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A bs tr ac t

Background

The use of direct-to-consumer genomewide profiling to assess disease risk is con-
troversial, and little is known about the effect of this technology on consumers. We 
examined the psychological, behavioral, and clinical effects of risk scanning with 
the Navigenics Health Compass, a commercially available test of uncertain clinical 
validity and utility.

Methods

We recruited subjects from health and technology companies who elected to pur-
chase the Health Compass at a discounted rate. Subjects reported any changes in 
symptoms of anxiety, intake of dietary fat, and exercise behavior at a mean (±SD) 
of 5.6±2.4 months after testing, as compared with baseline, along with any test-
related distress and the use of health-screening tests.

Results

From a cohort of 3639 enrolled subjects, 2037 completed follow-up. Primary analy-
ses showed no significant differences between baseline and follow-up in anxiety 
symptoms (P = 0.80), dietary fat intake (P = 0.89), or exercise behavior (P = 0.61). 
Secondary analyses revealed that test-related distress was positively correlated with 
the average estimated lifetime risk among all the assessed conditions (β = 0.117, 
P<0.001). However, 90.3% of subjects who completed follow-up had scores indicat-
ing no test-related distress. There was no significant increase in the rate of use of 
screening tests associated with genomewide profiling, most of which are not con-
sidered appropriate for screening asymptomatic persons in any case.

Conclusions

In a selected sample of subjects who completed follow-up after undergoing con-
sumer genomewide testing, such testing did not result in any measurable short-
term changes in psychological health, diet or exercise behavior, or use of screening 
tests. Potential effects of this type of genetic testing on the population at large are 
not known. (Funded by the National Institutes of Health and Scripps Health.)
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Direct-to-consumer genomewide 
profiling to assess disease risk provides 
information about a person’s genetic risk 

of 20 to 40 common polygenic diseases. The tests 
simultaneously genotype approximately 500,000 
variant bases of a person’s DNA. Consumers can 
purchase these tests, currently priced between 
$400 and $2,000, on the Internet.1-4 Consultation 
with a health care provider is not a prerequisite. 
Proponents argue that providing this type of in-
formation directly to consumers may result in 
improved compliance with health-screening prac-
tices and more healthful lifestyle choices. Skep-
tics assert that such testing has the potential to 
cause harm, including anxiety and increased use 
of unnecessary and expensive screening and 
medical procedures. The clinical validity and 
utility of these tests have not been demonstrated, 
and given their cost, many observers argue that 
their sale raises consumer-protection issues.

Studies of the psychological, behavioral, and 
clinical effects of genetic-risk disclosure for sin-
gle diseases have generally been small and have 
yielded somewhat mixed findings.5-10 The Scripps 
Genomic Health Initiative was designed as a 
longitudinal cohort study to measure the effects 
of direct-to-consumer genomewide scans.11 Sub-
jects purchased a commercially available genome-
wide risk scan at a subsidized rate and under-
went Web-based standardized assessments at 
baseline and during follow-up, with the aim of 
gauging changes in anxiety level, diet, exercise, 
test-related distress, and use of screening tests.

Me thods

Study Design and Instruments

The study was approved by the research ethics 
and institutional review boards at Scripps Health 
and Scripps Research Institute. Informed con-
sent was obtained electronically from each study 
subject. Details regarding the study methods 
have been reported previously.11

All subjects underwent health assessments at 
baseline and during follow-up (after receipt of 
the risk-disclosure report) with the use of a Web-
based survey tool, SurveyMonkey.12 The first 
follow-up assessment was administered 3 months 
after testing, and the second was scheduled for 
12 months after testing. Here we report baseline 
and 3-month follow-up data.

Our baseline assessment included questions 
about demographic characteristics, family and 

individual health history, and attitudes toward 
genetic testing. Both the baseline and follow-up 
assessments included measures of anxiety, dietary 
fat intake, and exercise behavior. Situational anxi-
ety was assessed with the 20-item “state anxi-
ety” subscale of the Spielberger State–Trait Anx-
iety Inventory.13 A score of 39 or less on the 
anxiety subscale is thought to indicate a low-
anxiety state. Using reliable-change-index meth-
ods,14 we estimated that a difference of 12 
points or more on this measure between base-
line and follow-up would indicate reliable and 
clinically meaningful change. Dietary fat intake 
was measured with the use of the 17-item Block 
Dietary Fat Screener,15 which includes the top 
sources of fat in the diets of Americans. A score 
of 23 or more is considered to indicate high fat 
intake. Exercise was measured with the use of the 
Godin Leisure-Time Exercise Questionnaire,16,17 
which consists of three questions probing the 
frequency and duration of exercise of mild, mod-
erate, and strenuous intensity in a typical week. 
A score of 7.5 or more is consistent with the 
minimum level of physical activity currently rec-
ommended by the Department of Health and 
Human Services; a score of 21 or more is consis-
tent with the level recommended by the Institute 
of Medicine.

The 3-month follow-up assessment included a 
measure of test-related distress and questions to 
gauge behavior associated with health surveil-
lance or screening. Test-related distress was 
measured with the 22-item Impact of Events 
Scale–Revised.18,19 A score of more than 8 on the 
Avoidance and Intrusion subscales is thought to 
indicate “some impact,” and a score of more than 
23 is thought to indicate clinically significant 
distress. We also asked whether subjects had 
undergone any of 13 health-screening tests since 
receiving their results, whether they intended to 
undergo any of these tests with greater frequen-
cy than before they had received their results, 
whether they had spoken with a genetic coun-
selor about their results, and whether they had 
shared their results with their physician.

We designed our study to be consistent with 
the designs of previous single-gene, single-condi-
tion studies that have evaluated the psychologi-
cal, behavioral, and clinical effects of genetic 
testing on conditions such as breast and colorec-
tal cancer.6 The evaluation of clinical effects (e.g., 
on the use of screening tests) is particularly rel-
evant, given the concern that direct-to-consumer 
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testing may result in overutilization of medical 
testing and resources.20

Procedures

Study procedures pertaining to enrollment and 
administration of the baseline health assessment 
have been described in detail previously.11 Ninety 
days after subjects received their results, we sent 
an e-mail message to each of them, requesting 
that they complete the follow-up health assess-
ment. Initially, we sent three e-mail requests with-
in a 6-week time frame and classified subjects 
who did not complete follow-up within 6 weeks 
as lost to follow-up. Toward the end of the study, 
however, we streamlined the follow-up assess-
ment so that the time-to-complete interval was 
cut by approximately 50%. We then sent a final 
set of e-mail reminders to subjects who had not 
completed follow-up, offering an incentive for 
their completion. Thus, what we call the “origi-
nal” 3-month follow-up was closed to comple-
tion in February 2010, and the “short” follow-up 
was closed to completion in March 2010.

Personalized Genomic Test

We examined the effect of direct-to-consumer 
genomewide scanning with the Navigenics Health 
Compass,2 a commercially available genomewide 
risk test of uncertain clinical validity and utility 
(see the Methods section and Figure 1 in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). Table 1 provides 
an overview of the risk information provided by 
Navigenics to study subjects. In the context of 
this study, we focused our analyses on two risk-
information formats provided to subjects: esti-
mated lifetime risk (estimated risk of a particular 
condition, expressed as a percentage) and color-
coded risk (with orange representing a condition 
for which the subject’s estimated lifetime risk 
was more than 20% above average or for which 
the overall lifetime risk was more than 25%).

Genetic Counseling and Safety Monitoring

Genetic counseling that is provided by the staff 
of board-certified genetic counselors at Navigen-
ics was made available at no charge to study sub-

Table 1. Risk Index Provided to Study Subjects by Navigenics and Composite Risk Analysis Variables.*

Variable Definition

Risk index

Estimated lifetime risk A subject’s estimated lifetime risk of a particular condition, ex-
pressed as a percentage (i.e., the risk of the condition among 
persons of the same sex over an average life span); if a sub-
ject’s estimated lifetime risk was more than 80%, “>80%” was 
the result provided to the subject rather than the actual estimate

Average lifetime risk The average sex-specific lifetime risk in the population for a partic-
ular condition, expressed as a percentage

Percentile floor Percent of HapMap CEU reference subjects with a lower genetic 
risk than the study subject

Percentile ceiling Percent of HapMap CEU reference subjects with a higher genetic 
risk than the study subject

Dashboard color Color-coded risk, with orange indicating either an overall lifetime 
risk of more than 25% or a risk that is more than 20% above 
average and gray indicating low risk

Composite risk analysis variables

Total no. of conditions viewed Total number of conditions the subject viewed out of 22 possible 
conditions (with breast and prostate cancer provided on a sex-
specific basis)

Individual average estimated lifetime risk Average estimated lifetime risk for all conditions that the subject 
viewed

Individual proportion of orange-coded conditions Number of conditions for which the subject received a high-risk 
color code divided by the number of conditions viewed

Individual highest estimated lifetime risk Highest estimated lifetime risk the subject viewed

* CEU denotes Utah residents with ancestry from northern and western Europe in the data set of the Centre d’Etude du 
Polymorphisme Humain.
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jects. In addition, Navigenics provided proactive 
outreach to study subjects on the basis of their 
risk results (see the Methods section in the Sup-
plementary Appendix).

Outcome Measures

The prespecified primary outcomes were changes 
in subjects’ anxiety symptoms, dietary fat intake, 
and exercise behavior. The reduction of dietary 
fat intake is a common health recommendation 
aimed at reducing individual risk for several of 
the conditions on the Navigenics Health Com-
pass panel. For this reason, total fat intake is a 
useful outcome measure for assessment of the 
behavioral effect of such genetic testing.

Prespecified secondary outcomes were test-
related distress and the use of screening tests, as 
measured by self-reported completion of screen-
ing or medical testing and intention to undergo 
screening or medical testing with greater fre-
quency after the genetic testing.

Study Oversight

The study was funded by the National Institutes 
of Health and the Scripps Genomic Medicine Di-
vision of Scripps Health, which provided subsi-
dies for the subjects’ purchase of the Navigenics 
test and receipt of genetic-counseling services. 
Navigenics did not provide any financial support 
for the study and was not involved in the study 
design, the accrual or analysis of data, the prepa-
ration of the manuscript, or the decision to sub-
mit the manuscript for publication.

Statistical Analysis

All statistical analyses were conducted with the 
use of statistical software packages SPSS and 
OriginPro 8.1 and the Dimension Research re-
sources for computing z-tests and confidence in-
tervals for proportions.21 Two-sided t-tests, Mann–
Whitney U tests, or chi-square tests were used to 
compare baseline variables for subjects who com-
pleted follow-up with those for subjects who 
were lost to follow-up. Baseline and follow-up 
scores on assessments of anxiety level, dietary fat 
intake, and exercise activity were adjusted for 
age, sex, education, ancestry (white or nonwhite), 
income, health-related occupation, follow-up in-
terval in days, and original versus short follow-up. 
Adjusted scores were then tested by means of the 
Wilcoxon signed-rank test for related samples. We 
totaled the number of screening tests that each 
subject reported they would complete with greater 

frequency after genetic testing, with adjustment 
for covariates, and used a one-sample Wilcoxon 
signed-rank test to determine whether the num-
ber was significantly increased from zero. Percent-
ages were used to qualitatively describe scores on 
the Impact of Events Scale–Revised.

We used linear regression, with adjustment 
for the eight covariates and baseline scores on 
each measure, to assess the relationship between 
follow-up assessments (scores for anxiety level, 
dietary fat intake, and exercise activity) and the 
average estimated lifetime risk of all conditions 
for which results were viewed, the proportion of 
conditions that were color-coded orange, and the 
estimated lifetime risk and color-coded risk for 
each of the 23 individual conditions. Each sub-
ject received results for 22 conditions, with sex-
specific calculated risks of breast and prostate 
cancer. We carried out a parallel analysis of scores 
on the Impact of Events Scale–Revised. We tested 
for a correlation between the use of screening 
tests and the two composite risk estimates (as 
above), using Spearman’s rank correlation coef-
ficients. However, to test associations with risk 
estimates for specific conditions, each screening 
test was matched with corresponding conditions 
of varying degrees of relevance and tested with 
the use of logistic regression, with the screening 
test as the dependent variable and the eight co-
variates plus the condition-specific risk estimate 
as the independent variables (Table 1 in the Sup-
plementary Appendix).

We also determined the proportion of sub-
jects who reported speaking with a genetic coun-
selor about their results or sharing their results 
with their physician. We tested the extent to 
which either of these factors was associated with 
changes in follow-up scores for anxiety, diet, ex-
ercise, or test-related distress, using linear regres-
sion. A P value of less than 0.05 was considered 
to indicate statistical significance. All reported 
P values are uncorrected for multiple testing.

R esult s

Characteristics of the Subjects

Figure 1 depicts enrollment numbers and out-
comes. Descriptive statistics for demographic and 
outcome variables are shown in Table 2, as are 
baseline comparisons of these variables for the 
2037 subjects (56.0%) who completed follow-up 
versus the 55 subjects who completed a baseline 
assessment but eventually withdrew, the 223 sub-
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jects who withheld their sample or did not view 
their results, and the 1310 subjects who viewed 
their results but were lost to follow-up. Median 
baseline scores for anxiety, dietary fat intake, 
and exercise suggest that the general health of 
the subjects was good. The same baseline com-
parisons were also performed between the 1720 
subjects who completed the originally planned 
3-month assessment (84.4%) and the 317 sub-
jects who completed the short follow-up assess-
ment (15.6%) (Table 2 in the Supplementary Ap-
pendix). The mean (±SD) follow-up interval was 
5.6±2.4 months.

We further compared selected demographic 
characteristics of our sample with those of a rep-
resentative sample of Navigenics customers who 
did not participate in the study, and observed no 
significant differences (Table 3 in the Supplemen-
tary Appendix). In addition, there was no signifi-
cant difference in the composite genetic risk esti-
mates between subjects who completed follow-up 
and those who were lost to follow-up or between 
those who completed the original follow-up as-
sessment and those who completed the short 
follow-up assessment (Tables 4 and 5 in the Sup-
plementary Appendix).

Overall Effect of Testing

We observed no significant differences in the 
level of anxiety, dietary fat intake, or exercise be-
havior between baseline and follow-up for the 
sample as a whole (Table 3). On the Impact of 
Events Scale–Revised, the mean score for the sam-
ple overall was 3.2±7.1, indicating no distress. 
On the Avoidance and Intrusion subscales, 90.3% 
of subjects had a total score of 8 or less, indicat-
ing no test-related distress, and 97.2% had a total 
score of 23 or less, indicating no clinically sig-
nificant test-related distress.

Table 4 shows actual and intended use of 
screening tests after genetic testing. Overall, the 
subjects were nearly evenly divided on whether 
they intended to undergo additional screening or 
medical testing on the basis of their results (Fig. 
2 in the Supplementary Appendix). However, the 
number of screening tests that subjects intended 
to complete with greater frequency after genetic 
testing was found to be significantly increased 
from zero (mean, 1.8±2.6; P<0.001).

effect of testing and Genomic Risk

There were no significant associations between 
composite measures of risk and follow-up scores 

on anxiety level, dietary fat intake, and exercise 
behavior  (Tables 6 and 7 in the Supplementary 
Appendix). There also was no significant associ-
ation between composite measures of risk and 
the total number of screening tests actually com-
pleted after genetic testing. However, we did ob-
serve significant associations between composite 
measures of risk and the total number of screen-
ing tests that subjects intended to complete with 
greater frequency after genetic testing (correla-
tion with mean estimated lifetime risk, rs = 0.046; 
P = 0.04; correlation with proportion of orange-
coded conditions, rs = 0.028; P = 0.21), as well as 
test-related distress (correlation with average es-
timated lifetime risk, β = 0.117; P<0.001; correla-
tion with proportion of orange-coded conditions, 

3639 Had good baseline data

4891 Subjects were enrolled

1252 Were excluded
89 Withdrew

309 Were noncompliant
744 Had protocol deviation
110 Had technical issues

3416 Viewed results

223 Were excluded
149 Withheld sample
74 Did not view results

2037 Had good follow-up data

1379 Were excluded
1310 Were lost to follow-up

69 Had technical or 
quality-control issues

Figure 1. Enrollment and Outcomes.

Subjects who withdrew from the study cited financial 
reasons, insurance concerns, and change of mind. Sub-
jects who did not complete the baseline health assess-
ment after three e-mail requests were considered to 
not be in compliance. The unintentional release of a 
subject’s genetic results before the completion of the 
baseline health assessment was considered a protocol 
deviation. A subject’s submission of duplicate or tripli-
cate surveys was considered a technical issue. Of the 
89 subjects who withdrew, only 55 completed a base-
line assessment.
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β = 0.050; P = 0.02) (Table 6 in the Supplementary 
Appendix). Associations between follow-up scores 
on behavioral measures and condition-specific 
risk estimates are shown in Tables 6, 7, and 8 and 
Figure 3 in the Supplementary Appendix.

Sharing Results

A total of 10.4% of subjects reported discussing 
their results with a Navigenics board-certified 
genetic counselor, and 26.5% reported sharing 
their results with their physician. Speaking with 

Table 2. Baseline Comparisons between Subjects Who Completed Follow-up and Those Who Withdrew, Withheld DNA Sample or Did Not 
View‰Results, or Were Lost to Follow-up.*

Variable
Completed 
Follow-up Withdrew† P Value

Withheld Sample 
or Did Not 

View Results P Value

Viewed Results 
but Lost to
Follow-up P Value

No. of subjects 2037 55 NA 223 NA 1310 NA

Female sex (%) 55.3 67.3 0.08 53.4 0.58 49.3 0.001

Age (yr) 0.49 0.54 0.008

Mean 46.7±12.0 45.6±13.6 46.2±11.2 45.6±11.6

Range 19 –85 21–71 22–82 19–85

Income ($) 0.02 0.02 0.009

Median 100,000–149,999 100,000–149,999 100,000–149,999 150,000–199,999

Modal 100,000–149,999 50,000–99,999 100,000–149,999 100,000–149,999

Median educational level Some postgraduate 
education

Graduate of 4-yr 
college

0.04 Graduate of 4-yr 
college

<0.001 Graduate of 4-yr 
college

0.001

White race (%)‡ 84.2 63.6 <0.001 69.1 <0.001 76.6 <0.001

Scripps Health 
employee (%)

23.6 41.8 0.002 19.7 0.20 16.5 <0.001

Anxiety score§ 0.04 0.58 0.01

Mean 35.2±9.6 37.8±9.5 35.8±10.2 36.2±10.0

Median 34.0 37.0 35.0 35.0

Range 20–72 22–57 20–65 20–74

Dietary fat score¶ 0.02 0.97 0.34

Mean 16.0±7.9 13.6±8.6 16.0±7.8 15.8±8.2

Median 15.0 12.0 15.0 15.0

Range 0–51 0–34 1–41 0–54

Exercise score‖ 0.67 0.10 0.005

Mean 28.6±23.0** 27.5±22.3 26.7±22.2†† 27.7±25.3‡‡

Median 24.0** 23.8 21.0†† 22.1‡‡

Range 0–246** 0–112 0–110†† 0–238 ‡‡

* Plus–minus values are means ±SD. P values are for comparisons with the group of subjects who completed follow-up. P values for com-
parisons of sex, race, and employment by Scripps Health were calculated by means of Pearson’s chi-square test; those for age by means 
of independent samples t-test; and those for income, education, and scores on assessments of anxiety, dietary fat intake, and exercise by 
means of the Mann–Whitney U test. NA denotes not applicable because no statistical test was performed.

† Of the 89 subjects who withdrew, only 55 completed a baseline assessment.
‡ Race was self-reported.
§ Anxiety was assessed with the 20-item subscale of the Spielberger State–Trait Anxiety Inventory; scores range from 20 to 80, with higher 

scores indicating higher anxiety. A score of 39 or less is considered to indicate low anxiety. A difference of 12 points or more on this mea-
sure is considered to indicate a reliable and clinically meaningful change.

¶ Dietary fat intake was measured with the 17-item Block Dietary Fat Screener;  scores range from 0 to 68, with higher scores indicating 
higher fat intake. A difference of 11 points or more on this measure is considered to indicate a reliable and clinically meaningful change.

‖ Exercise and physical activity were measured with the Godin Leisure-Time Exercise Questionnaire; scores range from 0 to 246, with higher 
scores indicating greater physical activity (i.e., a greater number of metabolic-equivalent hours per week). A difference of 29 points or 
more on this measure is considered to indicate a reliable and clinically meaningful change.

** A total of 1943 subjects were included in this category.
†† A total of 215 subjects were included in this category.
‡‡ A total of 1272 subjects were included in this category.
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a genetic counselor was not associated with test-
related distress or changes in anxiety level, di-
etary fat intake, or exercise behavior at follow-up. 
In addition, the sharing of results with a physi-
cian was not associated with test-related distress 
or a change in anxiety level but was associated 
with lower fat intake (β = −0.040, P = 0.009) and 
increased exercise activity (β = 0.049, P = 0.003) 
(Fig. 4 in the Supplementary Appendix).

Discussion

In a selected group of subjects who underwent 
direct-to-consumer genomewide risk profiling 
with a commercially available test, prospective 
short-term assessment of those who completed 
follow-up did not show measurable changes in 
anxiety level, dietary fat intake, or exercise be-
havior after genetic testing. We observed no indi-
cation of test-related distress in 90.3% of the 
subjects and no evidence of increased use of 
screening tests. Generally speaking, our findings 
support the null hypothesis (that provision of the 
results of a direct-to-consumer genomic risk test 
does not affect health-related behavior), but the 
potential effects on the population at large are 
still unknown.

Direct-to-consumer genomic risk testing re-
cently attracted national attention when one com-
pany that offers such testing, Pathway Genom-
ics,3 announced it would sell its DNA saliva kits 
at Walgreen stores nationwide.22 This announce-
ment led the Food and Drug Administration to 
consider whether the federal regulatory approval 
of consumer genomic tests is warranted.23 The 
controversy has been complicated in part by a 
lack of prospective data regarding the effect of 
testing on consumers and on the clinical validity 
and utility of the tests. Our study was not de-
signed to test the clinical validity and utility of 
the Navigenics Health Compass, nor does it shed 

any light on these critically important character-
istics. Our focus was on evaluating the effect of 
testing in a selected group of consumers. We 
found no evidence that learning the results of 
genomic risk testing had any short-term psycho-
logical, behavioral, or clinical effects on the study 
subjects. The subjects in our study are probably 
representative of the current population of per-
sons who purchase these tests, although they 
probably are not representative of the population 
at large. Subjects who might have been harmed 
psychologically by testing may have declined to 
participate or may have dropped out of the study. 
The failure of a large percentage of subjects 
(44%) to complete the study is notable.

Half the study subjects reported that they 
intended to undergo one or more screening tests 
more frequently in the future, but this finding is 
in part driven by a small number of subjects who 
reported their intention to undergo a large num-
ber of screening or medical tests more frequent-
ly (Fig. 2 in the Supplementary Appendix). More-
over, in general, the likelihood that reported 
intentions will translate into actual increases in 
use is extremely low. This may be a good thing, 
given that the majority of the screening tests we 
assessed are considered inappropriate for asymp-
tomatic persons (Table 1 in the Supplementary 
Appendix). In most instances, the use of such 
tests would probably result in a waste of health 
care resources.20

The uncertain clinical validity and utility of 
genomewide testing also suggest that screening 
decisions that are based on the results of such 
tests may be ill considered.20,24 The data from 
these tests provide highly limited information, 
since they are derived from genomewide associa-
tion studies that have yielded variants account-
ing in most cases for less than 10% of the heri-
tability of the diseases studied. Thus, such studies 
are underpowered to provide meaningful esti-

Table 3. Primary Outcome Measures before and after Receipt of Results of Genetic Testing for 2037 Subjects Who 
Completed Follow-up.*

Outcome Measure Baseline Score Follow-up Score P Value†

Anxiety 35.2±9.6 34.6±10.0 0.80

Dietary fat intake 16.0±7.9 15.2±7.5 0.89

Exercise‡ 28.6±23.0 28.6±22.9 0.61

* Plus–minus values are means ±SD. The assessment tools and ranges of scores for each category are listed in Table 2.
† All P values were calculated with the use of the Wilcoxon signed-rank test after adjustment for covariates.
‡ A total of 1943 subjects were included in this analysis.
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Table 4. Association between Condition-Specific Risk Estimates from Genomewide Profiling and Intended or Actual 
Completion of Screening Tests.*

Screening Test and Condition

Assessment of 
Clinical Benefit of 

Screening Test

 Completion 
of Screening 

Test†

Intention to 
Increase 

Frequency of 
Screening Test‡

percent

Thyroid test for Graves’ disease No benefit 24.8 9.5

Skin examination for psoriasis No benefit 23.2 15.9

Ophthalmic examination 29.2 14.4

Glaucoma Possible benefit

Macular degeneration Possible benefit

Glucose test for type 2 diabetes Established benefit 35.7 17.4

Electrocardiogram 13.3 9.1

Atrial fibrillation No benefit

Heart attack No benefit

Colonoscopy 8.5 15.4

Colon cancer Established benefit

Crohn’s disease No benefit

Cholesterol test 50.9 26.3

Heart attack Established benefit

Type 2 diabetes No benefit

Chest radiography for lung cancer No benefit 8.0 7.3

Cardiac stress test 5.7 10.6

Atrial fibrillation No benefit

Heart attack Possible benefit

Blood test 51.4 23.4

Celiac disease No benefit

Colon cancer No benefit

Crohn’s disease No benefit

Lupus No benefit

Rheumatoid arthritis No benefit

Breast self-examination for breast cancer Possible benefit 68.9 24.5

Mammography for breast cancer Established benefit 39.0 13.8

Prostate-specific antigen test for prostate cancer Possible benefit 22.6 18.6

* Percentages for breast self-examination and mammography include only women, and those for prostate-specific anti-
gen testing include only men. Additional information regarding the rationale behind the assessment of clinical benefit, 
current guidelines for screening tests, and relevant references are provided in Table 1 in the Supplementary Appendix.

† The values in this category are the percentages of subjects who reported actually completing the listed screening test 
since receiving their genomic risk results.

‡ The values in this category are the percentages of subjects who reported having an intention to increase the frequency 
of the listed screening test since receiving their genomic risk results. However, the percentages do not reflect the num-
ber of subjects who said they intended to complete a screening test after receiving their genomic results. Thus, the pro-
portions of subjects in this category are generally lower than the proportions of subjects who reported actually complet-
ing the screening test.

§ Orange color coding represents a condition for which the subject’s estimated lifetime risk was more than 20% above 
average or for which the overall lifetime risk was more than 25%.
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mates of genetic risk. Regardless of the accuracy 
of the risk estimates, however, the question we 
were attempting to address is the extent to 
which the reported risk had an effect on behavior. 
There is also evidence that different genomewide 
testing companies and laboratories produce dis-
crepant risk estimates, with some indicating in-
creased risk and others indicating decreased risk 

(as compared with average risk) for the same 
condition in the same person.24 We did not de-
termine whether some of the subjects underwent 
testing with other companies or laboratories; if 
they did, they may have received discordant re-
sults, which could have resulted in confusion and 
adverse psychological effects. Furthermore, sub-
jects may have been aware of the lack of estab-

Completion of Screening Test Intention to Increase Frequency of Screening Test

Estimated Lifetime Risk Orange Color Code§ Estimated Lifetime Risk Orange Color Code§

odds ratio 
(95% CI) P value

odds ratio 
(95% CI) P value

odds ratio 
(95% CI) P value

odds ratio 
(95% CI) P value

1.04 (0.93–1.16) 0.47 1.18 (0.91–1.52) 0.22 1.01 (0.86–1.18) 0.92 1.34 (0.93–1.94) 0.11

0.99 (0.92–1.09) 0.97 1.03 (0.82–1.29) 0.82 1.05 (0.96–1.15) 0.30 1.24 (0.96–1.60) 0.09

1.02 (0.98–1.07) 0.32 1.22 (0.96–1.56) 0.10 1.12 (1.06–1.18) <0.001 1.63 (1.22–2.17) 0.001

1.01 (1.00–1.03) 0.04 1.14 (0.91–1.42) 0.25 1.05 (1.04–1.06) <0.001 2.02 (1.56–2.63) <0.001

1.01 (0.99–1.02) 0.18 1.14 (0.94–1.39) 0.19 1.03 (1.02–1.04) <0.001 1.88 (1.47–2.42) <0.001

0.99 (0.96–1.01) 0.24 0.82 (0.61–1.09) 0.17 1.03 (1.01–1.05) 0.009 1.50 (1.10–2.06) 0.01

0.99 (0.97–1.01) 0.36 0.80 (0.56–1.14) 0.22 1.01 (0.98–1.04) 0.42 1.52 (0.99–2.35) 0.06

1.08 (0.98–1.19) 0.14 1.12 (0.79–1.59) 0.54 1.21 (1.13–1.30) <0.001 2.17 (1.68–2.79) <0.001

0.98 (0.78–1.22) 0.84 1.13 (0.76–1.68) 0.54 1.17 (1.01–1.36) 0.04 1.19 (0.88–1.60) 0.26

0.99 (0.98–1.02) 0.92 0.80 (0.62–1.02) 0.07 1.02 (1.00–1.04) 0.04 1.36 (1.03–1.79) 0.03

1.01 (0.99–1.02) 0.13 1.08 (0.89–1.30) 0.44 1.00 (0.99–1.01) 0.68 0.98 (0.80–1.21) 0.88

1.01 (0.88–1.16) 0.87 1.21 (0.70–2.08) 0.49 1.02 (0.89–1.16) 0.82 1.26 (0.72–2.19) 0.42

0.99 (0.96–1.02) 0.44 0.81 (0.53–1.23) 0.31 1.02 (1.00–1.05) 0.02 1.36 (1.01–1.83) 0.045

0.99 (0.96–1.02) 0.41 0.89 (0.48–1.64) 0.71 1.03 (1.01–1.06) 0.007 1.48 (0.97–2.26) 0.07

0.96 (0.64–1.44) 0.84 1.04 (0.83–1.30) 0.76 0.99 (0.62–1.60) 0.99 1.13 (0.88–1.47) 0.34

0.99 (0.94–1.06) 0.97 1.01 (0.83–1.24) 0.92 1.07 (1.00–1.14) 0.04 1.18 (0.94–1.49) 0.14

0.89 (0.77–1.02) 0.08 0.91 (0.73–1.14) 0.42 1.03 (0.89–1.20) 0.67 0.98 (0.75–1.28) 0.87

1.13 (0.83–1.52) 0.44 0.99 (0.80–1.24) 0.98 1.19 (0.89–1.60) 0.24 1.10 (0.86–1.42) 0.45

1.06 (0.99–1.13) 0.09 1.23 (0.98–1.54) 0.07 1.04 (0.97–1.12) 0.30 1.16 (0.90–1.50) 0.24

1.02 (0.98–1.06) 0.40 1.13 (0.78–1.64) 0.51 1.05 (1.01–1.09) 0.02 1.90 (1.32–2.74) 0.001

0.99 (0.96–1.03) 0.73 0.81 (0.55–1.18) 0.27 1.06 (1.01–1.11) 0.02 2.42 (1.60–3.67) <0.001

1.02 (0.99–1.04) 0.15 1.51 (1.05–2.17) 0.03 1.06 (1.04–1.09) <0.001 2.43 (1.71–3.45) <0.001
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lished clinical validity and utility of direct-to-
consumer genotyping platforms; such knowledge 
may have influenced the results of this study.

Only 10% of the subjects who completed fol-
low-up reported speaking with a genetic coun-
selor about their results, despite the fact that 
counseling services were provided free of charge. 
Perhaps this finding has to do with the high edu-
cational level and possibly greater-than-average 
scientific acumen of the subjects in our study. 
On the other hand, 26% of the subjects reported 
sharing their results with their physician. A recent 
survey showed that only 10% of physicians 
thought they had the necessary training and 
knowledge in genomics25 to use genetic testing 
in treating patients. Together, these findings point 
to a void with respect to physician knowledge of 
and education in genomics. We also observed 
that speaking with a genetic counselor or sharing 
results with a physician was not associated with 
changes in anxiety levels after genetic testing.

There are several limitations of our study. 
First, we studied a sample of convenience that 
consisted of subjects who elected to undergo 
testing, and our longitudinal cohort design did 
not include a control group. Second, the subjects 
in our study are clearly not representative of the 
broader U.S. population, and we therefore can-
not draw conclusions about the effect of genome-
wide testing on the population at large. Third, 
44% of subjects who elected to undergo testing 
did not complete follow-up. Fourth, our recruit-

ment strategy allowed enrollment of spouses 
and family members; thus, some observations are 
probably not independent. Fifth, our study relied 
on brief, Web-based, self-reported assessment of 
health behavior, which can be less reliable than 
in-person assessment and less sensitive than 
other measures. Sixth, our findings are based on 
a single, short-term follow-up assessment and 
do not speak to the long-term effects of testing. 
Seventh, since we did not obtain data on screen-
ing behavior before genetic testing, a possible 
explanation for the negative results in terms of 
clinical effect is that subjects were already en-
gaging in risk-reduction behavior before the start 
of the study.

In conclusion, in a selected group of subjects 
who chose to undergo direct-to-consumer genome-
wide testing, we found no short-term changes in 
psychological health, diet and exercise behavior, 
or use of screening tests. Potential effects of this 
type of genetic testing on the population at large 
are not known.
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