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Purpose: Direct-to-consumer personal genomic tests are widely 
available, but population-based data are limited on awareness and use 
of these tests among the general public in the United States.
methods: We assessed awareness and use of direct-to-consumer 
personal genomic tests in Connecticut, Michigan, Oregon, and 
Utah using the 2009 Behavioral Risk Factor Surveillance System and 
compared the state results to the 2008 national HealthStyles survey 
results.
Results: Awareness was the highest in Oregon (29.1%) and the low-
est in Michigan (15.8%). Factors associated with awareness across 
all states and nationally were higher education, higher income, and 
increasing age, except among those 75 years or older. Less than 1% of 
respondents had used the tests, with about one-half to three-quarters 
of those sharing the results with a health-care provider.

conclusions: Awareness of direct-to-consumer genetic tests is 
greater in this study as compared with a related study conducted in 
2006, whereas use is similarly low in both studies. The few respon-
dents who reported using the tests often reported sharing their results 
with their health-care provider, indicating an important opportunity 
for health-care providers to offer patient education regarding these 
tests. Public health agencies have important roles in surveillance, 
education, and policy development on direct-to-consumer genomic 
tests.
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and educational purposes only, and the reach of testing restric-
tions is often limited to laboratories located within state.4,5

The validity, utility, and delivery models of DTC personal 
genomic tests, including evidentiary, ethical, and regulatory 
issues, have been examined by state and federal health agen-
cies and in the scientific literature.6,7 Such issues relate to the 
 scientific basis underlying health-related marketing claims, 
including the limited predictive value of the tests; quality stan-
dards and accreditation of testing laboratories; involvement of 
a suitably trained health-care provider in test provision; gaps in 
federal oversight of DTC genetic testing; and gaps in privacy 
and research protections. In 2009, a multidisciplinary work-
group examined the scientific foundation for DTC personal 
genomic tests and found that a rigorous research agenda is 
needed to assess the validity and utility of these tests and the 
balance of benefits and harms.8 In 2010, these tests were the 
subject of a congressional hearing9 and a highly critical report 
by the US Government Accountability Office, which found that 
test results were “misleading and of little or no practical use.”10

Published data are limited on public awareness and use of 
DTC genetic tests, despite their widespread availability.11–14 In 
2006, Goddard et al.14 examined awareness and use of DTC 

intROdUctiOn
A number of private companies have been marketing and 
providing genetic tests to consumers that do not require the 
participation of a health-care provider. Direct-to-consumer 
(DTC) personal genomic tests, which examine up to 1 million 
or more genetic variants to inform disease risk and prevention 
strategies, were first introduced in 2007. Other DTC genetic 
tests, such as nutrigenomic tests, which are geared toward tai-
loring nutritional and physical activity interventions based 
on individuals’ genetic makeup, have been available for many 
years. The legal landscape of DTC genetic testing varies in the 
United States by state.1 DTC personal genomic tests are cur-
rently offered for purchase to residents of 48 US states and the 
District of Columbia (ref 2 as one example), with New York 
and Maryland excepted; however, the specific test results pro-
vided may vary based on state law (ref 3 as one example). For 
some states, clinical laboratory tests on human samples, with 
certain exceptions for specific tests authorized by law, must be 
ordered by health-care providers and/or the results reported 
to health-care providers, restrictions that might effectively 
prohibit DTC personal genomic testing services; however, per-
sonal genomic tests are sometimes marketed for informational 
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nutrigenomic tests in three state population-based surveys 
and nationally, using similar questions and methodology as 
our study, and found that awareness varied across states (15.9–
29.1%) and use was very low (<1%). To explore the public 
health impact of these tests, and to obtain more recent popula-
tion-based estimates of awareness and use of DTC genetic tests 
in this rapidly evolving field, we developed and administered 
questions using the 2009 Behavioral Risk Factor Surveillance 
Systems (BRFSS) in Connecticut, Michigan, Oregon, and Utah 
to assess the awareness of the public and use of DTC personal 
genomic tests.

mAteRiALs And metHOds
Four questions were added to the 2009 BRFSS in Connecticut, 
Michigan, Oregon, and Utah. The BRFSS collects information 
about health conditions, risk behaviors, and health-care access 
and utilization in the United States using a random-digit-dialed 
telephone survey of the noninstitutionalized population aged 
18 years or older from each state. Residential landline phone 
numbers were used. Oregon, Connecticut, and Utah offered the 
survey in both English and Spanish. Response rates were 44.2% 
for Connecticut, 56.9% for Michigan, 42.1% for Oregon, and 
66.6% for Utah.15 State results were compared to national results 
from the 2008 HealthStyles survey conducted by Synovate, for 
which a more limited analysis was previously reported.12

The main outcome variables included in our analysis were 
awareness of DTC personal genomic tests and use of such tests. 
These were assessed by asking the following questions: “Several 
companies are advertising genetic tests that examine a person’s 
entire genetic makeup for health risks. You can order these tests 
directly, without the involvement of a healthcare provider. Have 
you heard or read anything about these tests?” and “Have you 
ever had one of these tests?” If respondents answered yes to the 
latter, they were asked, “Did you discuss the results with your 
health care provider?” There were subtle differences in question 
phrasing across states (Table 1).

Study covariates included the following sociodemographic 
variables: age group, sex, race/ethnicity, household income 
category, education level, and health insurance coverage. 
Other covariates included the following health-related behav-
iors or characteristics: general health status, daily consump-
tion of fruits and vegetables, level of physical activity (CDC 
Recommendations met (30+ min of moderate physical activity 
five or more days per week, or vigorous physical activity for 20+ 
min three or more days per week) vs. not met), smoking sta-
tus (current vs. former/never smoked regularly), self-reported 
body mass index category (underweight/normal (<25.0 kg/m2) 
vs. overweight/obese (25.0 kg/m2 or higher)), and alcohol con-
sumption (binge drinking (5 or more drinks on any occasion 
for men and 4 or more drinks on any occasion for women) vs. 
no binge drinking).

Respondents were also asked about their sources of informa-
tion for DTC personal genomic tests, based on a list of sources 
that was provided (Figure 1a,b). This question varied by state. 
Connecticut and Michigan asked, “From which sources did you 

first hear or read anything about these tests?” Oregon, Utah, and 
the national HealthStyles survey allowed multiple responses by 
asking, “Where did you hear or read about these tests?”

Data from each state were analyzed separately with Stata ver-
sion 11.2 (StataCorp LP, College Station, TX) (Oregon); SAS-
Callable SUDAAN, Release 10.0.1 (Research Triangle Institute, 
Research Triangle Park, NC) (Michigan); or SAS, Release 9.2 
(SAS Institute, Cary, NC) (Utah, Connecticut, and HealthStyles 
data). Sample data were weighted to reflect the demographic 
characteristics of the adult population in each of the states or 
nationally. Sample sizes (number of survey respondents) were 
reported as unweighted numbers.

χ2 tests were used to compare differences in awareness by 
population characteristics and selected behaviors. Multivariate 
logistic regression was performed to identify factors that 
remained significant (P < 0.05) after adjusting for other con-
founders. Statistical analyses were not adjusted for multiple 
comparisons.

The human research protection offices at the Centers for 
Disease Control and Prevention, Connecticut Department 
of Public Health, Michigan Department of Health, Oregon 
Department of Human Services, and Utah Department 
of Health have determined that the BRFSS survey and the 
HealthStyles survey are exempt from institutional review.

ResULts
Awareness of DTC personal genomic tests ranged from 15.8% 
in Michigan to 29.1% in Oregon (Table 1). In each of the states 
and nationally, less than 1% of the population reported ever 
using a DTC personal genomic test (Table 1). The source most 
commonly cited for where respondents had read or heard of 
DTC genomic tests in all four states and nationally was “TV 
or radio,” with “newspaper” and “magazine” ranked either sec-
ond or third (depending on the state), and “Internet” fourth. 
The least commonly cited sources were “health professional,” 
“friend,” and “family member.” (Figure 1a,b). Of those report-
ing using a DTC personal genomic test, approximately one-half 
to three-quarters reported sharing the results with their health-
care provider, although these results are based on small sample 
sizes (data not shown).

Bivariate analyses showed that race, age, income, and educa-
tion were significantly associated with awareness in all states 
and nationally (Table 2). Covariates that remained in the 
bivariate and logistic regression analyses included age, sex, 
race/ethnicity, household income, education, insurance sta-
tus, self-reported health status, physical activity, and fruits and 
vegetables consumption. Additional lifestyle variables, such as 
smoking status, obesity, and alcohol consumption were found 
not to be significantly associated with respondents’ awareness 
of DTC personal genomic tests and were excluded from further 
analysis.

After controlling for covariates in logistic regression mod-
els, ages 50–74 years, higher education, and income levels of 
$75,000 or more remained significantly associated with aware-
ness of DTC personal genomic tests for all of the states and 
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nationally (Table 3). Nationally and in Utah, non-Hispanic 
whites were significantly more likely than Hispanics to be 
aware of DTC genetic testing; nationally and in Michigan, non-
Hispanic whites were significantly more likely to be aware than 
non-Hispanic blacks. In Connecticut, Michigan, and Utah, eat-
ing five or more servings of fruits and vegetables daily was a 
predictor of awareness of testing (Table 3).

discUssiOn
Our analyses provide the first multistate population-based 
information on adult awareness and use of DTC personal 
genomic tests. The number of combined respondents surveyed 
across states was 16,439 adults, which is more than three times 
the number of respondents included in other published stud-
ies on DTC personal genomic tests.12,16–21 Furthermore, because 
previous published studies are not representative of the pop-
ulation at large,22 these data representative of four states are 
invaluable in assessing awareness and use of such tests among 

US adults. In addition, a strength of our methodology is that it 
allows comparisons between data for four states and national 
data. Although there were differences in awareness of DTC per-
sonal genomics tests, there were striking similarities among the 
states and nationally with 0.2–0.8% of adults reporting the use 
of DTC personal genomic tests.

We estimate that ~200,000 to over 1 million adults in the 
United States had used DTC personal genomic tests as of the 
administration of surveys in 2008 and 2009. Although we were 
not able to directly determine the absolute number of adults 
using DTC personal genomic tests as of 2009, a recent publica-
tion that evaluated website traffic reports from the three largest 
DTC personal genomic test companies estimated that ~20,000–
30,000 people purchased such a test in 2009.23 The estimates 
by Wright and Gregory-Jones23 were based on unsubstantiated 
assumptions that less than 5% of website visitors purchased a 
DTC personal genomic test. Their estimates are consistent with 
a March 2010 article in the popular media that reported that 

table 1 Questionsa and results of State Behavioral Risk Factor Surveillance System (2009) and National HealthStyles (2008) 
surveys on awareness and use of direct-to-consumer personal genomic tests

Questionsa

Awareness or use 
% yes (95% ci)

Connecticut (n = 6,019)

  Several companies [specific company names provided in the question] are advertising genetic tests that examine a person’s 
entire genetic makeup for health risks. You can order these tests directly, without the involvement of a healthcare provider, by 
swabbing the inside of your cheek and sending that sample to the company. Have you heard or read anything about 
these tests? 22.9 (21.4–24.5)

 Have you ever had one of these tests? 0.7 (0.2–1.2)

Michigan (n = 5,883)

  Several companies [specific company names provided in the question] are advertising genetic tests that examine a person’s 
entire genetic makeup for health risks. You can order these tests directly, without the involvement of a healthcare provider, by 
swabbing the inside of your cheek and sending that sample to the company. Have you heard or read anything about 
these tests? 15.8 (14.6–17.1)

 Have you ever had one of these tests? 0.5 (0.3–0.8)

Oregon (n = 1,931)

  Several companies [specific company names provided in the question] are advertising genetic tests that scan a person’s entire 
genetic makeup for health risks. You can order these tests directly, without the involvement of a healthcare provider. Have you 
heard or read about these tests? 29.1 (26.4–31.9)

 Have you ever used any of these tests? 0.8 (0.4–1.9)

Utah (n = 2,606)

  Several companies [specific company names provided in the question] are advertising genetic tests that scan a person’s entire 
genetic makeup for health risks. You can order these tests directly, without the involvement of a healthcare provider. Have you 
heard or read about these tests? 27.5 (25.1–29.8)

 Have you ever had one of these tests? 0.6 (0.2–0.9)

National (n = 5,399)

  Genetic tests that scan a person’s entire genetic makeup for potential health risks are currently being marketed directly to 
consumers by several different companies [specific company names provided in the question]. Have you heard or read about 
these genetic tests? 22.1 (21.0–23.2)b

  Have you ever had a genetic test that scanned your entire genetic makeup for potential health risks from a direct-to-consumer 
company [specific company names provided in the question]? 0.2 (0.1–0.3)b

Bold text indicates differences in survey question phrasing among the four states.

CI, confidence interval; DTC, direct-to-consumer.
arespondents aware of DTC genomic tests were also asked about the source of information about the tests, and respondents who reported having the tests were asked 
whether they shared the test results with a health-care provider (questions not shown). bNational results were previously reported as unweighted analyses (ref. 12), but are 
presented here weighted to adjust observations to a nationally representative distribution.
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each of the three companies mentioned by name as examples 
in the current surveys had at most 35,000 customers, although 
the source of this information was not identified.24 Because 
information regarding the number and demographics of DTC 
personal genomics test customers is proprietary and not avail-
able to the public through DTC companies,5 our approach to 
using existing state and national consumer surveys to obtain 
such estimates helps to address these data gaps.

Three of the four participating states (i.e., Michigan, Oregon, 
and Utah) had also examined awareness and use of DTC 
nutrigenomic tests in 2006.14 In comparison to this previous 
population-based study of DTC nutrigenomic tests, awareness 
of DTC genetic tests is greater in 2009 (15.9–29.1%) than in 
2006 (7.6–24.4%), with Michigan consistently having the low-
est and Oregon having the highest awareness rates. However, 
the estimates of usage of DTC genetic tests in these states and 
nationally in the two studies are similar at less than 1%.

A likely reason for the greater awareness is the significant 
media attention that DTC personal genomic tests received in 
this 3-year time period, culminating with “Time” magazine 
naming the “Retail DNA test” as the 2008 “Invention of the 
Year.”23,25 The influence of the media appears to be supported by 
our findings that among respondents aware of DTC personal 
genomic tests that media outlets (i.e., television, radio, news-
papers, and magazines) were the most likely source of where 
respondents had read or heard about such tests. Other studies 
have also found that the mass media are the primary source 
of DTC genetic information.26,27 However, this media involve-
ment may have unexpected negative consequences and may be 
related in part to our finding of a low uptake of DTC personal 
genomic tests. On the basis of 10 focus groups conducted by 
Rahm et al.,26 many participants expressed negative thoughts 
about DTC genetic testing, primarily focused on the media as 
the messenger and questioning the scientific validity and util-
ity of such tests. Rahm et al.26 also concluded that although the 
media may influence the perceived importance of an issue, con-
sumers further interpret media messages based on their own 
risk perceptions and social groups.

The demographic profiles of respondents more likely to 
be aware of DTC personal genomic tests in 2009 and DTC 
nutrigenomic tests in 2006 remained similar across states and 
nationally. Respondents who were older (except those 75 years 
or older), more affluent, and more highly educated were sig-
nificantly more aware of such tests. Similar to our findings, 
Langford et al.13 found that awareness of DTC genetic tests was 
greatest among 50–74 year olds, in contrast to other studies, 
which have suggested that younger age is significantly related 
to awareness21 or that there is no association related to age.11 
Similar to our findings, Bloss et al.17 suggested that younger 
people are more likely to be unsure about DTC personal genetic 
testing. In contrast to our 2009 findings, the 2006 survey found 
that race and ethnicity were not consistently associated with 
awareness of DTC nutrigenomic tests. Our findings are also 
similar to those of Hensley et al.,28 who found that African 
Americans were less likely to access a DTC multiplex genetic 
test. Our 2009 findings are also similar to a recent report by 
Langford et al.13 that examined 6,754 respondents and found 
that black respondents were less aware of DTC genetic tests 
as compared with white respondents. Langford et al.13 further 
reported that this finding may be partially related to numeracy 
skills.13 Furthermore, Lachance et al.29 reported that the aver-
age reading level of DTC personal genetic testing websites was 
grade 15, which is significantly above the average reading skill 
of adults in the United States. The recognition of differences 
in awareness of DTC personal genomic tests among different 
 segments of our population is important in order to address 
potential literacy and numeracy needs, and to ensure that all 
consumers regardless of race, ethnicity, age, education, and 
income can be fully informed when making decisions about 
health and personal genetic testing.

Although the demographics of adults aware of DTC per-
sonal genomic tests are similar between states and nationally, 
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Figure 1 sources most commonly cited of where respondents had read 
or heard of dtc personal genomic tests. (a) From which sources did you 
first hear or read anything about these tests? (b) Where did you hear or read 
about these tests? DTC, direct-to-consumer.
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table 2 Sociodemographic and lifestyle characteristics of respondents by awareness of DTC personal genomic tests

characteristic

connecticut michigan Oregon Utah nationala

% Yes Pb % Yes Pb % Yes Pb % Yes Pb % Yes Pb

Total awareness of DTC tests 22.9 15.8 29.1 27.5 22.1

Sex 0.681 0.1933 0.5894 0.94 0.0012

 Male 22.6 14.9 29.9 27.6 20.2

 Female 23.3 16.6 28.3 27.4 23.8

race and ethnicity 0.0006 <0.0001 0.0013 0.0012 <0.0001

 White non-Hispanic 24.3 17.3 31.0 28.7 23.6

 Black non-Hispanic 12.7 9.3 NAc NAc 18.0

 Hispanic 10.7 11.8 NAc 11.0 16.5

 Otherd 24.0 11.2 18.4 28.5 24.5

Age, years <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

 18–49 20.2 13.5 21.9 21.1 18.6

 50–74 28.5 20.4 39.4 41.4 28.5

 75+ 17.1 11.7 32.7 31.8 17.2

Household income <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

 <$25K 17.9 9.0 21.3 19.4 15.2

 $25K–$49.9K 18.7 14.9 25.5 26.3 21.3

 $50K–$74.9K 19.9 19.9 30.0 26.5 21.8

 $75K+ 28.2 21.2 41.2 36.7 28.4

Education level <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

 High school or less 14.8 9.0 20.1 18.2 13.7

 At least some college 21.4 15.4 28.6 25.2 22.2

 College graduate 28.3 24.3 38.5 38.8 30.5

Health status <0.0001 0.0105 0.3680 0.18 0.0002

 Excellent/very good 25.8 17.5 30.5 28.8 24.7

 Good 18.6 13.8 26.9 24.2 19.5

 Fair/poor 14.8 13.5 26.4 27.7 21.8

Health insurancee 0.2502 <0.0001 0.0010 0.0043

 Yes 23.3 16.9 31.3 29.4 NAf

 No 19.2  8.3 16.8 17.2 NAf

Physical activityg 0.0058 0.0001 0.0779 0.27

 recommendations met 23.7 18.7 31.2 28.9 NAf

 recommendations not met 14.6 13.5 26.3 26.2 NAf

Fruit and vegetable consumption <0.0001 0.0001 0.0516 0.0021

 ≥5 servings per day 29.0 20.8 33.9 34.0 NAf

 <5 servings per day 20.5 14.3 27.4 25.4 NAf

DTC, direct-to-consumer.
aNational results were previously reported as unweighted analyses (ref. 12), but presented here weighted to adjust observations to a nationally representative distribution. 
breported P values are not adjusted for multiple comparisons. cData unavailable due to small sample size. dThe “other” category includes: American Indian/Alaska Native, 
Asian, Native Hawaiian/other Pacific Islander, and other races. eAny kind of health care insurance, including government plans. fCorresponding questions not included in 
the HealthStyles survey. g30+ min of moderate physical activity five or more days per week, or vigorous physical activity for 20+ min three or more days per week.

the percentage of adults aware of DTC personal genomics tests 
varies between states. The reasons for the differences in aware-
ness between states are not known. Also, in contrast to our 
findings, a smaller study of Puerto Rican residents found that 

an astounding 56% of respondents were aware of DTC genetic 
tests and 4% of respondents had used such tests.11 The Puerto 
Rican study also found lower awareness among men and smok-
ers and no association with awareness for age and education.11 
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The variations in awareness between states may be related to 
the marketing strategies of these companies; however, there is 
no published evidence available that demonstrates variations 
in marketing of these tests by geographic areas of the United 
States. Another possible explanation for these differences is that 
health literacy and numeracy skills may differ between states, 
with higher numeracy skills being associated with awareness as 
reported by Langford et al.13; however, we have not been able 
to locate published comparison of numeracy skills by state 
populations and therefore are not able to further explore this 
possibility. In 2007, the Genetics & Public Policy Center pub-
lished a comparison of state laws for DTC testing obtained 
through surveys of state government officials.1 Although the 
results of this survey have not been reproduced by others, 13 
states reported having laws that prohibited DTC genetic testing 

(including Michigan and Connecticut), 12 permitted DTC test-
ing for specified categories of tests (including Oregon), and the 
other states had no known laws restricting DTC genetic testing 
(including Utah).1 In our study, Michigan was found to have 
the lowest rates of awareness of DTC personal genomic tests, 
which may be related to the more stringent interpretation of 
Michigan’s state laws.

It is especially noteworthy that the use of DTC nutrigenomic 
tests in 2006 and the use of DTC personal genomic tests in 2009 
remained consistently low at less than 1%. The specific reason 
for this consistent finding is not known; however, possible rea-
sons for low utilization of such tests include the inability for con-
sumers to pay the cost of DTC personal genomic tests, general 
lack of consumer interest regarding such tests,30 consumer mis-
trust in purchasing online genomic services,17,18,31,32 cautionary 

table 3 Predictors of awareness of DTC personal genomic tests

characteristic
connecticut

AOR (95% ci)a

michigan
AOR (95% ci)b

Oregon
AOR (95% ci)a

Utah
AOR (95% ci)b

national
AOR (95% ci)c

Sex

 Female vs. male 1.0 (0.8–1.2) 1.1 (0.9–1.4) 0.9 (0.7–1.2) 1.0 (0.8–1.3) 1.4 (1.2–1.6)

race and ethnicity

 Black non-Hispanic vs. white non-Hispanic 0.7 (0.4–1.1) 0.6 (0.4–0.9) NAd NAd 0.7 (0.6–0.9)

 Hispanic vs. white Non-Hispanic 0.6 (0.3–1.1) 0.9 (0.5–1.8) NAd 0.5 (0.2–1.0)† 0.8 (0.6–0.9)

 Othere vs. white Non-Hispanic 1.1 (0.6–2.1) 0.7 (0.4–1.4) 0.7 (0.4–1.1) 0.8 (0.3–1.7) 1.1 (0.8–1.4)

Age, years

 50–74 vs. 18–49 1.6 (1.3–2.0) 1.8 (1.4–2.2) 1.9 (1.3–2.8) 2.3 (1.8–2.9) 1.7 (1.5–1.9)

 75+ vs. 18–49 1.0 (0.7–1.3) 1.3 (0.9–1.8) 2.9 (2.0–4.1) 1.9 (1.3–2.8) 0.9 (0.7–1.3)

Household income

 $25,000–$49,900 vs. <$25,000 0.9 (0.6–1.4) 1.6 (1.1–2.2) 1.1 (0.7–1.7) 1.2 (0.8–1.9) 1.4 (1.1–1.7)

 $50,000–$74,900 vs. <$25,000 1.0 (0.6–1.5) 2.0 (1.4–3.0) 1.5 (0.9–2.4) 1.2 (0.7–2.0) 1.3 (1.0–1.6)‡

 $75,000+ vs. <$25,000 1.3 (0.9–2.0) 1.9 (1.3–2.8) 2.2 (1.4–3.6) 1.7 (1.0–2.7)* 1.6 (1.3–2.0)

Education level

 At least some college vs. high school or less 1.5 (1.0–2.1) 1.6 (1.2–2.1) 1.3 (0.9–2.0) 1.4 (1.0–2.1) 1.7 (1.4–2.1)

 College graduate vs. high school or less 1.9 (1.4–2.6) 2.5 (1.8–3.3) 1.8 (1.1–2.7) 2.2 (1.5–3.2) 2.4 (1.9–2.9)

Health status

 Good vs. fair/poor 1.3 (0.9–1.8) 0.9 (0.6–1.3) 1.0 (0.7–1.4) 0.9 (0.6–1.4) 0.8 (0.7–1.0)**

 Excellent/very good vs. fair/poor 1.7 (1.2–2.4) 1.1 (0.8–1.6) 0.9 (0.6–1.5) 1.1 (0.7–1.7) 0.9 (0.8–1.1)

Health insurancef

 Yes vs. no 0.9 (0.5–1.5) 1.2 (0.8–2.0) 1.2 (0.7–2.1) 1.3 (0.7–2.6) NAg

Physical activityh

 recommendations met vs.  
 recommendations not met

1.4 (0.9–2.1) 1.4 (1.1–1.7) 1.3 (0.9–1.7) 1.1 (0.9–1.5) NAg

Fruit and vegetable consumption

 ≥5 servings per day vs. <5 servings per day 1.5 (1.2–1.8) 1.4 (1.1–1.7) 1.3 (0.9–1.8) 1.4 (1.0–1.8)*** NAg

AOr, adjusted odds ratio; 95% CI, 95% confidence interval; DTC, direct-to-consumer; NA, not available.
alogistic regression models controlled for age, income, education, and fruit and vegetable consumption. blogistic regression models controlled for race/ethnicity, age, 
income, education, and fruit and vegetable consumption. clogistic regression models controlled for sex, race/ethnicity, age, income, education, and health status.
dData unavailable due to small sample size. eThe “other” category includes: American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, and other races. 
fAny kind of health care insurance, including government plans. gCorresponding questions not included in the HealthStyles survey. h30+ min of moderate physical activity 
five or more days per week, or vigorous physical activity for 20+ min three or more days per week.

*P = 0.039; **P = 0.019; ***P = 0.031 †P = 0.040; ‡P = 0.042.
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messages and findings about using DTC personal genomics 
tests from states and federal agencies,8–10 legislation restricting 
DTC genetic test use in some states,1,5 and position statements 
about potential harms regarding DTC personal genomic test-
ing from professional organizations.33 When the cost of a DTC 
personal genomic test is reduced or eliminated, the use of DTC 
personal genomic tests in select populations is higher (15–30%) 
as compared with our findings.16,34 Therefore, it seems that the 
cost of testing may be an important barrier to utilization. Based 
on several published studies,17,18,31,32 consumers report having 
concerns regarding DTC genetic testing especially related to 
privacy, worry about receiving the results, and reliability of test 
results. On the basis of a recent worldwide systematic review of 
position statements, policies, and recommendations regarding 
DTC genetic testing,33 existing positions and policies describe 
more potential harms than benefits of DTC genetic tests, with 
some policies calling for prohibition of such tests.

A recent systematic review of the literature22 found that the 
majority of consumers desire guidance by a health profes-
sional when considering DTC personal genetic tests. In fact, 
although studies have found that 78–92% of the general pub-
lic state that they would share their DTC genetic test results 
with a physician if they were tested,20,32,35 previous studies have 
found that ~28% of DTC genetic testing customers actually 
have shared their results with a health-care provider, typically 
their primary-care provider.17,19 As compared with these pre-
vious studies, our study found that about one-half or more 
respondents who had used a DTC personal genomic test had 
shared their results with a health-care provider. Kaufman et 
al.19 suggest that sharing DTC risk reports with health-care 
professionals may add considerable value to the test result and 
facilitate appropriate health-related decisions. It is encourag-
ing that several DTC companies have recently changed their 
delivery model and now require consumers to order their tests 
via a physician.36

There has been a surge of DTC personal genomic test offer-
ings, which has been described as a “premature deployment 
of genomic technologies without a scientific evidence base.”4,12 
Our findings indicate significant sociodemographic and life-
style disparities in awareness of DTC genomic tests, suggesting 
an unmet need to increase consumer awareness of genomics, 
especially in disparate populations. The promise of genomics to 
improve personal and population health will be achieved only 
if and when genomic services and technologies are evidence 
based and accessible to all individuals, regardless of race/eth-
nicity, income, and education.37

Limitations of our study include subtle differences in survey 
question wording, differences in the sociodemographic com-
position of the survey populations, and differences in survey 
methodology. A limitation of the 2009 state BRFSS was that 
respondents of the four states needed access to a working lan-
dline telephone at their residence. Another limitation of our 
study is that the health literacy and numeracy of our survey 
populations were not evaluated. Last, our data are based on self-
reported information that was not able to be confirmed through 

other sources and that may be inaccurate if respondents did not 
understand the survey questions.
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