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Abstract

Although the availability of direct-to-consumer (DTC) genetic testing has increased in recent 

years, the general public’s awareness of this testing is not well understood. This study examined 

levels of public awareness of DTC genetic testing, sources of information about testing, and 

psychosocial factors associated with awareness of testing in the U.S. Data were obtained from the 

nationally representative 2013 U.S. Health Information National Trends Survey. Guided by a 

social-cognitive conceptual framework, univariable and multivariable logistic regressions were 

conducted to identify factors associated with awareness of DTC genetic tests. Of 3,185 

participants, 35.6% were aware of DTC genetic tests, with the majority learning about these tests 

through radio, television, and the Internet. In the final adjusted model, participants with annual 

incomes of $99,999 or less had lower odds of being aware of DTC genetic testing (ORs ranging 

from 0.46–0.61) than did those participants with incomes of $100,000 or more. The odds of 

awareness of DTC genetic tests were significantly higher for those who actively seek cancer 

information (OR = 1.91, 95% CI = 1.36–2.69), use the Internet (OR = 1.81, 95% CI = 1.05–3.13) 

and have high numeracy skills (OR = 1.67, 95% CI = 1.17–2.38). It will be critical for healthcare 

researchers and practitioners to understand predictors and consequences of the public’s awareness 

of DTC genetic tests, as well as how such awareness may translate into DTC genetic testing 

uptake, health behavior change, and ultimately disease prevention.

Correspondence: Tanya Agurs-Collins (collinsta@mail.nih.gov), Behavioral Research Program, Division of Cancer Control and 
Population Sciences, National Cancer Institute, 6130 Executive Blvd, Rockville, Maryland 20852. 

Conflict of Interest
The authors have no conflicts of interests or financial interests to disclose.

HHS Public Access
Author manuscript
J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

Published in final edited form as:
J Cancer Educ. 2015 December ; 30(4): 799–807. doi:10.1007/s13187-014-0784-x.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Health Information National Trends Survey (HINTS); direct-to-consumer genetic testing; 
behavioral research; psychosocial

Introduction

Direct-to-consumer (DTC) genetic tests, which are used to predict risks for multiple 

common diseases and traits, are advertised and sold directly to consumers, generally without 

the involvement of healthcare providers and traditionally with limited regulatory oversight 

[1]. The global DTC genetic testing market is projected to reach more than $230 million by 

2018 [2]. Yet, concerns do exist about the widespread availability of DTC genetic testing, 

including concerns over knowledge gaps in clinical validity and utility of DTC genetic tests, 

the potential for consumer misinterpretation of results, and the possibility for widening 

health-related communication inequalities [1] [3].

Recent events have highlighted the contentious nature of DTC genetic testing. In November 

2013, the U.S. Food and Drug Administration (FDA) issued a warning letter directed 

towards a specific DTC company demanding an immediate halt to testing until the company 

receives FDA marketing authorization [4]. In July 2014, the FDA notified Congress that it 

will publish a proposed risk-based oversight framework for laboratory developed tests 

(LDTs) that are designed, manufactured, and used within a single laboratory [5]. Although 

society awaits the FDA’s guidance on LDTs and traditional diagnostics, which include DTC 

genetic testing, it is clear that DTC genetic testing, in one form or another, is here to stay.

Yet, what is less clear is how these widely-publicized events may ultimately affect the 

public’s interest in and attitudes about DTC genetic testing and other applications of gene 

sequencing technologies. It is possible, for example, that public debates about the validity 

and acceptability of these tests could erode trust, diminish interest, or even heighten 

curiosity. Each of these scenarios may require focused communication and educational 

efforts to ensure that the public has an accurate understanding of DTC genetic testing. 

However, as a first step, it is important to determine the public’s general awareness of DTC 

genetic testing, and the factors that may influence people’s knowledge of DTC genetic 

testing. To date, little is known about awareness of DTC genetic testing in the general 

public. One study using national survey data found that in 2007, approximately 24% of 

African-American respondents, 30% of Hispanic respondents, and 35% of Caucasian 

respondents were aware of DTC genetic tests [6]. Another study reported that awareness of 

DTC genetic tests in the general U.S. population has increased from 29% in 2008 to 37% in 

2011 [7].

Furthermore, there is a paucity of literature examining the characteristics of those who are 

aware of DTC genetic testing. Several studies have suggested that demographic factors are 

associated with DTC genetic test awareness. Consumers who are aware of DTC genetic tests 

are more likely to be Caucasian, highly educated, have health insurance, and have higher 

incomes than those who are unaware of these tests [8, 9]. Associations between awareness 

of DTC genetic testing in general, and cognitive and behavioral variables, have been largely 
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unexplored. However, earlier work investigating consumers’ interest in genetic testing for 

hereditary breast and ovarian cancer suggests that cognitive factors may be relevant, as high 

perceived risk and worry were related to interest in genetic testing [10] Similarly, a study of 

rural and Appalachian Kentuckians found that having a family history of cancer and 

worrying more about cancer predicted higher intentions to seek genetic testing [11]. 

Although these studies did not investigate DTC genetic testing, the results suggest the 

importance of understanding how cognitive and behavioral factors can influence DTC 

awareness.

Studies also suggest that information-seeking behavior may be associated with awareness of 

DTC genetic testing, in part because information-seeking behavior may lead to greater 

exposure to news reports, advertisements, messages, and web-based offers for genetic 

susceptibility testing. In one study, the majority of participants indicated they were most 

likely to seek additional information about DTC genetic testing from their physician or the 

Internet, although many misinterpreted the meaning of sample test results [12]. Consumers’ 

ability to understand DTC genetic test results is an area of concern, given that these tests are 

generally provided without extensive expert advice or counseling. Consumers may have 

insufficient genetic health literacy and/or numeracy skills to evaluate the benefits and harms 

of genomic testing [13], and their comprehension of DTC test results may be impeded by 

how this information is communicated; results are often reported with terminology that uses 

risk ratios to explain the positive predictive value of developing disease [14]. Indeed, one 

study found that participants had limited understanding of the predictive power of genetic 

tests, which suggests difficulty in genetic risk comprehension as well as challenges in 

evaluating claims made in DTC genetic testing advertisements [15]. The extent to which 

such literacy or numeracy skills are associated with awareness of DTC genetic testing has 

rarely been examined, although one study has demonstrated that greater numeracy skills 

were associated with DTC genetic test awareness [6].

There is a dearth of critical information about the current awareness of DTC genetic testing 

in the American public. This study sought to: (1) assess prevalence of awareness of DTC 

genetic testing; (2) identify sources of information regarding DTC genetic testing; and (3) 

identify demographic, cognitive, and behavioral correlates of awareness of DTC genetic 

testing. To address these aims, data collected in 2013 through a nationally representative 

survey, the Health Information National Trends Survey (HINTS), were analyzed. Our 

selection of potential correlates of DTC genetic testing awareness was informed by a social-

cognitive conceptual framework proposed by Glanz et al. [16], which was designed to 

explain psychosocial factors associated with genetic testing for colorectal cancer. Although, 

DTC genetic testing provides information for a variety of diseases and health conditions, we 

chose a theoretical framework from the cancer genetics literature given the substantial 

advances and history of genetic testing in the cancer context.

As depicted in Figure 1, this framework emphasizes the influence of background 

demographic factors on predisposing and enabling factors, which in turn are associated with 

consumers’ interest in genetic testing. Although the 2013 HINTS did not assess use of DTC 

genetic testing, Figure 1 highlights how interest/awareness of genetic testing can influence 

testing intentions. Predisposing factors include cognitions and emotions regarding a health 

Agurs-Collins et al. Page 3

J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



threat that may contribute to the interest and intention to use genetic testing. Enabling 

factors include characteristics and behaviors that may promote or impede consumers’ 

interest and intentions to use genetic testing. The HINTS survey assesses a wealth of 

psychosocial factors which are well aligned with the constructs specified by the conceptual 

framework. Thus, we investigated several of the variables originally examined by Glanz et 

al. [16] (e.g., age, education, cancer worry, risk perception), and also expanded the 

framework to include additional demographic, cognitive, emotional, and behavioral factors 

which may influence consumers’ awareness of DTC genetic tests. Based on the theoretical 

and empirical literature, we hypothesized that DTC genetic testing awareness would be 

associated with background factors such as having a college education, higher income, 

health insurance, younger age (< 50 years), white race, and a personal or family history of 

cancer. Also, we hypothesized that awareness of DTC genetic testing would be associated 

with greater perceived cancer risk, worry about cancer, health and cancer information-

seeking behavior, use of the Internet, and numeracy skills. Given the limited body of work 

on this topic, additional variables regarding cognitions about cancer were investigated in an 

exploratory nature.

Materials and Methods

Study Population

Data were obtained from the 2013 U.S Health Information National Trends Survey (HINTS 

4, Cycle 3), a publicly available, population-based survey collected by the National Cancer 

Institute (NCI). HINTS employs a complex probability sampling design, and jackknife 

replicate weights can be used to render analyses nationally representative. HINTS collects 

data from non-institutionalized, civilian individuals who are 18 years and older, with 

African-Americans and Hispanics oversampled to ensure adequate representation. The 2013 

HINTS survey was a single-mode mail survey that employed a random address sampling 

strategy and the Next Birthday Method for respondent selection [17]. Data were collected 

between September and December 2013. The study was approved by the National Cancer 

Institute (NCI) Institutional Review Board. For more information about HINTS, and to 

obtain a copy of the questionnaire, see http://hints.cancer.gov.

Survey Design

Items for the 2013 HINTS survey were developed by NCI working groups consisting of NCI 

investigators (including several coauthors of this manuscript) and HINTS stakeholders. The 

HINTS management team chose final items from a pool of items that was developed by 

these working groups. All items went through extensive cognitive testing. For more 

information about item development, see http://hints.cancer.gov/instrument.aspx. For the 

present study, items were selected to match constructs referenced in the selected conceptual 

framework (Figure 1). The primary outcome of interest was awareness of a DTC genetic 

test. Participants were asked to answer ‘yes’ or ‘no’ to the following question: “Genetic tests 

that analyze your DNA, diet, and lifestyle for potential health risks are currently being 

marketed by companies directly to consumers. Have you heard or read about these genetic 

tests?” If the response was ‘yes,’ participants were asked to answer a follow-up question 

regarding sources of information about DTC genetic tests: “From which of the following 

Agurs-Collins et al. Page 4

J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://hints.cancer.gov
http://hints.cancer.gov/instrument.aspx


sources did you read or hear anything about genetic tests?” Participants were instructed to 

endorse as many options as applied from a predetermined list of information sources 

(Newspaper; Magazine; Radio; Health professional; Family member; Social media; 

Television; Internet; Other; Have not heard of such a test; Not sure).

Demographic Factors—Demographic variables included in analyses were gender, age, 

race (White; Black/African American; Asian; Native Hawaiian/Pacific Islander; American 

Indian/Alaskan Native; multiple races) and ethnicity (Hispanic or Latino; non-Hispanic or 

Latino), education (less than high school; high school; technical, vocational, or some 

college; college graduate or post graduate), and income. Self-reported family history of 

cancer (yes/no or not sure), personal history of cancer (yes/no), and possession of health 

insurance (yes/no) were also examined in relation to the primary outcome variable, as was 

self-reported health status (excellent or very good; good; fair or poor). Smoking status was 

calculated using two questions: “Have you smoked at least 100 cigarettes in your entire 

life?” (yes/no) and “How often do you now smoke cigarettes?” (every day; some days; not at 

all). Based on the widely accepted standard definitions, smokers were those who had 

smoked 100 cigarettes and still smoked every day or some days; former smokers were those 

who had smoked 100 cigarettes but did not smoke at all now; never smokers were those who 

had not smoked 100 cigarettes in their entire life.

Predisposing Factors—Multiple predisposing factors were included in the analyses. 

Cancer-related mortality salience was measured by the statement, “When I think about 

cancer, I automatically think about death.” Perceived ambiguity about cancer prevention 

recommendations was measured with the statement, “There are so many different 

recommendations for preventing cancer it’s hard to know which ones to follow.” Fatalism, 

or perceptions of hopelessness, concerning cancer was measured with the statement, 

“There’s not much you can do to lower your chances of getting cancer.” All of the preceding 

items were assessed on 4-point scales ranging from ‘strongly disagree’ to ‘strongly agree.’ 

Perceived cancer risk was assessed by a single item: “How likely are you to get cancer in 

your lifetime” (5-point Likert scale, ranging from ‘very unlikely’ to ‘very likely’). Worry 

about cancer was also assessed by a single item: “How worried are you about getting 

cancer” (5-point scale, from ‘not at all’ to ‘extremely’).

Enabling Factors—Enabling factors included objective numeracy, which was assessed 

with four items derived from the Newest Vital Sign [18], which consisted of math-related 

questions based on the interpretation of a nutrition label. Responses were scored as the total 

number of correct items (ranging from 0–4); however, because responses were unequally 

distributed this variable was recoded as “high numeracy” (all 4 items correct) or “low to 

moderate numeracy” (0–3 items correct). Other enabling behavioral factors were health and 

cancer information-seeking behaviors and Internet use. Health information-seeking was 

measured by one question: “Have you ever looked for information about health or medical 

topics from any source?” Cancer information-seeking was measured by asking “Have you 

ever looked for information about cancer from any source?” To assess Internet use, 

participants were asked “Do you ever go on-line to access the Internet or World Wide Web, 
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or to send and receive e-mail?” Each of the preceding items used ‘yes’ and ‘no’ response 

options.

Statistical Analysis

Data were analyzed in SAS callable SUDAAN® 11.0.0. To control for bias in variance 

estimates in a complex sampling design, jackknife replicate weights were used [17]. 

Descriptive statistics were computed for the study variables. Next, univariable logistic 

regressions were performed to identify significant correlates of the primary outcome 

(awareness of DTC genetic tests). Then, predictors that were significant in univariable 

analyses were entered simultaneously into an initial multivariable logistic regression. Any 

predictor that did not remain significant in this initial multivariable logistic regression was 

removed to produce a final multivariable regression model.

Results

Participant Characteristics

Table 1 depicts demographic population characteristics, as well as for those individuals who 

were aware of DTC genetic tests. Data were available for a total of 3,185 participants; of 

whom 50.9% were female, 78.3% were White, 33.2% had completed a four year college 

degree, and 61.7% were currently employed. A total of 1,117 participants (35.1% 

unweighted, 35.6% weighted) had ever heard or read about DTC genetic tests.

Sources of Information about DTC Genetic Testing

Among those participants who were aware of DTC genetic tests, a total of 1,101 provided 

information about the sources from which they had read or heard anything about these tests. 

The majority of individuals had learned about DTC genetic testing from radio or television 

(61.1%), the Internet (50.6%), and a newspaper or magazine (38.7%). Fewer had learned 

about testing from family members, health professionals, or social media (each 

approximately 16%).

Correlates of Awareness of DTC Genetic Testing

Results from the univariable and multivariable logistic regressions are shown in Table 2. 

Several variables were significantly associated with awareness of DTC genetic testing in the 

univariable regressions, including demographic variables (education, income, and self-

reported health status); predisposing factors (cancer-related mortality salience, fatalism 

concerning cancer, and perceived cancer risk); and enabling factors (cancer and health 

information-seeking, Internet use, and numeracy). However, when all significant univariable 

correlates were entered simultaneously, four variables remained significant. Income was the 

only demographic variable significantly associated with awareness of DTC genetic testing. 

Participants with annual incomes of $99,999 or less had lower odds of being aware of DTC 

genetic testing (ORs ranging from 0.46–0.61) than did those participants with an income of 

$100,000 or more. None of the predisposing factors were significantly associated with 

awareness of DTC genetic testing in this final model. Several enabling factors were 

associated with DTC genetic testing awareness. Those participants who actively sought 

cancer information had a greater odds of being aware of DTC genetic tests (OR = 1.91, 95% 
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CI = 1.36–2.69) than did those who did not seek cancer information. In addition, participants 

who reported prior Internet use had a greater odds of DTC genetic test awareness (OR = 

1.81, 95% CI = 1.05–3.13) than did those participants who did not use the Internet. Finally, 

compared to those with low to moderate numeracy, participants with high numeracy had a 

significantly greater odds of being aware of DTC genetic testing (OR = 1.67, 95% CI = 

1.17–2.38).

Discussion

This study provided an update of current rates of awareness of DTC genetic testing in the 

U.S. population, as well as their sources of information about such testing: approximately 

36% were aware of DTC genetic tests, and the majority reported learning about these tests 

through radio, television, and the Internet. Although awareness of DTC genetic testing has 

increased over the years, data suggest that awareness has not changed dramatically and may 

have plateaued in recent years, with rates being reported as 37% in 2011 [7] and 36% in 

2013 for the present study.

Importantly, guided by a relevant social-cognitive conceptual framework [16], this study 

examined whether various demographic, cognitive, emotional, and behavioral factors were 

associated with the awareness of DTC genetic tests. In a multivariable model, awareness of 

DTC genetic testing was associated with income (demographic factor), cancer information-

seeking behaviors, Internet use, and numeracy (enabling factors).

The fact that lower income was associated with decreased awareness of DTC genetic testing 

is consistent with other studies of DTC genetic testing. Currently, the estimated cost to 

purchase DTC genetic testing ranges from less than $100.00 to more than $1,000.00, 

depending on the type of test ordered [19], which is an out-of-pocket expense for the 

consumer. The observed association between income and DTC genetic testing awareness 

may reflect the fact that this testing is marketed to or seen as more affordable by those with 

higher incomes. In support of our finding, another population-based survey found an 

association between awareness of DTC genetic testing and higher income [8].

Contrary to the associations specified in our conceptual framework [16], none of the 

predisposing factors were significantly associated with awareness of DTC genetic testing in 

the final model. These factors, which consisted of cognitions and beliefs about various 

aspects of cancer, appear to be less relevant to consumers’ awareness of DTC genetic 

testing. Given that DTC genetic tests typically provide risk estimates for a variety of 

different health conditions, consumers’ beliefs about multiple diseases or the multifactorial 

causes of diseases [20] may be more relevant to their awareness of these tests. Awareness of 

DTC genetic testing was positively associated with the enabling factors of Internet use and 

cancer information-seeking behaviors. Such factors are likely relevant to awareness since 

they could increase consumers’ exposure to these tests; DTC genetic tests are directly 

marketed and sold to consumers through the Internet, and the finding of an association 

between awareness of DTC genetic testing and Internet use corroborates previous research 

[7]. Studies show that information-seeking behavior is highly correlated with Internet access 

and use [21], which likely increases exposure to advertisements for DTC genetic tests. Our 
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finding of an association between awareness of genetic tests and cancer information-seeking 

behavior is consistent with another study that assessed smokers’ interest in genetic testing to 

identify genetic susceptibility to nicotine addiction [22]. That study found that smokers’ 

intentions to undergo genetic testing were positively related to their information-seeking 

behaviors [22]. Also, research suggests that consumers who believe there is an association 

between family history or genes and cancer risk are more likely to be seekers of cancer 

information [23].

We found a significant association between awareness of DTC genetic testing and a measure 

of objective numeracy. Specifically, those with high numeracy were more likely to be aware 

of DTC genetic testing than were those with low-to-moderate numeracy. Highly numerate 

individuals may be more likely to seek information about DTC genetic testing because they 

are confident in their ability to interpret their meaning and more often are exposed to 

medical websites where DTC genetic tests are advertised [24]. Health numeracy is important 

for the comprehension and application of mathematical concepts, which are often used in the 

field of genetics and genomics [13]. DTC genetic test results are often conveyed using 

numbers as estimates to communicate risk, yet there is concern that less numerate persons 

may have problems interpreting the results from DTC genetic tests. For example, a 

telephone survey of women with a negative breast biopsy and family history of breast or 

ovarian cancer found that most did not understand the difference between relative and 

absolute risk, terminology used in conveying genetic test results [25]. Similarly, a recent 

study of women at increased risk of breast and ovarian cancer found that less numerate 

women were more likely to incorrectly interpret ambiguous or uninformative negative 

BRCA1/2 genetic test results than were highly numerate women [26]. Therefore, persons 

with limited numeracy skills may suffer from a number of challenges that negatively 

influence understanding of genetic risk information. Research is needed to understand how 

numeracy may influence understanding of genetic risk information and of public 

controversy regarding the validity and utility of DTC genetic testing, as well as decision-

making regarding use of DTC genetic testing, particularly in less literate and racially diverse 

populations.

This study provides novel information regarding current levels of awareness and sources of 

information regarding DTC genetic testing, as well as demographic, predisposing, and 

enabling factors associated with awareness of DTC genetic testing using nationally 

representative data; however, it has several limitations. One limitation is the cross-sectional 

study design, which does not allow inferences about causality. For example, it is not 

possible to know whether the correlates identified in this study actually preceded the 

consumers’ awareness of DTC genetic testing. It remains possible that learning about 

genetic testing may have implications for consumers’ cognitions, emotions, and behaviors. 

Furthermore, the cross-sectional nature of this study does not allow for the formal testing of 

the mediational relationships inherent in our social-cognitive conceptual framework. That is, 

it is not possible to determine to what extent the enabling factors we examined actually 

mediate the association between demographic factors and DTC genetic testing awareness. 

Additional prospective research is needed to understand the causal relationships between 

cognitive and behavioral factors and consumers’ awareness of DTC genetic testing that are 
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specified in this conceptual framework. An additional limitation is that the 2013 HINTS 

survey did not include a question on DTC genetic testing use. Despite these limitations, this 

study is one of the first reports on DTC genetic testing that used a conceptual framework to 

inform and guide analyses of demographic, cognitive, affective, and behavioral factors. 

Future studies are needed to explore these relationships with a more comprehensive 

assessment of genetics questions. Such work would advance our understanding of the 

predictors and consequences of DTC genetic testing awareness, and could also provide 

evidence to help refine this conceptual framework and continue to extend its applicability to 

novel genetic testing technologies.

DTC genetic testing is fraught with many challenges including inconsistency in disease risk 

estimates across companies, lack of established clinical utility and validity, and misleading 

web-based advertisements [1] [3]. Our results indicate that only 36% of the American public 

is aware of DTC genetic testing, indicating both a need and an opportunity for educating the 

public about the availability, utility, and limitations of these tests. Ensuring that the public 

has a complete understanding of the characteristics of DTC genetic tests and is able to make 

appropriate, informed decisions about their use will require efforts from policy makers, 

clinicians, and researchers. The FDA’s oversight will be important to ensure that DTC 

genetic testing companies provide accurate, consistent and reliable results. Health 

communication and educational efforts will be necessary to establish knowledge among the 

general public about the characteristics, potential benefits, and limitations of DTC genetic 

testing and the risk information it provides. Clinicians will likely be faced with the 

challenges of addressing concerns or questions about the low predictive power and uncertain 

clinical validity of DTC genetic testing, and with helping their patients to determine how 

this risk information may be relevant to their lives. Consistent with our findings, different 

communication strategies may be needed based on their patients’ characteristics (including 

their economic resources, experiences with information seeking, and numeracy levels). To 

promote these communication and educational efforts, it will be critical for healthcare 

researchers and practitioners to understand predictors and consequences of people’s 

awareness of DTC genetic tests, as well as how such awareness may translate into DTC 

genetic testing uptake, health behavior change, and ultimately disease prevention.

References

1. Frueh FW, Greely HT, Green RC, Hogarth S, Siegel S. The future of direct-to-consumer clinical 
genetic tests. Nat Rev Genet. 2011; 12:511–515. [PubMed: 21629275] 

2. Global Industry Analysts. Future of Direct-to-Consumer (DTC) Genetic Testing Market Remains 
Fraught. PRWeb Internet. 2012. Available at: http://www.prweb.com/releases/
DTC_genetic_testing/direct_to_consumer_tests/prweb9780295.htm

3. Lewis NP, Treise D, Hsu SI, Allen WL, Kang H. DTC genetic testing companies fail transparency 
prescriptions. New Genet Soc. 2011; 30:291–307.

4. U.S. Food and Drug Administration. Inspections, compliance, enforcement, and criminal 
investigations. 23 and Me, Inc; 2014. Warning letter. 11/22/13Available at: http://www.fda.gov/
ICECI/EnforcementActions/WarningLetters/2013/ucm376296.htm

5. U.S. Food and Drug Administration. FDA takes steps to help ensure the reliability of certain 
diagnostic tests. 14 A.D. Available at: http://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm407321.htm

Agurs-Collins et al. Page 9

J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.prweb.com/releases/DTC_genetic_testing/direct_to_consumer_tests/prweb9780295.htm
http://www.prweb.com/releases/DTC_genetic_testing/direct_to_consumer_tests/prweb9780295.htm
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2013/ucm376296.htm
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/2013/ucm376296.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm407321.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm407321.htm


6. Langford AT, Resnicow K, Roberts JS, Zikmund-Fisher BJ. Racial and ethnic differences in direct-
to-consumer genetic tests awareness in HINTS 2007: sociodemographic and numeracy correlates. J 
Genet Couns. 2012; 21:440–447. [PubMed: 22271378] 

7. Finney Rutten LJ, Gollust SE, Naveed S, Moser RP. Increasing Public Awareness of Direct-to-
Consumer Genetic Tests: Health Care Access, Internet Use, and Population Density Correlates. J 
Cancer Epidemiol. 2012; 2012:309109. [PubMed: 22899921] 

8. Kolor K, Duquette D, Zlot A, et al. Public awareness and use of direct-to-consumer personal 
genomic tests from four state population-based surveys, and implications for clinical and public 
health practice. Genet Med. 2012; 14:860–867. [PubMed: 22814860] 

9. Langford AT, Resnicow K, Roberts JS, Zikmund-Fisher BJ. Racial and ethnic differences in direct-
to-consumer genetic tests awareness in HINTS 2007: sociodemographic and numeracy correlates. J 
Genet Couns. 2012; 21:440–447. [PubMed: 22271378] 

10. Foster C, Evans DG, Eeles R, et al. Predictive testing for BRCA1/2: attributes, risk perception and 
management in a multi-centre clinical cohort. Br J Cancer. 2002; 86:1209–1216. [PubMed: 
11953874] 

11. Kelly KM, Andrews JE, Case DO, Allard SL, Johnson JD. Information seeking and intentions to 
have genetic testing for hereditary cancers in rural and Appalachian Kentuckians. J Rural Health. 
2007; 23:166–172. [PubMed: 17397374] 

12. Leighton, JW.; Valverde, K.; Bernhardt, BA. Public Health Genomics. 2011. The General Public’s 
Understanding and Perception of Direct-to-Consumer Genetic Test Results. 

13. Lea DH, Kaphingst KA, Bowen D, Lipkus I, Hadley DW. Communicating genetic and genomic 
information: health literacy and numeracy considerations. Public Health Genomics. 2011; 14:279–
289. [PubMed: 20407217] 

14. Caulfield T, Ries NM, Ray PN, Shuman C, Wilson B. Direct-to-consumer genetic testing: good, 
bad or benign? Clin Genet. 2010; 77:101–105. [PubMed: 19968666] 

15. Cameron LD, Sherman KA, Marteau TM, Brown PM. Impact of genetic risk information and type 
of disease on perceived risk, anticipated affect, and expected consequences of genetic tests. Health 
Psychol. 2009; 28:307–316. [PubMed: 19450036] 

16. Glanz K, Grove J, Lerman C, Gotay C, Le ML. Correlates of intentions to obtain genetic 
counseling and colorectal cancer gene testing among at-risk relatives from three ethnic groups. 
Cancer Epidemiol Biomarkers Prev. 1999; 8:329–336. [PubMed: 10207637] 

17. Westat, editor. National Cancer Institute. Health Information National Trends Survey 4 (HINTS 4): 
Cycle 3 Methodology Report. Rockville, MD: National Cancer Institute; 2014. 

18. Weiss BD, Mays MZ, Martz W, et al. Quick assessment of literacy in primary care: the newest 
vital sign. Ann Fam Med. 2005; 3:514–522. [PubMed: 16338915] 

19. Su P. Direct-to-consumer genetic testing: a comprehensive view. Yale J Biol Med. 2013; 86:359–
365. [PubMed: 24058310] 

20. Waters EA, Muff J, Hamilton JG. Multifactorial beliefs about the role of genetics and behavior in 
common health conditions: prevalence and associations with participant characteristics and 
engagement in health behaviors. Genet Med. 2014; 16:913–921. [PubMed: 24830327] 

21. Cline RJ, Haynes KM. Consumer health information seeking on the Internet: the state of the art. 
Health Educ Res. 2001; 16:671–692. [PubMed: 11780707] 

22. Smerecnik C, Quaak M, van Schayck CP, van Schooten FJ, de VH. Are smokers interested in 
genetic testing for smoking addiction? A socio-cognitive approach. Psychol Health. 2011; 
26:1099–1112. [PubMed: 21678175] 

23. Kaphingst KA, Lachance CR, Condit CM. Beliefs about heritability of cancer and health 
information seeking and preventive behaviors. J Cancer Educ. 2009; 24:351–356. [PubMed: 
19838898] 

24. Chen Y, Feeley TH. Numeracy, Information Seeking, and Self-Efficacy in Managing Health: An 
Analysis Using the 2007 Health Information National Trends Survey (HINTS). Health Commun. 
2014; 29:843–853. [PubMed: 24266723] 

25. Graves KD, Peshkin BN, Luta G, Tuong W, Schwartz MD. Interest in genetic testing for modest 
changes in breast cancer risk: implications for SNP testing. Public Health Genomics. 2011; 
14:178–189. [PubMed: 21464556] 

Agurs-Collins et al. Page 10

J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Hanoch Y, Miron-Shatz T, Rolison JJ, Ozanne E. Understanding of BRCA1/2 genetic tests results: 
the importance of objective and subjective numeracy. Psychooncology. 2014

Agurs-Collins et al. Page 11

J Cancer Educ. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Proposed conceptual framework (adapted from Glanz et al. 1999)
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Table 1

Demographic Characteristics (Counts and Weighted Percentages), HINTS 4 Cycle 3

Demographic Characteristic Full sample
N = 3,185

n (weighted %)

Aware of genetic test
n = 1,117

n (weighted %)

Gender

 Male 1139 (49.1) 414 (53.2)

 Female 1753 (50.9) 613 (46.9)

Age

 18–34 426 (27.2) 131 (23.8)

 35–49 712 (30.5) 246 (30.3)

 50–64 1070 (25.1) 456 (32.1)

 65+ 874 (17.3) 264 (13.9)

Race

 American Indian/Alaskan Native 15 (0.5) 3 (0.5)

 Asian 136 (5.5) 54 (6.6)

 Black/African American 546 (12.9) 139 (11.0)

 Native Hawaiian/Pacific Islander 12 (0.5) 6 (0.2)

 White 2078 (78.3) 794 (78.5)

 Multiple races selected 104 (2.2) 41 (3.2)

Ethnicity

 Hispanic or Latino 511 (15.0) 142 (12.6)

 Non-Hispanic or Latino 2301 (85.0) 881 (87.4)

Education

 Less than high school 297 (9.7) 58 (5.7)

 High school 699 (24.5) 163 (17.3)

 Technical, vocational, or some college 933 (32.7) 309 (31.5)

 College graduate or post graduate 1167 (33.2) 564 (45.5)

Occupational Status

 Employed 1584 (61.7) 613 (66.0)

 Unemployed, homemaker, student, retired, disabled, or other 1448 (38.3) 462 (34.0)

Income

 $0–19,999 680 (20.2) 176 (12.6)

 $20,000–49,999 812 (29.2) 254 (24.4)

 $50,000–99,999 780 (31.3) 320 (34.8)

 $100,000+ 467 (19.3) 246 (28.2)

Smoking Status

 Smoker 486 (19.4) 135 (15.8)

 Former Smoker 856 (24.9) 316 (25.2)

 Never Smoker 1798 (55.7) 661 (59.0)

Self-Reported Health Status

 Excellent or very good 1434 (48.2) 568 (50.8)

 Good 1125 (37.9) 408 (39.1)
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Demographic Characteristic Full sample
N = 3,185

n (weighted %)

Aware of genetic test
n = 1,117

n (weighted %)

 Fair or poor 529 (13.9) 137 (10.1)

Health Insurance Status

 Insured 2782 (83.0) 1004 (85.4)

 Not Insured 354 (17.0) 98 (14.6)

Family Cancer History

 Yes 2012 (72.6) 761 (73.4)

 No 761 (27.4) 244 (26.6)

Personal Cancer History

 Yes 459 (8.1) 192 (9.3)

 No 2676 (91.9) 910 (90.7)

Numeracy (number correct)

 High numeracy (4 correct) 1129 (51.2) 553 (62.5)

 Low to moderate numeracy 1196 (48.9) 362 (37.5)
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Table 2

Factors Associated with DTC Genetic Test Awareness

Aware of Genetic Test

Univariate Logistic Regression Final Logistic Model (N=2,047)

OR 95% CI OR 95% CI

Race

 White 1.00 (ref)

 American Indian/Alaskan Native 0.77 0.02 – 36.62

 Asian 1.32 0.82 – 2.13

 Black/African American 0.82 0.50 – 1.34

 Native Hawaiian/Pacific Islander 0.38 0.05 – 2.80

 Multiple races selected 1.88 0.67 – 5.26

Ethnicity

 Hispanic or Latino 0.76 0.55 – 1.05

 Non-Hispanic or Latino 1.00 (ref)

Age 1.00 1.00 – 1.01

Male (ref is female) 1.28 1.00 – 1.64

Education

 Less than high school 0.28 0.17 – 0.48

 High school 0.35 0.26 – 0.47

 Technical, vocational, or some college 0.54 0.41 – 0.70

 College graduate or post graduate 1.00 (ref)

Income

 $0–19,999 0.26 0.16 – 0.41 0.46 0.25 – 0.85

 $20,000–49,999 0.38 0.26 – 0.56 0.46 0.31 – 0.70

 $50,000–99,999 0.59 0.42 – 0.82 0.61 0.42 – 0.87

 $100,000+ 1.00 (ref) 1.00 (ref)

Smoking Status

 Smoker 0.66 0.43 – 1.01

 Former Smoker 0.94 0.67 – 1.33

 Never Smoker 1.00 (ref)

Health Insurance (ref is no) 1.35 0.91 – 2.01

Self-reported Health

 Excellent or very good 1.00 (ref)

 Good 0.97 0.71 – 1.34

 Fair or poor 0.58 0.37 – 0.90

Family Cancer History (ref is no) 1.07 0.80 – 1.43

Personal Cancer History (ref is no) 1.32 0.99 – 1.76

Cancer-related Mortality Salience 0.86 0.75 – 0.98

Fatalism Concerning Cancer 0.74 0.63 – 0.86

Perceived Cancer Risk 1.17 1.02 – 1.34
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Aware of Genetic Test

Univariate Logistic Regression Final Logistic Model (N=2,047)

OR 95% CI OR 95% CI

Worry about Cancer 1.06 0.96 – 1.18

Ambiguity about Prevention Recommendations 0.88 0.76 – 1.02

Cancer Information Seeking (ref is no) 2.43 1.90 – 3.12 1.91 1.36 – 2.69

Health Information Seeking (ref is no) 2.58 1.67 – 4.00

Internet Use (ref is no) 3.14 2.25 – 4.37 1.81 1.05 – 3.13

Numeracy

 High numeracy (4 correct) 2.11 1.55 – 2.88 1.67 1.17 – 2.38

 Low to moderate numeracy 1.00 (ref) 1.00 (ref)
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