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Abstract
Background: This study evaluates predictors of BRCA1/2 testing among breast and ovarian cancer survivors who received
genetic counseling as part of a randomized trial and evaluates
moderators of counseling mode on testing uptake.
Methods: Predictors of BRCA1/2 testing within one year postcounseling were evaluated using multivariable logistic regression
in a population-based sample of breast and ovarian cancer survivors at increased hereditary risk randomly assigned to in-person
counseling (IPC; n ¼ 379) versus telephone counseling (TC; n ¼
402). Variables that moderated the association between counseling mode and testing were identiﬁed by subgroup analysis.
Results: Testing uptake was associated with higher perceived
comparative mutation risk [OR ¼ 1.32; 95% conﬁdence interval
(CI), 1.11–1.57] in the adjusted analysis. Those without cost

Introduction
For breast and ovarian cancer survivors at increased risk
for having BRCA1/2 mutations (1), genetic testing can personalize treatment, estimate the risk of new cancers, and
inform risk management and discussions with family members. Population-based studies suggest that less than 60% of
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barriers had higher testing uptake (OR ¼ 18.73; 95% CI, 7.09–
49.46). Psychologic distress and perceived comparative mutation
risk moderated the effect of counseling and testing. Uptake
between IPC versus TC did not differ at low levels of distress and
risk, but differed at high distress (26.3% TC vs. 44.3% IPC) and
high perceived comparative risk (33.9% TC vs. 50.5% IPC).
Conclusions: Cost concerns are a strong determinant of testing.
Differences in testing uptake by counseling mode may depend on
precounseling distress and risk perceptions.
Impact: Cost concerns may contribute to low testing in
population-based samples of at-risk cancer survivors. Precounseling psychosocial characteristics should be considered
when offering in-person versus telephone counseling. Cancer
Epidemiol Biomarkers Prev; 26(12); 1772–80. 2017 AACR.

breast and ovarian cancer survivors at increased risk for a
BRCA1/2 mutation undergo genetic testing (2–6). Much of
our understanding of the factors associated with genetic
testing decisions comes from studies of healthy at-risk individuals or cancer survivors self-referred to genetics clinics
where testing uptake is high (2, 7). Existing population-based
studies have focused on access and clinical factors (e.g., cost
barriers, age of diagnosis; refs. 4, 8), yet the potential psychosocial (e.g., individual distress, social support, informed
decision-making) and treatment implications (e.g., prophylactic surgery) of testing may also be salient concerns.
The psychosocial and treatment-related complexity of genetic testing is part of why genetic counseling is a standard of care
for survivors at increased risk (1); however, only 40%–50% of
survivors who meet the guidelines for a genetics referral are
referred to or receive genetic counseling (4, 8). To address
access barriers, genetic counselors are increasingly using alternative counseling delivery methods, such as telephone-based
counseling (9). Our randomized controlled noninferiority
trial of in-person versus telephone-based genetic counseling
for breast and ovarian cancer survivors at increased hereditary
cancer risk, the Risk Education and Assessment for Cancer
Heredity (REACH) trial, found that telephone-based counseling was noninferior on key patient-reported outcomes such as
distress and decisional satisfaction (5, 10). A secondary aim of
the REACH trial was to examine factors associated with genetic
testing decisions. However, genetic testing uptake in REACH
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was low overall (30%), with lower testing uptake among
survivors receiving telephone-based counseling (5, 10), suggesting the need to not only identify predictors of testing decisions,
but also to determine whether in-person versus telephone-based
counseling yielded different uptake depending on patient characteristics or patient perceptions of counseling.
To address the secondary aim of the trial, we evaluated psychosocial, clinical, and access factors in BRCA1/2 testing decisions
among breast and ovarian cancer survivors at increased hereditary
cancer risk. We also evaluated moderators of the impact of inperson versus telephone-based genetic counseling on genetic
testing uptake. This study addresses limitations of previous
research by examining predictors from multiple domains in a
population-based sample of cancer cases considered at increased
risk for hereditary breast and ovarian cancer (HBOC) who
received genetic counseling as part of a clinical trial and by
evaluating patient perceptions of counseling in relation to testing
decisions. Results are intended to inform the literature and care
delivery on predictors of testing uptake in breast and ovarian
cancer survivors at increased risk and advance research on who
may be more or less likely to test if they receive in-person versus
telephone-based counseling.
Hypotheses were guided by the Extended Parallel Process
Model (EPPM; ref. 11) and the Ottawa Decision Support Framework (ODSF; ref. 12). When applied to genetic testing, the EPPM
suggests that survivors who believe they are at increased risk for
hereditary cancers may undergo genetic testing if they believe
testing can help them manage risk. Therefore, we hypothesized
that women with higher perceived risk of carrying a mutation,
with more precounseling cancer-speciﬁc distress, and higher
perceived personal control would be more likely to test, adjusting
for other factors such as perceived cost barriers.
In the context of genetic counseling, the ODSF (12) suggests
that patient-centered counseling helps patients assimilate complex information about testing, cancer risk, and medical management, addresses patient concerns, and increases personal control
(13–17). We hypothesized that higher counselor patient-centeredness would predict higher testing uptake. We examined
counseling-related variables and psychosocial variables as moderators of in-person versus telephone-based counseling based on
prior literature suggesting differential responses to counseling
methods (18–20).

Materials and Methods
Trial design and oversight
We describe the REACH trial in detail elsewhere (5, 10).
Brieﬂy, REACH was a family cluster randomized, two-group,
equivalency/noninferiority trial comparing in-person to telephone counseling for women at high risk for BRCA1/2 mutations (NCT01346761). Random assignment began in August
2010 and ended in September 2012 with one-year outcome
assessments completed in February 2014. This study was conducted in accordance with the ethical guidelines outlined in the
Belmont Report. The University of Utah and University of New
Mexico Institutional Review Boards approved the study. All
participants provided informed consent.
Participants
We used the Utah Population Database (21) to identify breast
and ovarian cancer patients who were then recruited through the
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Utah Cancer Registry. Eligible women were between the ages of 25
and 74 years, living in Utah with telephone access, had a personal
or family history suggestive of HBOC meeting National Comprehensive Cancer Network criteria for a referral to genetic counseling
at the time of the study and were willing to travel to in-person
counseling at the nearest of 14 clinics from 8 rural and 6 urban
areas. Women with prior genetic counseling and/or BRCA1/2
testing were excluded. Only women who completed pretest
genetic counseling and had known testing information were
included in this analysis to allow for tests of genetic counseling
variables (see Fig. 1, CONSORT).
The interventions were telephone versus in-person genetic
counseling [see Kinney and colleagues (5) for details on counseling sessions]. Counseling was delivered by ﬁve board-certiﬁed
genetic counselors using a semistructured protocol, counselor
checklists, and standard visual aids. Visual aids were used during
the counseling sessions in both study arms. Those who received
telephone counseling were mailed visual aids to view during the
session. Regardless of counseling mode, counselors explored the
emotional aspects of testing, including the impact of a personal
cancer history and anticipated reactions to test results [see Kinney
and colleagues (5)]. Following telephone counseling, women
who chose to have genetic testing were mailed a saliva genetic
testing kit with instructions and were then offered posttest
counseling with the same genetic counselor who conducted their
initial counseling session. Women counseled in person who chose
to have genetic testing were given the option of giving a sample
immediately following in-person counseling or taking home a test
kit to send a sample later. The cost of genetic testing was not
covered by the study; however, if cost was identiﬁed as a barrier to
testing during the counseling sessions, counselors discussed
ﬁnancial assistance programs. Women were instructed to contact
counselors if they encountered ﬁnancial barriers to testing. Preand posttest sessions were conducted by the same genetic counselor. Intervention ﬁdelity was assessed with review of 10% of
randomly selected audiotapes of counseling sessions.
Data collection
Assessments occurred at prerandomization (i.e., baseline), 1
week after genetic counseling, and 12 months after the last
counseling session. Factors hypothesized to potentially inﬂuence how a participant perceived counseling were assessed at
baseline. Factors that reﬂected the counseling process (e.g.,
patient-centeredness, education about the cost of testing) were
assessed 1 week after counseling. Genetic testing that occurred
within 12 months of counseling was chosen to allow for
women who may have needed more time to make a decision.
Measures
Testing decision outcome. Testing was deﬁned as completion of
testing within 12 months after the counseling session. The majority (92%) of the genetic testing was completed through the study
with veriﬁed testing status through Myriad Laboratories.
Predictors. Psychosocial factors included precounseling cancerspeciﬁc distress [Impact of Event Scale (IES); a ¼ 0.90; ref. 22] and
perceived risk of having a genetic mutation compared with other
women their age (i.e., perceived comparative risk for a mutation;
ref. 23). A score of 20 or above on the IES, which can range from 0–
75, was considered clinically signiﬁcant distress (22, 24). A risk
score of 4 or 5 on the scale of 1–5 indicated that women perceived
themselves to be at higher risk than other women their age.
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Figure 1.
Consolidated Standards of Reporting Trials (CONSORT) ﬂowchart. GC, genetic counseling; HBOC, hereditary breast and ovarian cancer. CONSORT ﬂow
diagram depicting study recruitment and retention.
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Counseling factors were ascertained after the counseling session and included perceived personal control about the next steps,
decisions, and information related to breast and/or ovarian cancer
(Perceived Personal Control Questionnaire; a ¼ 0.82; ref. 25),
and patients' ratings of the counselor's patient-centered communication (an adapted 13-item scale reﬂecting perceptions of their
counselor's informativeness, interpersonal sensitivity, and partnership building; a ¼ 0.90; ref. 26).
Covariates. Covariates were selected for evaluation based on
literature review (7, 8, 19, 20).
Sociodemographic factors included self-reported age, education, income, employment, marital status, and race/ethnicity.
Clinical factors included personal cancer history and number of
relatives affected by breast and ovarian cancer. Accessibility factors
included rural/urban residence (27) and cost barriers. Cost barriers to testing, including lack of insurance coverage for the test,
lack of insurance, fear of losing employment, or fear of losing
health or life insurance, were assessed one week after genetic
counseling with two questions asking about the main and other
reasons why they had not yet tested. Response options included:
desire to not know BRCA status, concerns about ability to cope
with cancer risk, lack of insurance coverage for the test, lack of
insurance, fear of losing employment, and fear of losing health or
life insurance. Participants also had the option of listing other
barriers to testing. "Other" responses were double-coded (k ¼
0.79; 95% CI, 0.72–0.86). Cost barriers were divided into shortterm (e.g., "Insurance will not cover the cost of the test") and longterm concerns (e.g., "Concerns about getting health or life insurance in the future").
Psychosocial factors included precounseling state anxiety
(Brief Symptom Inventory-18; a ¼ 0.90; ref. 28), mental health
(12-item SF-12v2TM Health Survey; a ¼ 0.90; ref. 29), physical
health (12-item SF-12v2TM Health Survey; a ¼ 0.88; ref. 29),
BRCA1/2 knowledge (10-item adapted index representing the
number of items correctly answered; ref. 30), and post-counseling
social support (Interpersonal Support Evaluation List; a ¼ 0.76;
ref. 31) and decisional conﬂict (Decisional Conﬂict Scale; a ¼
0.89; ref. 32).
Statistical analysis
We restricted analysis to participants with known testing status.
Bivariate association between a variable and testing uptake was
assessed using simple logistic regression model. A multivariable
logistic regression model was ﬁtted using backward variable
selection for a parsimonious model of the independent predictors
of genetic testing uptake. The cluster effect of family (randomization unit) was insigniﬁcant based on a generalized linear mixed
effects model (P ¼ 0.4). Therefore, all analyses were conducted
without the random effect of cluster.
Variables had to have a signiﬁcance of P < 0.10 to be retained
in the model (33). We chose this P value to assure that we
retained potentially signiﬁcant variables and accounted for
confounders (33). Collinearity concerns among variables were
evaluated using variance inﬂation factors (VIF) approach and
not identiﬁed (i.e., the VIFs 1). Bias-reducing penalized
likelihood optimization was applied for logistic regression
ﬁtting (34). We included ORs per a half SD increase for
continuous variables retained in the multivariable logistic
model to aid their interpretation. For each putative moderator
tested, an interaction of the counseling method (telephone vs.
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in-person) by the factor was added separately to the logistic
regression model and tested. Moderators evaluated included
cancer-speciﬁc distress, perceived risk of a genetic mutation
compared to population risk, counselor patient-centeredness,
cost barriers, decisional conﬂict, education, social support, and
family history of cancer (18–20). Model goodness-of-ﬁt was
examined using the deviance test.
We conducted sensitivity analysis to compare results from
those with known testing status (n ¼ 781; per protocol) to those
with known and unknown testing status (n ¼ 877; intent-totreat). We imputed 100 datasets to estimate genetic testing uptake
among the 96 survivors with missing testing status using age,
education, health care coverage status, breast cancer history,
ovarian cancer history, baseline physical health, and baseline
anxiety. All analyses were conducted using SAS version 9.4 (SAS
Institute Inc.).

Results
Participants had a personal history of breast cancer (n ¼ 715;
91.5%), ovarian cancer (n ¼ 63, 8.1%), or both cancers (n ¼ 3,
0.4%). The average age was 56.6 years (SD ¼ 7.7 years). The
majority had health insurance (n ¼ 761, 97.4%) and an established health care provider (n ¼ 697, 89.2%). The majority of the
sample was non-Hispanic white (n ¼ 738, 94.5%). A total of 241
(30.9%) women obtained testing. Cost represented 38.9% (n ¼
142) of the primary barriers to testing cited one week after genetic
counseling. No one cited concern about losing employment as a
primary barrier to testing, although 12 people cited concerns
about losing health or life insurance or future insurability for
themselves or their family as a primary barrier. Long-term cost
concerns (which included concerns related to future insurability)
were less common than out-of-pocket cost concerns (e.g., lack of
insurance coverage for the test) that were endorsed by 17.7% of
survivors (Table 1). Long-term cost concerns did not differ by
income level (x2 ¼ 2.30; df ¼ 3; P ¼ 0.51). Short-term cost
concerns differed by income level (x2 ¼ 16.15; df ¼ 3; P ¼ 0.001).
Survivors earning $50–69 K reported higher short-term cost
concerns. Those earning between $30–49 K and those earning
between $50–69 K had similar health insurance coverage (x2 ¼
0.14; df ¼ 1; P ¼ 0.712). Survivors earning at least $50 K were
more likely to have a college degree (x2 ¼ 56.21; df ¼ 3; P <
0.0001).
Independent focal predictors of testing uptake
After adjusting for other independent variables, testing uptake
was associated with higher cancer-speciﬁc distress (OR ¼ 1.01;
95% CI, 1.002–1.03; equivalent to OR0.5 SD ¼ 1.11; 95% CI0.5 SD
¼ 1.01–1.21) and perceived comparative risk (OR ¼ 1.32; 95%
CI, 1.11–1.57; equivalent to OR0.5 SD ¼ 1.16; 95% CI0.5 SD ¼
1.06–1.28; Table 2). Cancer-speciﬁc distress and perceived comparative risk were not considerably linearly correlated (r ¼ 0.08;
95% CI, 0.01–0.15).
Testing was also independently associated with lower ratings
of counselor patient-centeredness (OR ¼ 0.45; 95% CI, 0.30–
0.68; equivalent to OR0.5 SD ¼ 0.83; 95% CI0.5 SD ¼ 0.75–0.91).
Cost barriers exhibited the largest effect on testing uptake.
Testing uptake was independently associated with the absence
of short-term cost barriers (OR ¼ 18.73; 95% CI, 7.09–49.46)
and long-term cost barriers (OR ¼ 6.64; 95% CI, 1.15–
38.41; Table 2).
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Table 1. Descriptive statistics and bivariate analysis of genetic testing uptake
(N ¼ 781)
Primary variables of interest
Mean (SD)/N (%)
15.18 (14.24)
Precounseling cancer distressb
2.99 (1.10)
Precounseling perceived comparative riskc
Perceptions of patient centeredness
4.25 (0.48)
Perceived personal control
1.55 (0.36)
Covariates
Decisional conﬂict
Social support
Age
Anxiety
Physical health
Mental health
Knowledge
Intervention
In-person (ref.)
Telephone
Short-term cost concerns
Yes (ref.)
No
Long-term cost concerns
Yes (ref.)
No
Relatives with breast or ovarian cancer
0 FDR/SDR (ref.)
1 FDR/SDR
2 FDR/SDR
Residence
Urban (ref.)
Rural
Marital status
Not married (ref.)
Married
Education
High school or less (ref.)
Some college
Bachelor's or more
Income ($)
29,999 (ref.)
30,000–49,999
50,000–69,999
70,000

OR (95% CI)a
1.01 (1.00–1.02)
1.42 (1.23–1.63)
0.80 (0.58–1.11)
1.14 (0.74–1.77)

P
0.051
<0.0001
0.179
0.542

27.90 (13.39)
8.53 (1.91)
56.58 (7.71)
2.65 (2.99)
49.79 (9.05)
51.25 (8.92)
7.05 (1.44)

0.97 (0.96–0.98)
0.93 (0.86–1.00)
1.02 (1.00–1.04)
1.00 (0.95–1.05)
0.99 (0.97–1.00)
0.99 (0.97–1.01)
1.08 (0.97–1.21)

<0.0001
0.061
0.063
0.920
0.106
0.307
0.153

379 (48.53)
402 (51.47)

0.68 (0.50–0.92)

0.013

138 (17.67)
643 (82.33)

17.46 (6.71–45.43)

<0.0001

27 (3.46)
754 (96.54)

8.26 (1.54–44.43)

0.014

411 (52.62)
216 (27.66)
154 (19.72)

1.55 (1.08–2.22)
2.27 (1.54–3.35)

658 (84.25)
123 (15.75)

1.61 (1.08–2.40)

151 (19.33)
630 (80.67)

1.06 (0.72–1.56)

166 (21.25)
287 (36.75)
328 (42.00)

1.00 (0.66–1.51)
0.95 (0.63–1.42)

86 (11.44)
148 (19.68)
145 (19.28)
373 (49.60)

0.68 (0.38–1.20)
0.57 (0.32–1.01)
0.86 (0.53–1.41)

0.0001

0.019

0.773

0.939

0.153

Abbreviations: FDR, ﬁrst-degree relative; ref, reference group; SDR, second-degree relative.
ORs per one-point increase on continuous scales.
Observed scores ranged 0–63 on scale of 0–75.
c
Scale ranged from 1–5; 3 ¼ perceived "the same" risk as other women their age.
a

b

Results with imputed data were consistent with results from
known testing outcomes.
Moderators of counseling
Precounseling cancer distress and perceived comparative risk of
an inherited gene mutation modiﬁed the effect of the type of
counseling and completion of genetic testing (P ¼ 0.003, P ¼
0.038, respectively, for the interaction effect). For clinical interpretation, precounseling cancer-speciﬁc distress was plotted at
values indicative of clinically signiﬁcant distress (20 or above) and
perceived comparative risk of a genetic mutation was plotted at
values indicating high versus average or lower perceived risk.
Among survivors at clinically signiﬁcant levels of cancer distress, 26.3% of survivors who received telephone-counseling
tested compared with 44.3% of those who received in-person
counseling (OR ¼ 0.45; 95% CI, 0.27–0.76; Fig. 2). In contrast,
among those with lower levels of distress, 27.0% tested after
telephone-counseling compared with 30% after in-person
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counseling (OR ¼ 0.86; 95% CI, 0.59–1.26; Fig. 2). Among
survivors who believed that they were at higher risk for a genetic
mutation compared with other women their age, 33.9% of those
who received telephone-counseling tested compared with 50.5%
of those who received in-person counseling (OR ¼ 0.50; 95% CI,
0.29–0.87; Fig. 3). In contrast, among survivors who believed they
had the same or lower risk for a mutation compared with other
women their age, 23.8% tested who received telephone counseling compared with 29.8% who received in-person counseling
(OR ¼ 0.74; 95% CI, 0.51–1.07; Fig. 3).
Education was of marginal signiﬁcance as a moderator of
counseling mode and genetic testing uptake (P ¼ 0.055). Those
with a high school education or lower appeared less likely to test if
they received telephone-counseling compared with in-person
counseling (OR ¼ 0.23; 95% CI, 0.11–0.50), whereas testing
uptake by counseling mode did not differ among those with
some college (OR ¼ 0.66; 95% CI, 0.37–1.17) or a bachelor's
degree or more (OR ¼ 0.68; 95% CI, 0.40–1.17). No other
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Table 2. Multivariable predictors of genetic testing uptake
Primary variables of interest
Precounseling cancer distress
Precounseling perceived comparative risk
Perceptions of patient-centeredness
Covariates
Residence
Urban (ref.)
Rural
Relatives with breast or ovarian cancer
0 FDR/SDR (ref.)
1 FDR/SDR
2 FDR/SDR
Intervention
In-person (ref.)
Telephone
Short-term cost concerns
Yes (ref.)
No
Long-term cost concerns
Yes (ref.)
No
Social support
Decisional conﬂict

Mean (SD)/N (%)
15.18 (14.24)
2.99 (1.10)
4.25 (0.48)

(N ¼ 781a)
OR (95% CI)b
1.01 (1.002–1.03)
1.32 (1.11–1.57)
0.45 (0.30–0.68)

658 (84.25)
123 (15.75)

1.57 (0.99–2.49)

411 (52.62)
216 (27.66)
154 (19.72)

1.45 (0.96–2.21)
2.09 (1.29–3.40)

379 (48.53)
402 (51.47)

0.53 (0.37–0.76)

138 (17.67)
643 (82.33)

18.73 (7.09–49.46)

27 (3.46)
754 (96.54)
8.53 (1.91)
27.9 (13.39)

6.64 (1.15–38.41)
0.90 (0.82–0.99)
0.95 (0.94–0.97)

OR0.5 SDc (95% CI0.5 SD)
1.11 (1.01–1.21)
1.16 (1.06–1.28)
0.83 (0.75–0.91)

P
0.026
0.002
0.0001

0.057

0.010

0.0005

<0.0001

0.91 (0.83–0.99)
0.72 (0.65–0.80)

0.034
0.035
<0.0001

Abbreviations: FDR, ﬁrst-degree relative; ref., reference group; SDR, second-degree relative.
Model shows estimates after adjustment for other variables.
b
ORs per one-point increase on the scale for continuous variables.
c
Equivalent ORs and 95% CI per 0.50 SD increase in continuous variables; provided to aid clinical interpretation. Categorical ORs and 95% CI estimates remain the
same as footnote "b".
The goodness of ﬁt of this model indicated adequate model ﬁt (P ¼ 0.43).
a

moderators were signiﬁcant, including family cancer history
which was moderately correlated (polyserial correlation ¼
0.45; P < 0.001) with precounseling perceived comparative risk
for a genetic mutation.

Discussion
This article examined predictors of genetic testing uptake
among a population-based sample of breast and ovarian cancer
survivors at increased risk for HBOC who received either telephone or in-person genetic counseling as part of a randomized
controlled trial. Our data show that women without cost barriers

to testing are more likely to complete genetic testing. Findings
suggest that survivors entering counseling with high cancer distress or high perceived comparative risk for a mutation may
respond differently to telephone versus in-person counseling,
and indicate that more patient-centered counseling may yield
lower testing uptake.
From a policy perspective, results highlight the importance
of addressing cost barriers to testing. Long-term cost concerns
did not differ by income. Short-term cost concerns were similar
across incomes with the exception of those earning between
$50,000–$69,000 a year who were more likely to report shortterm cost concerns as a barrier. This income bracket and above was

Figure 2.
Clinically signiﬁcant precounseling
cancer distress modiﬁes counseling
method's effect on testing uptake.

, statistically signiﬁcant difference
observed. A score of 20 or above was
considered clinically signiﬁcant. Among
survivors at clinically signiﬁcant levels
of cancer distress, 26.3% of survivors
who received telephone counseling
tested compared with 44.3% of those
who received in-person counseling
(OR ¼ 0.45; 95% CI, 0.27–0.76).
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Figure 3.
High baseline precounseling perceived
comparative risk of inherited gene
mutation modiﬁes counseling method's
effect on testing uptake.  , statistically
signiﬁcant difference observed. Among
survivors who believed that they were
at higher risk for a genetic mutation
compared with other women their
age, 33.9% of those who received
telephone counseling tested compared
with 50.5% of those who received
in-person counseling (OR ¼ 0.50; 95%
CI, 0.29–0.87).

more likely to be college educated, but had similar insurance
coverage as those earning $30,000–$49,000. They may have been
an educated group of women more used to consuming health
information compared with those earning less than them who
were less likely to have a college degree. Thus, ﬁnancial strain from
testing and indicated procedures may have been a more salient
barrier to testing compared to other factors such as its perceived
lack of beneﬁt for managing health.
At the time our study was conducted, the cost of BRCA
sequencing was over $3,000 (35). The cost of testing has dropped
due to the Supreme Court's ruling on BRCA patenting (36). BRCA
sequencing is now available for less than $300 (37). Most insurance companies cover the cost of BRCA testing for populations
indicated by the National Comprehensive Cancer Network guidelines (38). Many genetic testing laboratories provide ﬁnancial
assistance programs for uninsured and underinsured individuals.
However, coverage varies for multi-gene panel testing (39) and for
preventative services (e.g., prophylactic surgery, surveillance magnetic resonance imaging) following a positive test, which places
some survivors at risk of being able to afford the cost of a test itself,
but unable to afford and beneﬁt from the interventions indicated
by the test (40). These concerns are compounded by the uncertain
future of the Affordable Care Act, the repeal of which would
disparately affect subgroups of the population with known disparities accessing and utilizing genetic services and associated
preventative services (16, 41). Yet a priority of the national
Precision Medicine Initiative is to address insurance coverage to
enable access to genomic discoveries and guideline-concordant
genetic care delivery (42).
This study has implications for the practice of genetic counseling. Our moderation analysis results suggest that survivors who
enter counseling with high levels of cancer-speciﬁc distress or high
perceived comparative risk for a mutation will be more likely to
test if they receive in-person counseling and less likely to test if
they receive telephone counseling. Counselor response to nonverbal cues of distress exhibited by survivors may have magniﬁed
the effects of precounseling cancer-speciﬁc distress and perceived
comparative risk for a mutation by prompting more discussion
about the perceived threat of cancer and carrying a mutation. In
contrast, unaddressed nonverbal cues of distress may have impeded information exchange or discussion of distress as a barrier to
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testing in telephone-counseling. Research should evaluate patient–
counselor interactions [e.g., linguistic analysis for counselor and
survivor affective word use (43), session length, survivor question
frequency, etc.] to understand the function of distress and perceived comparative risk in these counseling delivery methods.
Moderation results suggest that survivors with a high school
education or less may be less likely to test if they receive
telephone counseling than if they receive in-person counseling.
This result must be interpreted cautiously, as it was of only
borderline statistical signiﬁcance. The logistics of sending in a
sample may have been more of a barrier for this subgroup.
Alternatively, even though visual aids were used in both inperson and telephone-based counseling, those with less education in telephone counseling may have had more difﬁculty
understanding material presented or had undetected questions
about the information. Future research should examine whether those with lower educational attainment and health literacy
show smaller knowledge gains after telephone counseling than
in-person counseling. Additional materials (e.g., computerbased modules) to supplement telephone counseling or additional assistance overcoming logistical barriers to testing may
be useful for those with less education.
The relation between higher patient-centeredness ratings
and lower testing uptake in this study was unexpected. However,
patient-centered care focused on the unique needs and preferences of a survivor given their family history, risk perception,
knowledge, and stated concerns. Thus, a patient-centered
approach may have yielded higher or lower testing uptake to the
extent that counseling reﬂected a patient's readiness for testing.
Survivors who were ambivalent about testing may have felt
supported by their counselor to not rush a testing decision. In
contrast, those who were further in the decision process may have
received more directive counseling that addressed speciﬁc barriers. Similarly, a patient-centered focus might have allowed
survivors at lower risk to feel comfortable declining testing.
Research on the patient–counselor interaction is needed to better
understand this counterintuitive result.
Limitations
Generalizability is limited by population characteristics of
mostly non-Hispanic white women with relatively high income
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and education levels from one geographic area. Ethnic minorities and those with lower socioeconomic status face substantial
disparities in genetic counseling and testing and may have
additional factors that inﬂuence testing decisions (3). We did
not assess the extent to which survivors discussed genetic
counseling and testing with their family, friends, or health care
providers, or the nature of those interactions. Finally, this study
was conducted before the use of multigene panel testing.
Certain psychosocial factors (e.g., concern about discovering
unexpected positive results and secondary ﬁndings) may be
more salient with adoption of multigene panel testing and
whole genome sequencing.
Conclusion
The study's ﬁndings suggest that cost concerns are critical in
testing decisions among survivors at risk for HBOC who receive
genetic counseling. Our ﬁndings further suggest that telephone
counseling, while improving access to qualiﬁed genetic counselors, may yield lower testing uptake among survivors who enter
counseling with clinically signiﬁcant cancer-speciﬁc distress or
high perceived comparative risk for a mutation. In-person
counseling may be indicated for survivors with elevated cancer
distress or high perceived comparative risk for a mutation. Screening for psychosocial concerns, including distress, could help
allocate in-person resources. Alternatively, counselors may consider the use of videotechnology or consider screening for
psychosocial issues, including distress, prior to delivering telephone-based counseling to inform counseling (44). Research
should examine if there are differential effects of video-enabled
versus audio alone technologies among diverse populations and
counselor–patient interactions during genetic counseling sessions
to better understand the effect of cancer distress, perceived comparative risk for mutations, and counselor–patient centeredness
during counseling.
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