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Abstract

Objectives: To identify clinically actionable genetic variants from targeted sequencing of 68 

disease-related genes, estimate their penetrance, and assess the impact of disclosing results to 

participants and providers.

Patients and Methods: The Return of Actionable Variants Empirical (RAVE) Study 

investigates outcomes following the return of pathogenic/likely pathogenic (P/LP) variants in 68 

disease-related genes. The study was initiated in December 2016 and is ongoing. Targeted 

sequencing was performed in 2533 individuals with hyperlipidemia or colon polyps. The 

electronic health records (EHRs) of participants carrying P/LP variants in 36 cardiovascular 

disease (CVD) genes were manually reviewed to ascertain the presence of relevant traits. Clinical 

outcomes, health care utilization, family communication, and ethical and psychosocial 
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implications of disclosure of genomic results are being assessed by surveys, telephone interviews, 

and EHR review.

Results: Of 29,208 variants in the 68 genes, 1915 were rare (frequency <1%) and putatively 

functional, and 102 of these (60 in 36 CVD genes) were labeled P/LP based on the American 

College of Medical Genetics and Genomics framework. Manual review of the EHRs of 

participants (n=73 with P/LP variants in CVD genes) revealed that 33 had the expected trait(s); 

however, only 6 of 45 participants with non–familial hypercholesterolemia (FH) P/LP variants had 

the expected traits.

Conclusion: Expected traits were present in 13% of participants with P/LP variants in non-FH 

CVD genes, suggesting low penetrance; this estimate may change with additional testing 

performed as part of the clinical evaluation. Ongoing analyses of the RAVE Study will inform best 

practices for genomic medicine.

Although genome sequencing holds great promise for preventive and precision medicine, 

there are several barriers to its use in clinical practice, including difficulty in reliably 

identifying pathogenic/likely pathogenic (P/LP) variants, lack of estimates of penetrance of 

such variants, and the unclear consequences of disclosing these variants to patients and 

providers. To address these challenges we designed the Return of Actionable Variants 

Empirical (RAVE) Study as part of phase 3 of the electronic MEdical Records and 

GEnomics (eMERGE) network.1 We aimed to (1) identify P/LP variants in 68 disease-

related genes, (2) assess penetrance of P/LP variants, (3) develop methods for placing 

genomic results in the electronic health record (EHR) with linkage to clinical decision 

support (CDS),2 and (4) investigate whether disclosing clinically actionable findings from 

targeted sequencing of 68 disease-related genes leads to changes in medical decisions, health 

care utilization, psychosocial responses, and family communication about health and 

disease.

Participants were ascertained based on the presence of hypercholesterolemia or colon polyps 

to enrich for familial hypercholesterolemia (FH) and hereditary colorectal cancer (CRC; 

Lynch syndrome), 2 diseases labeled by the Office of Public Health Genomics, Centers for 

Disease Control and Prevention3 as tier 1 genomic applications due to the potential for 

positive effect on public health based on available evidence-based guidelines and 

recommendations.4 Familial hypercholesterolemia is the most commonly inherited cause of 

premature coronary heart disease, with an estimated 15 to 20 million prevalent cases around 

the world.5 Approximately 1 in 250 people in the United States, or an estimated 1.3 million, 

have FH due to a mutation in LDLR, APOB, or PCSK9.6,7 Unfortunately, FH remains 

significantly under-diagnosed even though effective treatment is available.5,8 Colorectal 

cancer is the third most common invasive cancer diagnosed in both men and women and the 

second leading cause of cancer-related deaths in the United States. The lifetime risk of CRC 

for Americans is approximately 5%, and the American Cancer Society projected 135,430 

new cases of hereditary CRC in the United States in 2017.9

Herein we describe the design and initial results of the RAVE Study. Participants were 

recruited from Mayo Clinic biobanks in Rochester, Minnesota, and Phoenix, Arizona. This 

report focuses on the protocol for the Rochester participants. The Phoenix participants 
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included Mexican Americans attending a Federally Qualified Health Center and study 

processes and timelines were tailored differently for that population.10

PARTICIPANTS AND METHODS

Overall Study Design

We recruited 3030 participants from Mayo Clinic biobanks in Rochester who had 

hypercholesterolemia, colon polyps, or both, thereby enriching for FH and monogenic 

causes of CRC (Figure 1). The DNA from 2538 samples was sent to Baylor College of 

Medicine Human Genome Sequencing Center (BCM-HGSC), a Central Laboratory 

Improvement Amendment–certified facility, for targeted sequencing using the eMERGEseq 

panel of 109 genes and 1706 single nucleotide variants (SNVs).11 The disease-related genes 

(n=68) included those on the American College of Medical Genetics and Genomics 

(ACMG)12 list as well as 14 additional genes deemed actionable by eMERGE investigators. 

Three genes associated with FH (LDLR, APOB, and PCSK9) and 10 with CRC (APC, 
BMPR1A, SMAD4, PMS2, MLH1, MSH2, MSH6, POLD1, POLE, and biallelic MUTYH 
variants) were on the eMERGEseq panel. Once sequencing data were available, actionable 

variants in cardiovascular disease (CVD) genes were identified as described later herein. In 

parallel, the BCM-HGSC laboratory independently identified actionable variants and issued 

clinical reports that were reviewed by a variant curation group at Mayo Clinic before 

disclosure to participants. We developed EHR-based CDS for actionable variants in FH/CRC 

genes to facilitate decision making at the point of care. Estimates of penetrance of the P/LP 

variants in CVD genes were based on information available in the EHR at the time of return 

of results. Subsequent participant outcomes, costs and utilization of health care resources, 

and behavioral and psychosocial outcomes are being assessed at several time points after 

disclosure of genetic results.

Participant Recruitment

Participants were selected from 2 biobanks at Mayo Clinic—the Mayo Clinic Biobank13 and 

the Vascular Diseases Biorepository14—based on the presence of hyperlipidemia or colon 

polyps in the EHR. We screened 51,525 Mayo Clinic Biobank and 10,000 Vascular Diseases 

Biorepository participants to identify individuals who met the following eligibility criteria: 

(1) residents of southeast Minnesota who were alive and aged 18 to 70 years; (2) low-density 

lipoprotein cholesterol (LDL-C) level greater than 155 mg/dL (to convert to mmol/L, 

multiply by 0.0259) (>116 mg/dL on lipid-lowering therapy) in the absence of a known 

cause of secondary hyperlipidemia, or the presence of colon polyps on colonoscopy; and (3) 

no cognitive impairment or dementia that would compromise ability to provide written 

informed consent. Recruitment was conducted in waves and used mailed recruitment packets 

consisting of a study brochure, a written informed consent form, a baseline psychosocial 

questionnaire, and a return postage-paid envelope.

Human Subjects Protection

This study was approved by the Mayo Clinic Institutional Review Board. The consent 

process incorporated input from the Community Advisory Board for the Mayo Clinic 

Biobank and was consistent with national standards and best practices. The membership of 
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the Community Advisory Board reflects the sociocultural characteristics of the Mayo Clinic 

Biobank population and provided early and regular feedback regarding Mayo Clinic 

Biobank procedures. Although consent was obtained via postal mail, counseling and 

telephone support was available to participants who had additional questions about the 

RAVE Study.15 Those who elected to participate returned the informed consent document 

with their signature and an accompanying questionnaire. To participate, individuals had to 

agree to receive primary findings (ie, those related to hypercholesterolemia or colon cancer 

risk) but could opt out of receiving secondary findings. Participants could withdraw from the 

study at any time before the disclosure of results. Once disclosed, results were also placed in 

the EHR. Additional details of informed consent are described elsewhere.1

Central Laboratory Improvement Amendment Sequencing and Genotyping

DNA was sent to the BCM-HGSC laboratory for targeted sequencing using the eMERGEseq 

panel. The 68 actionable genes and 14 actionable SNVs tested are listed in Supplemental 

Tables 1 and 2 (available online at http://www.mayoclinicproceedings.org) (Figure 2). The 

postcapture library DNA was subjected to sequence analysis using the HiSeq platform 

(Illumina Inc) for 100–base pair paired-end reads. The following quality control metrics of 

the sequencing data were generally achieved: greater than 70% of reads aligned to target, 

greater than 99% target bases covered at greater than 20×, greater than 98% target bases 

covered at greater than 40×, average coverage of target bases greater than 200×; single 

nucleotide polymorphism (SNP) concordance to SNPtrace genotype array greater than 99%. 

As a quality control measure, each individual’s DNA was also analyzed by an SNP array 

(SNPtrace panel; Fluidigm Corp).16 The SNP data were compared with the sequencing 

panel data to ensure correct sample identification and to assess sequencing quality. All genes 

had 100% of targeted bases sequenced to redundant coverage of 20 or greater with the 

following exceptions: APOB (99.39%), CAC-NA1B (97.55%), COL5A1 (98.03%), KCNQ1 
(97.02%), RYR1 (98.79%), and TGFBR1 (93.56%).

Variant Calling and Annotation—Data were analyzed by the Mercury 3.4 pipeline 

(Supplemental Material, available online at http://www.mayoclinicproceedings.org).17 The 

output data from HiSeq were converted from BCL files to FASTQ files by Illumina 

bcl2fastq software, version 1.8.3, and mapped to the hg19 human genome reference by the 

BWA program.18 The variant calls were performed using Atlas-SNP and Atlas-indel. 

Variants passing quality control (n=42,054) were mapped to gene loci using 

SeattleSeqAnnotation138. Using the latest guidelines from the ACMG, we binned variants 

into 5 categories: P, LP, variant of uncertain significance, likely benign, or benign.19,20 We 

used InterVar,21 a tool that assesses genetic variants based on 18 of 28 rules recommended 

by ACMG guidelines, and collected additional evidence from ClinVar,22 the Human Gene 

Mutation Database,23 the Genome Aggregation Database,24 and recent literature. We 

identified P/LP variants and variants of uncertain significance in the 68 actionable genes that 

had a frequency less than 0.01 and at least 2 pieces of evidence suggesting pathogenicity.

Return of Results

The BCM-HGSC laboratory independently reported P/LP variants in the 68 medically 

actionable genes and genotypes at 14 medically actionable SNVs (Supplemental Tables 1 
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and 2). For autosomal recessive disorders, only homozygous or biallelic variants were 

returned. Actionable variants were confirmed by Sanger sequencing by the laboratory. Each 

clinical report from the BCM-HGSC laboratory was reviewed by a multidisciplinary variant 

curation team at Mayo Clinic that included clinical molecular geneticists, a cardiovascular 

genomics expert, a genetic counselor, and a medical geneticist. The variant curation process 

included manual review of the EHR of participants with P/LP variants in CVD genes and 

review of the literature and relevant databases and data sources.

Participants with actionable variants in any of the 68 genes were sent a letter stating that 

results were available and that the participant should contact the RAVE Study team to 

schedule an appointment with the RAVE Study genetic counselor to discuss his or her 

sequencing results. A genetic counselor disclosed the results, assisted participants with 

interpreting and understanding their results, discussed potential implications for medical 

management and risks to family members, and arranged for referrals to an appropriate 

specialist or to medical genetics to facilitate further clinical management. If the participant 

was geographically distant, he/she was offered the opportunity to receive results from the 

genetic counselor over the telephone. With participant permission, genetic counselor 

encounters were videotaped for future qualitative analysis of the interaction. Before and after 

the genetic counseling appointment, participants were asked to complete surveys addressing 

intentions to share genetic information with family members. If a participant with an 

actionable variant did not respond after 3 contacts, the information was placed in the EHR 6 

months after the initial contact.

Participants without actionable variants were notified by postal mail and offered the 

opportunity to speak with a genetic counselor by telephone if they had questions. Results 

were placed in the EHR, and an electronic alert was sent to the primary care provider. In 

addition to the genetic counselor support line specifically set up for this study, investigators 

were available to answer any questions that primary care providers may have about 

sequencing results.

Penetrance

We assessed the penetrance of P/LP variants by EHR review. For this report we limited the 

estimates of prevalence to P/LP variants in genes associated with cardiovascular phenotypes. 

In addition, we reviewed the EHRs of participants with actionable genotypes at SNV sites. 

Trained abstractors reviewed EHRs of carriers of P/LP variants/actionable genotypes for the 

presence of expected traits.

EHR Integration and CDS

Results from the BCM-HGSC laboratory were transferred to DNAnexus, a secure cloud-

based platform (DNAnexus Inc). Two different formats of each report were provided: first, a 

PDF file that was scanned into the EHR, and second, structured data necessary to integrate 

CDS into the clinical workflow. The structured format included discrete results and 

associated variant interpretations and used an Extensible Markup Language (XML) schema 

developed by the eMERGE network and based on the HL7 version 2 (Health Level Seven 

International) genetic test results standard.25 After disclosure, PDF reports were scanned 
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into the EHR and a results letter, generated from the structured data, was sent to primary 

care providers via the EHR inbox. Summary results were placed in patient portals, and 

participants were encouraged to share results with at-risk family members. To increase 

awareness of the availability of genomic test results in the EHR and to assist primary care 

providers in interpreting the results, we developed CDS for actionable variants in FH and 

CRC genes. The CDS included links to relevant educational content about actionable 

variants, including evidence-based guidelines for additional diagnostic interventions and 

treatment (Ask-MayoExpert) recommendations.

Outcomes

The RAVE Study is examining 3 types of outcomes consequent to return of genomic results 

(Tables 1 and 2): (1) clinical outcomes, health care utilization, and cascade screening in 

family members; (2) psychosocial outcomes, and (3) sharing of genetic results with family 

members.

Clinical Outcomes and Health Care Utilization.—The EHR is periodically reviewed 

after disclosure of results to assess whether the disclosure led to initiation of medical therapy 

or ordering of additional tests. Process outcomes associated with the placement of actionable 

variants in the EHR (Table 1), including new diagnoses, initiation of statins, stress testing, 

colonoscopy, etc, and potential costs associated with tests and therapies are assessed. 

Outcomes of family communication, including the number of family members informed, 

their pursuit of genetic testing, and the broader impact of results sharing on family 

relationships, are examined. We initiated familial case finding for individuals with 

actionable variants in FH genes and assessed effectiveness using defined outcomes (eg, 

number of relatives contacted, number of relatives tested, number of cases identified).

Psychosocial Outcomes.—Participants with clinically actionable variants completed 

questionnaires immediately before and after receiving genetic results and 6 months after the 

genetic counseling session. Questionnaires include psychosocial measures of perceived 

benefits and harms as they relate to sharing genetic results with family members, perceived 

social support, and emotional experiences related to learning genetic results (Table 2). 

Participants without any actionable variants were asked to complete a post-results 

questionnaire assessing their understanding of the results they received and their overall 

experiences with genetic testing. In-depth interviews were conducted in a subgroup of 100 

such participants.

Familial Sharing.—We assessed whether, how, when, and why individuals shared the 

results of genomic testing with family members, as well as the impact of their sharing 

genomic risk information.34 We also assessed participants’ intentions to share genomic 

results with family or others both before and after receiving actionable genomic results.32 As 

part of the post-results survey, variables such as perceived vulnerability and receptivity of 

family members were measured because these will likely inform choices regarding the 

sharing of results and with whom. We evaluated motivations for sharing or not sharing 

results,35 the content of what was shared, and the method of communication used.
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Data Management and Statistical Methods

All study data were placed in REDCap (Research Electronic Data Capture)36 and exported 

to an SAS database (SAS Institute Inc) for analyses. Questionnaire data were processed by 

Mayo Clinic’s Survey Research Center using standardized tracking protocols and double 

data entry procedures. Usual initial evaluations of the data included general inspection of the 

raw data, plots of summary scores, examination of outliers and group distributions, and 

evaluation of missing data. The frequencies (percentages) of categorical factors were 

compared using either the χ2 test or the Fisher exact test.

RESULTS

Of 51,525 individuals enrolled in the Mayo Clinic BioBank and 10,000 in the Vascular 

Diseases Biorepository, 5270 (8.6%) met the eligibility criteria for the study and were 

invited to participate (Figure 1). The mean age of the source population was 57 years, and 

2898 (55%) were women. We received signed informed consent from 3030 participants 

(57.5%), of whom 198 (6.5%) were from the Mayo Vascular Diseases Biorepository. 

However, only 2538 of these individuals (83.8%) underwent sequencing due to prespecified 

limitations on the number of participants who could undergo sequencing. Participants were 

prioritized for sequencing based on their LDL-C levels and presence of colon polyps. Three 

samples could not be sequenced because of low DNA concentration, and 2 participants 

withdrew from the study after their DNA was sequenced. The characteristics of the 2533 

RAVE Study participants with sequencing data are presented in Table 3. Of participants with 

hypercholesterolemia, 640 (25.3%) had LDL-C levels greater than or equal to 190 mg/dL (or 

>142 mg/dL on a statin).

Variant Annotation

Of 29,208 variants in the 68 genes, 1915 were rare (frequency <1%) and putatively 

functional, and of these, 102 (60 in 36 CVD genes) were labeled P/LP based on the ACMG 

framework. We identified P/LP variants in 4.0% of participants using the framework 

described in the “Participants and Methods” section. In total there were 60 P/LP variants in 

CVD genes, 32 in cancer genes, and 10 related to additional traits (Supplemental Table 1). 

Three actionable genotypes at the 14 SNVs were identified in 22 patients (Supplemental 

Table 2).

Penetrance of P/LP Variants/Actionable Genotypes in CVD Genes

Nearly half of the participants (45.2%) with P/LP variants or actionable genotypes related to 

CVD had the expected traits in the EHR (Tables 4 and 5). This number was inflated by the 

high penetrance of P/LP variants in FH genes. Half of the P/LP variant carriers in FH genes 

had a Dutch Lipid Clinic Network score of at least 6 (commonly used threshold to define the 

FH phenotype),37 but nearly all had an LDL-C level greater than 190 mg/dL. The penetrance 

of the non-FH CVD gene variants was low at 13%. Only 18% of the participants who carried 

P/LP variants for diabetes (HNFIA, HNFIB) and 25% of those with long QT syndrome 

variants (SCN5A, KCNQ1, KCNH2) expressed related traits; 1 in 8 participants with P/LP 

variants for arterial aneurysmal disease and 1 in 9 participants with P/LP variants for 

hypertrophic cardiomyopathy had the expected traits. However, an electrocardiography 
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report was not available in the EHR for 1 patient with a P/LP variant in arrhythmia genes, 

and an echocardiogram report was not available in 44% of the participants who had P/LP 

variants in cardiomyopathy genes. History of venous thromboembolism was noted in 1 of 5 

participants homozygous for the factor V Leiden variant. Relevant traits were present in 

nearly one-third of participants homozygous for the c.845G>A variant in HFE that is 

associated with hemochromatosis (Table 5).

DISCUSSION

As institutions prepare to implement genomic medicine, persistent challenges relate to a lack 

of knowledge about (1) how to assign pathogenicity to rare putatively functional variants 

identified in individuals not preselected for a phenotype, ie, the interpretive gap; (2) 

penetrance of P/LP variants in disease-related genes; (3) how best to integrate genomic 

sequencing results into the EHR with linkage to CDS; (4) the consequences of disclosing 

actionable results from genome sequencing on health care utilization and cost; (5) the 

psychosocial impact of returning genome sequencing results; and (6) best practices for 

promoting the sharing of results with at-risk family members. The goal of the RAVE Study 

is to attempt to address these gaps in knowledge and thereby facilitate implementation of 

genomic medicine.

We used a framework based on ACMG guidelines to identify P/LP variants. The prevalence 

(4.0%) of P/LP variants in the RAVE Study cohort was somewhat higher than the 1% to 

3.4% prevalence reported in other genome sequencing studies.38–40 This finding is likely 

due to ascertainment of participants based on hyperlipidemia and colon polyps. When we 

used “expected” prevalence of FH and Lynch syndromes, the proportion with P/LP variants 

dropped to 3.2%. Because the sequencing laboratory independently identified P/LP variants, 

we will be able to compare interpretations and provide insights into any discordance in 

variant stratification. We will deposit variant/phenotype associations relevant to the 

eMERGEseq panel in ClinVar,41 an important public repository of variant annotations. Such 

data from the other genomic medicine projects being conducted across the eMERGE 

network, most of which included participants who did not have an indication for testing, will 

contribute to efforts aimed at closing the interpretive gap.42,43

Variants predicted to disrupt the function of critical genes seem to be more common than the 

diseases with which they are associated. In the RAVE Study cohort, we detected 102 P/LP 

variants that could have phenotypic consequences and assessed penetrance of 60 P/LP 

variants in CVD genes. Reliable information on the penetrance of P/LP variants is necessary 

to guide patients, their families, and their clinicians on the actions to be taken once these are 

detected. Linking genome sequence data to the broad range of phenotypes in the EHR is one 

approach to obtain insights into the penetrance and expression of presumed P/LP genetic 

variants, with the caveat that absence of clinical features that are associated with a particular 

P/LP variant may be due to truly reduced penetrance or absence of complete phenotyping, 

eg, lack of electrocardiograms or echocardiograms. Although expected traits were present in 

45% of participants with P/LP variants, this proportion was inflated by the high penetrance 

of P/LP variants in FH genes. The penetrance of P/LP variants in non-FH genes was low at 

13%.
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An important goal of the RAVE Study is to integrate genomic sequence results into the EHR 

with linkage to CDS, thereby facilitating delivery of relevant information to clinicians at the 

point of care. Availability of actionable genomic results in the EHR triggers an inbox 

message with specific recommendations for use of the results in further evaluation, 

diagnosis, and treatment. Such CDS also helps clinicians answer questions patients may 

have and facilitates ongoing care of patients with actionable genomic data. These CDS 

interventions are being developed, implemented, and monitored by a multidisciplinary group 

of experts that includes clinicians, informaticians, and information technology experts with 

extensive knowledge of CDS integration.

After actionable RAVE Study results are returned to participants, additional testing is likely 

to be performed in the clinical setting for further evaluation and management. Analyzing 

these outcomes will provide insights into health care utilization and potential costs after 

disclosure of genome sequence results to individuals and their care providers. Such 

information is important for the eventual incorporation of genome sequencing into clinical 

practice, particularly to inform payers. In addition to medical outcomes, the potential 

positive and negative impact of disclosure of genetic risk on participants is being assessed. 

We included measures to better understand ways in which disclosure of genetic testing 

results affects the individual participants. We assessed participants’ understanding of 

genomic results and their views about placing genomic data in the EHR. In addition, we 

assessed perception of genetic risk and perceived value of genetic risk information. By 

examining these psychosocial outcomes over an extended timeframe, we will obtain critical 

perspectives on the delivery and receipt of genetic risk information in real-world settings 

that anticipate greater application of genomic testing in the future.

It is important to know whether clinically actionable findings relevant to FH and other 

monogenic disorders are shared with others, particularly family members. A unique aspect 

of the RAVE Study is that family members of probands with FH are directly contacted with 

permission from the study participant who provides the study team with contact information 

of first-degree biological relatives. For other actionable variants, probands are encouraged by 

the genetic counselor to inform at-risk family members.

CONCLUSION

We describe the design and initial results for the RAVE Study, which identified actionable 

genomic variants from targeted sequencing of 68 disease-related genes and 14 SNVs in 

4.0% of the study cohort. There were 60 P/LP variants in CVD-related genes carried by 73 

participants, and review of the EHR found expected traits in 45.2% of P/LP variant carriers. 

However, this proportion was inflated by the high penetrance of P/LP variants in FH genes 

as the penetrance of P/LP variants in non-FH genes was low at 13%. Additional work is 

needed to determine how much of this is due to incomplete phenotype data vs truly reduced 

penetrance. This ongoing study will inform best practices for implementing genomic 

sequencing in the clinical setting.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SNP single nucleotide polymorphism

SNV single nucleotide variant
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FIGURE 1. 
Participant recruitment for the Return of Actionable Variants Empirical Study in Rochester, 

Minnesota. LDL-C = low-density lipoprotein cholesterol. To convert LDL-C values to 

mmol/L, multiply by 0.0259; triglyceride values to mmol/L, multiply by 0.0113.

Kullo et al. Page 13

Mayo Clin Proc. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Selection of actionable genes and single nucleotide variants (SNVs). ACMG = American 

College of Medical Genetics and Genomics; eMERGE = electronic MEdical Records and 

GEnomics.
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TABLE 2.

Psychosocial Domains and Measures Assessed

Domain All pretest (n=2895)

Participants receiving results in person

At ROR appointment (n ≈ 150) 6 mo post-ROR (n ≈ 150)

Demographic characteristics ●

Self-reported health status26 ●

Previous experience with genetics ●

Decisional conflict27 ●

Health locus of control28 ●

Expectations about results ●

Self-efficacy in coping with results ●

Concerns about results ●

Knowledge about genetic sequencing29 ●

Orientation toward genomics ●

Intent to share ● ● ●

Sharing behavior ● ●

Health expressiveness in families30,31 ●

Perceived social support32 ●

Consequences of sharing ●

Sharing content ●

Sharing barriers, facilitators ●

Decisional regret33 ●

ROR = return of results.
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TABLE 3.

Demographic and Clinical Characteristics of the 2533 Study Participants
a,b

Characteristic Value

Age (y), mean ± SD 62.2±7.7

Female sex (No. [%]) 1453 (57.4)

White race (No. [%]) 2465 (97.3)

Body mass index, mean ± SD 30.3±5.9

Electrocardiogram (No. [%]) 2304 (91.0)

Echocardiogram (No. [%]) 1092 (43.1)

Lipid profiles

 Median LDL-C (mg/dL), mean ± SD 166.8±39.3

 Maximum LDL-C (mg/dL) , mean ± SD 170.3±41.0

 Triglycerides (mg/dL), mean ± SD 263.9±265.7

 Statin use (No. [%]) 125 (4.9)

 Maximum LDL-C ≥155 mg/dL (No. [%]) 1752 (69.4)

 Maximum LDL-C ≥190 mg/dL (No. [%]) 640 (25.2)

 Maximum triglyceride level > 150 mg/dL (No. [%]) 1856 (73.3)

 Maximum triglyceride level >500 mg/dL (No. [%]) 198 (7.8)

Primary indication for testing

 Hyperlipidemia (No. [%]) 1351 (53.3)

 Colon polyp (No. [%]) 599 (23.6)

 Colon polyp + hyperlipidemia (No. [%]) 583 (23.0)

a
LDL-C = low-density lipoprotein cholesterol (in participants who were taking statins, the LDL-C level was imputed).

b
SI conversion factors: To convert LDL-C values to mmol/L, multiply by 0.0259; to convert triglyceride values to mmol/L, multiply by 0.0113.
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