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Abstract

Purpose—Application of whole exome and whole genome sequencing is likely to increase in 

clinical practice, public health contexts, and research. We examined how parental preferences for 

learning information from genome-scale testing is influenced by the characteristics of non-
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medically actionable genetic disorders in children, and assessed if preferences differed by gender 

and between African-American and White respondents.

Methods—We conducted a web-based discrete choice experiment with 1 289 parents of young 

children. Participants completed “choice tasks” using pairs of profiles describing sequencing 

results for hypothetical genetic disorders, selected the profile they believed would be more 

important to know, and answered questions that measured their level of distress.

Results—The likelihood that the disorder would develop given a true-positive test result was 

most important to parents. Parents showed greater interest in learning sequencing results for 

disease profiles with more severe manifestations. This was associated with greater distress. 

Differences by gender and race reflected small differences in magnitude, not direction.

Conclusion—Parents’ preferred learning results about genetic disorders with more severe 

manifestations, even when this knowledge was associated with increased distress. These results 

may help clinicians support parental decision making by revealing which types of sequencing 

results parents are interested in learning.

Keywords

genomic sequencing; discrete choice experiment; child’s genetic information; decision making; 
parental preferences; pediatrics

INTRODUCTION

Next-generation sequencing has decreased the cost and time for genome-scale testing and 

has increased the potential for sequencing a child’s genome. As both the predictive validity 

and diagnostic validity of genome-scale testing technologies have increased, discussion 

about their application—for example, newborn screening—has increased in pediatrics1 and 

public health contexts.2 These approaches produce information about a broad range of 

conditions potentially relevant to the child’s and family’s health. Consequently, genome-

scale testing may result in a corresponding increase in the amount of secondary genetic 

information potentially available to parents and clinicians, requiring stakeholders to make 

difficult decisions about what types of information should be disclosed.

Research suggests that a majority of parents are interested in the hypothetical possibility of 

obtaining genomic sequencing results for their newborns3–5 or young children5 but 

preferences for research results decline when characterized on dimensions related to 

actionability, severity, age of onset or likelihood.6 What remains unclear from previous 

research is if and how preferences for this information vary when jointly characterized along 

these dimensions. Understanding how parents consider this information could help clinicians 

support parents or could be used to inform educational and decision support strategies when 

genome-scale testing is used in clinical practice or research.7

To address this gap, we elicited parental preferences for learning health-related information 

about a young child through genome-scale testing. Specifically, we examined parents’ 

interest in receiving their child’s test results related to non-medically actionable conditions. 

Information about the health conditions that could be revealed by the results was 
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characterized along multiple dimensions, such as age of onset, level of disability the 

condition could cause, and the likelihood the condition would develop given a true-positive 

test result. The choice of dimensions was informed by models that describe systems for 

categorizing incidental findings8 and by factors relevant to child and family health, such as 

disability or quality of life. A guiding assumption of our approach is that the value parents 

place on learning genome-scale test results is influenced by multiple characteristics of the 

health conditions for which a child may be found to be at increased risk. We also examined 

if subgroup differences exist based on gender or race, as these could signal the importance of 

communicating differently with parental subgroups to support decision making.9

We conducted a discrete choice experiment (DCE) to quantify how parental preferences for 

learning a child’s genome-scale test results are affected by differences in health condition 

characteristics. DCE is a type of conjoint analysis that assumes that individuals value 

“products” (in this case, test results) based on their features. A recent review article found 

179 health-related DCEs published between 2009 and 2012.10 This method is being used 

more frequently to study complex health decision making, and has been applied to study 

adult preferences to learn incidental genomic information.11,12

MATERIALS AND METHODS

The study protocol received Institutional Review Board (IRB) review and approval from the 

RTI International Committee for the Protection of Human Subjects. Study design and 

analyses were conducted following current guidance for conducting DCEs in health 

contexts.13–16

Study Sample

Respondents were eligible to participate in the study if they lived in the United States, and 

were English-speaking adults aged 18 to 40 who self-identified as either White or Black, and 

who had at least one child aged 5 years old or younger in the home. Qualtrics—an online 

data collection company based in Provo, Utah—hosted the survey and recruited the sample 

from their proprietary online subject panel. The recruitment procedures were not intended to 

draw a probability-based sample from the full population of adults meeting the eligibility 

criteria.

Because sample size calculations can present a challenge in choice experiments, minimum 

sample size depends on multiple criteria, including the question format, the complexity of 

the choice task, the desired precision of the results, and the need to conduct subgroup 

analyses.17 Most published choice experiments have a sample size between 100 and 300 

respondents.18 The sample size for this survey was set at 1 200, with the goal of recruiting a 

sample split between women and men and Black and White respondents.

Survey Instrument

The primary goal was to elicit parental preferences for health-related information about a 

child that could be learned through genome-scale testing. Specifically, we examined parents’ 

interest in learning their child’s test results that would indicate a significant risk for non-
medically actionable genetic health conditions, defined in the survey as conditions leading to 
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mental and/or physical disabilities for which effective preventive treatments are not currently 

available, although there may be interventions to improve quality of life over the course of 

the condition or to relieve symptoms.

Based on a literature review19 and input from clinicians, genetic counselors, and geneticists 

at the University of North Carolina at Chapel Hill (UNC), we developed our DCE using an 

initial set of attributes and attribute levels. These attributes and levels were then refined 

using input from 10 cognitive interviews conducted with parents of children under the age of 

5 years. The final survey allowed us to measure the relative importance of seven attributes: 

(1) penetrance, (2) typical age of onset of the health condition, (3) level of mental disability 

that the health condition may cause, (4) level of physical disability that the health condition 

may cause, (5) rate of progression (the speed with which the health condition may worsen), 

(6) availability of options to improve quality of life, and (7) impact on lifespan (Table 1). 

Each choice question comprised two generically labeled profiles—Profile A and Profile B—

and participants chose the profile that would be more important for them to know (see 

Figure 1 for an example choice question).

Because the full number of all possible pairwise combinations of the attribute levels is large, 

an experimental design program was used to create a smaller set of profiles and choice 

questions. The simplified design provides enough information to accommodate both main-

effects and interaction-effects models; this approach has been shown to optimize the design 

when it is unclear if interaction effects exist between attributes in the model.20 In this study, 

a variation of the Fedorov21 algorithm was used to construct an orthogonal fractional 

factorial experimental design with 1 147 treatment profiles. Respondents were randomly 

assigned to one of 99 test blocks, each composed of eight distinct unordered profile pairs. 

Consequently, each respondent completed a series of eight choice questions. This design was 

statistically efficient in maximizing the amount of information gathered from respondents.

The final survey was designed for participants who may have limited genetic knowledge. 

Respondents were first asked to read background information defining several basic genetic 

concepts used throughout the survey. The survey then described the attributes and levels that 

were included in the DCE. Using Likert-type scales ranging from 1 (least distressing) to 7 

(most distressing), respondents were asked to rate how distressing it would be for them to 

learn information for each level of the seven attributes. For the attribute describing the 

chance that the condition will develop, the chance (or risk) was presented both numerically 

and graphically. The probability levels were presented graphically using a 100 square grid, 

in which each square represented one person with a gene identifying a genetic disorder. 

Squares presented in color represented people for whom the condition will develop. 

Research suggests that pictograms such as risk grids are an effective method of 

communicating risk.21

Respondents reviewed an example risk grid and completed a comprehension question. 

Respondents who answered incorrectly were presented the correct answer and an 

explanation before proceeding with the survey, whereas respondents who answered correctly 

were presented with the correct answer to reinforce their understanding.
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The attribute levels were presented in a scale array with one level per row (Figure 1). The 

study started with two practice trials involving two and four attributes, respectively. The 

survey also collected basic demographic information and respondents’ personal experience 

with genetic disorders and testing, their mistrust in the healthcare system,22 objective 

numeracy,23 and intolerance of uncertainty.24 We included the last three of these measures as 

potential moderators in exploratory analyses, but did not retain them in the final models 

because we found no evidence that they influenced preferences. The median time 

respondents took to complete the survey was 15 minutes.

Statistical Analysis

We analyzed the data using a conditional logistic regression model,25 using Stata 13.0.26 We 

ran a main-effect random parameters logit model27 for comparison, and the results in terms 

of significance and ranking of attribute levels were identical to the conditional logit. The 

dependent variable was coded “1” if respondents selected a test-result profile and “0” if they 

did not for each of the test-result profiles in the eight choice questions. The independent 

variables corresponded to the attribute levels for the test-result profile. The attribute levels 

were coded as categorical variables using effect coding. With effects coding, zero indicates 

the mean effect across all attribute levels, rather than the omitted level, as in dummy coding.
28 This procedure produces a parameter estimate for all level categories, where the omitted-

category parameter is the negative sum of the included-category parameters. Conditional 

logit regression uses choice information to estimate the relative contribution of different 

attribute levels on participant preferences. In a choice set comprising two alternative test-

result profiles, respondents are assumed to choose the option they view as providing greater 

utility. In turn, the choices respondents make are a function of differences in the attributes of 

alternative test-result profiles. When aggregated over many choices, we are able to measure 

respondents’ relative preferences for the various attribute levels.

The regression coefficients from a conditional logit model are statistical estimates of the 

average relative contribution across the sample of each attribute level to the likelihood of 

choosing one test-result profile over another, with larger coefficients indicating greater 

relative preference for that level. We also calculated the relative importance of each attribute 

over the range of levels by subtracting the coefficient associated with the least preferred 

level of each attribute from the most preferred level, dividing by the sum of ranges over all 

attributes and multiplying by 100. Changes in attributes displaying a wider range from the 

most to least preferred level are more important in predicting parents’ choices and have a 

greater impact on determining the kinds of test results parents think would be important to 

know. We estimated a main-effects model of preferences for the attribute levels of the 

genome-scale test results for the full sample. Interaction terms were included to test for 

subgroup interactions testing attribute preferences by the gender and race of participants. In 

these models, gender and race variables were dummy coded so that women and White 

participants served as the reference category.

We conducted a descriptive analysis of the distress items using SPSS 21.0.29 We used one 

way repeated measures ANOVAs with a Greenhouse-Geisser correction to determine if the 

mean level of distress varied across levels within an attribute. We also conducted post-hoc 
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tests with the Bonferroni correction for pairwise comparisons of levels. We conducted paired 

t tests for the two attributes that had only two levels.

RESULTS

The survey was conducted online from August 24, 2014, through September 8, 2014. 

Qualtrics screened a total of 3032 respondents, 2 021 of whom met the study eligibility 

criteria. Of these, 671 did not complete the survey or were excluded after screening because 

their relevant subgroup quota had already been met. To ensure that only respondents who 

read and answered survey materials in the expected time allotted were included in the 

analyses, we removed an additional 55 respondents who completed the survey in less than 6 

minutes. Finally, six respondents were excluded from the analyses because they completed 

fewer than eight discrete choice tasks.

The final sample included 1 289 adult parents with young children living in the United 

States, for a minimum cooperation rate of 62.0%. By design, approximately half the 

respondents were women (n=643, 49.9%) and half were Black (n=638, 49.5%). The 

majority of respondents were married (n=762, 59.1%), non-Hispanic (n=1 132, 87.8%), and 

had completed at least some college (n=984, 76.4%). The median age was 30 years 

(M=29.8, standard deviation [SD]=5.6). About half the respondents (n=648, 50.3%) had two 

children under the age of 18 years. Among the sample, 61% (n=783) had never personally 

had a genetic test, nor did they know of a family member or someone close who had a 

genetic test. The demographic characteristics of the study sample are shown in Table 2. 

When compared to 2010 Census population estimates filtered by age and stratified by race, 

respondents in our sample had attained a higher level of education on average, were more 

likely to be married, were more likely to be enrolled in Medicare or Medicaid, and less 

likely to have privately-purchased health insurance. White respondents were also more likely 

than the White population at large to have employer provided insurance and had lower 

average household income. Black respondents in our sample had a higher average household 

income than the Black population at large.

Discrete Choice Experiment Analysis

The main-effects model is presented in Table 3. The model fit statistics provide evidence that 

health-condition characteristics, as defined by the experiment’s attribute levels, influence 

parental choices about the kinds of test results that are important to know, χ2(15)=1407.80, 

P<.001, Pseudo R2=.10. The relative importance percentages indicate how much difference 

each attribute as a whole across the range of levels contributed to parental decisions about 

learning their child’s results. Because respondent characteristics are not taken into account, 

estimates can be interpreted as the average contribution of attribute levels on relative 

preferences for the sample as a whole. When deciding what kinds of genetic test results are 

most important to know, parents showed preference for conditions with a high degree of 

penetrance (38.5%), those that begin earlier in life (12.9%), those that progress rapidly 

(9.8%), those that have severe mental (11.8%) and/or physical symptoms (12.4%), and those 

that are characterized by a shortened lifespan (13.6%). However, knowing whether there 

were limited options versus effective options to improve quality of life did not have a 
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significant effect on the choice of test results (B=0.02; standard error (SE)=0.01; 95% 

confidence interval (CI): −0.01–0.04], z=1.07, P=.284). Except for options to increase 

quality of life, all attributes significantly contributed to respondents’ choices.

Differences in relative importance by each attribute’s levels are shown in Figure 2. All 

attribute level preference weights were significantly different from each other, with a few 

exceptions. For instance, on average, age of onset from less than 1 year (B=0.15; SE=0.03; 

95% CI: 0.10–0.21) to 1 to 5 years (B=0.14; SE=0.03, 95% CI: 0.09–0.19) did not affect 

which profile was chosen. Also, preference rates among three of four rate-of-progression 

levels were not statistically distinct. Profiles with a stable rate of progression (B=−0.10; 

SE=0.03; 95% CI: −0.15–−0.05) were just as likely to be selected as important to know as 

those with a slow rate of progression (B=−0.12; SE=0.03; 95% CI: −0.17–−0.21]), which in 

turn were not significantly different from profiles with a moderate rate of progression 

(B=0.04; SE=0.03; 95% CI: −0.01– 0.09).

Adding the parent gender interaction terms to the main-effects model significantly improved 

model fit, Δχ2 (15)=37.30, P=.001. Although the interaction analysis revealed differences 

between mothers’ and fathers’ preferences for select attribute levels, these were all 

differences of magnitude and not of direction. Consistent with the main-effects model for the 

full sample, mothers and fathers both showed greater interest in knowing information about 

health conditions with more severe or pressing implications. Fathers were less interested 

than mothers in conditions that had only a 10% chance of happening given a true-positive 

genetic test result (B=−0.12; SE=0.05; 95% CI: −0.22–−0.02; z=−2.25; P=.025), were likely 

to decrease a child’s lifespan (B=−0.09; SE=0.03; 95% CI: −0.14–−0.04; z=−3.14, P=.002), 

or were characterized by lasting and severe physical consequences (B=−0.11; SE=0.04; 95% 

CI: −0.18–−0.04; z=−2.59, P=.010). Fathers also showed greater relative preference for 

genetic test results pertaining to conditions that were not associated with any physical 

disability (B=0.09; SE=0.04; 95% CI: 0.01–0.17; z=2.15, P=.031). No other statistical 

differences by gender were observed.

We also tested for differences in attribute-level relative preferences between White and 

Black respondents; adding these interaction terms to the main-effects model significantly 

improved model fit, Δχ2(15)=38.57, P=.001. As with the observed moderation effects by 

gender, differences by race were reflected in the relative weights of preferences for specific 

attribute levels but did not alter the direction of these effects. The interaction estimates 

representing differences in coefficients by race showed that Black respondents were more 

likely than White respondents to show interest in learning about conditions that had a 10% 

chance of developing given a true-positive genetic test result (B=0.14; SE=0.05; 95% CI: 

0.03–0.24, z=2.26; P=.010), were unlikely to impact a child’s lifespan (B=0.09; SE=0.03; 

95% CI: 0.03–0.15; z=3.00, P=.003), or did not pose a threat of mental disability (B=0.15; 

SE=0.04; 95% CI: 0.06–0.23; z=3.44; P=.001). Black respondents also showed less relative 

preference than White respondents for test results about conditions associated with severe 

mental disability (B=−0.12; SE=0.04; 95% CI: 0.01–0.17, z=−2.72, P=.007). Overall, 

however, Black respondents placed greater value on knowing test results for conditions 

characterized by severe mental disability than on results that had no threat of mental 
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disability. The interaction analysis did not reveal any other statistically significant 

differences by race.

Distress Questions

Respondents rated how distressing they found each level of the seven attributes. The mean 

distress ratings are grouped by attribute and presented in Figure 2. Notably, the pattern of 

distress ratings mirrors respondent preferences found in our conditional logistic regression 

analysis. Within any given attribute, respondents rated attribute levels corresponding to more 

severe manifestations as more distressing. There were statistically significant differences in 

mean distress ratings across levels of all seven attributes, with F tests ranging from F(1.48, 

1852.66)=18.72, P<0.001 for age of onset to F(1.38, 1731.99)=2136.80, P<0.001 for level of 

mental disability. All but one pairwise difference between levels within attributes were 

statistically significant (Ps<.001). Specifically, parents did not find the prospect of a 

condition with an age of onset under 1 year any more or less distressing than an age of onset 

of 1 to 5 years, t(1249)=1.57, P=.707.

DISCUSSION

Parental interest in genomic sequencing information is high,5 at least when hypothetical 

scenarios are proposed. This study revealed that for childhood-onset non-medically 

actionable genetic disorders leading to mental and/or physical disabilities for which effective 

preventive treatments are not currently available, parents are relatively more interested in 

knowing about highly penetrant conditions. Further, the levels of each dimension of 

information parents most wanted to know were the most severe manifestations, such as 

greater penetrance, earlier age of onset, greater level of mental and physical disability, rapid 

rate of progression, and greater impact on lifespan. These were also rated as more 

distressing. This may be because the information, although perceived as valuable, was also 

recognized as being likely to cause distress. Only options to enhance quality of life were not 

significant and did not match the overall pattern of results.

Based on previous research that shows Blacks have greater distrust of the health system.30 

we might have expected differences in parental interest in certain attributes associated with 

non-medically actionable genetic conditions. In general, we did not find meaningful 

differences between Black and White parents on most of the attributes studied. We did find 

some statistically significant differences along some attributes, such as desire to know 

information that was unlikely to impact a child’s lifespan, but the overall direction and 

magnitude of the findings across groups were quite similar. Past studies demonstrating 

mistrust focused on the personal receipt of healthcare31 or on being involved in health 

research.32 It is possible that in the context of receiving information about one’s child, these 

differences are diminished. Another possibility is that differences in mistrust in the health 

care system by race among participants in this study were less pronounced than those 

observed in prior research. Although we measured mistrust in the health care system for this 

study, disentangling the complex associations among mistrust, race and preferences is 

beyond the scope of this paper. Future studies should continue to examine racial and ethnic 

differences in preferences and responses to disclosure of genomic sequencing information, 
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given that recent research shows that Blacks are less likely to view genetic testing and 

research as favorably as Whites.33

We found relatively few meaningful differences between mothers and fathers. Once again, 

statistically significant differences were revealed, but these differences were quite small. 

Previous research studying parental preferences for their child’s genomic sequencing has not 

typically reported differences by gender.34 Given limited research to date examining parental 

preferences in this context, future research should nonetheless continue to examine group 

differences by gender to extend these findings. Continued research is warranted because 

parental preferences may vary. Some of these preferences could require additional 

counseling, support or interventions to achieve informed consent. This examination could 

also inform decision support strategies if future differences emerge, and it could be used to 

develop support resources for family adaptation as technological advances in screening 

become more pervasive.35

Consistent results showing parental preferences to learn about conditions with more severe 

manifestations, which are also more distressing, may reflect the perceived value of knowing 

such information when making hypothetical decisions. However, it is important to recognize 

that in actual experience, learning more severe or distressing information could disrupt 

family functioning. Previous research shows that parents value the personal utility of 

genomic information in healthcare36 and research contexts.37 However, the long-term 

individual, familial, or societal effects of learning genetic information about non-medically 

actionable conditions are not known.

The strengths of our study include an experimental design, use of a large sample balanced 

across gender and two racial categories, and the examination of both the full sample results 

and subgroup differences for a variety of dimensions that could characterize genetic 

disorders in childhood that are not medically actionable. Our findings can facilitate an 

evidence-based approach to informed consent, interpretation and analysis, and disclosure of 

results, because we were able to obtain parental input using a structured framework that 

could guide decisions about which genomic variants should be interpreted and reported back 

to clinicians and families based on parental preferences. The results suggest that parents find 

utility in learning information that is not medically actionable and that could be distressing.

Despite these strengths, there are some limitations. Our approach focused on examining 

parental preferences for this one category of childhood-onset genetic disorders. Future 

research should examine other categories of information, such as those that are medically 

actionable in childhood or adulthood or non-medically actionable in adulthood, to 

understand the full spectrum of information that could be made available through genome-

scale testing. The potential bias of using an online convenience sample cannot be quantified, 

although research using online panels has shown that this approach has comparable validity 

and reliability to more traditional survey methods.38,39 Additionally, the hypothetical nature 

of the choice experiment may not accurately reflect decisions made by parents when 

presented with such decisions in real-life situations. We did not include a “no test” option for 

parents who were not in the market for test results, and it is possible that these parents might 
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have had more trouble answering the choice questions, contributing to higher variance in the 

responses.

Despite these potential limitations, this study contributes to the growing body of research 

illuminating parental preferences for genomic sequencing information for their children and 

the return of incidental or optional findings whether in a clinical or public health context. As 

genome-scale testing becomes more widely available, understanding what type of 

information should be disclosed to parents and why parents value certain types of 

information will help both clinicians and parents during clinical and research encounters.
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Figure 1. 
Example of a choice question from the discrete choice experiment
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Figure 2. Plot showing preference weights (line graphs) and mean distress ratings (bar charts) by 
attribute level
Mean distress ratings within an attribute are all significantly different at P<0.001, except for 

the difference between conditions with an age of onset at 6 to12 years versus 13 to18 years, 

t(1249)=-3.08, P=0.013, and a nonsignificant pairwise comparison between conditions with 

an age of onset less than 1 year versus 1 to 5 years, t(1249)=1.56, P=0.707.
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Table 1

List of attributes and attribute levels used in constructing the discrete choice experiment

Attribute Attribute Level

Chance that the condition will develop

90%

75%

50%

10%

Age of onset

Less than 1 year old

1 to 5 years old

6 to 12 years old

13 to 18 years old

Speed that the condition may get worse

Rapid

Moderate

Slow

Stable

Options to improve quality of life
Limited options available

Effective options available

Level of mental disability

Severe

Mild to moderate

None

Level of physical disability

Severe

Mild to moderate

None

Shortened

Normal
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Table 2

Demographic characteristics of the study sample

Variable N %

Gender

 Male 646 50.1

 Female 643 49.9

Race

 White 651 50.5

 Black 638 49.5

Ethnicity

 Not Hispanic or Latino 1,132 87.8

 Hispanic or Latino 136 10.6

 Refused 21 1.6

Marital Status

 Married 762 59.1

 Widowed 3 0.2

 Divorced or Separated 46 3.6

 Single 444 34.5

 Other 34 2.6

Education

 High school or less 305 23.7

 Some college but no degree 269 20.9

 2-year college degree or technical school 229 17.8

 4-year college degree 370 28.7

 Graduate or professional degree 109 8.5

 Refused 7 0.5

Household income

 Less than $20,000 291 22.6

 $20,000–$49,999 274 21.3

 $50,000–$69,999 236 18.3

 $70,000–$99,999 257 19.9

 $100,000 or more 231 17.9

Age

M 29.8

SD 5.6

Mdn 30

Min 18

Max 40

Note. N=1 289. Percentages may not sum to 100 due to rounding error.
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