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Most “Pathogenic” Genetic Variants Have a Low Risk of Causing Disease
Results of large biobank study by Mount Sinai researchers may help doctors better
assess true disease risk
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disease is relatively low - about 7 percent.

Nonetheless, they also found that some variants, such as those associated with breast cancer, are
linked to a wide range of risks for disease. The results, published in JAMA, could alter the way
the risks associated with these variants are reported, and one day, help guide the way physicians
interpret genetic testing results.

“A major goal of this study was to produce helpful, advanced statistics which quantitatively
assess the impact that known disease-causing genetic variants may have on an individual’s risk
to disease,” said Ron Do, PhD, Associate Professor of Genetics and Genomic Sciences and a
member of The Charles Bronfman Institute for Personalized Medicine at Icahn Mount Sinai.

Over the past 20 years scientists have discovered hundreds of thousands of variants that could
cause a variety of diseases. However, due to the nature of these discoveries, it has been difficult
to estimate - or provide statistics on - the true risk of this happening for each gene variant. So far,



most estimates have been based on studies involving a small number of subjects, who were either
part of a family that had a history of having a disease or were recruited at disease-specific clinics.
But studies like these that do not use randomly chosen large populations may produce
overestimates of the risk posed by variants.

In this study, the researchers tackled the issue by searching large-scale DNA sequencing data of
72,434 individuals for 37,780 known variants and then scanning each individual’s health records
for a corresponding disease diagnosis. The extensive search involved 29,039 participants in
Mount Sinai’s BioMe® Biobank program and 43,395 participants who were part of the UK
Biobank.

The study was led by lain S. Forrest, an MD-PhD candidate in Dr. Do’s lab who found
inspiration from prior clinical experience he had as part of a postbaccalaureate fellowship at the
National Institutes of Health (NIH).

“The idea for the study came out of a brainstorming session,” said Mr. Forrest. “Dr. Do and I
discussed the need to have a better system for classifying disease risk. Currently, variants are
categorized by broad labels such as ‘pathogenic’ or ‘benign.” As I learned in the clinic, there’s a
lot of grey area with these labels. That’s when we realized that the biobanks which link DNA
sequence data to electronic health records are an unparalleled opportunity to address this need.”

Initial results showed that 157 diseases in their data set could be linked to 5,360 variants that
were defined as either “pathogenic” by ClinVar, a widely referenced, NIH-supported public
library, or “loss-of-function” as predicted by bioinformatic algorithms. On average, the
“penetrance,” or chance that a variant was linked to a disease diagnosis, was low, specifically 6.9
percent. Likewise, the average risk difference, which describes the increase in disease risk for an
individual who has the variant over an individual who does not have it, was also low.

“At first [ was quite surprised by the results. The risks we discovered were lower than |
expected,” said Dr. Do. “These results raise questions about how we should be classifying the
risks of these variants.”

Despite these results, the risks associated with some genetic variants remained high. For
instance, pathogenic variants of the breast cancer genes BRCA and BRCA?2 both averaged 38
percent penetrance, with individual variants falling between zero and 100 percent.

Further results demonstrated other advantages of using biobank data. In one example, the
researchers were able to calculate the risks of individual variants that are associated with age-
related disorders, such as some forms of type 2 diabetes and breast and prostate cancers. On
average, the penetrance of these variants was about 10 percent for individuals over 70 years of
age whereas it was about 8 percent for those who were older than 20.

The team also found that the presence of some variants could depend on an individual’s ethnicity
and identified more than 100 variants that are specifically found in individuals of non-European
descent.



Finally, the authors listed several potential ways the study itself could have under- or
overestimated the risks reported.

“While more research is needed to be done, we feel that this study is a good first step towards
eventually providing doctors and patients with the accurate and nuanced information they need
to make more precise diagnoses,” said Dr. Do.

This work was supported by the National Institutes of Health (GM 124836, GM007280,
HL139865, and HL155915).
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About the Mount Sinai Health System

The Mount Sinai Health System is New York City's largest academic medical system,
encompassing eight hospitals, a leading medical school, and a vast network of ambulatory
practices throughout the greater New York region. Mount Sinai advances medicine and health
through unrivaled education and translational research and discovery to deliver care that is the
safest, highest-quality, most accessible and equitable, and the best value of any health system in
the nation. The Health System includes approximately 7,300 primary and specialty care
physicians; 13 joint-venture ambulatory surgery centers; more than 415 ambulatory practices
throughout the five boroughs of New York City, Westchester, Long Island, and Florida; and
more than 30 affiliated community health centers. The Mount Sinai Hospital is ranked on U.S.
News & World Report's "Honor Roll" of the top 20 U.S. hospitals and is top in the nation by
specialty: No. 1 in Geriatrics and top 20 in Cardiology/Heart Surgery, Diabetes/Endocrinology,
Gastroenterology/GI Surgery, Neurology/Neurosurgery, Orthopedics, Pulmonology/Lung
Surgery, Rehabilitation, and Urology. New York Eye and Ear Infirmary of Mount Sinai is ranked
No. 12 in Ophthalmology. Mount Sinai Kravis Children's Hospital is ranked in U.S. News &
World Report’s “Best Children’s Hospitals” among the country’s best in four out of 10 pediatric
specialties. The Icahn School of Medicine is one of three medical schools that have earned
distinction by multiple indicators: ranked in the top 20 by U.S. News & World Report's "Best
Medical Schools," aligned with a U.S. News & World Report "Honor Roll" Hospital, and No. 14
in the nation for National Institutes of Health funding. Newsweek’s “The World’s Best Smart
Hospitals” ranks The Mount Sinai Hospital as No. 1 in New York and in the top five globally,
and Mount Sinai Morningside in the top 20 globally.

For more information, visit https://www.mountsinai.org or find Mount Sinai
on Facebook, Twitter and YouTube.
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