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Abstract

The aim of this research was to understand how genomics-based personal melanoma risk information impacts psychological
and emotional health outcomes in the general population. In a pilot randomized controlled trial, participants (n = 103)
completed the Multidimensional Impact of Cancer Risk Assessment (MICRA) questionnaire, 3 months after receiving
personal melanoma genomic risk information. Mean scores for MICRA items and subscales were stratified by genomic risk
group (low, average, high), gender, education, age, and family history of melanoma. P values were obtained from #-tests and
analysis of variance tests. We found that overall, participants (mean age: 53 years, range: 21-69; 52% female) had a total
MICRA mean score of 18.6 (standard deviation: 11.1, range: 1-70; possible range: 0—105). The high genomic risk group had
higher mean scores for the total (24.2, F; 190 = 6.7, P = 0.0019), distress (3.3, F; 100 = 9.4, P = 0.0002) and uncertainty (8.5,
F;.100 = 6.5, P =0.0021) subscales compared with average (17.6, 1.1, and 4.5, respectively) and low-risk groups (14.1, 0.5,
and 2.5, respectively). Positive experiences scores were consistent across risk groups. In conclusion, MICRA scores for the
total, distress and uncertainty subscales in our study were relatively low overall, but people who receive a high genomic risk
result may benefit from increased support following testing.

Introduction

The acceleration of genomic technologies has led to
improved understanding of the contribution of common
genomic variants in common, complex diseases [1].
Genomic risk can represent a wide distribution of disease-
risk probabilities in the general population, and could be
incorporated into population-based risk stratification and
personalized prevention and screening strategies [2]. How-
ever, translation into routine clinical practice requires
further research on the broader impact of genomic risk
information on psychological and emotional health out-
comes in the general population, to help identify individuals
who may benefit from additional support from health
professionals. Emotions may also influence individuals’
processing of health information and engagement in healthy
behaviors [3]; thus, understanding psychological impacts of

Electronic supplementary material The online version of this article
(https://doi.org/10.1038/s41431-018-0145-z) contains supplementary
material, which is available to authorized users.

><d Amelia K Smit
amelia.smit@sydney.edu.au

Cancer Epidemiology and Prevention Research, Sydney School of
Public Health, The University of Sydney, Sydney, Australia

2 Sydney Health Ethics, Sydney School of Public Health, The
University of Sydney, Sydney, Australia

Psycho-Oncology Co-operative Research Group (PoCoG), The
University of Sydney, Sydney, Australia

Centre for Medical Psychology and Evidence-based Decision-
making, School of Psychology, The University of Sydney,
Sydney, Australia

Westmead Clinical School, and Westmead Institute for Medical

Research, Sydney Medical School, The University of Sydney,
Sydney, Australia

% The Centre for Genetics Education, NSW Health,
Sydney, Australia

Melanoma Institute Australia, The University of Sydney,
Sydney, Australia

SPRINGER NATURE

genomic risk information could provide greater insight into
any behavior change or lack thereof [4].

Previous research, including in the context of direct-to-
consumer testing, has not revealed adverse psychological
effects of receiving genomic risk information [5, 6]; how-
ever, many studies have had a high risk of bias [7] and the
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generalizability of their findings to the general population is
unclear. Few studies have measured psychological out-
comes in individuals unselected by family history of disease
using measures, which are specific to genetic testing, such
as the Multidimensional Impact of Cancer Risk Assessment
(MICRA) [8] instrument. The MICRA has been used pre-
dominately in the context of breast cancer patients receiving
BRCA1/2 genetic testing results to identify subgroups of
vulnerable patients by assessing distress, uncertainty, and
positive experiences related to genetic testing. The MICRA
instrument has been found to be more sensitive to the
specific experiences related to genetic testing and cancer
risk compared with general psychological measures, which
tend to not detect distress in this context [9]. More recently,
the MICRA has also been used in some studies involving
healthy individuals receiving genome sequencing results for
a range of health and non-health-related conditions [10, 11].
However, it is unknown whether the MICRA instrument
can identify vulnerable subgroups in the general population
receiving genomic (polygenic) risk information.

In our pilot randomized controlled trial (RCT) [12],
participants without a previous melanoma and unselected
for family disease history completed the MICRA instrument
3 months after receiving information on their personal
genomic risk of melanoma. Our study found that this
intervention was acceptable and feasible and there was
some evidence of improved sun protection behaviors [12].

This paper presents our planned analysis of results from
the MICRA instrument. We hypothesized that MICRA
scores may differ according to participants’ genomic risk
level. Our novel findings are important for understanding
the impact of personal genomic risk information on
psychological outcomes in the general population,
and for assessing the sensitivity of the MICRA
instrument for identifying vulnerable individuals who
receive genomic risk information outside the high-risk
mutation context.

Materials and Methods
Study design and methods

The study design, methods, and main behavioral results
have been reported previously [12]. In brief, participants
were recruited from a research database managed by the
Cancer Council New South Wales, Australia. This database
comprises people from the general population, as well as
cancer patients and their family and friends who volun-
teered and gave consent to be contacted about participating
in ethically approved cancer research. In this study, the
consent rate was 41% and 118 participants completed a
baseline questionnaire and gave a saliva sample. No

participants had a personal history of melanoma, and 30
(29%) reported a family history of melanoma although
participants were not selected for their family history. All
participants were offered personal melanoma genomic risk
information together with a generic educational booklet that
contained information on melanoma prevention and early
detection behaviors.

The personal risk information was presented in a hard-
copy booklet and was sent by mail with the educational
booklet. Prior to receiving the booklet, all participants
received a telephone call from a genetic counselor, which
was guided by a detailed manual developed by the research
team [13]. In brief, the call involved an explanation of the
personal risk information and verbal probes to check par-
ticipant understanding and to provide an opportunity to ask
questions or raise concerns. Participants randomized to the
intervention arm received their risk information on average
3.5 months (range: 1.8—4.9 months) after providing a saliva
sample, whereas those in the waitlist control arm received
their risk information at the end of the main study, on
average 7 months (range: 6.1-10.5 months) after providing
their saliva sample.

Participants completed a questionnaire 3 months after
receiving their personal risk information, which, in addition
to the MICRA, included measures of behaviors (such as sun
protection, self-reported sun exposure), mediators of beha-
vior change (such as perceived risk of melanoma, control
over developing future melanomas), and psychosocial out-
comes (such as skin cancer related worry).

The melanoma risk estimates were based on 42 common
genetic variants (single-nucleotide polymorphisms, SNPs)
in 21 genes associated with melanoma risk; the list is
published in a previous paper [12]. All variants had either a
confirmed association with melanoma risk in adequately
powered and replicated genome-wide association studies (p
values <5 x 107%) [14] or via whole-genome sequencing
approaches (MITF 13149617956 variant) [15]. Participants
were presented with their polygenic risk estimates in written
and graphical formats, showing their relative risk, their
remaining lifetime (absolute) risk, a comparative remaining
lifetime risk for an individual of the same gender and age
residing in New South Wales, and their risk category (low,
average or high genomic risk; Fig. 1). The presentation and
delivery of the personal genomic risk information was
informed by both our focus group research [16, 17] and
relevant disease-risk communication literature [18, 19]. The
risk categories were based on quartile cut-points of genomic
risk within each age and sex strata, for which participants
were classified as low (bottom 25%), average (middle 50%),
or high (top 25%) genomic risk. In our sample, the
remaining lifetime risks ranged from 0.2 to 9.3% (median
2.3%) for women and from 0.6 to 19.5% (median 3.9%) for
men. Relative risk estimates ranged from 0.1 to 3.1 (median
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0.81, mean = 1) for women and from 0.1 to 4.4 (median
0.85, mean = 1) for men.

MICRA

The 3-month questionnaire included the MICRA [8], a
validated instrument that measures the impact of receiving
cancer genetic testing results; elevated scores indicate
greater vulnerability to genetic testing related distress.
There were 25 questions (items), and participants rated the
frequency of each item on a four-point Likert scale (0=
Never, 1=Rarely, 3 =Sometimes, 5= Often) (Supple-
mentary Table 1). We replaced the wording in the original
instrument, “test result”, with “risk information” to
make the items specific to the information delivered in
our study.

The total MICRA score was based on a mean score of 21
items, including three subscales that were also analyzed
separately: distress (six items), uncertainty (nine items), and
positive experiences (four items). The positive experiences
subscale was reverse scored, thus higher scores indicate
lower positive experiences. The total score also includes an
individual item specific to understanding choices for pre-
vention and early detection, and an item specific to feeling
regret since receiving the risk information. The instrument
also includes a subscale (two items) regarding worry about
children (rated only by participants who have children);
and a subscale (two items) regarding coping with current
or previous cancer diagnosis (for those who have had
cancer).

Statistical analysis

Mean scores were calculated for the total MICRA score and
each subscale. We compared the means for the total score
and each subscale according to genomic risk category (low,
average, high risk), gender, education (high school or
equivalent, certificate/diploma/university —degree), age
(18-44 years, 45-69 years), family history of melanoma
(yes, no), and personal or family history of other cancer
(yes, no). The categorization of ages was selected a priori
based on a commonly used cut-point for stratifying age into
younger and older age groups [20]. Education cut-points
were based on people with tertiary education likely having
better health literacy [21]. Differences between groups were
compared using #-tests and analysis of variance tests. A
multivariate model examining correlates of a high total
MICRA score (using the median 17 as a cut-point for low/
high) was constructed with all covariates listed above, using
logistic regression with SAS software to generate odds
ratios (OR) and 95% confidence intervals (CI). Statistical
significance was inferred at P <0.05; no adjustments were
made for multiple comparisons because this was a pre-
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Table 1 Characteristics of participants who completed 3-month
follow-up

Characteristics Overall, Participants, n (%) according to
n (%) genomic risk group
Low-risk Average- High-risk
(n=25) risk(n=49) (n=29)

Age group

1844 years 28 (27) 7 (28) 12 (24) 9 (31)
45-69 years 75 (73) 18 (72) 37 (76) 20 (69)
Gender

Female 54 (52) 15 (60) 23 (47) 16 (55)
Male 49 (48) 10 (40) 26 (53) 13 (45)
Education

High school or 22 (21) 5 (20) 12 (24) 517
equivalent

Certificate/diploma/ 81 (79) 20 (80) 37 (76) 24 (83)
university degree

Family history of 30 (29) 8 (32) 14 (29) 8 (28)
melanoma

Personal or family 48 (47) 8 (32) 26 (53) 14 (48)
history of cancer

Has children 71 (69) 18 (72) 34 (69) 19 (66)

planned analysis. In addition, MICRA scores were not the
primary outcome for the pilot trial so the study was not
powered to find significant subgroup differences across
genomic risk groups.

Results
Participants

A total of 103 (87%) participants completed the MICRA
instrument. The mean age of participants was 53 years
(range: 21-69) and 52% were female (Table 1).

Total MICRA score

The mean total score was 18.6 (standard deviation (SD)
11.1; range 0-70) out of a possible maximum score of 105.
This differed across genomic risk categories, with a higher
score for the high genomic risk group (F; 90 =6.68, P =
0.0019; mean scores shown in Table 2). In a multivariate
model containing gender, age category, education level,
genomic risk category and family history of melanoma,
only genomic risk (low, average, high) was statistically
significantly associated with a total MICRA score above the
median: OR 6.5 (95% CI 1.8-23.0) for high-risk and OR
3.2 (95% CI 1.1-9.7) for average-risk, compared to the low-
risk group (> = 8.4, P =0.02).
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Table 2 MICRA instrument scores, overall and stratified by genomic risk category
Items (possible range) Number of items Overall Low-risk Average-risk High-risk F, 100 P value®
(n=103) (n=25) (n=49) (n=29)
M (SD) M (SD) M (SD) M (SD)
Total score (0-105) 21 18.6 (11.1) 14.1 (8) 17.6 (8.1) 24.2 (15.2) 6.68 0.0019
Distress subscale (0-30) 6 1.6 2.9) 0.5 (1.2) 1.1 (2.3) 3.3 (3.9 9.42  0.0002
Uncertainty subscale (0-45) 9 5.1 (6.7) 2.5 44 4.5 (5.1) 8.5 (9.0) 6.54 0.0021
Positive experiences subscale 4 8.2 (5.5) 6.8 (6.0) 8.3 (5.6) 9.2 (4.8) 1.28 0.28
(0-20)
Understanding choices item (0-5) 1 2.7 2.1) 3.3 (2.0 2.7 2.1) 2.1 (1.9) 2.35 0.10
Worry about children subscale® 2 34 (2.9) 2.9 (2.3) 2.9 (2.7) 4.7 (3.4) 2.87 0.063
(0-10)
Worry about cancer subscale® 2 3.0 (2.0) 4 (1.8) 2.5 (1.8) 3.1 (2.0) 2.44  0.099
(0-10)

4Comparing mean scores across genomic risk categories

bOnly participants with children responded to these items

“Only participants with a personal history of cancer responded to these items

There was no significant difference in the total score by
age group (1844 vs. 45-69 years) overall, but when
examined within genomic risk categories, total MICRA
scores differed between age groups (F, 97 = 3.85, P =0.02);
the largest difference was observed in the high genomic risk
group with younger participants having a higher score but
this was not statistically significant (mean difference 7.4;
SD 4.1, tg7 =—1.79, P =0.08).

Distress subscale

The mean distress score was 1.6 (SD 2.9; range 0-19),
which differed according to genomic risk category, with a
higher score for the high-risk group (F; j00=9.42,
P =0.0002; Table 2). Overall distress scores did not
significantly differ by the other covariate subgroups, but
when examined within genomic risk categories, distress
scores were not consistent across age groups (Fp 97 =4.75,
P=0.01) and family history of melanoma (F,g4=3.42
P=0.04) (Supplementary Figure 1la). Among those
within a high-risk category, higher mean distress scores
were observed for younger participants (mean
difference 2.7 comparing those aged 18-44 years vs aged
45-69 years, tg; = —2.63, P =0.004), and participants with
a family history of melanoma (mean difference 3.1
compared with those without a family history, tgy =2.91,
P =0.005).

Uncertainty subscale

The mean uncertainty score was 5.1 (SD 6.7; range 0-39),
and this differed according to genomic risk category (F; 109
=6.54, P=0.0021; Table 2). Overall uncertainty scores
did not significantly differ by other covariate subgroups, but

when examined within genomic risk categories, the uncer-
tainty scores were not consistent across age group (Fy o7 =
3.10, P =0.05) or according to family history of melanoma,
although the differences were not statistically significant
(Fp.84 =1.94, P =0.15) (Supplementary Figure 1b). Among
participants within the high-risk category, those with a
family history of melanoma had higher mean uncertainty
scores (mean difference 5.3 compared to those without a
family history, tg; = 2.0, P =0.05).

Positive experiences subscale

The positive experiences subscale had an overall mean of
8.2 (SD 5.5; range 0-20), and there were no significant
differences between genomic risk categories (Table 2) or
when further stratified by the other covariates (Supple-
mentary Figure 1c).

Regret item

Overall, 98 (95%) of participants reported ‘never’ feeling
regret about receiving their risk information.

Understanding choices item

There were no meaningful differences in scores regarding
understanding choices for prevention and early detection
when stratified by genomic risk category (Table 2) or the
other covariates.

Worry about children subscale

For scores regarding worry about children, subgroup ana-
lysis showed that overall men had higher mean worry about

SPRINGER NATURE
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Remaining

Lifetime Risk for You

For a 27 year old woman in NSW, the average remaining
lifetime risk of developing melanoma is 4%. This means that, on
average, out of 100 women living in NSW who are the same age

as you, 4 (ff) will develop melanoma over their remaining

Your remaining lifetime risk of developing melanoma is

risk information from your DNA, your age, gender, and you

C

Remaining
Lifetime Risk for You

Based on your genetic risk, you are about 2.4 times

more at risk of developing melanoma from now

estimated to be about 9%. This estimate is based on genetic

until the age of 85, than other women your age in

living in NSW. It means that out of every 100 woment*i living in NSW.

lifetime. NSW with the same age and genetic risk as you, on average 9

women (ff) will develop melanoma over their remaining

lifetime.

== =8 =8 =8 =8 =8 =8 =& =8 =8
= =2 =3 =2 =3 =2 == =& = ==
== =2 == =8 =3 =8 == =& ==& -9
== =2 =3 =8 =3+ =8 == ==& == ==
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== =8 = =8 =% =& == =& =} =
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=8 =8 =8 =8 =8 =8 =8 =8+ =&+ =5
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This places you in a high risk category. However,

this does not take into account non-genetic risk

2 : : : factors such as past sunburns (see page 9).
fifd

i * * * Everyone is at risk of developing melanoma. Your risk

' * * * estimate does not mean that you will develop melanoma,
* * * * even if you are at high risk. If your risk estimate is low you
i * * * could still develop melanoma.

* * * * Being aware of your risk is important, since it's the first step
* * * * in taking precautions to reduce your risk.

tifd

Fig. 1 This is an example of the risk information provided to all participants in the pilot trial in the hard-copy booklet. a The average remaining
lifetime (absolute) risk for a person of the same age and gender as the participant and residing in NSW. b The remaining lifetime (absolute) risk for

the participant. ¢ The participant’s relative risk and genomic risk category

children scores than women (mean 4.1 vs 2.7, t;o = —2.03,
P =0.046).

Worry about cancer subscale

There were no important differences in scores regarding
worry about cancer when stratified by genomic risk cate-
gory (Table 2) or the other covariates.

Discussion

Two key findings from our study are that the MICRA scores
for distress and uncertainty were relatively low compared
with those previously reported [8, 22], and that the mean
total, distress and uncertainty scores differed significantly
according to genomic risk category, with the high-risk
group reporting the highest mean MICRA scores.

Most other studies that have used the MICRA have
involved delivering genetic testing results for higher pene-
trance genes (such as BRCA1/2) to participants selected on
the basis of personal or family disease history [8, 22]. The
relatively low overall scores in our study are consistent with
our expectation that the emotional and psychological impact
of delivering melanoma genomic risk information to the
general population would be lower than for delivering
genetic testing results for high penetrance genes in families
with a relevant disease history. Melanoma is also highly
preventable through modifying sun-related behaviors,
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which do not require rigorous lifestyle changes. This may
lead to the perception that melanoma is less threatening than
other cancers and therefore may elicit different psycholo-
gical responses. Educational information emphasizing that
melanoma is preventable was provided to all participants in
our study.

In addition, disease-risk information based on multiple
common genomic variants (i.e., polygenic risk) is based on
gene variants with low—moderate penetrance and has less
direct implications for family members. Other studies of
general psychological responses to receiving results for
genetic susceptibility to common health conditions have
found minimal psychological reactions in people without a
relevant disease history [23]. Nevertheless, we did find
some differences in distress and uncertainty scores for
participants in the high-risk group with a family history of
melanoma. This aligns with our previous finding that people
perceive their personal genomic risk of melanoma infor-
mation as ‘shared’ with family members [24].

Some studies have involved healthy participants who
elected to undergo genetic testing. In a study by Lewis
et al., 29 healthy participants in the ClinSeq study who had
received clinical genome and exome sequencing results for
a range of health conditions (not limited to cancer) had
mean distress (1.7, SD 3.9) and uncertainty scores (4.3, SD
7.0) [10] that were comparable to the mean subscale scores
in our study (1.6 and 5.1, respectively). Notably, the mean
score for positive experiences was relatively high in Lewis
et al.’s study (mean 15.2, SD 5.6), indicating fewer positive
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experiences as this subscale is reverse scored. The mean
score for positive experiences in our study (mean 8.2, SD
5.5) is similar to a study by Sanderson et al., who reported a
mean score of 7.45 (SD: 6.83) for 29 participants (healthy
individuals who took part in the HealthSeq study) 6-months
after they received health and non-health-related whole-
genome sequencing results [11]. A novel aspect of our
study is that we compared MICRA scores across different
genomic risk groups, whereas the ClinSeq and HealthSeq
studies reported overall scores.

At 6-months follow-up Sanderson et al. found that the
mean distress score was 0.48 (SD 1.27), which they
described as lower than the score at 1-week follow-up
(mean 1.69, SD 4.0); these authors did not use the uncer-
tainty subscale. Distress and concerns related to genetic
testing results have also been found to decrease over time
by other studies [11, 25]. In our study, participants com-
pleted the MICRA 3 months after receiving their risk
information; this time-point was chosen to measure short-
term behavioral outcomes and may have influenced our
findings. There is not a recommended time-point for using
the MICRA although outcomes might be most salient in the
first few weeks after receipt of genetic test findings.
Delivery of the MICRA in other studies ranges from 1 week
to 4 years [10, 25]. Future studies that measure MICRA
scores at multiple time-points during follow-up will help to
understand how support needs may change over time.

The higher distress and uncertainty scores among parti-
cipants at higher melanoma risk compared with those at
average or low-risk in our study were consistent with stu-
dies by Cella et al. [8] and Bjornslett et al. [22], which
found that recipients of BRCAI/2-positive results had sig-
nificantly higher total MICRA scores. Our positive experi-
ences scores did not vary according to any covariates.
Conversely, other studies have reported higher positive
experience scores (i.e., worse positive experiences) for
participants at higher disease risk [8, 22]. In addition, very
few participants reported feeling regret about receiving their
risk information in our study. Consistent positive experi-
ences and few participants feeling regret are noteworthy
findings because positive responses can influence how an
individual processes health information and this may impact
their health-related behaviors [4].

We previously reported finding no differences in general
psychological distress between people who received
(intervention arm), or did not receive (waitlist control arm),
their risk information, using the five-item version of the
Mental Health Inventory [26] that measured general psy-
chological distress and well-being [12]. Other studies have
similarly found that participants with higher genetic risk
have higher MICRA scores but that this difference was not
reflected in more general measures of distress [8, 22]. In the
findings presented here, which includes all participants from

both study arms after they received their genomic risk
information, we found evidence that the MICRA instrument
is more sensitive to measuring the specific impact of result
disclosure after genetic testing than other general measures
of distress and may be more appropriate for this context.

The MICRA is a validated scale and has been widely
used in research studies to measure the specific types of
worry and distress relevant to receiving genetic testing
results, which are not captured in general measures of dis-
tress [9]. A limitation of the MICRA is that there are no
widely accepted clinical cut-points [8]. Previous studies
have suggested that patients with “elevated” MICRA scores
(defined as significantly higher mean scores) may be more
vulnerable to distress related to genetic testing and cancer
risk evaluation [8, 22]. Genetic testing related distress and
uncertainty could have implications for factors such as
healthcare-related decision making, including screening
[25], however, further research is required.

In our study, the significantly higher distress (mean: 3.3,
SD: 3.9) and uncertainty (mean: 8.5, SD: 9.0) scores in
people with a high genomic risk of melanoma are an indi-
cation that they could be more susceptible to genetic testing
related distress. Further research is needed to identify the
clinical implications of higher distress and uncertainty
scores, in addition to the type of support that may be ben-
eficial and the clinical cut-points at which people may
require increased support.

Participants in our study were recruited from a cancer
research database, and this may limit the generalizability of
our findings to the broader population. In addition, the use
of the term “high risk” in our study may have influenced
participant responses and future research could explore how
different risk descriptions might impact participant out-
comes especially when absolute risk remains relatively low.
The polygenic risk score was based on the best available
evidence, and validation of this risk score is ongoing.
Although ours is one of the largest studies using the
MICRA in a general population sample, we had limited
power to evaluate differences by genomic risk subgroup and
by demographic characteristics within each risk category.
Therefore, our results based on these stratified results
should be considered preliminary and require a larger study
to confirm our findings.

In conclusion, our preliminary findings indicate that
delivery of personal genomic risk of melanoma to the
general population is unlikely to elicit high levels of distress
or uncertainty. However, people who receive a high geno-
mic risk result may have elevated levels of uncertainty and
distress and could potentially benefit from increased genetic
counseling support. Recipients of this information had
positive experiences regardless of their genomic risk cate-
gory, which may have beneficial implications for preventive
behaviors.
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