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Genetic test reporting of CDKN2A provides informational 
and motivational benefits for managing melanoma risk
Lisa G. Aspinwall,1 Tammy K. Stump,1 Jennifer M. Taber,1,4 Danielle M. Drummond,1 Wendy Kohlmann,2 
Marjan Champine,2 Sancy A. Leachman3 

Abstract
A CDKN2A/p16 mutation confers 28%–67% lifetime 
 melanoma risk, a risk that may be moderated by ultraviolet 
radiation exposure. The aim of this study was to test whether 
melanoma genetic counseling and test disclosure conferred 
unique informational, motivational, or emotional benefits 
compared to family history-based counseling. Participants 
included were 114 unaffected members of melanoma-prone 
families, ages 16–69, 51.8% men, 65.8% with minor chil-
dren or grandchildren. Carriers (n = 28) and noncarriers (n = 
41) from families with a CDKN2A mutation were compared to 
no-test controls (n = 45) from melanoma-prone families with-
out an identifiable CDKN2A mutation. All participants received 
equivalent counseling about melanoma risk and management; 
only CDKN2A participants received genetic test results. Using 
newly developed inventories, participants rated perceived 
costs and benefits for managing their own and their children’s 
or grandchildren’s melanoma risk 1 month and 1 year after 
counseling. Propensity scores controlled for baseline family 
differences. Compared to no-test controls, participants who 
received test results (carriers and noncarriers) reported feel-
ing significantly more informed and prepared to manage their 
risk, and carriers reported greater motivation to reduce sun 
exposure. All groups reported low negative emotions about 
melanoma risk. Parents reported high levels of preparedness 
to manage children’s risk regardless of group. Carrier parents 
reported greater (but moderate) worry about their children’s 
risk than no-test control parents. Women, older, and more 
educated respondents reported greater informational and 
motivational benefits regardless of group. Genetic test results 
were perceived as more informative and motivating for per-
sonal sun protection efforts than equivalent counseling based 
on family history alone.
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INTRODUCTION
Predictive genetic testing has the potential to alert 
members of high-risk families to their highly ele-
vated risk for disease. For hereditary cancers like 
breast and colon cancer, genetic testing promotes 
accelerated screening and prophylactic surgery 
to reduce or eliminate cancer risk [1, 2]. There 
are mixed findings as to whether and under what 
conditions predictive genetic testing may increase 

motivation and performance of regular prevention 
behaviors that may reduce cancer and other dis-
ease risks [3–5]. These efforts have focused on a 
small set of cancer syndromes (familial melanoma, 
lung cancer) in which elevated genetic risk may be 
amplified by either personal behavior or environ-
mental exposure. For example, the CDKN2A/p16 
mutation, which accounts for 20%–45% of familial 
melanomas [6, 7], confers up to 76% lifetime risk 
to U.S. residents [8]. Geographic variations in the 
penetrance of CDKN2A suggest that ultraviolet 
radiation exposure may contribute to these risks 
[8]. Thus, in addition to regular monthly skin self- 
examinations (SSEs) and annual professional total 
body skin examinations (TBSEs), members of mel-
anoma-prone families are advised to reduce sun 
exposure.

Implications
Practice: Genetic testing with genetic counseling 
for patients with a family history of melanoma 
and known gene mutation promotes education 
about risk factors and management strategies 
while empowering them to adhere to prevention 
recommendations to minimize cancer risk.

Policy: Genetic testing should be offered to 
at-risk patients in the context of genetic coun-
seling, which should include review of personal 
and family history to ensure appropriateness of 
genetic testing, education, informed consent, and 
tailored management recommendations.

Research: Future research should be aimed at 
(i) understanding why melanoma genetic test 
results seem to be impactful over and above the 
effects of counseling based on family history 
alone and (ii) identifying strategies to personalize 
counseling for unaffected individuals who have a 
significant family history of cancer but no identi-
fiable gene mutation in affected relatives in order 
for this cohort to reap similar benefits of person-
alized care as those who can be offered clinical 
genetic testing.
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In the case of familial melanoma, initial evidence 
suggests that genetic test reporting of CDKN2A 
paired with counseling about risk and its manage-
ment may promote improvements in both photopro-
tective and screening behaviors. A study randomly 
assigning patients and family members to CDKN2A 
and high-risk MC1R allele testing versus a usual care 
condition (mailed brochure about skin cancer pre-
vention) indicated more recent SSEs and a smaller 
decrease in protective clothing use in the testing 
group 4 months later [9]. However, of the 20 partic-
ipants who underwent testing, only 5 carriers were 
identified (only 3 of whom had CDKN2A mutations), 
limiting conclusions about the impact of a positive 
test result. In a prospective study of melanoma 
genetic test reporting in a larger cohort of CDKN2A 
family members, unaffected carrier family members 
reported improvements in daily routine sun protec-
tion, including increased reports of protective cloth-
ing use and decreased sunburns over a 2-year period 
[10]. Following test reporting, unaffected carriers also 
reported SSE behaviors comparable in frequency 
and thoroughness to family members who had a per-
sonal history of melanoma [11]. Qualitative accounts 
of participant-reported costs and benefits assessed 1, 
6, and 12 months after test reporting were similarly 
encouraging, with 95% of participants reporting one 
or more positive aspects of learning their genetic 
test results in the year following test reporting [12]. 
Specifically, the most frequently reported benefits 
were increased knowledge about melanoma risk and 
its management (78.3% of carriers, 95.2% of noncar-
riers) and improved health behaviors or plans to 
improve prevention and/or screening behaviors (65% 
of carriers, 38.1% of noncarriers). Emotional benefits 
of test reporting, including feeling more at ease about 
one’s own or one’s children’s risk, were more likely 
to be reported by noncarriers (71.4%) than carriers 
(26.1%). Importantly, reports of negative outcomes 
of test reporting were low, with only 15.9% of partic-
ipants reporting a negative aspect at any assessment 
(typically, discouragement, frustration, or insurance 
concerns). These findings concerning the empower-
ing effects of genetic testing are similar to qualitative 
accounts provided by unaffected family members 
undergoing genetic testing for breast and ovarian 
cancer [13, 14].

The present study
Melanoma genetic testing has only recently entered 
clinical practice [15–17]. Although results to date 
suggest several benefits and few costs of mela-
noma genetic testing, the beneficial impact of the 
test result itself on perceived informational, moti-
vational, and behavioral benefits has yet to be 
distinguished from the detailed education about 
melanoma risk and its management that must ethi-
cally be provided with it. Given the importance of 
demonstrating a benefit of genetic testing beyond 

counseling alone in motivating prevention behav-
iors, the primary purpose of the Utah BRIGHT 
(Behavior, Risk Information, Genealogy, and 
Health Trial) Project was to identify participant-re-
ported costs and benefits uniquely associated with 
receiving a melanoma genetic test result. BRIGHT 
focused on unaffected members of melanoma-prone 
families, as they report low levels of adherence to 
sun protection and screening [18, 19]. We used a 
nonexperimental control group to compare genetic 
counseling outcomes among unaffected members of 
families known to carry a CDKN2A mutation (carri-
ers and noncarriers) who received genetic counseling 
paired with CDKN2A test reporting to outcomes 
among no-test controls. No-test control participants were 
unaffected members of high-risk families (defined as 
those with at least three affected first- or second-de-
gree relatives [FDRs and SDRs]) known not to carry 
a CDKN2A mutation who received nearly equiva-
lent counseling based on family history alone. At 1 
month and 1 year following genetic counseling, we 
examined whether melanoma genetic counseling 
and test disclosure conferred unique informational, 
motivational, or emotional costs or benefits com-
pared to counseling based on family history alone.

We predicted that genetic counseling for familial 
melanoma risk accompanied by a CDKN2A test re-
port would be perceived as more informative to un-
affected members of melanoma-prone families than 
counseling based on family history alone. A genetic 
test result is both objective and highly personalized; 
moreover, it provides a concrete, irrefutable explan-
ation of why one is at elevated risk [20]. Receiving 
an explanation for one’s risk has been found to in-
crease the acceptance of health risk information, 
and our initial findings suggested that participants 
receiving a melanoma genetic test result reported 
greater understanding of their risk, decreased dero-
gation of the accuracy of the risk information, and 
greater perceived personal applicability of preven-
tion recommendations compared to no-test controls 
[20]. For the same reasons, provision of genetic test 
results may also improve motivation to perform pro-
tective and screening measures. One might expect 
that genetic counseling accompanied by a positive 
genetic test result would be more distressing than 
equivalent risk counseling based on family history 
alone; however, there is little evidence for sustained 
distress following genetic test reporting for mel-
anoma or other hereditary cancers [1, 2, 12, 21]. 
Therefore, we evaluated multiple potential positive 
and negative emotional outcomes, both short-term 
(1 month after counseling) and longer-term (1 year 
after counseling).

We also sought to extend prior research on the 
impact of genetic counseling and test reporting 
for familial cancer by developing an inventory of 
perceived costs and benefits for the management 
of children’s risk. Learning about one’s children’s 
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risk is a primary motive for pursuing genetic testing 
[22–24]. We were specifically interested in parents’ 
and grandparents’ efforts to manage familial risk 
[25]. Sun-protection behaviors in children and teens 
are especially important, as childhood and adoles-
cent sunburns are thought to play a major role in 
the etiology of melanoma [26, 27]. Further, monthly 
SSEs are recommended to start as young as age 10 in 
high-risk families [28]. Parallel analyses were, there-
fore, performed to evaluate perceived costs and ben-
efits of genetic counseling for managing children’s 
or grandchildren’s risk.

Thus, this study is the first to directly examine 
the motivational and informational benefits that 
may distinguish high-penetrance melanoma genetic 
test reporting from receipt of comparable risk edu-
cation without an accompanying genetic test result. 
Further, we developed a new inventory of perceived 
costs and benefits that can be used in future research 
examining the effects of melanoma genetic coun-
seling and test reporting.

MATERIALS AND METHODS

The Utah BRIGHT project

Inclusion criteria and participant recruitment and retention
BRIGHT was designed to provide a comprehensive 
assessment of the impact of melanoma genetic test 
reporting and counseling on health cognitions and 
prevention behaviors among unaffected members 
of melanoma-prone families compared to equivalent 
counseling based on family history alone. Unaffected 
members of two kinds of melanoma-prone families 
(those known to carry a CDKN2A mutation and those 
with a significant family history of melanoma but no 
identifiable mutation) were recruited to a study with 
four visits over a 13-month period. Inclusion criteria 
were ages 16–70, no prior melanoma genetic testing 
or counseling, and no personal history of patholo-
gy-confirmed melanoma or melanoma in situ [20]. 
Participants were compensated $50 per visit with 
additional compensation for travel costs. BRIGHT 
was approved by the University of Utah IRB.

Families were identified through Familial 
Melanoma Research Clinic and Family Cancer 
Assessment Clinic at Huntsman Cancer Institute. 
They were offered participation if a CDKN2A muta-
tion had been identified in the family or if there 
were three or more cases of melanoma in the fam-
ily and genetic testing on an affected member had 
ruled out a CDKN2A mutation. While there are 
other lower-penetrance genetic factors associated 
with melanoma risk, only families with CDKN2A 
mutations and those with comparably high risk of 
melanoma based on family history were included in 
order to ensure that the two kinds of families were 
as similar as possible and could receive equivalent 
counseling about risks and management. Eligible, 
unaffected relatives were identified through 

 referrals from  relatives affected with melanoma, 
positive for a CDKN2A mutation or previously 
enrolled in research. Of the 167 unaffected family 
members offered participation, 130 (77.8%) enrolled 
and attended the initial baseline visit. Of these, 
one declined to learn his or her genetic test results 
(participant was already seeing a dermatologist and 
believed that the test result would not influence 
his or her care) and one withdrew from the study 
due to unrelated health issues but received results 
by phone. Three additional participants withdrew 
prior to the 1-month follow-up due to either time 
constraints or an out-of-state move, and one did 
not attend. Of those who attended the 1-month but 
not the 1-year follow-up, two withdrew due to time 
constraints, one withdrew due to unrelated health 
issues, and seven did not attend. Thus, follow-up 
surveys concerning perceived costs and benefits of 
genetic counseling were completed in the clinic by 
124 participants (95.4%) 1 month following genetic 
counseling and by 114 participants (87.7%) 1  year 
following counseling.

Genetic counseling and test-reporting procedures
All participants received individual genetic coun-
seling from one of two Certified Genetic Counselors 
working from a structured protocol [20]. For mem-
bers of CDKN2A families, counseling was provided 
in two visits: a pre-test counseling session to review 
basic information regarding melanoma and site- 
specific genetic testing and to obtain consent for 
genetic testing and a post-testing session in which 
results were reported. All testing was performed in 
a Clinical Laboratory Improvement Amendments-
certified laboratory. For members of no-test control 
families, all counseling took place in a single visit 
(their second) as no consent for testing was needed. 
All counseling sessions included a brief review of par-
ticipants’ self-reported medical and family health his-
tory and education about contributors to melanoma 
risk including environmental and phenotypic factors 
as well as high-risk genes. With the exception of the 
more specific risk estimates afforded by genetic test-
ing results, all information about melanoma risk and 
its management provided to participants was iden-
tical. Carriers were counseled that they had tested 
positive for a CDKN2A mutation and thus had a 70 
in 100 risk for melanoma in their lifetime, while non-
carriers were counseled that they tested negative for 
the CDKN2A mutation but still had a moderately 
increased lifetime risk of 2 in 100 based on their 
family history and other risk  factors. No-test controls 
were provided a range of lifetime risk for melanoma 
of “30 in 100 to 70 in 100” based on their family 
history. Detailed recommendations concerning sun 
protection (avoidance of peak ultraviolet radiation 
hours, sunscreen, protective clothing, shade-seek-
ing) and screening (monthly SSEs and annual 
TBSEs) were presented to all participants. Carriers 
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of CDKN2A mutations were also informed about the 
associated pancreatic cancer risk and options for 
screening. Few patients met the International Cancer 
of the Pancreas Screening consortium guidelines for 
screening [29] based on age or family history at the 
time of the study; therefore, analysis of outcomes 
focused on those associated with melanoma risk.

Measures

Perceived costs and benefits of genetic counseling for manage-
ment of melanoma risk
Structured inventories were developed based on 
the findings of prior studies [12–14, 22, 30, 31] to 
capture participants’ ratings of four distinct sets of 
costs and benefits of melanoma genetic counseling 
for the management of (i) their own melanoma risk 
(35 items) and, as applicable, (ii) their children’s and 
grandchildren’s melanoma risk (24 items, 1  =  not 
at all true, 5 = very much true). Items were written to 
assess informational/preparedness benefits, motivation to re-
duce sun exposure, motivation to perform skin screening, and 
emotions about melanoma risk. All items and their mean 
endorsement across the sample at each assessment 
are shown in Tables 1 and 2.

Propensity score calculations
To strengthen the validity of the comparisons in 
this nonexperimental control group design by 
accounting for measured baseline differences 
between CDKN2A and no-test control families, we 
calculated propensity scores [32] based on 18 vari-
ables that might (i) differ between families at study 
entry and (ii) influence responses to melanoma 
risk counseling. All subsequent analyses of group 
differences statistically controlled for these scores. 
Included in the propensity score calculations were 
standard demographic factors (age, gender, edu-
cation, household income), family medical history 
(FDR and SDR with melanoma, earliest age of onset 
among FDR and SDR), phenotypic factors linked 
to melanoma risk (total nevi greater than 2  mm,  
clinician-rated Fitzpatrick skin type), prior behav-
ior relevant to melanoma risk and prevention (prior 
biopsy, prior TBSE, blistering sunburns before age 
20, clinician-rated photodamage at study entry), 
baseline behavior with respect to photoprotection 
and screening, perceived risk, prioritization of risk, 
and family communication about melanoma risk 
and its management. Of note, prior to adjustment 
with propensity scores, CDKN2A families and no-test 
controls differed on only two of these variables: 
CDKN2A families had an earlier age of melanoma 
onset (29.4  years old vs. 41.1, F(1,126)  =  30.89, p 
< .001), and no-test control families had a greater 
approximate number of moles greater than 2 mm 
as determined by a TBSE at baseline (M = 54.04 
vs. 33.82, F(1,126)  =  16.34, p < .001). Following 
adjustment with propensity scores, there were no 
significant differences between CDKN2A and no-test 

control families, and all standardized mean differ-
ences between the families were less than 0.10 [33].

Overview of analyses
We first describe the factor analytic procedures used 
to refine the scales for assessing perceived costs and 
benefits of melanoma genetic counseling. Then, 
we examine whether participants who received 
CDKN2A test results reported greater costs or ben-
efits than no-test controls who received equivalent 
counseling based on family history. Analyses of per-
sonal costs and benefits were conducted with the 114 
participants who provided complete data at both 
assessments; analyses of costs and benefits for the 
management of children’s and grandchildren’s risk 
were conducted with the 59 parents and 16 grand-
parents who completed both assessments. Each of 
the cost or benefit scales was subjected to a repeat-
ed-measures analysis of covariance (ANCOVA) with 
Participant Group (carriers, noncarriers, no-test 
controls) as a between-subjects factor and Time of 
Assessment (1 month, 1 year after counseling) as a 
within-subjects factor. Each analysis was statistically 
controlled for propensity scores and selected covar-
iates (age at study entry, gender, years of education, 
annual household income, number of FDR with 
melanoma, and total nevi greater than 2 mm), and 
all reported means and effect sizes were adjusted 
for these covariates. Planned comparisons of the 
adjusted means for carriers versus no-test controls 
assessed whether the receipt of a positive genetic 
test result was associated with increased motivation 
to reduce sun exposure or perform screening or with 
any emotional costs or benefits compared to equiva-
lent counseling based on family history alone; all 
adjusted means comparisons report two-tailed tests. 
With a single exception noted in the text, there were 
no significant main effects of Time or interactions of 
Group × Time on any outcome, suggesting that per-
ceived costs and benefits reported at 1 month were 
maintained at the 1-year follow-up.

RESULTS
Participant characteristics
Seventy-five members of p16 families (31 carriers 
and 44 noncarriers) and 49 members of no-test 
control families completed the 1-month follow-up 
survey, and 114 participants (28 carriers, 41 noncar-
riers, and 45 no-test controls) completed the 1-year 
follow-up. As shown in Table 3, average age at study 
entry was 35.82 years, 51.8% were male, and nearly 
all were White (99.1%), with the majority (79.8%) 
having Fitzpatrick Skin Type II. Mean education 
was 14.59 years or “some college.” Median annual 
household income was $60,000–69,000. Nearly two-
thirds indicated that they had either children (51.8%) 
or grandchildren under the age of 18 (14.0%). 
Participants reported an average of 0.82 FDRs and 
1.28 SDRs with melanoma. As noted earlier, prior 
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Table 1 | Scales, Factor Loadings, and Scale Reliabilities for Ratings of Perceived Costs and Benefits of Melanoma Genetic Counseling for 
Managing Personal Melanoma Risk at the 1-Month and 1-Year Follow-up

Factor loading on subscale Mean (SD) of item

1 month 1 year 1 month 1 year

Feeling better informed and prepared to manage risk
Eigenvalue at 1 month = 6.49, 1 year = 6.87; alpha at  

1 month = .92, 1 year = .95
 I feel better informed about my melanoma risk.a .85 .88 4.30 (0.98) 4.16 (0.97)
 I understand more about why I am at risk for melanoma. .84 .83 4.27 (0.91) 4.06 (1.09)
 I feel better prepared to manage my melanoma risk. .82 .89 4.09 (0.95) 4.03 (0.98)
 I feel I can do something positive about my melanoma risk.b .81 .84 4.21 (0.91) 4.13 (0.95)
 I have more accurate information about melanoma. .77 .75 4.40 (0.82) 4.24 (0.93)
 I know more about behaviors that I can do to protect myself in 

the sun.
.76 .85 4.15 (0.93) 4.04 (1.05)

 I feel better informed about the early detection of melanoma. .74 .88 4.21 (0.97) 4.13 (1.01)
 I feel I have the tools to make decisions that will influence my future.c .74 .84 4.19 (0.85) 4.07 (1.05)
 I feel better prepared emotionally to deal with my melanoma risk. .74 .65 3.85 (1.19) 3.69 (1.26)
 I feel more certain about my melanoma risk.b,d .73 .65 3.86 (1.12) 3.66 (1.17)
 I am more confused about my melanoma risk. −.30 −.05 1.12 (0.40) 1.15 (1.60)
Motivation to reduce sun exposure
Eigenvalue at 1 month = 3.10, 1 year = 2.88; alpha at  

1 month = .90, 1 year = .87
 I protect myself more from the sun. .86 .82 3.70 (1.19) 3.90 (1.13)
 I am more motivated to reduce my sun exposure. .86 .87 3.83 (1.21) 3.78 (1.13)
 I have made lifestyle changes to reduce my sun exposure. .84 .81 3.41 (1.26) 3.44 (1.23)
 I have a more positive attitude about protecting my skin from the sun.b .79 .67 3.90 (1.16) 3.78 (1.09)
 I am less careful about my behavior in the sun.b −.11 −.30 1.15 (0.47) 1.25 (0.60)
Motivation to perform screening
Eigenvalue at 1 month = 1.59, 1 year = 1.26; alpha at  

1 month = .91, 1 year = .89
 I am more motivated to do regular skin self-examinations. .96 .97 3.73 (1.18) 3.41 (1.27)
 I am more motivated to get yearly professional total body skin 

examinations.
.85 .65 3.86 (1.15) 3.49 (1.22)

 I do more thorough skin self-examinations. .81 .92 3.59 (1.27) 3.36 (1.39)
 I am more vigilant about checking my skin for suspicious moles. .75 .72 3.72 (1.32) 3.58 (1.38)
 I have a more positive attitude toward melanoma screening.b .70 .58 4.02 (1.07) 3.85 (1.08)
Items excluded due to loading on a separate factor
 I am less vigilant about doing monthly skin self-examinations.b −.03 −.13 1.48 (0.95) 1.57 (1.01)
 I am less vigilant about having annual professional total body skin 

examinations.b
−.01 −.10 1.44 (0.89) 1.62 (1.06)

Negative emotions about melanoma risk
Eigenvalue at 1 month = 1.48; 1 year = 1.56; alpha at  

1 month = .82, 1 year = .79
 I feel discouraged by my melanoma risk. .80 .81 1.42 (0.87) 1.46 (0.78)
 I feel frustrated by my melanoma risk. .76 .56 1.54 (0.93) 1.60 (0.98)
 I feel hopeless about my melanoma risk. .58 .63 1.28 (0.69) 1.26 (0.67)
Positive emotions about melanoma risk
Eigenvalue at 1 month = 2.30, 1 year = 2.50; alpha at  

1 month = .90, 1 year = .87
 I feel more hopeful about my melanoma risk. .89 .90 3.28 (1.39) 3.11 (1.22)
 I feel greater peace of mind about my melanoma risk. .89 .76 3.39 (1.41) 3.25 (1.31)
 I feel relieved about my melanoma risk.b .81 .85 2.97 (1.43) 3.01 (1.29)
Worry/concern about being in the sun

(Continued)
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to (but not after) adjustment with propensity scores, 
CDKN2A and no-test control families differed on ear-
liest age of onset in the family and total nevi >2 mm 
but not on any other demographic, medical history, 
or phenotypic variables (see Table 3).

The participant groups employed to assess differ-
ences following CDKN2A testing (carriers, noncar-
riers, no-test controls) did not differ significantly on 
any of these demographic variables, nor on FDR 
or SDR diagnosed with melanoma (all ps > .10); 
however, as in our previous study of CDKN2A fami-
lies [34], participant groups differed significantly in 
approximate number of total nevi greater than 2 mm 
(F(2,111) = 15.49, p < .001), such that participants who 
subsequently received negative test results had fewer 
such nevi at baseline (M = 25.46) than either carriers 
(M = 49.21, p < .001) or no-test controls (M = 55.64, p 
< .001). There were no group, demographic, family 
history, or phenotypic differences in attrition at 1 year.

Scale composition and refinement for perceived costs and 
benefits of genetic counseling
To refine subscale content and groupings, we sub-
jected items comprising each set of potential costs 
and benefits at each assessment to a separate ex-
ploratory factor analysis using a maximum like-
lihood extraction and oblimin rotation. For each 
analysis, we examined scree plots to determine the 
number of factors and inspected factor loadings to 
determine if any items exhibited low loadings. We 
retained items with factor loadings greater than .50.

Perceived costs and benefits for the management of personal 
melanoma risk
As shown in Table 1, 11 items assessed perceptions 
of being better informed and prepared to manage 

cancer risk following genetic counseling. Factor 
analytic results confirmed that this subscale was 
unidimensional, with all items but one (greater con-
fusion about risk, which received low endorsement) 
loading greater than .50 at both assessments. The 
resulting Better Informed and Prepared to Manage Cancer 
Risk scale consisted of 10 items, including being 
better informed about one’s melanoma risk, more 
emotionally prepared to manage it, and able to do 
something positive about one’s risk.

For Motivation to Reduce Sun Exposure, five items 
assessed greater motivation to reduce sun expos-
ure, implementation of lifestyle changes to reduce 
sun exposure, and a more positive attitude toward 
protecting one’s skin from the sun. The factor ana-
lysis confirmed a unidimensional structure, with 
all items but one (being less careful about behavior 
in the sun) loading greater than .50. The remain-
ing four items formed a reliable scale at each 
assessment.

For Motivation to Perform Skin Screening, seven items 
assessed increases or decreases following genetic 
counseling. The factor analysis supported a two-fac-
tor solution, as items concerning decreased vigilance 
to SSEs and TBSEs loaded on a separate factor (see 
Table 1). As the two-factor structure likely reflected 
method variance (these two items shared a stem—“I 
am less vigilant”—that was different from other 
items), these items were not included in the resulting 
scale. As shown in Table 1, these items also received 
low endorsement. The remaining five items loaded 
on a single factor and assessed increased motivation 
to perform regular and more thorough SSEs and to 
obtain annual TBSEs.

For emotions about risk and its management, anal-
yses indicated a four-factor solution, with separate 

Factor loading on subscale Mean (SD) of item

1 month 1 year 1 month 1 year

Eigenvalue at 1 month = 4.66, 1 year = 4.28; alpha at  
1 month = .87, 1 year = .90

 I am more worried about being in the sun. .87 .95 2.62 (1.38) 2.73 (1.42)
 I am more concerned about being in the sun. .84 .94 3.03 (1.44) 3.11 (1.38)
 I feel guiltier about being in the sun. .78 .69 2.37 (1.29) 2.42 (1.36)
 I am more fearful about being in the sun. .56 .72 2.35 (1.31) 2.51 (1.34)
Fear of screening
r = .50 at 1 month, r = .24 at 1 year
 I am more fearful about doing skin self-examinations.e .49 .70 1.26 (0.74) 1.24 (0.67)
 I am more fearful about getting a professional total body skin 

examination.e
.38 .31 1.19 (0.61) 1.30 (0.78)

Items excluded from scales due to low endorsement or low loadings appear in italics. All items were assessed on the following scale: 1 = not at all true, 5 = very much true. 
Unless otherwise indicated, items were developed for the present study based on qualitative accounts from participants who received melanoma genetic test results in our 
initial test-reporting study [12] (N = 124 at 1 month, N =114 at 1 year).
aAdapted from the MICRA [31].
bAdapted from Lim et al. [13].
cFrom the PPC [30].
dAdapted from Kasparian et al. [22].
eAdapted from Petersen et al. [50].

Table 1 | Continued



ORIGINAL RESEARCH

TBM page 35 of 43

Table 2 | Scales, Factor Loadings, and Scale Reliabilities for Perceived Costs and Benefits of Genetic Counseling for the Management of 
Children’s and Grandchildren’s Melanoma Risk at the 1-Month and 1-Year Follow-up

Factor loading on subscale Mean (SD) of item

1 month 1 year 1 month 1 year

Informed and prepared to manage children’s risk
Eigenvalue at 1 month = 3.45, 1 year = 3.75; alpha at 1 month = .89, 

1 year = .91
 I feel better prepared to manage my family’s melanoma risk. .92 .96 4.13 (1.09) 4.09 (0.96)
 I feel I can do something positive about my children’s melanoma 

risk.a
.85 .79 4.23 (0.96) 3.95 (1.00)

 I feel better informed about my children’s melanoma risk. .75 .90 4.33 (0.96) 4.19 (1.00)
 I feel better prepared emotionally to manage my children’s risk.a .74 .77 3.65 (1.36) 3.68 (1.25)
  I feel more confused about my children’s melanoma risk. −.07 −.33 1.29 (0.80) 1.33 (0.74)
Motivation to reduce children’s sun exposure
Eigenvalue 1 month = 3.15, 1 year = 3.34; alpha at 1 month = .84, 

1 year = .87
 I have made (or my children have made) lifestyle changes to re-

duce their sun exposure.
.88 .88 3.37 (1.26) 3.40 (1.23)

 I am more motivated (or my children are more motivated) to re-
duce their sun exposure.

.80 .76 3.99 (1.13) 4.01 (1.06)

 I protect my children (or my children protect themselves) more 
from the sun.

.80 .78 3.63 (1.17) 3.83 (1.14)

 We have made protection from the sun a family priority.a .67 .75 3.99 (1.06) 4.07 (0.99)
 I teach my children more about melanoma prevention. .50 .66 3.70 (1.42) 3.47 (1.28)
Motivation to screen children
Eigenvalue at 1 month = 3.45, 1 year = 3.67; alpha at 1 month = .88, 

1 year = .90
 I am more vigilant (or my children are more vigilant) about check-

ing their skin for suspicious moles.
.89 .92 3.49 (1.36) 3.31 (1.36)

 We have made skin screening a family priority.a .87 .77 3.33 (1.27) 3.08 (1.43)
 I am more motivated (or my children are more motivated) to 

examine their skin regularly.
.84 .94 3.72 (1.33) 3.27 (1.38)

 I am more motivated to make sure my children get yearly profes-
sional total body skin examinations.

.73 .75 3.42 (1.36) 3.12 (1.29)

 I teach my children more about screening. .57 .68 3.48 (1.39) 3.13 (1.53)
Negative emotions about children’s melanoma risk
Eigenvalue at 1 month = 1.19, 1 year = 2.85; r = .75 at 1 month, 

1 year = .56
 I am more worried that my children will get melanoma.a,b .95 .56 2.33 (1.45) 2.40 (1.36)
 I feel discouraged by my children’s melanoma risk. .69 1.00 1.72 (1.12) 1.80 (1.09)
Positive emotions about children’s melanoma risk
Eigenvalue at 1 month = 2.53, 1 year = 1.56; alpha at 1 month = .81, 

1 year = .81
 I feel relieved about my children’s melanoma risk. .86 .50 3.00 (1.60) 2.83 (1.45)
 I feel more hopeful about my children’s melanoma risk. .80 .55 3.77 (1.38) 3.67 (1.30)
 I am more relaxed about my children’s behavior in the sun.a .60 .53 2.43 (1.44) 2.39 (1.37)
Parental reports of children’s greater fear of being in the sun
Eigenvalue at 1 month = 3.18, 1 year = 2.46; alpha at 1 month = .90, 

1 year =.85
 My children are more worried about being in the sun. 1.00 .78 2.14 (1.29) 2.27 (1.17)
 My children are more concerned about being in the sun. .83 .79 2.46 (1.32) 2.59 (1.32)
 My children are more fearful about being in the sun. .75 .60 1.89 (1.21) 1.76 (0.98)
Items excluded from scales due to low endorsement or low loadings appear in italics. All items were assessed on the following scale: 1 = not at all true, 5 = very much true. 
Unless otherwise indicated, items were developed for the present study based on qualitative accounts from participants who received melanoma genetic test results in our 
initial test-reporting study [12] (N = 79 at 1 month, N = 75 at 1 year).
aAdapted from Lim et al. [13].
bAdapted from the MICRA [31].
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scales for Negative Emotions about Melanoma Risk (three 
items: hopeless, frustrated, and discouraged), Positive 
Emotions about Melanoma Risk (three items: relieved, 
hopeful, and greater peace of mind), Worry about Being 
in the Sun (four items: worry, concern, guilt, and fear), 
and Fear of Screening (two items: greater fear about 
doing SSEs or getting a TBSE). As shown in Table 1, 
the fear of screening items did not meet our criteria for 
factor loadings (and received low endorsement, Ms = 
1.19–1.30); thus, this scale was dropped from analysis.

Perceived costs and benefits for management of children’s or 
grandchildren’s melanoma risk
These procedures were repeated for the items assess-
ing perceived costs and benefits for the management 
of children’s risk. An item assessing increased con-
fusion about children’s risk received low endorse-
ment at both visits (Ms = 1.29 and 1.33) and did not 
load on the informational benefits factor; thus, it 
was removed from analyses. As shown in Table 2, 
the remaining items loaded .50 or greater on their 
respective factors and were used to create reliable 
subscales that paralleled those identified for personal 
costs and benefits. Correlations among the resulting 
scales are shown in Supplementary Tables 1 and 2.

Group differences in perceived costs and benefits of genetic 
counseling for the management of personal melanoma risk
We next examined whether there were differences in 
reported costs and benefits among participant groups 

when propensity scores and selected covariates were 
statistically controlled. Correlations between the costs 
and benefits scales and demographic, family medical 
history, and phenotypic variables are displayed in 
Supplementary Tables 3 and 4.  Age, gender, edu-
cation, household income, number of FDR with 
melanoma, and total nevi greater than 2 mm were 
significantly associated with one or more outcomes, 
and thus were statistically controlled in all analyses. 
Number of SDR with melanoma, earliest age of onset 
in the family, and skin type were not related to any 
outcomes and thus not included as covariates.

Feeling informed and prepared to manage melanoma risk
Our primary hypothesis was that genetic testing 
would have unique informational benefits compared 
to counseling based on family history alone. As shown 
in Table 4, the repeated-measures ANCOVA yielded 
a significant main effect for Group (F(2,104) = 3.54, 
p < .04). Both carriers (M  =  4.29) and noncarriers 
(M = 4.26) reported feeling more informed and bet-
ter prepared than no-test controls (M = 3.78, both ps 
< .03). As shown in Table 4, greater education and 
income were significant predictors of feeling better 
informed and prepared.

Motivation to reduce sun exposure
As suggested earlier, melanoma is unique in that 
preventive behaviors may moderate the impact of 
genetic risk on disease development. Therefore, the 

Table 3 | Baseline Demographic, Family Medical History, and Phenotypic Characteristics of the Study Sample and Comparisons of Participants 
From CDKN2A Families to Participants From No-Test Control Families

No-test control  
families (n = 45)

Families known  
to carry CDKN2A 

(n = 69)
Total sample  

(N = 114)

p value for difference 
between types  

of familiesa

Age 37.84 (14.55) 34.51 (13.82) 35.82 (14.14) .22
Gender (% men) 46.67% 55.07% 51.75% .45
Education, years 14.82 (1.95) 14.43 (2.17) 14.59 (2.08) .33
Household incomeb 6.90 (3.32) 7.38 (3.30) 7.19 (3.30) .48
 Converted value: $59,000 (23K) $64,000 (23K) $62,000 (23K)
Percent with children or 

grandchildren under 
age 18

60% 69.57% 65.79% .29

FDR with melanoma 0.84 (1.07) 0.81 (0.88) 0.82 (0.95) .86
SDR with melanoma 1.53 (1.63) 1.12 (1.30) 1.28 (1.45) .13
Earliest age of onset 

among FDR and SDR
40.44 (15.03) 29.16 (8.78) 33.61 (12.85) .001

Total nevi >2 mmc 3.44 (0.94) 2.59 (1.13) 2.93 (1.13) .001
 Converted value: 55.64 (27.25) 35.10 (27 .52) 43.21 (29.10)
Percent with Fitzpatrick 

skin type II
76.8% 84.4% 79.8% .17

FDR first-degree relatives; SDR second-degree relatives.
aThese values reflect differences between CDKN2A and no-test control families prior to adjustment using propensity scores. There were no significant differences between 
families when propensity scores were statistically controlled.
bThe sample for this variable was N = 101 (CDKN2A families, n = 61; no-test control families, n = 40) because 13 participants chose not to report (n = 6) or were unsure 
of (n = 7) their household income. Income was reported in $10,000 intervals (1 = <$9,999, 11 = ≥$100,000), and then converted to an approximate income for ease of 
interpretation.
cTotal nevi >2 mm assessed during the clinical skin exam were reported in ranges (0 = 0, 1 = 1–10, 2 = 11–25, 3 = 26–50, 4 = 51–100, 5 = >100) and then converted 
to an approximate number of nevi for ease of interpretation.
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scales for Negative Emotions about Melanoma Risk (three 
items: hopeless, frustrated, and discouraged), Positive 
Emotions about Melanoma Risk (three items: relieved, 
hopeful, and greater peace of mind), Worry about Being 
in the Sun (four items: worry, concern, guilt, and fear), 
and Fear of Screening (two items: greater fear about 
doing SSEs or getting a TBSE). As shown in Table 1, 
the fear of screening items did not meet our criteria for 
factor loadings (and received low endorsement, Ms = 
1.19–1.30); thus, this scale was dropped from analysis.

Perceived costs and benefits for management of children’s or 
grandchildren’s melanoma risk
These procedures were repeated for the items assess-
ing perceived costs and benefits for the management 
of children’s risk. An item assessing increased con-
fusion about children’s risk received low endorse-
ment at both visits (Ms = 1.29 and 1.33) and did not 
load on the informational benefits factor; thus, it 
was removed from analyses. As shown in Table 2, 
the remaining items loaded .50 or greater on their 
respective factors and were used to create reliable 
subscales that paralleled those identified for personal 
costs and benefits. Correlations among the resulting 
scales are shown in Supplementary Tables 1 and 2.

Group differences in perceived costs and benefits of genetic 
counseling for the management of personal melanoma risk
We next examined whether there were differences in 
reported costs and benefits among participant groups 

Table 3 | Baseline Demographic, Family Medical History, and Phenotypic Characteristics of the Study Sample and Comparisons of Participants 
From CDKN2A Families to Participants From No-Test Control Families

No-test control  
families (n = 45)

Families known  
to carry CDKN2A 

(n = 69)
Total sample  

(N = 114)

p value for difference 
between types  

of familiesa

Age 37.84 (14.55) 34.51 (13.82) 35.82 (14.14) .22
Gender (% men) 46.67% 55.07% 51.75% .45
Education, years 14.82 (1.95) 14.43 (2.17) 14.59 (2.08) .33
Household incomeb 6.90 (3.32) 7.38 (3.30) 7.19 (3.30) .48
 Converted value: $59,000 (23K) $64,000 (23K) $62,000 (23K)
Percent with children or 

grandchildren under 
age 18

60% 69.57% 65.79% .29

FDR with melanoma 0.84 (1.07) 0.81 (0.88) 0.82 (0.95) .86
SDR with melanoma 1.53 (1.63) 1.12 (1.30) 1.28 (1.45) .13
Earliest age of onset 

among FDR and SDR
40.44 (15.03) 29.16 (8.78) 33.61 (12.85) .001

Total nevi >2 mmc 3.44 (0.94) 2.59 (1.13) 2.93 (1.13) .001
 Converted value: 55.64 (27.25) 35.10 (27 .52) 43.21 (29.10)
Percent with Fitzpatrick 

skin type II
76.8% 84.4% 79.8% .17

FDR first-degree relatives; SDR second-degree relatives.
aThese values reflect differences between CDKN2A and no-test control families prior to adjustment using propensity scores. There were no significant differences between 
families when propensity scores were statistically controlled.
bThe sample for this variable was N = 101 (CDKN2A families, n = 61; no-test control families, n = 40) because 13 participants chose not to report (n = 6) or were unsure 
of (n = 7) their household income. Income was reported in $10,000 intervals (1 = <$9,999, 11 = ≥$100,000), and then converted to an approximate income for ease of 
interpretation.
cTotal nevi >2 mm assessed during the clinical skin exam were reported in ranges (0 = 0, 1 = 1–10, 2 = 11–25, 3 = 26–50, 4 = 51–100, 5 = >100) and then converted 
to an approximate number of nevi for ease of interpretation.
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impact of melanoma risk counseling on motivation 
to reduce sun exposure is a primary intervention tar-
get. The repeated-measures ANCOVA yielded a sig-
nificant main effect for Group (F(2,104) = 4.06, p < 
.02), such that carriers (M = 4.15) reported greater 
motivation to reduce their sun exposure than either 
noncarriers (M  =  3.62, p < .02) or no-test controls 
(M  =  3.55, p < .02). Significant effects of age and 
education indicated that older and more educated 
respondents also reported greater motivation to 
reduce their sun exposure.

Motivation to perform screening
The repeated-measures ANCOVA did not yield a 
significant main effect for Group (F(2,104)  =  2.17, 
p < .12); however, planned comparisons yielded a 
tendency for carriers (M  =  3.98) to report greater 
increases in screening motivation than no-test 
controls (M  =  3.49, p < .07), with noncarriers 
(M = 3.61) intermediate to, and not significantly dif-
ferent from, either group. Women (M = 3.87 vs. 3.53 
for men, p < .04) and older respondents indicated 
greater motivation to perform screening.

Negative emotions about melanoma risk
Overall reports of negative emotions about mel-
anoma risk were low at both assessments, with the 
majority of respondents endorsing either 1  =  “not 
true” or 2 =  “a little true” for all items (79.82% at 
1 month, 83.06% at 1 year). A significant main effect 
for Group (F(2,104) = 10.26, p < .001) indicated that 
carriers (M = 1.78) and no-test controls (M = 1.54) 
reported more negative emotions about their risk 
than noncarriers (M  =  1.07, ps < .02), but did not 
differ from each other (p < .18). Women (M = 1.59) 
reported more negative emotions about their risk 
than men (M = 1.35, p < .05).

Positive emotions about melanoma risk
Noncarriers (M = 3.93) reported greater hopefulness 
and peace of mind about their risk than either carri-
ers (M = 2.38, p < .001) or no-test controls (M = 2.89, 
p < .001; main effect for Group: F(2,104) = 22.14, p < 
.001). Carriers tended to report lower positive emo-
tions about their risk than no-test controls (p < .07). 
Participants with a greater number of nevi greater 
than 2  mm were less relaxed and hopeful about 
their melanoma risk.

Worry about being in the sun
Reported worry about being in the sun was mod-
erate at both assessments (Ms  =  2.68, 2.77). The 
repeated-measures ANCOVA yielded a significant 
main effect for Group (F(2,104)  =  8.50, p < .001), 
such that carriers (M  =  3.23) and no-test controls 
(M = 2.75) reported greater concern about being in 
the sun than noncarriers (M  =  2.18, ps < .05) but 
did not differ from each other (p < .11). Women 

(M  =  2.95 vs. 2.51 for men, p < .02) and older 
respondents reported greater worry.

Group differences in perceived costs and benefits of genetic 
counseling for the management of children’s or grandchil-
dren’s melanoma risk
Two-thirds of our study participants reported having 
either children or grandchildren under 18. There 
were too few grandparents to permit a formal test of 
the relation of parental versus grandparental status 
to perceived costs and benefits, and grandparents 
were unequally distributed across participant groups 
(three carriers, four noncarriers, nine no-test con-
trols). However, we conducted an exploratory ana-
lysis to examine whether perceived costs and benefits 
differed for parents and grandparents. As there were 
no significant main effects or interactions involving 
parental versus grandparental status, we collapsed 
across parent status in examining the impact of mela-
noma genetic counseling on the management of chil-
dren’s/grandchildren’s risk, and use the term parents 
to refer to both parents and grandparents.

Informed and prepared to manage children’s risk
As shown in Table  4, parents in all groups 
reported high levels of preparedness as a benefit 
of melanoma risk counseling at both assessments 
(Ms  =  4.07, 4.02), with no differences by Group 
(F(2,65)  =  2.27, p < .12). Those with more years 
of education reported feeling better informed and 
prepared to manage their children’s melanoma 
risk, F(1,65) = 5.32, p < .03.

Motivation to reduce children’s sun exposure
Parents reported being somewhat motivated to re-
duce their children’s sun exposure at both assess-
ments (Ms  =  3.74, 3.79), with no effect of Group 
(F(2,65) = 1.08, p < .35). Women (M = 4.00) reported 
greater motivation than men (M = 3.46, p < .01) to 
reduce their children’s sun exposure.

Motivation to screen children
Parents reported moderate levels of motivation to 
screen their children for melanoma at both assess-
ments (Ms  =  3.53, 3.25), with no differences by 
Group (F(2,65) = 1.15, p < .33). Women (M = 3.68) 
reported greater motivation than men (M = 3.07, p < 
.02) to screen their children.

Negative emotions about children’s melanoma risk
Carrier parents (M  =  3.21) reported significantly 
greater (though moderate) worry and discourage-
ment about their children’s risk than either noncar-
rier (M = 1.43, p < .001) or no-test control parents 
(M = 2.05, p < .001; Group, F(2,65) = 24.77, p < .001). 
No-test control parents reported greater worry than 
noncarrier parents (p < .05). Additionally, women 
(M  =  2.53) indicated higher levels of worry than 
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men (M = 1.98, p < .01), though at levels below the 
scale midpoint.

Positive emotions about children’s melanoma risk
A significant effect of Group (F(2,65) = 33.36, p < 
.001) indicated that noncarrier parents (M = 4.41) 
reported significantly greater relief and hopefulness 
about their children’s risk than either carrier (M = 
2.21, p < .001) or no-test control parents (M = 2.75, p 
< .001). There was also a marginally significant main 
effect of Time (F(1,65) = 2.99, p < .09), indicating 
a trend toward decrease in positive emotions from 
1 month to 1 year (3.17, 3.07). These main effects 
were qualified by a significant Group × Time inter-
action (F(2,65) = 4.83, p < .02), such that noncarrier 
parents’ reports of positive emotions, while remain-
ing high, decreased significantly from 1 month to 1 
year (Ms = 4.71, 4.10, p < .002). Neither carrier (2.24, 
2.18, p < .81) nor no-test control parents’ positive 
emotions (2.57, 2.94, p < .12) changed over time.

Parental reports of children’s worry about being in the sun
Parental reports that their children were wor-
ried about being in the sun were low overall, with 
responses in the “a little true” range at both assess-
ments (Ms = 2.16, 2.24) and no differences by Group 
(F(2,65) = 0.27, p < .77). Women (M = 2.46) reported 
higher levels of children’s worry about being in 
the sun than men (M  =  1.91, p < .02). Older par-
ents reported greater worry among their children 
(F(1,65) = 10.39, p < .002).

DISCUSSION
Consistent with prior findings [9, 12], participants 
receiving melanoma genetic test results reported high 
levels of informational and motivational benefits that 
were sustained over the year following genetic testing. 
In particular, participants who received positive test 
results reported being both better prepared to manage 
their melanoma risk and more motivated to improve 
their prevention behavior. We extended previous 
findings by comparing perceived benefits and risks 
of melanoma genetic counseling between members 
of melanoma-prone families who received CDKN2A 
genetic test results and members of no-test control 
families who received equivalent counseling regard-
ing melanoma risk and its management. Compared 
to counseling based on family history alone, the 
receipt of a test result (either positive or negative) was 
associated with significantly greater perceptions of 
feeling informed and prepared to manage one’s own 
melanoma risk. Of particular importance, carriers 
reported greater motivation to reduce sun exposure 
than no-test controls. Additionally, there was a trend 
for carriers to report greater motivation to perform 
skin screening than no-test controls.

Although these comparisons suggest the superior-
ity of genetic test reporting paired with counseling to 

counseling alone in providing specific informational 
and motivational benefits, the nonexperimental 
control group design employed here does not per-
mit causal inference. Because participants were not 
(and could not be) randomly assigned to groups, 
it is possible that unmeasured differences between 
the groups accounted for these findings. Propensity 
scores were used to statistically control for a large 
set of personal, familial, phenotypic, behavioral, and 
other contributors to melanoma risk perceptions 
and beliefs about their management measured at 
baseline that might differ between CDKN2A families 
and no-test control families, and selected covariates 
were used to statistically control for demographic, 
phenotypic, and family medical history factors that 
were associated with reported costs and benefits. 
Although a definitive causal conclusion about the 
impact of melanoma genetic testing awaits a design 
in which people are randomly assigned to receive 
results (a design that may not be ethically permissi-
ble given professional genetic counseling guidelines 
[15, 35, 36]), these findings suggest a meaningful 
and sustained informational and motivational bene-
fit for genetic testing.

Future research should examine why a genetic 
test result seems to be especially motivating and 
informative to members of melanoma-prone fam-
ilies. These and other findings from studies of 
reporting results of testing for a high-penetrance 
melanoma predisposition gene [9–12, 20] are seem-
ingly at odds with reviews suggesting that genetic 
risk information is ineffective in motivating a wide 
range of behavioral changes [3–5]. One explan-
ation is that prevention measures for melanoma 
may be less burdensome and more within an indi-
vidual’s control to change than other behaviors 
such as smoking cessation. Further, the studies in 
these previous reviews included the outcomes of 
genetic reports for lower-penetrance genetic var-
iants delivered to the general public, whereas we 
delivered counseling about the highly penetrant 
CDKN2A mutation exclusively to participants with 
extensive family history of melanoma. Receiving 
genetic information specifically related to risk that 
had been observed in the family and for which 
there was specific counseling about the biological 
link between the impact of the gene mutation 
(impaired cellular response to DNA damage [37, 
38]) and the recommended management behav-
iors (reduced sun exposure) may have been more 
impactful than general genetic assessment [39–41]. 
Specifically, CDKN2A is a tumor suppressor gene, 
and patients were counseled that encoded proteins 
stop cell growth so that DNA can be repaired or 
initiate cell death if the damage is too severe to 
repair. This coherence between the risk-increasing 
genetic cause identified and the specific risk-reduc-
ing behaviors recommended could be one reason 
that the receipt of a melanoma genetic test result 
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promoted greater motivation to reduce sun expos-
ure, as well as greater acceptance of prevention 
and screening recommendations as personally 
applicable [20]. This link may also explain our pre-
vious findings that melanoma genetic test report-
ing promotes greater perceived control over health 
outcomes [42].

Much remains to be done to establish whether 
these informational and motivational benefits 
may be limited to high-penetrance genetic test 
results like those for familial melanoma, hereditary 
breast and ovarian cancer, and Lynch syndrome, 
or whether genetic testing is similarly uniquely 
motivating at lower levels of penetrance. Because 
a genetic test provides an objective, highly per-
sonalized risk estimate, we think it is possible 
that genetic test results could motivate behavioral 
change in some cases even for lower-penetrance 
mutations (see, e.g., [43]).

It will also be important to understand socioec-
onomic, demographic, ethnic group, and cultural 
factors that may influence responses to genetic test-
ing, as well as properties of the disease risk and spe-
cific management recommendations that may make 
particular costs and benefits more likely [1]. In the 
present study, greater years of education reliably 
predicted feeling better informed and prepared to 
manage one’s own and one’s children melanoma risk 
following genetic counseling and greater motivation 
to reduce one’s own sun exposure, while greater 
household income predicted feeling better informed 
and prepared to manage personal risk. Greater bene-
fits (and also greater worry about sun exposure) were 
consistently reported both by women and by older 
respondents. Because nearly all study participants 
were white, no generalization can be made to other 
ethnic groups. Little is known about how Hispanics 
or Blacks respond to melanoma genetic risk informa-
tion, although an ongoing study examining Hispanic 
versus non-Hispanic ethnicity and sociocultural 
factors as predictors of uptake of and responses to 
MC1R testing will begin to address this question [44]. 
People of color have been traditionally overlooked in 
sun-protection research and intervention efforts more 
broadly, and it is possible that genetic counseling and 
testing for lower-penetrance genes may help to com-
bat the perception that people with darker skin types 
are exempt from melanoma risk [45, 46].

As research on the motivational and informa-
tional impact of genetic counseling proceeds, it will 
be important to understand why equivalent coun-
seling based on family history alone does not seem 
to be as motivating of prevention behaviors. All 
participants faced an exceptionally elevated risk of 
melanoma due to their family history and all par-
ticipants received detailed individual counseling 
from a Certified Genetic Counselor, yet subsequent 
motivation to reduce sun exposure was reliably 
lower among no-test controls than among CDKN2A 
carriers. Future research should examine ways to 

provide genetic counseling communications about 
risk and its management in order to motivate high-
risk participants for whom clinical genetic testing is 
not available.

Understanding the emotional costs and benefits of coun-
seling about hereditary cancer risk
Consistent with our prior work on melanoma genetic 
testing [12], participants who tested positive did not 
report elevated negative emotions about their mela-
noma risk either 1 month or 1 year following coun-
seling and test reporting. They did, however, report 
elevated concern about their children’s risk, although 
these levels of concern were intermediate rather than 
high. Both carriers and no-test controls reported a 
greater level of worry and concern about being in 
the sun than noncarriers, although these levels, too, 
were intermediate rather than high. Future studies 
should investigate the relationship between increased 
worry about being in the sun and the adoption and 
maintenance of sun-protection behaviors, as worry 
may prompt people who receive a positive melanoma 
genetic test result to be more vigilant about sun expos-
ure. In some contexts, cancer worry promotes consist-
ent prevention and screening behaviors [47, 48], and 
in the present study greater worry about being in the 
sun was associated with greater motivation to engage 
in sun protection and screening. Last, it is important 
to recognize the considerable emotional benefits 
reported by noncarriers, both with respect to their 
own melanoma risk and the risks of their children and 
grandchildren. Although most studies focus on ques-
tions of adherence among family members who test 
positive, greater peace of mind and relief provided to 
noncarrier family members is also an important inter-
vention outcome [12].

Utility of the new perceived costs and benefits scales
We created reliable multi-item measures of per-
ceived informational and motivational benefits of 
counseling regarding melanoma risk for the manage-
ment of one’s own and one’s children’s melanoma 
risk, along with positive and negative emotions 
about melanoma risk. These scales may supplement 
other commonly used measures assessing outcomes 
of genetic testing [31, 49, 50]. Previous measures 
have tended to focus on negative outcomes, such 
as uncertainty, diminished self-worth, stigma, and 
distress [1]. Our scales—and the present data—sug-
gest that positive outcomes including benefits such 
as greater knowledge and feelings of empowerment 
are as common, if not more common, than negative 
outcomes [30, 49, 50]. Importantly, these measures 
(like many of those assessing adverse outcomes) were 
designed based on participants’ qualitative reports in 
prior research [1, 12] rather than solely reflecting 
researcher-generated concepts. Further, the use of 
structured inventories allows the collection of partic-
ipant ratings of the extent to which a benefit or cost is 
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perceived (rather than whether it was mentioned or 
not), and these ratings may be obtained from all par-
ticipants, not just those for whom a particular cost or 
benefit came to mind in response to an open-ended 
question. These measures may also prove useful in 
evaluating the outcomes of different modalities of 
providing genetic counseling results, as they may be 
sensitive to different degrees of motivation to per-
form prevention and screening behaviors following 
an intervention.

In interpreting our findings regarding perceived 
costs and benefits of melanoma genetic counseling, 
it is important to note that the intensive individual 
clinic-based counseling provided here by Certified 
Genetic Counselors represents a best-case scenario 
for the education accompanying melanoma genetic 
test results. All groups demonstrated low endorse-
ment of items related to confusion about risk or 
decreased motivation to reduce sun exposure and 
monthly and annual screening, indicating gains in 
knowledge related to the educational component of 
the intervention. It would not be appropriate to con-
clude that melanoma genetic test reporting that is 
not accompanied by melanoma genetics education 
would afford the same benefits. As research proceeds 
on the effectiveness of other methods of delivering 
genetic information for more common, moderate 
risk alleles [43], these scales may be a useful tool in 
examining melanoma education outcomes in these 
other less intensive intervention contexts.

Strengths and limitations of the present study
The present study employed a sample twice as large 
as our initial test-reporting study [18], enrolling 130 
unaffected members of melanoma-prone families 
and retaining 87.7% of them through two waves of 
follow-up data in the year following genetic coun-
seling. Importantly, participants in the present study 
also had much less prior engagement with studies in 
the Familial Melanoma Research Clinic than partic-
ipants in our prior work, reducing concerns that the 
benefits reported here reflect decades of investment 
of time and energy in melanoma genetics research. 
A nonexperimental no-test control group was used 
and propensity scores, incorporating 18 potential 
differences that could be related to subsequent 
motivational and emotional responses to genetic 
counseling, were calculated to control for potential 
baseline differences in measured variables between 
the two kinds of families. Nonetheless, in any design 
without random assignment to the intervention ver-
sus control arm, it is always possible that unmeasured 
factors may account for reported group differences. 
Additional limitations include those inherent to the 
study of familial melanoma, namely the inclusion 
of predominantly white participants. High levels of 
income and education, along with cultural endorse-
ment of science as a tool for improving health among 
Utah’s predominant religious group [51], may limit 
generalization to other groups. Finally, with respect 

to understanding how families manage risk, there 
were too few grandparents enrolled in the study to 
permit a firm conclusion about whether melanoma 
genetic counseling has similar effects on parents 
and grandparents in terms of their management of 
minor family members’ melanoma risk.

CONCLUSION AND DIRECTIONS FOR FUTURE RESEARCH
The present findings suggest that adding a high-pen-
etrance melanoma genetic test result to individual-
ized melanoma genetic counseling provides both 
informational and motivational benefits to members 
of high-risk families. Parents reported high levels of 
preparedness to manage children’s risk regardless 
of group. Understanding how information about 
genetic vulnerability to cancer informs and motivates 
prevention behaviors, both for oneself and one’s chil-
dren, is an important future direction for research and 
intervention. Future studies might examine the ways 
family discussions and action plans may unfold differ-
ently when there is an identifiable contributor to risk 
(here a genetic mutation) rather than a more abstract 
sense of family risk. As this work proceeds, it will also 
be important to test whether similar benefits may be 
observed for reporting of lower-penetrance genetic 
risks and in less intensive intervention contexts.

SUPPLEMENTARY MATERIAL
Supplementary material is available at Translational 
Behavioral Medicine online.

Acknowledgments: The authors gratefully acknowledge the generous 
participation of all the family members in this study, without whom this 
project would not have been possible. We also thank Pam Cassidy, Dexter 
Thomas, Emily Scott, Taylor Haskell, Sandie Edwards, Roger Edwards, 
Rebecca Stoffel, Christopher Moss, Dixie Thompson, Lisa Reynolds, Tami 
Calder, Michelle Allred, Melissa Shepherd, Teresa Stone, Jason Hawkes, 
Julia Curtis, Matt Haskell, Janice Mathews, Jonathan Butner, and Pascal 
Deboeck for their contributions to the conduct or analysis of the study. 
Research reported in this publication was supported by the National Cancer 
Institute of the National Institutes of Health under Award Number R01 
CA158322. The project described was supported by the National Center 
for Research Resources and the National Center for Advancing Translational 
Sciences, National Institutes of Health, through Grant 8UL1TR000105 
(formerly UL1RR025764). During manuscript preparation, T.K.S. was sup-
ported by NIH/NCI training grant T32 CA193193. The content is solely 
the responsibility of the authors and does not necessarily represent the 
official views of the National Cancer Institute or the National Institutes of 
Health. Support was also received from the Huntsman Cancer Foundation 
(HCF), the Tom C. Mathews, Jr. Familial Melanoma Research Clinic endow-
ment, the Pedigree and Population Resource of Huntsman Cancer Institute, 
and the Utah Population Database. This research was supported by the 
Utah Cancer Registry, which is funded by contract N01-PC-35141 from 
the National Cancer Institute Surveillance, Epidemiology, and End Results 
(SEER) Program, with additional support from the Utah State Department 
of Health and the University of Utah. The authors acknowledge the use of 
the Genetic Counseling and Health Measurement and Survey Methods core 
facilities supported by the National Institutes of Health through National 
Cancer Institute Cancer Center Support Grant 5P30CA420-14 awarded to 
Huntsman Cancer Institute and additional support from the HCF.

Compliance with Ethical Standards

Statement on any previous reporting of data: Findings reported in this 
manuscript have not been previously published. This manuscript is not being 
simultaneously submitted elsewhere. There is no overlap in study outcomes 
between an initial publication from the BRIGHT study [20] and the present 
manuscript.



ORIGINAL RESEARCH

page 42 of 43 TBM

Primary data: The authors have full control of all primary data and agree to 
allow the journal to review our data if requested.

Statement on any previous reporting of data: Findings reported in this 
manuscript have not been previously published. This manuscript is not being 
simultaneously submitted elsewhere. There is no overlap in study outcomes 
between an initial publication from the BRIGHT study [20] and the present 
manuscript.

Primary data: The authors have full control of all primary data and agree to 
allow the journal to review our data if requested.

Conflict of Interest: S.A. Leachman has served in the past on a Medical 
and Scientific Advisory Board for Myriad Genetics Laboratory and Castle 
Biosciences Inc., for which she has received an honorarium. She has collab-
orated with Myriad to test assays as part of an early access program that is 
unrelated to the research reported here. W. Kohlmann received a $25,000 
research grant from Myriad Genetics Laboratory in 2016 to study the psy-
chological and family communication outcomes of multigene panel testing. 
That work is unrelated to the research reported here. Authors L.G. Aspinwall, 
T.K. Stump, J.M. Taber, D.M. Drummond, and M. Champine declare that they 
have no conflict of interest.

Ethical Approval: All procedures involving human subjects were reviewed 
and approved by the University of Utah’s Institutional Review Board. There 
were no animal participants in any aspect of the research.

Informed Consent: All participants provided informed consent prior to 
participation.

References

1. Aspinwall LG, Taber JM, Kohlmann W, Leachman SA. Psychological 
aspects of hereditary cancer risk counseling and genetic testing. In: Carr 
BI, Steel J, eds. Psychological Aspects of Cancer: A Guide to Emotional 
and Psychological Consequences of Cancer, Their Causes and Their 
Management. New York: Springer; 2013:31–64.

2. Madlensky L, Trepanier AM, Cragun D, Lerner B, Shannon KM, Zierhut H. 
A rapid systematic review of outcomes studies in genetic counseling. J 
Genet Couns. 2017;26(3):361–378.

3. Hollands GJ, French DP, Griffin SJ, et al. The impact of communicating 
genetic risks of disease on risk-reducing health behaviour: systematic 
review with meta-analysis. BMJ. 2016;352:i1102.

4. Marteau TM, French DP, Griffin SJ, et al. Effects of communicating DNA-
based disease risk estimates on risk-reducing behaviours. Cochrane 
Database Syst Rev. 2010;6(10):CD007275.

5. McBride CM, Koehly LM, Sanderson SC, Kaphingst KA. The behavioral 
response to personalized genetic information: will genetic risk profiles 
motivate individuals and families to choose more healthful behaviors? 
Annu Rev Public Health. 2010;31:89–103.

6. Nelson AA, Tsao H. Melanoma and genetics. Clin Dermatol. 
2009;27(1):46–52.

7. Goldstein AM, Chan M, Harland M, et al.; Lund Melanoma Study Group; 
Melanoma Genetics Consortium (GenoMEL). Features associated with 
germline CDKN2A mutations: a GenoMEL study of melanoma-prone 
families from three continents. J Med Genet. 2007;44(2):99–106.

8. Bishop DT, Demenais F, Goldstein AM, et al.; Melanoma Genetics 
Consortium. Geographical variation in the penetrance of CDKN2A muta-
tions for melanoma. J Natl Cancer Inst. 2002;94(12):894–903.

9. Glanz K, Volpicelli K, Kanetsky PA, et al. Melanoma genetic testing, coun-
seling, and adherence to skin cancer prevention and detection behav-
iors. Cancer Epidemiol Biomarkers Prev. 2013;22(4):607–614.

10. Aspinwall LG, Taber JM, Kohlmann W, Leaf SL, Leachman SA. 
Unaffected family members report improvements in daily routine sun 
protection 2 years following melanoma genetic testing. Genet Med. 
2014;16(11):846–853.

11. Aspinwall LG, Taber JM, Leaf SL, Kohlmann W, Leachman SA. Melanoma 
genetic counseling and test reporting improve screening adherence 
among unaffected carriers 2 years later. Cancer Epidemiol Biomarkers 
Prev. 2013;22(10):1687–1697.

12. Aspinwall LG, Taber JM, Leaf SL, Kohlmann W, Leachman SA. Genetic test-
ing for hereditary melanoma and pancreatic cancer: a longitudinal study 
of psychological outcome. Psychooncology. 2013;22(2):276–289.

13. Lim J, Macluran M, Price M, Bennett B, Butow P; kConFab Psychosocial 
Group. Short- and long-term impact of receiving genetic mutation results 
in women at increased risk for hereditary breast cancer. J Genet Couns. 
2004;13(2):115–133.

14. Claes E, Evers-Kiebooms G, Denayer L, et al. Predictive genetic testing 
for hereditary breast and ovarian cancer: psychological distress and 
illness representations 1 year following disclosure. J Genet Couns. 
2005;14(5):349–363.

15. Leachman SA, Carucci J, Kohlmann W, et al. Selection criteria for genetic 
assessment of patients with familial melanoma. J Am Acad Dermatol. 
2009;61(4):677.e1–677.14.

16. Coit DG, Thompson JA, Algazi A, et al. Melanoma, Version 2.2016, 
NCCN Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 
2016;14(4):450–473.

17. Soura E, Eliades P, Shannon K, Stratigos A, Tsao H. Hereditary mel-
anoma: update on syndromes and management – genetics of familial 
atypical multiple mole melanoma syndrome. J Am Acad Dermatol. 
2016;74(3):395–407.

18. Aspinwall LG, Leaf SL, Dola ER, Kohlmann W, Leachman SA. CDKN2A/
p16 genetic test reporting improves early detection intentions and prac-
tices in high-risk melanoma families. Cancer Epidemiol Biomarkers Prev. 
2008;17(6):1510–1519.

19. Aspinwall LG, Leaf SL, Kohlmann W, Dola ER, Leachman SA. Patterns 
of photoprotection following CDKN2A/p16 genetic test reporting and 
counseling. J Am Acad Dermatol. 2009;60(5):745–757.

20. Taber JM, Aspinwall LG, Stump TK, Kohlmann W, Champine M, Leachman 
SA. Genetic test reporting enhances understanding of risk information 
and acceptance of prevention recommendations compared to family his-
tory-based counseling alone. J Behav Med. 2015;38(5):740–753.

21. Hamilton JG, Lobel M, Moyer A. Emotional distress following genetic 
testing for hereditary breast and ovarian cancer: a meta-analytic review. 
Health Psychol. 2009;28(4):510–518.

22. Kasparian NA, Meiser B, Butow PN, Simpson JM, Mann GJ. Genetic test-
ing for melanoma risk: a prospective cohort study of uptake and out-
comes among Australian families. Genet Med. 2009;11(4):265–278.

23. Erskine KE, Hidayatallah NZ, Walsh CA, et al. Motivation to pursue gen-
etic testing in individuals with a personal or family history of cardiac 
events or sudden cardiac death. J Genet Couns. 2014;23(5):849–859.

24. Brandt R, Hartmann E, Ali Z, Tucci R, Gilman P. Motivations and concerns 
of women considering genetic testing for breast cancer: a comparison be-
tween affected and at-risk probands. Genet Test. 2002;6(3):203–205.

25. Wu YP, Aspinwall LG, Michaelis TC, Stump T, Kohlmann WG, Leachman 
SA. Discussion of photoprotection, screening, and risk behaviors with 
children and grandchildren after melanoma genetic testing. J Community 
Genet. 2016;7(1):21–31.

26. Gandini S, Sera F, Cattaruzza MS, et al. Meta-analysis of risk factors for cu-
taneous melanoma: II. Sun exposure. Eur J Cancer 2005;41(1):45–60.

27. Whiteman DC, Whiteman CA, Green AC. Childhood sun exposure as a 
risk factor for melanoma: a systematic review of epidemiologic studies. 
Cancer Causes Control. 2001;12(1):69–82.

28. Kefford RF, Newton Bishop JA, Bergman W, Tucker MA. Counseling and 
DNA testing for individuals perceived to be genetically predisposed 
to melanoma: a consensus statement of the Melanoma Genetics 
Consortium. J Clin Oncol. 1999;17(10):3245–3251.

29. Canto MI, Harinck F, Hruban RH, et al.; International Cancer of 
Pancreas Screening (CAPS) Consortium. International Cancer of the 
Pancreas Screening (CAPS) Consortium summit on the management 
of patients with increased risk for familial pancreatic cancer. Gut. 
2013;62(3):339–347.

30. Berkenstadt M, Shiloh S, Barkai G, Katznelson MB, Goldman B. Perceived 
personal control (PPC): a new concept in measuring outcome of genetic 
counseling. Am J Med Genet. 1999;82(1):53–59.

31. Cella D, Hughes C, Peterman A, et al. A brief assessment of concerns 
associated with genetic testing for cancer: the Multidimensional Impact 
of Cancer Risk Assessment (MICRA) questionnaire. Health Psychol. 
2002;21(6):564–572.

32. Austin PC. An introduction to propensity score methods for reducing the 
effects of confounding in observational studies. Multivariate Behav Res. 
2011;46(3):399–424.

33. Normand ST, Landrum MB, Guadagnoli E, et al. Validating recommenda-
tions for coronary angiography following acute myocardial infarction in 
the elderly: a matched analysis using propensity scores. J Clin Epidemiol. 
2001;54(4):387–398.

34. Aspinwall LG, Taber JM, Kohlmann W, Leaf SL, Leachman SA. Perceived 
risk following melanoma genetic testing: a 2-year prospective study 
distinguishing subjective estimates from recall. J Genet Couns. 
2014;23(3):421–437.

35. Riley BD, Culver JO, Skrzynia C, et al. Essential elements of genetic 
cancer risk assessment, counseling, and testing: updated recommen-
dations of the National Society of Genetic Counselors. J Genet Couns. 
2012;21(2):151–161.

36. Hampel H, Bennett RL, Buchanan A, Pearlman R, Wiesner GL; Guideline 
Development Group, American College of Medical Genetics and 
Genomics Professional Practice and Guidelines Committee and National 
Society of Genetic Counselors Practice Guidelines Committee. A practice 
guideline from the American College of Medical Genetics and Genomics 
and the National Society of Genetic Counselors: referral indications for 
cancer predisposition assessment. Genet Med. 2015;17(1):70–87.



ORIGINAL RESEARCH

TBM page 43 of 43

37. Choi BY, Choi HS, Ko K, et al. The tumor suppressor p16(INK4a) prevents 
cell transformation through inhibition of c-Jun phosphorylation and AP-1 
activity. Nat Struct Mol Biol. 2005;12(8):699–707.

38. Li J, Poi MJ, Tsai MD, et al. The regulatory mechanisms of tumor 
suppressor P16INK4A and relevance to cancer. Biochemistry. 
2011;50(25):5566–5582.

39. Leventhal H, Bodnar-Deren S, Breland JY, et al. Modeling health and illness 
behavior: the approach of the commonsense model. In Baum A, Revenson 
T, Singer J, eds. Handbook of Health Psychology. 2nd ed. Hoboken, NJ: 
Psychology Press; 2012:3–36.

40. Cameron LD, Marteau TM, Brown PM, Klein WM, Sherman KA. 
Communication strategies for enhancing understanding of the behav-
ioral implications of genetic and biomarker tests for disease risk: the role 
of coherence. J Behav Med. 2012;35(3):286–298.

41. Cameron LD, Biesecker BB, Peters E, Taber JM, Klein WM. Self-regulation 
principles underlying risk perception and decision making within the context 
of genomic testing. Soc Personal Psychol Compass. 2017;11(5):e12315.

42. Aspinwall LG, Stump TK, Taber JM, Kohlmann W, Leaf SL, Leachman SA. 
Impact of melanoma genetic test reporting on perceived control over 
melanoma prevention. J Behav Med. 2015;38(5):754–765.

43. Diseati L, Scheinfeldt LB, Kasper RS, et al. Common genetic risk 
for melanoma encourages preventive behavior change. J Pers Med. 
2015;5(1):36–49.

44. Hay JL, Berwick M, Zielaskowski K, et al. Implementing an internet-deliv-
ered skin cancer genetic testing intervention to improve sun protection 

behavior in a diverse population: protocol for a randomized controlled 
trial. JMIR Res Protoc. 2017;6(4):e52.

45. Kim M, Boone SL, West DP, Rademaker AW, Liu D, Kundu RV. 
Perception of skin cancer risk by those with ethnic skin. Arch Dermatol. 
2009;145(2):207–208.

46. Robinson JK, Joshi KM, Ortiz S, Kundu RV. Melanoma knowledge, percep-
tion, and awareness in ethnic minorities in Chicago: recommendations 
regarding education. Psychooncology. 2011;20(3):313–320.

47. Hay JL, McCaul KD, Magnan RE. Does worry about breast cancer predict 
screening behaviors? A meta-analysis of the prospective evidence. Prev 
Med. 2006;42(6):401–408.

48. McCaul KD, Mullens AB. Affect, thought, and self-protective health 
behavior: the case of worry and cancer screening. In: Suls J, ed. Social 
Psychological Foundations of Health and Illness. Malden, MA: Blackwell; 
2003:137–168.

49. Read CY, Perry DJ, Duffy ME. Design and psychometric evaluation of the 
Psychological Adaptation to Genetic Information Scale. J Nurs Scholarsh. 
2005;37(3):203–208.

50. Petersen HV, Domanska K, Bendahl PO, et al. Validation of a self-con-
cept scale for Lynch syndrome in different nationalities. J Genet Couns. 
2011;20(3):308–313.

51. Leaf SL, Aspinwall LG, Leachman SA. God and agency in the era of 
molecular medicine: religious beliefs predict sun-protection behav-
iors following melanoma genetic test reporting. Arch Psych Rel. 
2010;32(1):87–112.


