hispanic/Latino descent at a 95% CI [1.47-3.19]. For Asian populations, the relative risk is similar
to that in European populations. Information is insufficient or not available for populations of other descent. 

hypercholesterolemia polygenic risk status was determined based on a method that scores 9,009 sites in the genome.
In a multiethnic study, individuals who fell in the top 3% of the risk percentile exhibited an increased risk of developing
hypercholesterolemia. Values within the top 3% of this polygenic risk score are associated with a 4.16 OR in populations of
European descent at a 95% CI [2.59-6.44], 3.16 OR in populations of African descent at a 95% CI [1.92-5.01], 4.02 OR in
populations of Hispanic/Latino descent at a 95% CI [2.72-5.83], and 3.75 OR in populations of Asian descent at a 95% CI
[3.15-4.42]. Information is insufficient or not available for populations of other descent. 

obesity polygenic risk status was determined based on a method that scores 1,217,710 sites in the genome. In a
multiethnic study, individuals who fell in the top 3% of the risk percentile exhibited an increased risk above baseline of
developing obesity. Values within the top 3% of this polygenic risk score are associated with a 4.08 OR in populations of
European descent at a 95% CI [3.02-5.52], 2.54 OR in populations of African descent at a 95% CI [1.66-3.98], 2.33 OR in
populations of Hispanic/Latino descent at a 95% CI [1.64-3.31], and 5.73 OR in populations of Asian descent at a 95% CI
[2.28-14.57]. Information is insufficient or not available for populations of other descent. 
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prostate cancer polygenic risk status was determined based on a method developed by Conti et al. (PMID: 33398198)
that scores 264 sites in the genome. In this multiethnic study of individuals of African, European, Asian, and Hispanic/Latino
descent, individuals who fell in the top 10% of the risk percentile exhibited an increased risk of developing prostate cancer.
Values within the top 10% of this polygenic risk score are associated with a 3.67 OR in populations of European descent at
a 95% CI [3.57-3.76] and a 2.95 OR in populations of African descent at a 95% CI [2.60-3.30]. Information is insufficient or
not available for populations of other descent. 

type 1 diabetes polygenic risk status was determined based on a method developed by Sharp et al. (PMID: 30655379)
that scores 71 sites in the genome. In a separate multiethnic study, individuals who fell in the top 3% of the risk percentile
exhibited an increased risk of developing type 1 diabetes. Values within the top 3% of this polygenic risk score are
associated with a 12.97 OR in populations of European descent at a 95% CI [7.29-20.40] and 20.45 OR in populations of
African descent at a 95% CI [10.77-38.83]. Information is insufficient or not available for populations of other descent. 

type 2 diabetes polygenic risk status was determined based on a method developed by Ge et al. (medRxiv
2021.09.11.21263413) that scores 1,259,754 sites in the genome. In a multiethnic study, individuals who fell in the top 2%
of the risk percentile exhibited an increased risk of developing type 2 diabetes. Values within the top 2% of this polygenic
risk score are associated with a 4.21 OR in populations of European descent at a 95% CI [3.66-4.84], 2.55 OR in populations
of African descent at a 95% CI [2.09-3.11], 4.58 OR in populations of Asian descent at a 95% CI [4.00-5.23], and 6.87 OR for
Hispanic/Latino populations at a 95% CI [3.11, 15.15]. Information is insufficient or not available for populations of other
descent. 

Regulatory Disclosures
This test was performed by the Clinical Research Sequencing Platform (CRSP), LLC. (320 Charles Street, Cambridge, MA
02141; CLIA: 22D2055652). CRSP, LLC. is authorized under the Clinical Laboratory Improvement Amendments (CLIA) to
develop and perform high complexity clinical laboratory testing. This test was developed and its performance
characteristics determined by CRSP, LLC. The U.S. Food and Drug Administration (FDA) has not approved or cleared this
test; however, FDA clearance or approval is not currently required for clinical use.
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