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ABSTRACT
Background: Consumer uptake of direct-to-consumer (DTC) DNA ancestry testing is
accelerating, yet few empirical studies have examined test impacts on recipients despite the
DTC ancestry industry being two decades old.
Methods: Participants in a longitudinal cohort study of response to health-related DTC
genomic testing also received personal DNA ancestry testing at no additional cost. Baseline
survey data from the primary study were analyzed together with responses to an additional
follow-up survey focused on response to ancestry results.
Results: Ancestry results were generated for 3,466 individuals. Of those, 1,317 accessed
their results, and 322 individuals completed an ancestry response survey, in other words,
approximately one in ten who received ancestry testing responded to the survey. Self-
reported race was predictive of those most likely to view their results. While 46% of survey
responders (N=147) reported their ancestry results as surprising or unexpected, less than
1% (N=3) were distressed by them. Importantly, however, 21% (N=67) reported that their
results reshaped their personal identity. Most (81%; N=260) planned to share results with
family, and 12% (N=39) intended to share results with a healthcare provider. Many (61%;
N=196) reported test benefits (e.g., health insights), while 12% (N=38) reported negative
aspects (e.qg., lack of utility). Over half (N=162) reported being more likely to have other
genetic tests in the future.
Conclusion: DNA ancestry testing affected individuals with respect to personal identity,
intentions to share genetic information with family and healthcare providers, and likelihood
to engage with other genetic tests in the future. These findings have implications for
medical care and research, specifically, provider readiness to engage with genetic ancestry

information.



INTRODUCTION

Consumer uptake of direct-to-consumer (DTC) DNA ancestry testing has grown at an
accelerating rate since these tests emerged on the market in the early 2000s. In 2018 alone
there were more DNA ancestry tests taken than in all previous years combined [1], and
there are reports that over 26 million people have participated in DTC DNA ancestry testing
as of early 2019 [1]. DTC DNA ancestry testing is expected to rise in popularity [2, 3, 1] due
to extensive commercial marketing and advertising [4, 3, 5-7, 1], lowered testing kit costs
[2, 3, 5, 1], stories of celebrity and political figures taking tests in the popular media [8-10,
5, 7], interest in genealogy and blood relations [11-14, 2, 15, 4, 10, 5] and interest in self-
identity [8, 16, 12, 17-19, 9, 20, 10, 5, 21, 6].

The impact of ancestry on healthcare decision-making, in general, has been
discussed in the literature as ancestry can influence disease susceptibility [22, 23, 8, 24,
25]. For example, BRCA1 and BRCAZ2 germ-line mutations are known to disproportionately
impact Ashkenazi Jews leading to increased risk for breast, ovarian, and prostate cancer
[26]. Knowing one’s background, specifically, having Ashkenazi Jewish ancestry, can
influence actionable healthcare decision making with clinical utility such as ordering BRCA
mutation testing [27]. Relatedly, Ashkenazi Jews and French Canadians may opt to engage
in carrier screening for Tay-Sachs Disease during family planning [28, 29], and learning of
African descent may prompt discussion of sickle cell anemia with one’s provider [28, 30]. For
adoptees, especially, learning of one’s ancestry may inform medical care by allowing for
more accurate reporting during family history taking [31]. Lastly, learning ancestry
information is reportedly a top priority for DTC genetic test consumers [32], especially to
help confirm ancestry [27], and consumers may be interested in sharing ancestry testing
results with healthcare providers [8]. Indeed, the healthcare community has been identified
as an important stakeholder in ancestry testing [11].

Researchers, scholars, and journalists have previously written and speculated about
the potential impact of DTC DNA ancestry test results on consumers, [8, 11, 33] including

psychological distress [17, 34, 9, 6]; changes in health behaviors, perceived health risks,
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and health services engagement [11, 35, 19, 20]; perceptions of identity [8, 11, 36, 17, 9,
10, 6]; and implications for deportation [37]. Additionally, the perceived lack of oversight of
DTC DNA ancestry testing by federal regulatory bodies [38] has raised concerns about the
use of these tests [39, 18, 35, 40]. Despite DTC DNA ancestry testing being two decades old
coupled with its rising popularity, empirical investigations of the effects of these tests on
recipients are scant.

The few empirical studies that do exist, described below, are helpful for
understanding cultural and identity-related impacts but lack exploration of health-related
impacts of DNA ancestry testing. Indeed, the intersection of ancestry and healthcare is
evolving as DNA ancestry testing companies are increasingly entering the U.S. healthcare
space [41-44].

A retrospective, online survey and phone interview study of 100 DTC DNA ancestry
test takers conducted in 2009-2010 explored respondents’ racial and ethnic identities at two
timepoints - an average of four years post-testing and then 18 months later, in order to
examine how respondents made sense of their results [10]. Most respondents (>60%) did
not change how they viewed their ethnic or racial identities post-testing even when results
provided new identity information. White respondents, however, were most likely to
incorporate other identities post-test in comparison to non-White respondents [10].

A retrospective, online survey study conducted in 2009-2011 examined the effect of
DNA ancestry test results on ethnic and racial identities in 482 DNA ancestry test-takers
from around the world [5]. Motivations for taking the tests included interest in genealogy,
receiving health information, and proving or disproving family stories that had been passed
down [5]. Over half of the respondents reported that ancestry results affected their
perception of their identity with 40% reporting a change in perceived race or ethnicity [5].
Approximately half of the respondents reported some change in their friendships and
activities such as attending places of worship or engaging with new communities [5]. Test

satisfaction often depended on how similar the results were to test recipients’ pre-test



perceived ancestry or identity as well as openness to accepting discrepant results [5], with
greater consistency associated with higher satisfaction.

An exploratory interview study of 45 undergraduate students conducted in 2011-
2012 looked at census identification pre- and post-ancestry DNA data [36]. 37% reported
being surprised by their results, and one-third of the sample reportedly changed their U.S.
census identification after receiving results with White students being less likely to change
their identification [36]. Most (88%) shared their results with family or friends [36].

Taken together, data from these three studies suggest that test-takers are
impressionable to genetic ancestry test results. Despite race and ethnicity identities being
intricate and multidimensional constructs [45], they can be conflated with ancestry or
confusingly perceived as being rooted in one’s DNA [8, 46]. Furthermore, ancestry test
results may be viewed as definitive [47] and even given priority to lived personal
experiences or other sociocultural identities [48, 49], despite the limitations of testing due to
finite reference samples with incomplete sampling that disproportionately represents some
groups [50, 8, 11] and results in estimation issues and inaccurate ancestry inferences [11,
49]. All of this might explain why 33.3%-40% of the study samples reported changes to their
perceived race and ethnicity, even to the point of results changing participants’ census
reporting [48, 8, 11, 46]. Indeed, scholars have previously drawn attention to some test-
takers changing how they report race or ethnicity on medical questionnaires, government
forms, or college or job applications, or even feeling entitled to access affirmative action or
Native American benefits [48, 8, 11, 46].

Here, we present a large sample survey study with data on health-related impacts of
DNA ancestry testing (i.e., results-sharing with healthcare providers, attitudes towards
future genetic testing). We use quantitative and qualitative approaches to assess the
impacts of DNA ancestry testing on recipients’ test-related distress, cultural identity, and
propensity for information sharing as well as the extent to which demographic factors were

associated with participation in different stages of the DNA ancestry testing process.



This study of the impacts of ancestry testing was part of a larger study of
psychological and behavioral impacts of health-related DTC genomic testing [51]. This paper
is the first, to our knowledge, to report on health-related impacts from engaging in genetic
ancestry. These data are valuable given the limited empirical investigation of health-related
impacts of personal DNA ancestry testing, as well as the dearth of empirical data examining
impacts of personal DNA ancestry testing, broadly. Thus, this study might inform and spur
future research on how and whether DTC DNA ancestry testing impacts health and health

care among consumers.

MATERIAL AND METHODS

Participants

Participants were individuals enrolled in the Scripps Genomic Health Initiative (SGHI),
a longitudinal, US-based cohort study launched in 2008 that examined the psychological and
behavioral impacts of health-related DTC genomic testing [52, 51]. Survey data were
collected in 2010. The study was approved by the institutional review board at Scripps
Health and The Scripps Research Institute. Recruitment procedures have been published
elsewhere [52, 51]. Informed consent was obtained electronically from each study
participant.
Procedures

Prospective SGHI participants were told that they would receive both health-related
genomic testing and DNA ancestry testing as part of the study. Participants were first
provided with the Navigenics Health Compass genetic test, which was a commercially
available DTC genomic test for complex disease risk. Study participants completed baseline
and follow-up surveys (offered only in English) focused on assessing the psychological and
behavioral impacts of this health-related genomic test.

At the time of study launch, Navigenics did not offer DNA ancestry testing, and,
therefore, an analysis pipeline and interactive website (see Supplemental Figures 1-3) for

return of DNA ancestry results were developed in-house by SGHI researchers. The methods
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for assessing ancestry via participants’ genotypes have been published elsewhere [53]. See
Supplemental Table 1 for more detailed descriptions of the analytic strategies used. Return
of these results and administration of a brief optional survey to assess the impact of the
information provided was conducted separately from the return of health-related results and
surveys.

Samples from SGHI participants who completed a baseline survey were processed for
ancestry analysis. When ancestry test results were ready, participants were sent an email
with an embedded link to access their results online. The interactive website provided a
tutorial on how to interpret and understand the data and offered answers to “frequently
asked questions.” After viewing DNA ancestry results, participants received a prompt to
complete an optional survey that was focused on the impact of the information provided
(see survey in Appendix).

Measures
Demographic Items

As part of the baseline survey, participants were asked to provide answers to several
demographic questions including self-reported race/ethnicity (stimulus: “what is your
ethnicity?”; response options: “Caucasian,” “African-American,” “Hispanic/Latino,” “Asian,”
“American Indian/Alaskan Native,” “Native Hawaiian/Pacific Islander”) and sex (stimulus:
“gender”; response options: “Male” and “Female”). Participants were limited to selecting
one response option each. The wording of these items and the response options provided
are somewhat restricted relative to present day standards; however, the approach was
similar to wording and response options used in demographic questions in other DTC
genomic studies conducted during the same timeframe.

The State-Trait Anxiety Inventory (STAI)

This 40-item, self-report measure assesses both state (i.e., temporary) and trait (i.e.,

longstanding personality characteristic) anxiety using a 4-point frequency scale and has

consistently shown a high internal reliability [54]. The STAI had high internal consistency



(Cronbach’s alpha = .93 and .94 for trait and state anxiety, respectively) in the current
study.
Ancestry Results Impact Survey

An 11-item survey was developed by the senior author to assess impact of DNA
ancestry test results (see Appendix) using a 3-point response scale. Design of the survey
was informed by several relevant resources [55-59]. Questions pertained to the following
four overarching themes: general response to ancestry results (two items), cultural/personal
identity (four items), sharing results (two items), and attitudes towards DNA ancestry testing
(three items). The survey also included two open-ended questions that asked respondents:
“Iw]hat are the advantages to learning your estimated genetic ancestry?” and “[w]hat are
the disadvantages to learning your estimated genetic ancestry?”
Discrepant Results

We compared self-reported race/ethnicity at baseline and the overall ancestry
category produced from genotypic ancestry testing (i.e., “genetically most similar to:”) to
derive a variable indicating whether or not a participant’s DNA ancestry results were
discrepant with their pre-testing self-reported race/ethnicity. There were six different self-
reported race/ethnicity categories (outlined above) and eight overall ancestry categories
(i.e., People from Europe, People from East Asia, People from Central Asia, African American
people, People from Sub-Saharan Africa, Indigenous people from America, People from
Mexico, People from West Asia). All possible combinations of self-reported race/ethnicity and
overall DNA ancestry were independently coded by three authors (CKR, RT, and CB) as
either “discrepant” or “non-discrepant” (dichotomous categorization). Instances of coding
disagreement between the first two authors (CKR and RT) were resolved using the senior
author’s (CB) independent coding as a tie-breaker. “Non-discrepant” ancestry results
occurred when self-reported race/ethnicity was consistent with DNA ancestry findings (e.qg.,
self-report of “Caucasian” would be consistent with a genetic finding of “genetically most
similar to people from Europe”), whereas discrepant results occurred when self-reported

race/ethnicity was inconsistent with DNA ancestry findings (e.qg., self-report of “African
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American” with a genetic finding of “genetically most similar to people from West Asia”).
These determinations were made by individual coders using their best discretion, and multi-
coder consensus coding was used to evaluate reliability. From this coding process, interrater
reliability was .83. The dichotomous ancestry discrepancy variable was used in quantitative
data analyses described below.

Data Analysis

Data were analyzed using Stata/SE 12.0 (StataCorp, College Station, TX, USA) and
SPSS version 25.0 (SPSS Inc., Chicago, IL, USA), and descriptive statistics were used to
characterize the sample.

Predictors of Viewing Ancestry Results.

Logistic regressions were used to determine the likelihood that a participant
accessed their online DNA ancestry test results (0=did not access DNA ancestry results,
l=accessed DNA ancestry results) as well as the likelihood that a participant who accessed
their results went on to complete the ancestry survey (0=did not complete survey,
1=completed survey). Eight independent variables (i.e., sex, age, self-reported
race/ethnicity, Scripps Health employee status, household income, highest completed
education, primary language other than English, and trait anxiety) were included in all
logistic regressions. Age was modeled using both linear and quadratic terms as previous
research suggests modeling age nonlinearly when using a sample with a large age range
[60, 61] is appropriate; self-reported race/ethnicity categories were dichotomized into self-
reported “Caucasian” and ascribed others (combined in order to have enough statistical
power to run the analysis); household income and highest education were each binned and
modeled as ordinal variables; and both primary language other than English and Scripps
Health employee status were dichotomized (1=yes, 0=no). Wald tests were used to
determine the statistical significance of the associations.

Impacts of Ancestry Testing
Predictors of ancestry testing impacts. Ten independent variables (i.e., sex, age, self-

reported ethnicity/race, Scripps Health employee, household income, highest education,
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primary language other than English, trait anxiety, discrepant ancestry results, and past
ancestry testing) were included in linear regressions with the ancestry survey items as the
outcome variables. Past ancestry testing was ordinal (i.e., 1=yes, 0.5=not sure, 0=no).
Fisher's exact tests were used to assess potential associations between intention to share
results with a healthcare provider (1=yes; 0.5=maybe; 0=no) and self-reported
race/ethnicity (O=Caucasian;1=other groups); overall ancestry (0=genetically most similar
to people from Europe; 1=genetically most similar to people from other regions); and
discrepant results (0O=non-discrepant; 1=discrepant).

Perceived advantages and disadvantages. Qualitative data from the two open-ended
questions (i.e., “[w]hat are the advantages to learning your estimated genetic ancestry?”
and “[w]hat are the disadvantages to learning your estimated genetic ancestry?”) were
analyzed using conventional content analytic methods [62]. Given the brevity of participant
responses to these questions (18 average words per response for advantages; 5 average
words per response for disadvantages) and our intent to use these data to provide context
for a participant’s quantitative responses, inductive content analysis was used to provide a
“condensed and broad description of the phenomenon” [63]. Following content analysis, the
corpus of data was reviewed several times prior to any attempt to synthesize the
information. The data were then reviewed for key concepts, from which initial codes were
derived. Using these initial codes, two authors (CC and CKR) then reviewed the corpus of
data and added, changed, and/or combined codes as needed to best reflect themes in the
data. Advantages and disadvantages of the ancestry test results were each dichotomized
(1=present, 0=not present) to indicate whether a respondent had written a response and
included in linear regressions to examine associations with the individual ancestry survey
items as outcome variables.

Statistical significance was set at p < .05 for all of the above-mentioned analyses,
and all p-values are uncorrected for multiple comparisons.

RESULTS

Sample Characteristics

11



Of the 3,466 SGHI participants for whom an ancestry report was generated and
returned, 1,317 (38.0%) accessed their DNA ancestry results. Of the 1,317 participants who
accessed results, 322 (24.4%) completed the ancestry results survey, in other words,
approximately one in ten who received ancestry testing responded to the survey. Survey
completers were mostly self-reported Caucasian (88.2%), highly-educated (86.4% with at
least a 4-year college degree), and of high socioeconomic status (49.6% with annual income
over $150,000). Ancestry results were considered discrepant relative to baseline self-
reported race/ethnicity for 5.3% of the entire sample (h=185) and 4.0% for survey
responders (n=13). See Figure 1 for a study participation flow chart and Table 1 for
additional demographic characteristics of the 322 participants who completed the ancestry
results survey. See Supplemental Tables 2 and 3 for frequencies of overall DNA ancestry
findings and a breakdown of discrepant results, respectively.

Predictors of Viewing Ancestry Results

Supplemental Table 4 shows differences in survey completion by demographic
characteristics.

Logging on to view DNA ancestry results. Self-reported race/ethnicity, age, Scripps
Health employee status, and education were statistically significant predictors of accessing
DNA ancestry results (see Table 2). Specifically, individuals who self-reported as
“Caucasian” were more likely (40% accessed results; N=1,127) than other groups (among
other groups 29% accessed results; N=190) to access results as were individuals with higher
completed education (among those with at least a 4-year college degree 40% accessed
results; N=1,097). Scripps Health employees were less likely than non-Scripps Health
employees to access results (30% accessed results; N=221). Both linear and quadratic age
terms were statistically significant (p = .001), suggesting that the age effect on likelihood to
access results changed across all levels of age. Specifically, 18-19-year-olds had the highest
predicted probability of accessing their DNA ancestry results (58.0%), while 57-58-year-olds

had the lowest predicted probability (34.0%).

12



Ancestry survey completion. Age, highest completed education, and primary
language other than English were statistically significant predictors of ancestry survey
completion (see Table 3). Those with higher completed education were more likely to
complete the ancestry survey, while those who indicated another language as their primary
language were less likely to complete the survey. Both linear and quadratic age terms were
statistically significant. Specifically, 53-54-year-olds had the highest predicted probability of
completing the ancestry survey (27.8%), while 18-19-year-olds had the lowest predicted
probability (11.6%).

Impacts of Ancestry Testing

Table 4 summarizes responses to the ancestry testing survey. While nearly half of
respondents (46%; N=147) reported that their results were surprising or somewhat
surprising (11.5% and 34.2%, respectively), less than 1% were distressed by the results.
However, a notable fraction of respondents indicated that their DNA ancestry results
affected their cultural or personal identity. For instance, ~40% indicated results changed
(12.1%) or somewhat changed (27.0%) perceptions of their cultural roots, and ~20%
indicated results reshaped (4.0%) or somewhat reshaped (16.8%) their personal identity.
Similarly, nearly a quarter of respondents reported that their results changed (12.4%) or
somewhat changed (11.5%) the likelihood that they would travel to certain parts of the
world, and 12.4% indicated that results changed (5.6%) or somewhat changed (6.8%) how
they view certain cultures or world regions. A majority (80.7%) reported “yes”, that they
planned to share their results with family members, and 12.1% reported “yes”, that they
intended to share with a healthcare provider. Of the participants who reported an intention
to share with a healthcare provider, most self-identified as Caucasian (82%) and were
genetically most similar to people from Europe (89.7%). There were no statistically
significant differences with regards to intentions to share with a healthcare provider by self-
reported race/ethnicity or overall ancestry (p =.28 and p =.25, respectively). Also, 7.7%

were coded as having discrepant results, which was not statistically significantly different
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from the other survey responders (p = .21). Lastly, over half (50.3%) of all survey
responders reported being more likely to have other genetic tests in the future.

Predictors of ancestry testing impacts. Table 5 depicts the linear regression results.
None of the 10 independent variables significantly predicted surprise, distress, or reshaping
of personal identity in response to DNA ancestry testing. Trait anxiety was a significant
predictor of change in perceived cultural roots, with higher trait anxiety being associated
with greater change in perceived cultural roots. Baseline (pre-test) self-reported
race/ethnicity, trait anxiety, and past ancestry testing were significant predictors of both
change in likelihood of traveling to certain parts of the world and change in views of certain
cultures or world regions. In each case, individuals whose self-reported race/ethnicity was a
category other than “Causasian” were more likely to be affected compared to those who
self-reported as “Caucasian” at baseline. In addition, higher trait anxiety was associated
with greater impacts/changes, and having had previous ancestry testing was also associated
with greater impacts/changes.

Perceived advantages and disadvantages. 61.2% of participants reported at least one
advantage to receiving ancestry results, 12.1% reported at least one disadvantage, and
35.7% did not report either an advantage or disadvantage. Specifically, 3.1% reported only a
disadvantage and no advantage, 52.2% reported only an advantage and no disadvantage,
and 9.0% reported both advantages and disadvantages. For advantages, participants most
frequently reported that the ancestry results satisfied a natural curiosity. Other advantages
were helping to confirm what was already known or suspected about their identity, learning
heritage-related information, providing potential health insights, and influencing future
decision-making. For disadvantages, participants most frequently reported receiving
unwelcome or unexpected information. Other reported disadvantages were a lack of utility,
skepticism of the trustworthiness or accuracy of the results, and a possibility of the results
reinforcing bias or racism. See Table 6 for a list of emergent themes for advantages and

disadvantages with example quotes and frequencies.
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Statistical analyses suggest that reporting an advantage was significantly associated
with indicating that the ancestry results changed one’s perception of cultural roots (£(316) =
2.00, p = .047), as well as indicating intention to share results with family members (t(317)
= 3.24, p = .001) and physicians or health care providers (t(316) = 2.88, p = .004).
Reporting a disadvantage was significantly associated with decreased likelihood of intention
to share results with family members (£(317) = -2.92, p = .004).

DISCUSSION

This study examined the impacts of DNA ancestry testing on participants within the
context of a broader study evaluating the psychological and behavioral impacts of health-
related DTC genomic testing [51]. Using quantitative and qualitative approaches, we
examined participants’ responses to DNA ancestry testing in a survey study. The study
included evaluation of health-related impacts and assessed predictors of accessing DNA
ancestry results.

The data suggest that the majority of participants were not distressed by their DNA
ancestry results, yet many found the results to be impactful. AlImost half of survey
respondents indicated some change in their perception of their cultural roots, and nearly a
quarter felt the results reshaped their cultural identity. These data are consistent with
previous research findings that suggest ancestry results have moderate impacts on identity,
including self-identification reporting patterns [64]. Estimates in the literature range from
~12% to ~50% of participants reporting changes in perceived race, ethnicity, or identity
[65, 36, 10, 5]. Our results, in combination with past findings, have implications for cultural
identity formation with important possible downstream effects on identity reporting
initiatives, such as the U.S. Census. Indeed, the potential for DNA ancestry test results to
prompt changes in how recipients respond on the U.S. Census has been discussed in the
literature [66, 10, 5] with one study of 45 undergraduate students suggesting one-third
changing their census identification [36]. We recognize that the categorizations of ancestry

and self-reported race and ethnicity used in this study limit the findings as they differ from
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the U.S. Census including its option for multiraciality. Nevertheless, even the U.S. Census is
not static on its framing of demographic questions and iterates across census surveys [67].
Study participants reported benefits of receiving test results similar to those
discussed in the literature, such as curiosity, entertainment, learning more about ancestry,
genealogical research, interest in technology, access to personal information, and health-
related interests [45, 65, 36, 10, 5]. Our results also suggest that self-reported
race/ethnicity, trait anxiety, and past ancestry testing might act as mediators of change in
individuals’ propensity to travel to certain parts of the world and individuals’ views of certain
cultures or world regions. Specifically, the data augment what has previously been observed
regarding differences in the impact of test results on individuals who self-identify as White
versus other races. Previously, some researchers have discussed the ways in which White
individuals more readily integrate new ethnic or racial identities [10, 5], while another study
suggested that those of European background were less likely to change their self-
identification [36]. In our study sample, self-reported Caucasians were less likely to be
affected with respect to travel or views of cultures or world regions. Thus, while findings in
the literature are mixed on whether or not these individuals are more likely to integrate new
identities, our study data suggest they might possibly be less likely to change perspectives
or behaviors. Different categorizations and options for classifying self-reported race and
ethnicity across studies might also account for the mixed findings. Additionally, we found no
significant association between testing impacts and ancestry results that were considered
discrepant relative to baseline self-reported race/ethnicity, which aligns with previous
research findings and theories that argue an individual’s family and cultural upbringing
might be more influential for identity formation than scientific information [36, 68, 10, 5,
69]. Baseline trait anxiety was positively associated with changed perceptions after testing
related to world travel and views of cultures and regions. This finding adds to previous
research findings that suggest baseline anxiety levels may be a susceptibility factor for
being affected by genomic test results [70-73]; thus, these individuals may benefit from

more resources. Nevertheless, our sample of research participants could differ from current
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DTC consumers seeking ancestry information specifically, and, individual motivations and
expectations should be taken into account when contextualizing impact of ancestry test
results.

Consistent with other studies, our participants also reported similar negative aspects
of testing, such as receiving unwelcome or unexpected information which could complicate
one’s understanding of their ancestry [45, 36]. It has been suggested that identity changes
are a result of an “interplay of macro-, meso-, and micro-level processes” [45], thus,
receiving test results might be just one piece of a larger process of understanding one’s
identity [69]. Others have previously written about the intersection of DNA ancestry testing,
genetic determinism, and racism [74-76, 5] as well as the potential for DNA ancestry tests to
reinforce discriminatory rhetoric and behavior [36]. Our results are consistent with this
possibility but suggest that such impacts might be rare among individuals who receive DNA
ancestry testing in the context of research (i.e., in our study, only three individuals, or 1% of
the 322 respondents, raised the possibility of reinforcing bias and racism as a disadvantage
of testing). Nevertheless, 1% reporting possibility of reinforcing bias and racism, when
scaled up, is the equivalent of approximately 260,000 of the 26 million individuals who have
taken DTC ancestry testing in the U.S. as of early 2019 [1]. Furthermore, the data were
collected in 2010 and interest in DTC ancestry testing has steadily increased with more
Americans engaging in DTC ancestry testing than in all previous years combined [1]. We
thus suspect that the study findings are even more pertinent now. It is also possible that
more participants might endorse the possibility of reinforcing bias and racism if explicitly
asked [36]. Future research investigating differences in discriminatory rhetoric and behavior
as a result of ancestry testing should be pursued in the consumer marketplace as well as in
research contexts using both test taker and observational perspectives.

Our results raise the possibility that DNA ancestry tests might impact patterns of
communication with one’s family, friends, and communities. Specifically, most of the survey
respondents (>80%) reported intending to share their results with their family members,

which aligns with one previous study [36]. Notably, however, those who reported a
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disadvantage in receiving their results were less likely to do so (e.g., one hypothesis to
explain this could be that the results contradicted what the respondents thought about
themselves based on family narratives). Thus, it’s possible that these respondents chose to
navigate the contradiction [11] by keeping the results to themselves and dismissing them,
ultimately, rather than sharing the results and potentially disrupting familial bonds which are
constructed socially as well as biologically [69, 7]. Participants who reported an advantage
were more likely to report change in their perception of their cultural roots and intention to
share results with family members. These findings might be explained by the concept of
“ancestral certainty” or one’s confidence in knowing their ancestral background [77].
Individuals with less ancestral certainty might be more influenced or affected by ancestry
results and thus, be more likely to integrate the results, which leads to changes in perceived
cultural roots or desire to share results with family members.

Individuals whose self-reported race/ethnicity was a category other than “Causasian”
(i.e., “African-American,” “Hispanic/Latino,” “Asian,” “American Indian/Alaskan Native,”
“Native Hawaiian/Pacific Islander”) were, as a group, significantly less likely to log on to view
their ancestry results in the study. One explanation might be that individuals in these self-
reported groups endorse more ancestral certainty, compared to self-reported White
individuals [77]. Findings from one study suggest that self-identified Asian, Black/African
American, and Hispanic/Latino participants tend to endorse more ancestral certainty, which
affects and often reduces their interest in engaging with ancestry testing [77]. Another
explanation stems from the hypothesis that ancestry testing might reinforce racial
privileges. For example, ancestry testing has been used to reinforce white privilege and
eugenics rhetoric among White supremacists [76], and ancestry results have been
appropriated to claim entitlement to tribal or scholarship benefits reserved for indigenous or
minority groups [8, 36, 66, 14, 9, 10, 5, 69]. A third explanation might be that individuals
who self-identified as a category other than “Caucasian” in our study were only interested in
the health-related genomic testing that was part of the larger SGHI longitudinal study and

not the ancestry testing component. While both health-related genomic testing and DNA
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ancestry testing were part of the SGHI study, participants might have enrolled primarily for
health-related genomic testing results. Indeed, over the years, DTC genomic testing
companies have split up their ancestry and health-related genomic testing products to meet
consumer trends and niche interests in response to their consumers purchasing the different
tests with distinct motivations [78].

Individuals with higher completed education were more likely to access their results
and complete our survey. These results align with previous findings in the literature that
individuals with more completed education might be most interested in ancestry testing.
Past research suggests that older individuals are most interested in ancestry testing [79, 45,
5, 771, hypothesized as a reflection in trends of older adults’ interest in geneaology [79, 45,
5]. Our data provide partial support for past research findings. Specifically, younger
participants (18-19-year-olds) had the highest likelihood of accessing their ancestry results
online, but older participants (53-54-year-olds) were most likely to complete the ancestry
results survey. We interpret these findings in the following way: due to younger participants’
familiarity with and fluency in technology use from a young age, logging on to view results
required minimal effort, thus reflecting the observed rates of younger participants viewing
online results. This interpretation is also supported by low levels of engagement in survey
completion by our younger participants despite having consented to participate in a larger
study evaluating the psychological and behavioral impacts of health-related DTC genomic
testing [51]. Lastly, individuals who indicated a primary language other than English were
less likely to complete the ancestry results survey, which is unsurprising given it was
provided only in English.

Over 12% of respondents reported intending to share the results with their
physicians or healthcare providers, and reporting any advantage to the test results was
positively associated with an intention to share results with a physician or healthcare
provider. Over 14% of respondents reported health insights as an advantage of the results,
thus one explanation might be that respondents want to share their ancestry results with

provider(s) because respondents view the information as health-related. Furthermore, we

19



found no differences or associations with regards to intention to share results with a
healthcare provider and self-reported race/ethnicity, overall ancestry, or discrepant results.
Cases have been made for [14] and against the clinical utility of ancestry testing [14, 80],
nevertheless, with: 1) over half of our respondents reporting interest in pursuing other
genetic tests in the future; 2) a considerable proportion reporting a desire to share ancestry
results with providers; and 3) the direction of commercial entities moving towards offering
and integrating ancestry and health-related genetic testing [41-44], providers will likely
continue to experience increased volumes and complexity of genetic data as part of care
management. Thus, studying the impacts of personal ancestry testing is of critical
importance for the medical community [11, 81]. Our findings also raise questions related to
how and if physicians and healthcare providers are able to manage ancestry data in the
clinical encounter, especially as interest in DTC ancestry testing has grown since the time
these data were collected[1]. Concerns have previously been noted about physician and
healthcare provider education and training in the area of genomics [82-87], and whether
they have the requisite knowledge and experience to adequately address questions and
carry out clinical care related to genomics [83, 88], let alone, to the specifics of DNA
ancestry results [89, 7]. Previous data also suggest that test takers are motivated to utilize
third-party online services that interpret raw data (e.g., Promethease) and bring these
results to physicians for clinical assistance in interpretation [90]. Furthermore, biomedical
and medical genetics researchers contemplating returning ancestry results to participants
as an study incentive should consider the complexities and consequences raised here about
the behavioral and attitudinal impacts.
Limitations

Our study has several important limitations. First, the data were collected in 2010
and, as a result, are possibly not reflective of current attitudes and trends among those who
are interested in or engage with DNA ancestry testing, especially given the growing
popularity of these products. Our data collection is, however, within the same timeframe as

other studies examining impacts of ancestry test results as follows: 2009-2010 [10], 2009-
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2011 [5], and 2011-2012 [36]. These studies, despite being focused on early users of
genetic ancestry testing, can help the design of future scientific studies. Second, the
ancestry results had limitations as participant genotypes were compared to a sample of
3,000 reference individuals. This represents only a fraction of all known or relevant
populations [11] that are now available to construct ancestry estimates. Third, the DNA
ancestry test results were estimated in-house and not by a commercial provider, even
though the website developed had many features similar to the commercial products
available at that time. While this difference limits generalizability, the findings do have
transferability worthy of future investigation in current DTC offerings. Fourth, the amount of
time that passed between a participant viewing their results and completing the survey was
not tracked. Most participants would likely have completed the survey immediately after
viewing their results because that is when they would have been prompted to do so by the
appearance of the survey link. However, because we did not track this, we are unable to
draw correlations between time to process the results and impacts. Fifth, we did not collect
participant self-reported ancestry as part of the impacts survey, thus, our ability to draw
conclusions about changes in ancestry pre- and post-testing is limited. We attempted to look
at discrepancies between self-reported race/ethnicity and participants’ overall ancestry
estimates using consensus coding. However, we recognize the limitations of this approach
given the complexities in matching ancestry and self-reported race/ethnicity which are not
synonymous. These data should be interpreted with caution.

We also acknowledge the limitations of the item wording and response options used
in the baseline survey demographic items. Specifically, responders saw stimuli that asked:
“Iw]hat is your ethnicity?”, however, stimuli asking: “[h]Jow do you identify?” with the
inclusion of a multi-response format and more inclusive response options would have
allowed for participants to answer in a more-nuanced and self-representative fashion to
items of ethnicity and race. The wording of these items and the response options provided
are restricted relative to present day standards. While the approach was similar to wording

and response options used in demographic questions in other biomedical studies conducted
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during the same timeframe, we acknowledge the way these stimuli were phrased might
have limited participants’ ability to self-report precisely and, therefore, created limitations to
the subsequent analysis and interpretation. Future studies will benefit from self-report
demographic items with more inclusive and multiraciality options that allow respondents to
better represent themselves. Sixth, our findings are limited in their generalizability given our
highly-educated, wealthy, predominately self-reported Caucasian sample. This limitation is
mirrored in previous studies as well [65, 10, 5]. Some studies [45, 91] have been more
successful in recruiting more diverse populations, and we emphasize the importance of
recruiting more inclusive samples in future studies. Relatedly, due to smaller sample sizes in
other ascribed racial/ethnic groups (i.e., other than Caucasian), self-reported race/ethnicity
was dichotomized in our study to increase statistical power, and as a result, limited our
ability to study potential intergroup differences. Future research would benefit from a study
statistically-powered to explore potential intra- and inter-group similarities and differences.

Finally, scholars have previously written about the ways in which “sociotechnical
architecture” of technologies impact how users experience information presented through
technologies. In this study, the very design of the results interface might impact participant
engagement with and understanding of their results [92]. We are unable to partial out the
effect of the return of results interface on the impacts of the genetic ancestry results.
Further investigation comparing the potential effect of interfaces for communicating and
interacting with DNA ancestry testing results is warranted. Moreover, we also did not assess
response to individual components of the genetic ancestry report that were provided (i.e.,
population likelihood strategy, world-wide matching strategy, global coordinates strategy),
and it is possible that participants’ responses differed based on which strategy they focused
on or time spent looking at one strategy versus another. Lastly, we did not assess the
degree to which other educational information and webpages accessible to participants on
the interface may have impacted their understanding of the results or have influenced the
impact of the results.

Future Directions
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DTC DNA ancestry testing’s recent and projected growth has critical policy
implications in a variety of settings [66, 10, 5, 69]. The perceived lack of oversight of DTC
DNA ancestry testing by regulatory bodies has raised concerns about its uses [38],
especially in high-stakes settings such as healthcare, U.S. Census reporting, Native
American tribal affiliation, college admissions, and job enrollment [39, 65, 18, 35, 40]. We
thus stress the need for future research that includes an appropriately-powered and
inclusive longitudinal study to examine psychosocial and health behavioral impacts of DTC
DNA ancestry testing. Specifically, we recommend a pre/post study design with immediate
and long-term follow-up timepoints. To date, the few empirical data that exist suggest that
most test takers are not adversely affected by test results; however, a sizeable proportion
report a shift in their self-identity. Future research should consider both the immediate and
long-term effects of DNA ancestry testing on test-recipients as available data are limited and
further study could clarify the impact on test takers’ attitudes and behaviors. We
recommend using both personal ancestry and more granular racial categorization in
combination for participant self-identification [64]. Additionally, future research would
benefit from studying the impact(s) of an individual’s DNA results on others (e.g., family
members, community members, and/or societal bystanders) as our data, along with
previously published findings, suggest that test takers are interested in sharing results with
others yet few data exist examining how others react or use this information in decision-
making (e.g., their own medical care). Related ethical issues to explore include: 1)
intergenerational consent [93]; and 2) data privacy related to law enforcement reliance on
genetic genealogy for re-identification purposes and as a crime-solving tool to supplement
formal CODIS databases [65, 94-97, 7].

Conclusion

Empirical studies examining the impacts of DNA ancestry testing are scant, despite
the DTC ancestry industry being two decades old. This paper is the first, to our knowledge,
to report on health-related impacts from engaging in genetic ancestry testing and is one of

very few studies in the literature overall that has studied recipients of genetic ancestry
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tests. We hope that this work will motivate future research that will help us understand how
and whether DTC DNA ancestry testing alters healthcare (e.g., quality of care, access to
care, utilization of care), health behaviors (e.g., perceived health risks, disease prevention)
and health outcomes (e.g., if there are actual health effects, psychosocial stress, altered

experience of discrimination), as well as willingness to participate in other genetic research.
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Figure Legend:

Figure 1. Participant flow chart

Supplemental Figure 1. Screenshot of interactive website with genetic ancestry results
Supplemental Figure 2. Screenshot of population likelihood strategy - global view

Supplemental Figure 3. Screenshot of population likelihood strategy - regional view
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