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Introduction: As gene identification efforts have advanced in psychiatry, so have aspirations to use genome-wide polygenic information for prevention and intervention. Although polygenic risk scores (PRS) for substance use and psychiatric outcomes are not yet available in clinical settings, individuals can access their PRS through online direct-to-consumer resources. One of these widely used websites reports that alcohol use disorder is the third most requested PRS out of >1,000 conditions. However, data indicate that there are misunderstandings about complex genetic concepts, with a lower understanding of PRS being associated with a more negative impact of receiving polygenic risk information. There is a need to develop and evaluate educational tools to increase understanding of PRS.

Methods: We conducted a randomized controlled trial to evaluate the impact of web-based educational information on understanding of PRS for alcohol use disorder. A total of 325 college students (70.4% female; 43.6% White; mean age = 18.9 years) from an urban, diverse university completed the study.

Results: Overall, participants were highly satisfied with the educational information. Results from a one-way ANOVA indicated that there was a significant increase in overall understanding of PRS for alcohol use disorder (p-value < 0.001), among individuals who received educational information about PRS and alcohol use disorder, as compared to receiving no accompanying information (adj. p-value < 0.001), or educational information about alcohol use disorder only (adj. p-value < 0.001).

Discussion: These findings suggest that the web-based educational tool could be provided alongside polygenic risk information in order to enhance understanding and interpretation of the information.

Clinical trial registration: [ClinicalTrials.gov], identifier [NCT05143073].
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Introduction

The basis of precision medicine is to use an individual’s personal genetic information, along with lifestyle information and personal medical history, to make more effective clinical decisions regarding health outcomes (1). For many common complex health outcomes, including psychiatric conditions, an individuals’ genetic liability is calculated using estimates from genome-wide association studies (GWAS), with risk estimates provided in the form of polygenic risk scores (PRS) which sum information about risk-enhancing variants detected across the genome (2).

Providing genetic risk information in the form of a PRS is quite different from genetic feedback that has typically been provided in medicine. Historically, genetic testing has focused on single gene disorders, with results indicating either the presence or absence of a disease-causing variant. These genetic testing results have traditionally been presented in clinical settings by health care professionals such as genetic counselors, who are trained to educate people about the inheritance of genetic conditions and communicate genetic test results (3). However, there are limited numbers of genetic counselors (4) and PRS are most commonly accessed through online direct-to-consumer (DTC) websites, not in a clinical setting (5, 6).

Although PRS are not yet commonly used in clinical settings, they are already available through free, online resources. There has been an exponential increase in the provision of DTC genetic information, with more than 26 million individuals having participated in DTC genetic testing by 2019 (7). Public websites allow individuals to upload raw genetic data obtained from DTC genetic testing companies to compute PRS for a variety of health conditions, including cancer, coronary artery disease, and psychiatric conditions (6). User data from one of these websites illustrates a parallel exponential increase in individuals accessing PRS over the last several years, with the third most frequently accessed PRS being for alcohol dependence (6). Additionally, a recent study found that 80–90% of young adults were interested in receiving their genetic feedback for alcohol use disorder, depression, and anxiety (8).

However, there are concerns about how individuals will understand and interpret PRS for complex health outcomes. PRS represent complex genetic risk information and their interpretation is further complicated by logistical constraints surrounding the calculation of genetic liability in the form of PRS (9, 10). PRS currently only capture a small amount of the variance in a trait which limits their predictive ability (9). Additionally, GWAS are primarily conducted in samples of European ancestry which limits the utility of PRS in diverse populations because PRS based on samples of European ancestries predict poorly in samples of non-European ancestries (9). Many people may not be aware of these issues and limitations when receiving and interpreting PRS information. These complexities may require individuals to have greater genetic and statistical knowledge to understand PRS information as compared to what is needed to understand genetic test results for a single gene disorder.

Indeed, there is evidence of substantial misunderstandings about the contribution of genetic and environmental factors to complex conditions (8, 11, 12), which may impact one’s ability to accurately interpret complex genetic feedback. For example, one study found that 25% of young adults did not know whether substance use and psychiatric conditions were influenced by only one gene or many different genes (8). Results of a recent study showed that 74.4% of the individuals who accessed PRS through a DTC website incorrectly answered at least one of the questions that assessed understanding and interpretation of PRS (13). Concerningly, the individuals who had a lower understanding of PRS had a more negative psychological reaction to receiving their PRS (13).

Given the misunderstandings related to complex genetic concepts and the increasing access to PRS via public resources, there is an urgent need to design and evaluate educational materials that can be used to help individuals understand and interpret their PRS information. One of the first efforts in this area has been led by a team of geneticists, clinicians, data visualization specialists, and software developers at the Broad Institute (14). They created a mock PRS report for cardiovascular disease with educational information about PRS, cardiovascular disease, and ways to reduce disease risk. User feedback (n = 10) suggested that the use of color, simple graphics, and percentiles helped with PRS interpretation, but the use of static reports were not ideal for disclosure and education of complex genetic results. The team adapted the mock report to create a user-centered, dynamic narrative visualization tool composed of animated graphics aided by simple, repetitive text to help communicate information about PRS and personalized medicine (14). In the present study, we adapted the visualization tool to include additional text and graphics that communicate information about alcohol use disorder since alcohol use disorder is one of the most accessed PRS through DTC resources (6). More importantly, alcohol use disorder is influenced by both genetic factors and environmental factors and there are actionable ways to reduce one’s risk for developing alcohol use disorder through behavior, such as reducing or eliminating alcohol consumption. This uniquely positions alcohol use disorder as a starting phenotype as researchers begin to explore the feasibility and appropriateness of returning PRS for substance use and psychiatric outcomes.

The primary goal of the present study was to adapt the web-based educational tool from Brockman et al. (14) for alcohol use disorder and use a randomized controlled trial to evaluate the impact of the tool on understanding of PRS for alcohol use disorder in a sample of emerging adults. We recruited a sample of college students to participate in the randomized controlled trial because emerging adulthood is a critical period for the onset of problematic alcohol use behavior (15), with college students engaging in high rates of risky drinking behavior and typically using more alcohol than their non-college attending peers (16). The randomized controlled trial consisted of three conditions: (1) A control condition in which participants only received a survey assessment, (2) an intervention condition in which participants received general information about alcohol use disorder, and (3) an intervention condition in which participants received information about PRS and alcohol use disorder. We evaluated the efficacy of the educational information by assessing participants’ understanding of PRS for alcohol use disorder across the three conditions. We hypothesized that receiving information about PRS and alcohol use disorder would result in greater understanding of PRS for alcohol use disorder compared to both the control condition and intervention condition in which participants received information only about alcohol use disorder. Additionally, we assessed satisfaction with the educational information and whether the effect of the intervention varied across participants’ demographic characteristics.



Materials and methods


Participants and recruitment

Participants for the study were recruited through Psychology’s SONA (PsychSONA) system at an urban, public university during the fall 2021 semester. PsychSONA is a cloud-based participation and experiment management software that allows researchers to schedule both online and lab studies, recruit participants, monitor participants’ study related activities, and grant study completion credit. Undergraduate students aged 18 years or older had the option of signing up for the study through PsychSONA. The study was described as an hour-long study in which participants could complete an online survey and learn more about alcohol use disorder and genetic risk. Participants were randomly assigned to one of three conditions: (1) A control condition in which participants received only the survey assessment, (2) an intervention condition in which participants received general information about alcohol use disorder, and (3) an intervention condition in which participants received general information about alcohol use disorder and information about PRS. Participants were emailed a unique study link to a REDCap survey which provided additional information about the study and a consent form. Following consent, participants were directed to initial survey items that assessed demographic information, personality, and current alcohol use. Depending on which condition the participants were assigned to, participants were either directed to (1) the remaining survey items, (2) a website that provided educational information about alcohol use disorder and ways to reduce risk, or (3) a website that provided educational information about PRS, alcohol use disorder, and ways to reduce risk. At the bottom of the website, participants were instructed to click a link in order to be redirected back to the survey. The remaining survey items assessed understanding and interpretation of PRS for alcohol use disorder through the use of hypothetical PRS scenarios. Participants within each condition of the randomized controlled trial were randomly assigned to receive the PRS scenarios in one of two different orders: (1) Below-average PRS, average PRS, above-average PRS or (2) above-average PRS, average PRS, below-average PRS. Approximately 50% of the participants in each condition received the scenarios in the first order and 50% received the scenarios in the second order. The additional randomization ensured that there were no order effects associated with the presentation of the various levels of genetic risk in the scenarios. A flow chart of the study design can be visualized in Supplementary Figure 1. After completion of the study, the research coordinator granted one credit to each participant through the PsychSONA system. All data was collected through REDCap (17). All procedures were approved by the University’s Institutional Review Board.



Educational information

The educational information evaluated in this study was adapted from the coronary artery disease PRS dynamic explainer that was designed and developed by a team of geneticists, clinicians, software developers, and data visualization experts as a collaboration between the Broad Institute’s Cardiovascular Disease Initiative, IBM Research, and Massachusetts General Hospital (14). The original content was developed to help educate users about PRS and ways to reduce risk for cardiovascular disease using both text and visual aids. The website URL for the original PRS dynamic explainer can be found in the footnote1. The development of this PRS dynamic explainer was informed by interview feedback on mock PRS reports. Scroll-based techniques were used to introduce concepts in manageable chunks, step-by-step, with corresponding graphics that animate as the user scrolls, allowing users to control the pace of information they receive and create a clear connection between the textual explanation and graphical representation of each concept. Short sentences that use simple wording and repetitive phrases were used throughout the site to enhance comprehension. Color coding was used as the key element to communicate different levels of genetic risk with teal indicating lower genetic risk, gray indicating average genetic risk, and red indicating higher genetic risk (14). These colors were used to highlight key terms throughout the written narrative and to encode the risk information in the corresponding graphics and labels, in order to establish a continuum between the written explanation and visual representation of each concept. The educational information in the present study was adapted from the original site to focus on alcohol use disorder rather than coronary artery disease. See Supplementary Figures 2–5 for more details about the educational information.


Intervention condition 1 (AUD Edu)

The information provided to participants in the AUD Edu condition was related to alcohol use disorder, including a definition, prevalence, consequences, risk factors, and risk-reducing strategies. The content was developed based on educational information available through public websites, including the National Institute of Alcohol Abuse and Alcoholism, Mayo Clinic, and the National Survey on Drug Use and Health. Simple graphics were designed to easily communicate risk-reducing strategies, such as measuring drinks, finding alternative activities, and avoiding places that trigger drinking.



Intervention condition 2 (PRS + AUD Edu)

The information provided to participants in the PRS + AUD Edu condition explained PRS by discussing genetic variation, risk variants, how PRS are calculated, and how they can be interpreted. The participants also received the same information as the AUD Edu condition that related to alcohol use disorder, including a definition, prevalence, consequences, risk factors, and risk-reducing strategies.



Control condition

Participants in the control condition did not receive an educational intervention prior to completing the study.




Measures


Time spent accessing educational information

For participants in the AUD Edu condition and PRS + AUD Edu condition, time spent accessing the website which contained the educational information was calculated using timestamps recorded through REDCap. The first timestamp was recorded when participants were presented with the link to the educational information and the second timestamp was recorded when participants clicked the link at the end of the website containing the educational information and returned to the survey. The time between these two time points was calculated in order to best estimate how long participants spent accessing the educational information presented to them.



Satisfaction with the educational materials

Satisfaction was assessed using a series of items directly related to the presentation of information and content provided. Example items included “The animation helped explain concepts,” “I learned new information about alcohol use disorder as part of this program,” and “The pacing of the information was manageable.” These items were rated on a five-point scale from strongly disagree to strongly agree. Participants were also asked to rate how useful and satisfied they were with the different sections of the educational material on a five-point scale.



Understanding of polygenic risk scores

The items used to assess understanding of PRS for alcohol use disorder were adapted from items used in Peck et al. (13). Two items were used to assess general understanding of PRS with response options of “true,” “false,” and “don’t know.” An example item was “A genetic risk score includes only some of the genetic factors that can contribute to risk for the condition.” Additionally, 12 items were used to assess understanding of different levels of PRS for alcohol use disorder. Participants were asked to imagine that they received each PRS for alcohol use disorder (below-average, average, and above-average) and respond to a series of questions. Below-average risk was indicated using a graph in which the PRS was in the 30th percentile, average risk was indicated using a graph in which the PRS was in the 50th percentile, and above-average risk was indicated using a graph in which the PRS was in the 75th percentile. See Supplementary Figure 6 for additional details regarding the display of hypothetical PRS. Example items for the below-average PRS scenario included “You will definitely develop alcohol use disorder” and “You have a lower chance than the average person to develop alcohol use disorder.” Response options included “agree,” “disagree,” and “don’t know.” The 14 items were scored as either correct or incorrect, with “don’t know” also being scored as incorrect, to create an overall sum score (range 0–14). Separate scores were calculated for understanding of each hypothetical PRS (range 0–4).



Drinking status

Drinking status was measured using the frequency item from the Alcohol Use Disorder Identification Test (AUDIT) (18). A total of 34.8% of the full sample “never” used alcohol, 27.4% used alcohol “monthly or less,” 23.4% used alcohol “2 to 4 times a month,” 10.5% used alcohol “2 to 3 times a week,” 1.5% used alcohol “4 or more times a week,” and 2.5% chose not to answer. In view of the distribution, participants who responded “never” to the alcohol frequency item were coded as 0 to indicate that they had not previously used alcohol and participants who responded at least “monthly or less” were coded as 1 to indicate that they had previously used alcohol.



Personal history of alcohol problems

Personal history of having an alcohol use disorder was assessed using the question “Have you ever been diagnosed with an alcohol use disorder by a healthcare professional?” Response options were “yes,” “no,” and “don’t know.”



Family history of alcohol problems

Participants answered separate questions about alcohol problems for four types of biological relatives: Mother, father, aunts/uncles/grandparents, and siblings (19). An example question was: “Do you think your biological mother has ever had a drinking problem? (By drinking problem we mean that her drinking caused problems at home, at work, with her health, or with the police, or that she received alcohol treatment.).” The questions were repeated for each type of relative. Response options for each question were “yes,” “no,” and “I don’t know.” Family history items related to alcohol problems were combined into an overall binary variable to indicate whether or not the participant had any first- or second-degree relatives with a history of alcohol problems.



Personality

Six items from the Big Five Inventory (BFI) (20) were included to assess extraversion and neuroticism. Three items from the short UPPS-P Impulsive Behavior Scale (SUPPS-P) (21) were included to assess sensation seeking. Items were coded according to the scoring guidelines of the BFI and SUPPS-P and averaged to create an overall score for each personality dimension (extraversion, neuroticism, and sensation seeking).



Demographic variables

Sex assigned at birth, race/ethnicity, and age were the primary demographic variables included in the analyses. A detailed breakdown of race/ethnicity is reported in Table 1. Because approximately half of the sample self-identified as White (43.6%), race/ethnicity was coded as a binary variable. Individuals who self-identified as White were coded as 0, and individuals who self-identified as Asian, Black/African American, Hispanic/Latino, American Indian/Alaska Native, Native Hawaiian/Pacific Islander, or more than one race were coded as 1.


TABLE 1    Demographic characteristics for participants in each condition of the randomized controlled trial and for the total sample.
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Analyses

Descriptive analyses were used to describe demographic information for each condition and for the full sample. ANOVA methods and chi-squared tests were used to ensure that randomization was successful across the three conditions of the randomized controlled trial. Counts and frequencies were used to examine satisfaction items presented to participants in the AUD Edu condition and PRS + AUD Edu condition. Counts and frequencies were also used to investigate individual items that assessed understanding and interpretation of PRS. To examine the effectiveness of the educational information, a one-way ANOVA was used to compare mean understanding of PRS for alcohol use disorder between the control condition, AUD Edu condition, and PRS + AUD Edu condition. Post-hoc tests were conducted to examine where the differences occurred. To examine moderators influencing the effects of the educational information, two-way ANOVAs were conducted to examine interactions between the interventions and demographic characteristics (i.e., sex, race/ethnicity, drinking status, and family history of alcohol problems) on understanding of PRS for alcohol use disorder. Additionally, a linear regression model was conducted to assess the robustness of the effect of the intervention on overall understanding of PRS for alcohol use disorder while controlling for demographic characteristics (e.g., sex, age, and race/ethnicity) and characteristics that influence individual risk for alcohol use disorder (e.g., family history of alcohol problems, drinking status, and personality). Only three participants in the sample indicated a previous diagnosis of alcohol use disorder so this variable was not included in the model. Two variables were included to indicate whether or not participants received educational information about alcohol use disorder and received educational information about PRS. In order to assess whether understanding varies across levels of genetic risk, one-way ANOVAs were used to compare whether there were mean differences in the understanding of below-average, average, and above-average PRS within each condition. All analyses were conducted using R 4.0.4 software (22). The analytic plan and hypotheses were pre-registered through the Open Science Framework (osf.io/efh6j). The study was also registered on ClinicalTrials.gov (Identifier: NCT05143073).




Results


Sample characteristics

Figure 1 displays the recruitment details for each condition of the randomized controlled trial. A total of 477 participants signed up to participate in the study and were randomly assigned to a study condition, 371 participants (77.8%) consented to participate in the study, and 338 participants (70.9%) completed the study. In total, 12 participants were removed from analyses due to high response rates of “I choose not to answer” (>25% of all survey items). One participant completed the study twice, and the participant’s second survey completion was removed from the analyses.
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FIGURE 1
Consort diagram illustrating recruitment details for the study.


The final analytic sample included 325 participants: 109 participants in the control condition, 105 participants in the AUD Edu condition, and 111 participants in the PRS + AUD Edu condition. Participant demographic characteristics for each condition of the randomized controlled trial, as well as characteristics of the entire study sample, are displayed in Table 1. A total of 70.4% of the sample self-reported sex assigned at birth as female. A total of 43.6% of the sample self-identified as White, 24.3% of the sample self-identified as Black/African American, and 18.7% of the sample self-identified as Asian. The demographic characteristics of the full sample are generally reflective of overall university demographics, with a greater percentage of females (62%) than males (38%) and 45.8% of the undergraduate student population self-identifying as White, 17.5% as Black/African American, and 13.3% as Asian. The mean age of the sample was 18.93 years. Using a series of comparison tests with a Bonferroni corrected p-value threshold of 0.005, there were no significant differences in demographic characteristics across the three conditions, indicating that randomization of participants was effective.



Satisfaction with educational websites

On average, participants in the AUD Edu condition spent 0.87 min (SD = 0.8) accessing the educational information regarding alcohol use disorder and participants in the PRS + AUD Edu condition spent 1.77 min (SD = 1.4) accessing the educational information regarding PRS and alcohol use disorder. Overall, participants in both the AUD Edu condition and the PRS + AUD Edu condition appeared to be satisfied with different aspects of the educational websites, including length, order of the content, pacing, and online delivery method. A total of 73 participants (69.5%) in the AUD Edu condition and 87 participants (78.4%) in the PRS + AUD Edu condition agreed or strongly agreed that they enjoyed the website. Additionally, almost all of the participants in the PRS + AUD Edu condition (96.4%) reported that they learned new information about complex genetic risk through the website. Over 90% of participants in the PRS + AUD Edu condition thought that the way in which the genetic risk information was displayed, including the animation and color choice, was helpful.



Responses to items that assess understanding of polygenic risk scores

Descriptive analyses were used to investigate responses to the individual items which assessed understanding and interpretation of PRS for alcohol use disorder. Counts and frequencies of response options for each item are displayed in Table 2. Strikingly, participants across the three conditions had the highest incorrect response rate to the item “you have a chance of over X% to develop alcohol use disorder” in each PRS scenario. On average approximately 30% of participants in the PRS + AUD Edu condition correctly responded to these statements, while approximately 15% of participants in both the control condition and AUD Edu condition correctly responded to these statements. Interestingly, there was a discrepancy in understanding one’s own risk compared to understanding one’s risk as it relates to others in the population. For example, in the control condition, 93 participants (85.3%) understood that they had a higher chance than the average person to develop alcohol use disorder when provided with the above-average genetic risk score, but 84 participants (77.1%) incorrectly agreed that their chance of developing alcohol use disorder was over 75% when provided with a PRS that was greater than the 75th percentile. This pattern occurred across the three conditions, as well as for each level of PRS provided.


TABLE 2    Counts and frequencies of response options for each item that assessed understanding of polygenic risk scores for alcohol use disorder.
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Overall understanding of polygenic risk scores for alcohol use disorder

There was a significant difference in overall understanding of PRS between the three conditions (p-value < 0.001). The mean score for the control condition was 7.86 (SD = 3.06), the mean score for the AUD Edu condition was 8.38 (SD = 2.62), and the mean score for the PRS + AUD Edu condition was 9.67 (SD = 2.79), where higher scores indicated a greater understanding of hypothetical PRS for alcohol use disorder. Significant mean differences occurred between the control condition and PRS + AUD Edu condition (diff = 1.81; adj. p-value < 0.001) and between the AUD Edu condition and the PRS + AUD Edu condition (diff = 1.29; adj. p-value < 0.005). There was not a significant difference in understanding of PRS between the control condition and the AUD Edu condition (diff = 0.52; adj. p-value = 0.37). These results are summarized in Table 3.


TABLE 3    Mean (SD) understanding of polygenic risk scores for alcohol use disorder across the three conditions of the randomized controlled trial.
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There were no significant interactions between the intervention condition and demographic characteristics (i.e., sex, race/ethnicity, drinking status, and family history of alcohol problems) on understanding of PRS for alcohol use disorder (Table 4). The effect of the intervention was consistent across females and males, individuals who self-identified as White and individuals who self-identified as other races/ethnicities, individuals who use and do not use alcohol, and individuals with and without a family history of alcohol problems. Additional exploratory analyses demonstrated no significant interactions between the intervention condition and race/ethnicity when categorized as White, Black/African American, and Asian.


TABLE 4    Results of two-way ANOVAs examining interactions between the study condition and demographic characteristics.
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Additionally, the effect of receiving information about PRS on understanding appears to be robust while controlling for demographic characteristics and characteristics generally associated with substance use behaviors (e.g., family history of alcohol problems, drinking status, and personality). Receiving educational information about PRS was significantly associated with understanding of PRS for alcohol use disorder (p < 0.01) while controlling for individual characteristics (Supplementary Table 1).



Understanding of different levels of polygenic risk scores

Lastly, we assessed whether understanding of PRS varies across different levels of genetic risk. Table 5 displays the mean understanding scores for each level of PRS (below-average, average, and above-average) for alcohol use disorder in each condition. Participants in the AUD Edu condition and PRS + AUD Edu condition had a similar understanding of each PRS regardless of whether the PRS was below-average, average, or above-average. There was a significant difference in understanding of the different PRS in the control condition (p-value < 0.01), with post-hoc analyses demonstrating a significant mean difference between understanding of below-average PRS for alcohol use disorder and understanding of average PRS for alcohol use disorder (diff = −0.32; adj. p-value < 0.05). The mean difference between understanding of a below-average PRS and an above-average PRS was −0.25 (adj. p-value = 0.08). This suggests that participants in the control condition had a slightly better understanding of below-average PRS compared to average or above-average PRS.


TABLE 5    Mean (SD) understanding of each level of hypothetical polygenic risk score for alcohol use disorder.
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Discussion

This is the first randomized controlled trial designed to evaluate the efficacy of educational information delivered through a web-based educational tool intended to increase understanding and interpretation of PRS for alcohol use disorder. The randomized controlled trial consisted of a control condition in which participants only received a survey assessment, an intervention condition in which participants received educational information about alcohol use disorder, and an intervention condition in which participants received information about PRS and alcohol use disorder. The educational information which explained PRS focused on genetic variation, risk variants, how PRS are created, and how they can be interpreted. Results showed that the educational information about PRS and alcohol use disorder significantly increased participants’ ability to understand and interpret hypothetical PRS for alcohol use disorder. The effect of receiving educational information about PRS was consistent across several demographic characteristics, including sex and race/ethnicity, demonstrating that the intervention has the potential to be equally effective across individuals of diverse backgrounds.

Additionally, participants in the PRS + AUD Edu condition had a similar understanding of each PRS regardless of whether the PRS was below-average, average, or above-average, suggesting that the intervention increased general understanding of PRS. However, participants in the control condition had a slightly better understanding of below-average PRS compared to average or above-average PRS. This could further exacerbate a negative impact of receiving an above-average PRS, as a lower understanding of PRS has been previously shown to be associated with more negative psychosocial reactions (13). These findings further demonstrate the importance of providing individuals with educational information about PRS prior to receiving genetic risk information.

It is important to note that although understanding of PRS did increase significantly, participants on average answered approximately 10 out of 14 items correct (69.1%). This suggests that there are still ways that the educational information and provision of PRS could be improved. Response rates for the individual items that assessed understanding and interpretation of PRS revealed that a majority of participants understood how the PRS impacted their chance of developing alcohol use disorder as compared to others but less than 30% of participants understood how the PRS related to their overall chance of developing alcohol use disorder. Presenting PRS as percentiles may have confused participants, as a majority of participants seemed to believe that the percentile reflected their chance of developing alcohol use disorder. Our data support existing evidence (23, 24) that providing absolute risk information to participants may aid in their understanding and interpretation of PRS. At the time of this study, translating PRS into absolute risk was complex, and not yet being routinely performed so we focused on ways to improve the comprehensibility of available PRS information. Currently, new tools have been developed that can convert PRS into absolute risk (25), and future studies could assess the outcomes of using these strategies in risk communication interventions. Further, it is possible that the limited amount of variance currently accounted for by PRS (9), and limitations in portability of PRS across ancestral groups (9) may be contributing to confusion about how PRS relate to one’s risk of developing problems.

Promisingly, participants assigned to the intervention conditions were highly satisfied with the educational information. Participants liked many aspects of the website, including the animation, colors, and presentation of the information. In the future, the content can be adapted to discuss genetic risk for many different complex disorders and diseases, which can be easily implemented as the PRS dynamic explainer is currently an online, publicly accessible website. Additionally, providing educational information about PRS through an effective online website can be a cost-effective strategy for education and can broaden access to education. As demand is high for genetic counseling services, an effective educational resource that can accompany the provision of PRS could be well-utilized and allow genetic counselors to operate to the top of their scope of practice focusing on counseling rather than providing information.

These findings should be interpreted in light of several limitations. First, the randomized controlled trial was conducted in a sample of college students. Although the educational information regarding PRS effectively increased understanding and interpretation of PRS for alcohol use disorder in this sample, the results may not be generalizable to other populations. Replicating these findings in diverse samples is important. Efficacy of the PRS dynamic explainer should be assessed in unaffected populations with diverse educational backgrounds and ages, a sample of clinicians, and affected patient populations. Second, the sample disproportionately consisted of female participants (comprising 70%); accordingly, we did not have power to test for potential sex differences. Our results may be more representative for females. Future studies should aim for equal representation of males and females. Third, the PRS were presented as hypothetical scenarios and may not reflect how an individual would understand and interpret their true PRS for alcohol use disorder. Additional research should be conducted to assess understanding of one’s true PRS information for a variety of different disorders. Additionally, the time participants spent accessing the website was estimated using two timestamps recorded with the survey software; however, we cannot assume that participants used that time to engage with the website. Due to the online nature of this study, there is no way to guarantee that participants read through all of the educational information provided to them or to assess level of engagement with the website.



Conclusion

In conclusion, the educational information utilized in this randomized controlled trial effectively increased understanding of PRS for alcohol use disorder in a sample of emerging adults. As the possibility of providing PRS information to inform prevention programing, screening, and treatment increases, the need to educate individuals about complex genetic concepts increases as well. Findings of the present study suggest that the PRS dynamic explainer could be used alongside the return of polygenic risk information in order to enhance understanding and interpretation of the genetic risk information. Future research should focus on assessing the effectiveness of the educational information in diverse samples across different age groups and educational background and assess how the information may impact one’s understanding of their true genetic risk information.
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Results from four separate two-way ANOVAs are displayed in this table.

Control AUD Edu PRS + AUD Edu Interaction

M (SD) M (SD) M (SD) F-value df P-value
7.97 (3.26) 8.14 (2.92) 10.60 (2.73) 151 2 022
7.79 (2.96) 847 (2.51) 9.40 (2.78)

8.85(2.62) 8.82 (2.70) 10.10 (3.14) 1.34 2 026
7.05 (3.16) 8.06 (2.56) 9.39 (2.55)

8.14 (2.94) 8.51(2.33) 9.56 (3.01) 112 2 033
7.40 (3.20) 8.40 (3.02) 10.00 (2.23)
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Control

AUD Edu

PRS + AUD
Edu

Below-  Average  Above-
average PRS average
PRS PRS
M (SD) M(SD) M (SD)
248(1.04)  2.16(1.20) 223 (1.02)
245(0.93)  227(0.99)  2.41(0.80)
2.82(0.96)  2.78(0.99)  2.67 (0.95)

F-test

F(1.9,201.4)
=5.09p < 001
F (2,206) = 2.55;

p=0.08
F(2,220) =2.22;
p=0.11

Four items were included to assess understanding of each PRS. Items were scored as

correct or incorrect and summed to create a sum score for each scenario. Range = 0-4.

PRS, polygenic risk score.
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Item Correct Responses Control AUD Edu PRS + AUD Edu

response
n % n % n %
A genetic risk score:
Includes only some of the genetic factors that can contribute to True True 48 44.0 66 62.9 69 62.2
risk for the condition False 14 15.6 9 8.6 17 15.3
Don’t know 44 40.4 30 28.6 25 225
Shows that your lifestyle and environment play no role in False True 13 119 13 12.4 12 10.8
whether you develop the condition False 60 55.1 65 61.9 86 775
Don’t know 36 33.0 27 25.7 13 11.7
Below-average genetic risk score:
You have a lower chance than the average person to develop Agree Agree 94 87.0 89 84.8 100 90.1
alcohol use disorder Disagree 5 46 8 7.6 6 54
Don’t know 9 83 8 7.6 5 4.5
You will definitely develop alcohol use disorder Disagree Agree 1 0.9 2 1.9 3 2.7
Disagree 88 81.5 92 85.7 100 90.1
Don’t know 19 17.6 13 12.4 8 1.2
You have a chance of just over 30% to develop alcohol use Disagree Agree 79 732 84 80.0 70 63.1
disorder Disagree 15 13.9 12 114 33 29.7
Don’t know 14 13.0 9 8.6 8 72
You will definitely NOT develop alcohol use disorder Disagree Agree 15 14.0 16 15.2 11 9.9
Disagree 70 65.4 66 62.7 80 72.1
Don’t know 22 20.6 23 21.9 20 18.0
Average genetic risk score:
You have a similar chance as the average person to develop Agree Agree 77 70.6 77 74.0 89 80.2
alcohol use disorder Disagree 16 14.7 17 16.4 14 12.6
Don’t know 16 14.7 10 9.6 8 7.2
You will definitely develop alcohol use disorder Disagree Agree 18 16.7 13 12.4 10 9.0
Disagree 67 62.0 72 68.6 93 83.8
Don’t know 23 21.3 20 12.4 8 7:2
You have a chance of just over 50% to develop alcohol use Disagree Agree 75 68.8 80 76.2 69 62.2
disorder Disagree 19 17.4 17 16.2 33 29.7
Don’t know 15 13.8 8 7.6 9 8.1
You will definitely NOT develop alcohol use disorder Disagree Agree 6 55 10 9.5 2 1.8
Disagree 73 67.0 72 68.6 94 84.7
Don’t know 30 275 23 218 15 13.5
Above-average genetic risk score:
You have a higher chance than the average person to develop Agree Agree 93 85.3 87 83.7 97 87.4
alcohol use disorder Disagree 8 7.3 13 125 8 7.2
Don’t know 8 7.3 4 3.9 6 5.4
You will definitely develop alcohol use disorder Disagree Agree 34 31.5 29 27.9 29 26.1
Disagree 54 50.0 70 67.3 75 67.6
Don’t know 20 185 5 4.8 7 6.3
You have a chance of just over 75% to develop alcohol use Disagree Agree 84 77.1 83 79.8 73 66.4
disorder Disagree 15 13.8 16 15.4 31 28.2
Don’t know 10 9.2 5 4.8 6 5.5
You will definitely NOT develop alcohol use disorder Disagree Agree 8 7.3 14 13.5 9 8.1
Disagree 81 74.3 78 75.0 93 83.8
Don’t know 20 18.4 12 11.5 9 8.1

Boldface text indicates the correct response to the item, as well as the 7 (%) of that correct response in each of the three conditions.
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Condition Mean (SD) F-test

Control 7.86 (3.06)? F (2,322) = 11.96; p < 0.0001
AUD Edu 8.38 (2.62)P
PRS + AUD Edu 9.67 (2.79)%P

Values that share a superscript are significantly different (adj. p < 0.01). *Refers to
significant differences between the control condition and the PRS + AUD Edu condition.
PRefers to significant differences between the AUD Edu condition and PRS + AUD Edu
condition. Fourteen items were used to assess understanding of hypothetical polygenic
risk scores for alcohol use disorder. Items were scored as correct or incorrect and

summed to create an overall sum score. Range = 0-14.





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluating the impact of a new educational tool on understanding of polygenic risk scores for alcohol use disorder



		Introduction



		Materials and methods



		Participants and recruitment



		Educational information



		Intervention condition 1 (AUD Edu)



		Intervention condition 2 (PRS + AUD Edu)



		Control condition







		Measures



		Time spent accessing educational information



		Satisfaction with the educational materials



		Understanding of polygenic risk scores



		Drinking status



		Personal history of alcohol problems



		Family history of alcohol problems



		Personality



		Demographic variables







		Analyses







		Results



		Sample characteristics



		Satisfaction with educational websites



		Responses to items that assess understanding of polygenic risk scores



		Overall understanding of polygenic risk scores for alcohol use disorder



		Understanding of different levels of polygenic risk scores







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fpsyt-13-1025483-g001.jpg
/ l

Control

Eligible Participants
through PsychSONA
n =477

v

Randomization

Email Invitations Sent
n =158

v

AUD Edu

v

Email Invitations Sent
n =153

I\

PRS + AUD Edu

Consent Provided
n=122

no response n = 36

v

Email Invitations Sent
n =166

v

Consent Provided
n=117

no response n = 36

v

Completed Surveys
n =111

partial completions n = 11

v

Consent Provided
n =132

no response n = 34

v

Completed Surveys
n =111

partial completions n = 6

v

Analytic Sample
n =109

excluded n = 2

’

Completed Surveys
n=116

partial completions n = 16

Analytic Sample
n =105

excluded n = 6

v

Analytic Sample
n =111

excluded n = 5






OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Evaluating the impact of a new
educational tool on
understanding of polygenic
risk scores for alcohol use
disorder












OPS/images/fpsyt-13-1025483-t001.jpg
Demographic characteristic

Age
Mean (SD)
Sex assigned at birth, # (%)
Male
Female
Race/Ethnicity, n (%)
American Indian/Alaska native
Asian
Black/African American
Hispanic/Latino
More than one race
Native Hawaiian/Other Pacific Islander
White
Unknown
Race/Ethnicity (Binary), n (%)
White
Racial/Ethnic minority
Previous AUD Diagnosis, 1 (%)
Yes
No
Don’t know
Alcohol use, 1 (%)
Yes
No
Family history of alcohol problems, 7 (%)
Yes
No
Extraversion
Mean (SD)
Neuroticism
Mean (SD)
Sensation seeking

Mean (SD)

Control
(n=109)

18.85 (1.25)

41 (37.6)
68 (62.4)

0(0.0)
20 (18.5)
24(22.2)

4(3.7)

8(7.4)

1(0.9)
51 (47.2)

0(0.0)

51 (47.2)
57 (52.8)

0 (0.0)
109 (100.0)

0 (0.0)

59 (55.7)
47 (44.3)

53 (48.6)
56 (51.4)

2.05 (1.02)

2.22 (1.01)

1.73 (0.77)

AUD Edu
(n=105)

19.06 (2.66)

29 (27.6)
76 (72.4)

1(1.0)
21 (20.2)
24 (23.1)

7(6.7)

7(6.7)

0 (0.0)
44 (42.3)

0 (0.0)

44 (42.3)
60 (57.7)

2(1.9)
102 (98.1)

0 (0.0)

67 (65.7)
35 (34.3)

55 (52.9)
49 (47.1)

2.08 (1.13)

2.24 (0.86)

1.83 (0.65)

PRS + AUD
Edu (n=111)

18.89 (1.25)

26 (23.6)
84 (76.4)

0 (0.0)
19 (17.4)
30 (27.5)

8(7.3)

7 (6.4)

0 (0.0)
45 (41.3)

0 (0.0)

45 (41.3)
64 (58.7)

1(0.9)
109 (98.2)

1(0.9)

78 (71.6)
31 (28.4)

55 (50.0)
55 (50.0)

2.27 (1.12)

2.25 (0.98)

1.83 (0.68)

Total
(n=325)

18.93 (1.82)

96 (29.6)
228 (70.4)

1(0.3)
60 (18.7)
78 (24.3)
19 (5.9)
22 (6.9)

1(0.3)

140 (43.6)

0(0.0)

140 (43.6)
181 (56.4)

3(0.9)
320 (98.8)

1(0.3)

204 (64.4)
113 (35.7)

163 (50.5)
160 (49.5)

2.13 (1.09)

2.24 (0.95)

1.8 (0.70)

F/X?
(P-value)

0.38 (0.69)

5.43 (0.07)

7.50 (0.82)

0.88 (0.64)

4.07 (0.40)

6.04 (0.05)

0.40 (0.82)

1.34(0.26)

0.02 (0.98)

0.69 (0.51)

Bonferroni corrected significance threshold p < 0.05/10 = 0.005. Statistical information presented in the last column of the table assess differences across the three study conditions.
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