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Abstract
Risk-reducing mastectomy (RRM) and salpingo-oophorectomy 
(RRSO) are increasingly used to reduce breast and ovarian 
cancer risk following BRCA1/BRCA2 testing. However, little 
is known about how genetic counseling influences decisions 
about these surgeries. Although previous studies have exam-
ined intentions prior to counseling, few have examined RRM 
and RRSO intentions in the critical window between genetic 
counseling and test result disclosure. Previous research has 
indicated that intentions at this time point predict subsequent 
uptake of surgery, suggesting that much decision-making has 
taken place prior to result disclosure. This period may be a crit-
ical time to better understand the drivers of prophylactic sur-
gery intentions. The aim of this study was to examine predictors 
of RRM and RRSO intentions. We hypothesized that variables 
from the Health Belief Model would predict intentions, and we 
also examined the role of affective factors. Participants were 
187 women, age 21–75, who received genetic counseling for 
hereditary breast and ovarian cancer. We utilized multiple logis-
tic regression to identify independent predictors of intentions. 
49.2% and 61.3% of participants reported intentions for RRM 
and RRSO, respectively. Variables associated with RRM inten-
tions include: newly diagnosed with breast cancer (OR = 3.63, 
95% CI = 1.20–11.04), perceived breast cancer risk 
(OR = 1.46, 95% CI = 1.17–1.81), perceived pros (OR = 1.79, 
95% CI = 1.38–2.32) and cons of RRM (OR = 0.81, 95% 
CI = 0.65–0.996), and decision conflict (OR = 0.80, 95% 
CI = 0.66–0.98). Variables associated with RRSO intentions 
include: proband status (OR = 0.28, 95% CI = 0.09–0.89), 
perceived pros (OR = 1.35, 95% CI = 1.11–1.63) and cons 
of RRSO (OR = 0.72, 95% CI = 0.59–0.89), and ambiguity 
aversion (OR = 0.79, 95% CI = 0.65–0.95). These data provide 
support for the role of genetic counseling in fostering informed 
decisions about risk management, and suggest that the role of 
uncertainty should be explored further.
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INTRODUCTION
Genetic testing for pathogenic variants in BRCA1 
and BRCA2 (BRCA) is central to the clinical care of 
women at high risk for hereditary breast and ovarian 

cancer (HBOC) [1]. Women who carry a pathogenic 
variant have up to a 72% lifetime risk of developing 
breast cancer and up to a 44% lifetime risk of develop-
ing ovarian cancer (including fallopian tube and pri-
mary peritoneal cancers), compared to a 12.4% and 
1.3% lifetime risk, respectively, in the general popu-
lation [2, 3]. The most effective options for reducing 
these extremely high cancer risks are risk-reducing 
mastectomy (RRM) and risk-reducing bilateral sal-
pingo-oophorectomy (RRSO). RRM refers to the 
prophylactic removal of both breasts, or in newly 
diagnosed patients it may entail the removal of the 
affected breast for treatment, and removal of the 
unaffected breast for risk reduction. RRSO refers 
to the prophylactic removal of both ovaries and fal-
lopian tubes. The National Comprehensive Cancer 
Network (NCCN) recommends that female BRCA 
mutation carriers have a RRSO after they have fin-
ished child bearing, and consider having a RRM [1].

RRSO reduces risk for ovarian cancer by over 
80% [4] and when performed premenopausally may 

Implications
Practice: The results provide support for the role 
of genetic counseling in fostering informed deci-
sions about risk management, and suggest that 
genetic counselors could be proactive in address-
ing concerns about prophylactic surgery, and 
facilitating appropriate follow-up and support for 
their patients.

Policy: The important role genetic counselors 
play in helping to foster informed risk manage-
ment decisions suggests that all at-risk women 
need access to a genetic counselor.

Research: Research is needed to evaluate the 
role of ambiguity aversion and uncertainty follow-
ing the receipt of genetic test results, to determine 
whether patients may require additional support.
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also reduce breast cancer risk, especially in BRCA2 
carriers under age 50 [5]. Although this surgery is 
recommended by the NCCN, it is associated with 
significant side effects, including surgical meno-
pause, increased risks for cardiovascular diseases, 
cognitive impairment, and osteoporosis [6]. RRM 
reduces the risk for breast cancer by about 90% [7, 8] 
and can also have psychological benefits, like reduc-
ing cancer-related distress [9]. However, this surgery 
can also have undesirable consequences, such as 
negative impacts on sexuality and body image [9, 
10], and surgical complications [11]. Additionally, 
neither of these surgeries completely eliminates 
the risk for breast and ovarian cancer. Clearly, 
decision-making about risk-reducing surgery is com-
plex, with multiple factors to weigh and trade-offs 
to consider [12, 13]. To provide the best care for 
women at risk for HBOC, it is critical for practition-
ers to better understand how women make these dif-
ficult risk management decisions.

Studies that have examined risk-reducing surgery 
intentions prior to genetic counseling have found 
that in addition to sociodemographic predictors, 
cognitive and affective factors such as perceived can-
cer risk, perceived benefits, cancer worry, distress, 
and uncertainty reduction predict RRM and RRSO 
intentions [14–20]. Much less is known about how 
intentions are impacted by genetic counseling since 
few studies have examined intentions during the 
window between genetic counseling and the receipt 
of the test result. This is a crucial window because 
previous research has indicated that intentions at 
this time point predict subsequent uptake of prophy-
lactic surgery [21]. In contrast to pre-counseling 
intentions which may not reflect accurate compre-
hension of personal risk, the implications of a pos-
itive test result, or the risks and benefits of RRM/
RRSO, post-counseling intentions are likely to be 
more informed. Learning the drivers of these deci-
sions could help genetic counselors to better under-
stand their patients’ decision processes, and tailor 
genetic counseling to facilitate informed decisions. 
Further, understanding the predictors of post-coun-
seling intentions may help to identify women who 
could benefit from additional decision support. 
Previous research suggests that decision support is 
of particular benefit to those women who have not 
reached decisions about RRM and RRSO prior to 
receipt of test results [13].

The Health Belief Model (HBM) is a well-es-
tablished framework to understand and predict 
the adoption of a wide range of preventive health 
behaviors [22–24]. The framework posits that the 
likelihood of an individual engaging in a preventive 
health behavior is influenced by their perceived sus-
ceptibility to and perceived seriousness of the dis-
ease, self-efficacy for engaging in the behavior, their 
beliefs about whether the advantages of engaging 
in the health behavior outweigh the disadvantages, 

and cues to action. In this study, we focus on per-
ceived benefits, perceived barriers, and perceived 
susceptibility as key HBM constructs that we pre-
dicted would be associated with RRM and RRSO 
intentions after genetic counseling, but prior to the 
receipt of test results.

Although we expect the cognitive HBM con-
structs to predict risk-reducing surgery intentions, 
as noted above, previous studies have found that 
affect is a strong predictor of RRM and RRSO inten-
tions prior to genetic counseling. Emotional factors 
may be particularly salient prior to the provision of 
extensive information during genetic counseling. 
The information and decision support provided 
during genetic counseling could reduce the role that 
negative affect plays in decision-making. However, 
clinical observations suggest that the discussion of 
the risks and benefits surrounding testing and sur-
gery options during genetic counseling can lead to 
feelings of uncertainty and worry [25] which may 
manifest as delayed or deferred decisions about 
risk-reducing surgery [26]. Thus, we examined 
whether affective factors including distress and 
uncertainty predict RRM and RRSO intentions 
after accounting for HBM factors following comple-
tion of genetic counseling.

METHOD

Participants
Participants were women undergoing genetic test-
ing for HBOC who completed a baseline survey 
prior to randomization in a randomized controlled 
trial of post-test decision support. Participants were 
recruited from the clinical cancer genetics pro-
grams at the Lombardi Comprehensive Cancer 
Center (Washington, DC), Ohio State University 
Comprehensive Cancer Center (Columbus, OH), 
and Virginia Piper Cancer Institute (Minneapolis, 
MN). Eligible participants were women age 21–75 
who received in-person genetic counseling for 
HBOC but who had not yet received genetic test 
results. Participants included women who were 
either affected or unaffected with breast cancer, 
but excluded those diagnosed with other cancers, 
besides nonmelanoma skin cancer. We included 
women who were newly diagnosed with breast can-
cer (i.e., who had not yet initiated definitive breast 
cancer treatment) but excluded newly diagnosed 
women who had already scheduled a bilateral mas-
tectomy. We included both probands and women 
who had relatives with a BRCA pathogenic variant. 
We excluded participants who had been diagnosed 
with bilateral or metastatic breast cancer, had a pre-
vious bilateral mastectomy, were candidates for test-
ing for another hereditary cancer syndrome, or had 
previously used breast cancer chemoprevention. We 
also excluded women who could not communicate 
in English or lacked the cognitive capacity to pro-
vide informed consent.
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Of 352 potentially eligible participants, 79 
declined study contact, 86 who agreed to contact 
received their genetic test results before completing 
the baseline survey, and 187 (53.1%) completed the 
baseline survey prior to receiving test results. This 
report includes all individuals who completed a 
baseline survey regardless of whether they were ulti-
mately randomized in the trial. Of the 187 women 
who completed a baseline survey, six were excluded 
because they were administered an incorrect ver-
sion of the survey. For the RRM analysis, two were 
excluded due to missing data on the outcome var-
iable. For the RRSO analysis, one participant was 
excluded due to missing data on the outcome var-
iable and 12 participants who previously had their 
ovaries removed were ineligible.

Procedure
Genetic counselors at each study site assessed 
patient eligibility during their pretest counseling 
session, explained the study to potentially eligible 
patients, and asked if they were interested in par-
ticipation. Participants who met eligibility criteria, 
and agreed to participate, were enrolled immedi-
ately following their genetic counseling appoint-
ment. These women were contacted by the study 
staff and given the option to complete the base-
line questionnaire electronically or over the tele-
phone. Electronic surveys were completed using 
the HIPAA-compliant REDCap data capture tool 
hosted at Georgetown University [27]. Participants 
completed an Institutional Review Board approved 
verbal or electronic consent form prior to com-
pletion of the baseline survey. Participants were 
required to complete the baseline survey after the 
pretest genetic counseling session but prior to result 
disclosure. Following the interview and receipt of 
participants’ test results, the research assistant ran-
domized eligible participants to one of several deci-
sion support interventions. This paper focuses only 
on pre-randomization baseline data.

Measures

Control variables

Sociodemographics.  We assessed age, race/ethnicity, 
relationship status, education, employment, and 
Jewish ancestry.

Medical history.  We assessed personal and family 
cancer history and used this information to calcu-
late lifetime breast cancer risk with the BRCAPRO 
model [28].

HBM variables

Perceived breast/ovarian cancer  risk.  We measured 
quantitative perceived risk by asking participants to 

rate their risk on a scale from 0 (definitely will not 
get breast/ovarian cancer) to 100 (definitely will get 
breast/ovarian cancer). For participants previously 
diagnosed with breast cancer, the items asked about 
the likelihood of developing a new breast cancer. We 
have used this measure in prior research [15, 29].

Perceived pros and cons for  RRM.  We measured six 
pros (Risk-reducing mastectomy would reduce my 
risk for developing breast cancer) and eight cons (I 
am worried that risk-reducing mastectomy would 
change the way I  feel about my appearance) of 
RRM on a 4-point Likert scale ranging from “not at 
all important” to “very important.” This scale was 
adapted from a measure used in previous studies 
[21]. Cronbach’s alpha was 0.76 for the pros and 
0.73 for the cons.

Perceived pros and cons for  RRSO.   Adapted from a 
previous study [21], we measured six pros (Having 
my ovaries removed would reduce my worry about 
developing ovarian cancer) and seven cons (I don’t 
want to go on hormone replacement therapy) of 
RRSO on a 4-point Likert scale from “not at all 
important” to “very important.” Cronbach’s alpha 
was 0.61 for the pros and 0.75 for the cons.

Affective/uncertainty variables

Cancer distress.  We measured cancer distress using 
the Impact of Event Scale [30], a 15-item Likert-style 
scale, where higher scores indicate more distress. 
Reliability in the present study was 0.91.

Perceived stress.  We used the 4-item Perceived Stress 
Scale [31]. This measure asks participants how often 
they have felt or thought a certain way in the last 
month. Items are scored on a 5-point Likert scale 
from “never” to “very often.” Cronbach’s alpha in 
the present study was 0.78.

Decisional conflict.  We measured decisional conflict 
regarding the management of one’s breast can-
cer risk with the 10-item version of the Decisional 
Conflict Scale [32]. Items were scored on a weighted 
3-point scale, where higher scores indicate greater 
decisional conflict. Participants were asked to 
respond to questions like “Do you feel sure about 
what to choose?” with “yes,” “unsure,” or “no.” 
Cronbach’s alpha in the present study was 0.87.

Perceived uncertainty.  We used Baty’s 12-item meas-
ure to evaluate perceived uncertainty about genetic 
counseling and testing [25]. Items were scored on 
a 5-point Likert scale, from “very certain” to “very 
uncertain,” where higher scores represented greater 
uncertainty. Consistent with previous research [25], 
we calculated perceived uncertainty using the aver-
age of five items that assessed uncertainty about 
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health care, positive outcomes of testing, and cop-
ing with results. Cronbach’s alpha for in the present 
study was 0.72.

Ambiguity aversion.   We measured aversion to ambi-
guity regarding medical tests and treatment using 
the 6-item AA-Med Scale [33]. Participants were 
asked to rate statements like “I would not have con-
fidence in a medical test or treatment if experts had 
conflicting opinions about it” on a 5-point Likert 
scale, from “strongly disagree” to “strongly agree,” 
where higher scores indicate greater ambiguity aver-
sion. Cronbach’s alpha was 0.79.

Outcome variables

Surgery intentions.  We assessed participants’ inten-
tions for RRM a with a single face-valid item, “If you 
were to learn that you have a mutation in the BRCA1 
or BRCA2 gene, would you have a bilateral risk-re-
ducing mastectomy to reduce your risk for breast 
cancer?” with options on a 5-point scale ranging 
from “I definitely would not” to “I definitely would.” 
Because responses to this item were not normally 
distributed, we dichotomized this variable, with 
those responding “I definitely would not/I probably 
would not/I am not really sure” categorized as “no 
intention for RRM,” and those answering “I proba-
bly would/I definitely would” categorized as “inten-
tion for RRM.” For RRSO we used a similar item, 
asking “If you were to learn that you have a muta-
tion in the BRCA1 or BRCA2 gene, would you have 
your ovaries removed for risk reduction?” and we 
dichotomized the variable in the same way as RRM.

Statistical analysis
After characterizing the sample in terms of demo-
graphics, family history, and lifetime risk of breast 
cancer, we used chi-square and t-tests to examine 
bivariate associations with RRM and RRSO inten-
tions. Next, we used multiple logistic regression to 
identify independent predictors of intentions for 
RRM and RRSO. Guided by our conceptual model, 
in the initial model, we included personal demo-
graphic and medical history variables with bivariate 
associations at the p < .10 level. In the next step, we 
included the HBM variables of perceived pros and 
cons of RRM/RRSO (i.e., perceived benefits and 
barriers) and perceived risk (perceived susceptibil-
ity). In the final model, we included affect-related 
variables, based on significant bivariate associations. 
For the small amount of missing data we employed 
mean substitution. All analyses were performed 
using Statistical Analysis Software (SAS) version 9.4, 
SAS Inc. (Cary, NC).

RESULTS
Participants were primarily non-Hispanic white 
(72.7%), employed full-time (64.8%), and did not 

have a known BRCA mutation in their family (83.8%). 
The average age of participants was 47.5  years 
(SD = 12.5) and women had an average lifetime risk 
of breast cancer of 14.5%.

RRM results
Of the 179 women in this analysis, 88 (49.2%) 
reported that they probably or definitely would 
obtain a RRM if they were found to have a BRCA 
mutation. Table 1 displays the bivariate associations 
between our baseline variables and RRM intentions. 
The following variables had bivariate associations (p 
< .10) with RRM intentions: being employed, no 
family history of ovarian cancer, being newly diag-
nosed with breast cancer, higher objective breast 
cancer risk, higher perceived breast cancer risk, 
greater perceived pros and lower perceived cons of 
RRM, lower perceived uncertainty, and lower deci-
sional conflict.

To evaluate the independent contribution of spe-
cific HBM and affective components, we utilized 
logistic regression with hierarchical variable entry. 
As seen in Table  2, we first entered background 
demographic and clinical variables that were associ-
ated with RRM intentions. These variables (employ-
ment, family history of ovarian cancer, and personal 
breast cancer history), in combination, were sig-
nificantly associated with RRM intentions (χ2 (5, 
N = 179) = 20.17, p = .001).

In Model 2, we added the HBM variables of per-
ceived pros, perceived cons, and perceived suscep-
tibility. These variables, in combination, strongly 
predicted RRM intentions over and above the clin-
ical and demographic variables already in the model 
(Δχ2 (3) = 53.05, p < .0001).

In the final model, we added all affective/uncer-
tainty variables with p < .10 bivariate associations to 
RRM intentions (perceived uncertainty and deci-
sional conflict). The combined contribution of per-
ceived uncertainty and decision conflict approached 
statistical significance (Δχ2 (2)  =  5.87, p  =  .053). 
In this final model, the following variables inde-
pendently predicted RRM intentions: being newly 
diagnosed with breast cancer (OR  =  3.63, 95% 
CI  =  1.20–11.04), perceived risk of breast cancer 
(OR = 1.46, 95% CI = 1.17–1.81), perceived pros of 
RRM (OR = 1.79, 95% CI = 1.38–2.32), perceived 
cons of RRM (OR = 0.81, 95% CI = 0.65–0.996), and 
decision conflict (OR = 0.80, 95% CI = 0.66–0.98). 
Compared to women who were previously diagnosed 
with breast cancer, those who were newly diagnosed 
with breast cancer were more than three and a half 
times as likely to have high RRM intentions. Each 
half standard deviation increase in perceived breast 
cancer risk was associated with 46% increased odds of 
having high RRM intentions and each half standard 
deviation increase in perceived pros of RRM was 
associated with 79% increased odds of high RRM 
intentions. In contrast, each half standard deviation 
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increase in perceived cons of RRM was associated 
with 19% decreased odds of high RRM intentions 
and each half standard deviation increase in decision 
conflict was associated with a 20% decrease in the 
odds of having high RRM intentions.

RRSO analysis
Of the 168 women included in this analysis, 103 
(61.3%) responded that if they were found to have a 

BRCA mutation, they probably or definitely would 
obtain a RRSO. Table 3 displays the bivariate asso-
ciations between our baseline predictors and RRSO 
intentions. The following variables exhibited p < .10 
association with RRSO intentions: being non-His-
panic white, having a relative with a BRCA muta-
tion, higher perceived ovarian cancer risk, greater 
pros and weaker cons of RRSO, and lower ambi-
guity aversion.

Table 1 | Bivariate associations between categorical and continuous predictors and risk-reducing mastectomy (RRM) intentions

Categorical predictors
Full sample

N = 179
Intention for RRM

N (%)
No intention for RRM

N (%) p

Married
  No 56 32 (57.1%) 24 (42.9%) .148
  Yes/living together 121 55 (45.5%) 66 (54.5%)
Education
  College or less 95 45 (47.4%) 50 (52.6%) .610
  More than college 84 43 (51.2%) 41 (48.8%)
Race
  Non-Hispanic white 128 66 (51.6%) 62 (48.4%) .498
  Hispanic/non-white 48 22 (45.8%) 26 (54.2%)
Employment
  <Full-time 63 25 (39.7%) 38 (60.3%) .062
  Full-time 116 63 (54.3%) 53 (45.7%)
Jewish decent
  Yes 24 11 (45.8%) 13 (54.2%) .834
  No 135 65 (48.15%) 70 (51.85%)
Breast cancer
  Unaffected 92 40 (43.5%) 52 (56.5%) .001
  Affected 41 15 (36.6%) 26 (63.4%)
  Newly diagnosed 46 33 (71.7%) 13 (28.3%)
Children
  Yes 120 59 (49.2%) 61 (50.8%) .919
  No 54 27 (50%) 27 (50%)
Proband status
  Relative 29 13 (44.8%) 16 (55.2%) .610
  Proband 150 75 (50%) 75 (50%)
Breast cancer family history
  Yes 133 64 (48.1%) 69 (51.9%) .372
  No 41 23 (56.1%) 18 (43.9%)
Ovarian cancer family history
  Yes 40 15 (37.5%) 25 (62.5%) .067
  No 134 73 (54.5%) 61 (45.5%)

Continuous predictors
Full sample

M (SD)
Intention for RRM

M (SD)
No intention for RRM

M (SD) p

Age 47.5 (12.5) 46.3 (12.0) 48.7 (12.9) .192
Lifetime breast cancer risk 14.5 (7.5) 15.6 (8.1) 13.3 (6.8) .053
Pros of RRM 18.95 (3.4) 20.4 (2.1) 17.6 (3.8) <.0001
Cons of RRM 19.0 (4.8) 18.0 (4.5) 20.0 (5.0) .006
Perceived breast cancer risk 41.4 (27.4) 48.8 (27.0) 34.3 (26.1) .0004
Perceived uncertainty 2.2 (0.7) 2.1 (0.7) 2.3 (0.7) .026
Ambiguity aversion 17.5 (4.7) 16.9 (4.6) 18.0 (4.6) .119
Cancer distress 23.8 (17.0) 24.6 (16.2) 23.2 (17.7) .580
Perceived stress 5.4 (3.0) 5.4 (3.0) 5.5 (3.0) .752
Decision conflict 29.1 (24.2) 23.1 (23.3) 34.9 (23.8) .001
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As displayed in Table  4, we used the same 
approach as for RRM to identify the independent 
contribution of specific HBM components. On the 
first step, the demographic and clinical variables 
that were associated (p < .10) with RRSO (race and 
proband status) were significantly associated with 
RRSO intentions (χ2 (2, N = 168) = 12.29, p = .002). 
In Model 2, the HBM variables (perceived pros, per-
ceived cons, and perceived susceptibility) entered 

together were strong predictors of RRSO intentions 
over and above the variables already in the model 
(Δχ2 (3)  =  21.72, p < .0001). Finally, ambiguity 
aversion, the only affect-related variable that was 
significantly associated with RRSO, significantly 
added to the model (Δχ2 (1) = 6.68, p = .010). The 
following variables were independent predictors of 
RRSO intentions in the final model: proband status 
(OR = 0.28, 95% CI = 0.09–0.89), perceived pros of 

Table 3 | Bivariate associations between categorical and continuous predictors and risk-reducing salpingo-oophorectomy (RRSO) intentions

Categorical predictors
Full sample

N = 168
Intention for RRSO

N (%)
No intention for RRSO

N (%) p

Married
  No 54 32 (59.3%) 22 (40.7%) .739
  Yes/living together 113 70 (61.95%) 43 (38.05%)
Education
  College or less 85 57 (67.1%) 28 (32.9%) .122
  More than college 83 46 (55.4%) 37 (44.6%)
Race
  Non-Hispanic white 118 79 (66.95%) 39 (33.05%) .008
  Hispanic/non-white 47 21 (44.7%) 26 (55.3%)
Employment
  <Full-time 56 32 (57.1%) 24 (42.6%) .433
  Full-time 112 71 (63.4%) 41 (36.6%)
Jewish decent
  Yes 22 8 (36.4%) 14 (63.6%) .686
  No 127 75 (59.1%) 52 (40.9%)
Breast cancer
  Unaffected 89 61 (68.5%) 28 (31.5%) .119
  Affected 35 18 (51.4%) 17 (48.6%)
  Newly diagnosed 44 24 (54.55%) 20 (45.45%)
Children
  Yes 110 70 (63.6%) 40 (36.4%) .275
  No 53 29 (54.7%) 24 (45.3%)
Proband status
  Relative 28 23 (82.1%) 5 (17.9%) .013
  Proband 140 80 (57.1%) 60 (42.9%)
Breast cancer family history
  Yes 123 74 (60.2%)  49 (39.8%) .585
  No 40 26 (65.0%) 14 (35.0%)
Ovarian cancer family history
  Yes 37 25 (67.6%) 12 (32.4%) .377
  No 126 75 (59.5%) 51 (40.5%)

Continuous predictors
Full sample

M (SD)
Intention for RRSO

M (SD)
No intention for RRSO

M (SD) p

Age 46.5 (12.0) 47.1 (12.0) 45.4 (11.6) .399
Lifetime breast cancer risk 14.9 (7.6) 15.4 (8.3) 14.2 (6.5) .325
Pros of RRSO 19.8 (3.0) 20.2 (2.6) 19.1 (3.5) .020
Cons of RRSO 16.9 (4.5) 15.8 (4.4) 18.5 (4.3) .0001
Perceived ovarian cancer risk 27.2 (23.6) 30.6 (23.1) 21.4 (23.4) .013
Perceived uncertainty 2.19 (0.7) 2.2 (0.7) 2.2 (0.7) .571
Ambiguity aversion 17.5 (4.7) 16.6 (4.4) 19.0 (4.9) .002
Cancer distress 23.6 (17.1) 22.9 (17.1) 24.7 (17.2) .505
Perceived stress 5.3 (3.0) 5.4 (3.0) 5.2 (3.0) .708
Decision conflict 28.5 (24.3) 26.5 (24.2) 31.6 (24.2) .187
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RRSO (OR = 1.35, 95% CI = 1.11–1.63), perceived 
cons of RRSO (OR  =  0.72, 95% CI  =  0.59–0.89), 
and ambiguity aversion (OR = 0.79, 95% CI = 0.65–
0.95). Those with a relative with a BRCA mutation 
were over 3.5 times more likely to have intentions 
for RRSO. Each half standard deviation increase in 
perceived pros of RRSO was associated with 35% 
increased odds of high RRSO intentions. Each half 
standard deviation increase in perceived cons of 
RRSO was associated with 28% decreased odds of 
high RRSO intentions and each half standard de-
viation increase in ambiguity aversion was associ-
ated with a 21% decrease in the odds of having high 
RRSO intentions.

DISCUSSION
We evaluated intentions for RRM and RRSO fol-
lowing genetic counseling but prior to the receipt 
of genetic test results. We predicted that the HBM 
variables of perceived risk, and perceived pros and 
perceived cons of surgery would be important pre-
dictors following genetic counseling. We also tested 
whether affect and uncertainty were associated 
with intentions over and above the HBM variables. 
Consistent with our predictions, HBM variables 
were strong predictors of RRM and RRSO inten-
tions even after controlling for sociodemographics 
and personal/family cancer history. However, the 
role of affect and uncertainty was less clear.

We found that 49.2% of participants reported that 
they probably or definitely would obtain a RRM if 
they received a positive BRCA test result and 61.3% 
reported that they would probably or definitely ob-
tain a RRSO. These rates are higher than studies of 
pre-counseling risk-reducing surgery intentions [15, 
34] and are comparable to the actual rates of RRM 
and RRSO reported in studies of BRCA mutation 
carriers. For example, in one study, at a mean of 
5 years post-testing, 37% of BRCA mutation carriers 
had obtained RRM and 65% had obtained RRSO 
[35]. More recent studies have shown comparable 
but slightly higher rates of uptake [36]. This is con-
sistent with our previous report documenting that 

post-counseling intentions were highly predictive of 
subsequent surgical decisions [21].

As expected, the HBM variables that we assessed 
in this study were important predictors of RRM and 
RRSO intentions. In particular, perceived benefits 
and barriers were strong predictors of RRM and 
RRSO intentions. These associations remained after 
controlling for relevant sociodemographic, objective 
risk, and cancer history variables. Recent conceptu-
alizations of informed medical decision-making de-
scribe concordance between attitudes and decisions 
as a key component of informed decisions [37]. The 
fact that our participants’ intentions are broadly con-
cordant with their preferences, along with previous 
research suggesting that patients have increased 
knowledge following genetic counseling [38], pro-
vides evidence that genetic counseling facilitates 
informed decisions about risk-reducing surgery.

In contrast to studies of pre-counseling intentions 
[15, 17, 39], distress and worry were not associated 
with risk-reducing surgery intentions. This could re-
flect the impact of genetic counseling on reducing 
distress, fostering more accurate risk comprehension, 
and providing information about the full range of 
management alternatives [40]. However, this finding 
must be considered in the context of previous studies 
that have identified reduction of worry as a key mo-
tivator of risk-reducing surgery [41, 42]. It is certainly 
possible that distress may reemerge as a motivator for 
surgery following the receipt of a positive test result.

Although distress was not related to risk-reducing 
surgery intentions, uncertainty in the form of deci-
sion conflict and ambiguity aversion emerged as an 
independent predictor of RRM and RRSO. Higher 
decisional conflict regarding RRM was associated 
with lower intentions for obtaining the surgery. 
Abundant research has documented that individ-
uals with high levels of decisional conflict are less 
likely to behaviorally implement a health decision 
[43–45]. In this study, high decision conflict likely 
reflects that these participants are early in the deci-
sion process and have not reached a final decision. 
Those who have already decided to proceed with 

Table 4 | Logistic regression models of risk-reducing salpingo-oophorectomy (RRSO) intentions

Model 1 Model 2 Model 3

Predictor OR 95% CI χ2 p OR 95% CI χ2 p OR 95% CI χ2 p

Race 2.32 1.15–4.67 5.50 .019 1.69 0.77–3.67 1.76 .185 1.76 0.80–3.87 1.95 .163
Proband status 0.34 0.12–0.96 4.15 .042 0.33 0.11–1.01 3.75 .053 0.28 0.09–0.89 4.65 .031
Perceived riska 1.09 0.90–1.31 0.77 .379 1.05 0.87–1.28 0.28 .595
Pros of RRSOa 1.32 1.09–1.59 8.28 .004 1.35 1.11–1.63 9.26 .002
Cons of RRSOa 0.69 0.56–0.84 13.78 .0002 0.72 0.59–0.89 9.12 .003
Ambiguity 

aversiona
0.79 0.65–0.95 6.31 .012

aThe units on all continuous variables are a half standard deviation. Model 1: χ2 = 12.29, df = 2, p =  .002; model fit: −2log-L = 211.94. Model 2: χ2 = 34.01, df = 5,  
p < .0001; model fit: −2log-L = 190.22. Model 3: χ2 = 40.69, df = 6, p < .0001; model fit: −2log-L = 183.53. Model 2 vs. Model 1: χ2 = 21.72, df = 3, p < .0001. Model 3 
vs. Model 2: χ2 = 6.68, df = 1, p = .010.
The shaded gray area depicts the predictors not included in each model.
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RRM in the event of a positive test result have lower 
decision conflict than those who are undecided or 
who favor screening. These results are consistent 
with our previous research in which those who rap-
idly reach a management decision maintain low de-
cision conflict and high decision satisfaction in the 
short and longer term [13].

In terms of RRSO, participants who reported 
high ambiguity aversion also reported lower RRSO 
intentions. On the one hand, this finding might 
be surprising since RRSO is recommended for all 
BRCA mutation carriers and unequivocally reduces 
the risk of developing ovarian cancer [1, 4, 46]. 
Thus, one might expect that individuals who are 
high in ambiguity aversion would favor RRSO. 
However, the immediate period following genetic 
counseling and prior to receipt of genetic test results 
is a highly uncertain period and the decision to 
obtain an RRSO raises additional uncertainties. For 
example, there is ongoing uncertainty surrounding 
the probability of testing positive and the risk for 
developing ovarian cancer. The majority of women 
in the study do not have a family history of ovarian 
cancer. Thus, a positive result from genetic testing 
would be their only indicator of increased risk of 
this cancer, which may require some time to assimi-
late after initial uncertainty about the implications 
of risk information obtained from genetic testing. 
For premenopausal women, the uncertainty and 
decision conflict around RRSO may be related to 
how the surgery may affect quality of life (e.g., men-
opausal symptoms and sexual functioning) and how 
to manage the potential side effects of the surgery, 
including the appropriateness of hormone therapy. 
These data suggest that genetic counselors could be 
proactive in eliciting these concerns and facilitating 
appropriate follow-up and support for these patients.

This study has several limitations. First, as a cross-
sectional analysis of intentions, it is important to 
extend these findings to prospectively evaluate pre-
dictors of uptake of these surgeries. Although inten-
tions may change after participants receive their test 
results, previous research suggests that post-coun-
seling attitudes are significant predictors of actual 
uptake of risk-reducing surgery [21]. Second, given 
the study’s 53% participation rate, caution must be 
taken in generalizing these findings. Third, this 
study includes participants who had recently been 
diagnosed with breast cancer, breast cancer survi-
vors, and unaffected women. Further, we included 
both probands (i.e., first person in family to be 
tested) as well as individuals from families in which 
a pathogenic variant had previously been identi-
fied. The content of pretest genetic counseling, 
including discussions of risk-reducing surgery 
options, differs somewhat for these groups. Our 
sample size precluded examination of differences 
in predictors of risk-reducing surgery intentions 
across these groups, but this remains a question for 

future research. Fourth, although we focused on 
surgical intentions surrounding the identification of 
a BRCA pathogenic variant (by far the most com-
monly mutated genes in this population), about 85% 
of our participants had broader multigene panel 
testing. We did not evaluate prophylactic surgery 
intentions associated with genetic mutations other 
than BRCA1 and BRCA2. Additionally, due to par-
ticipant burden considerations, we did not assess a 
number of variables that may have predicted inten-
tions. For example, we did not assess physician rec-
ommendation for surgery despite prior evidence 
suggesting that it is a predictor of surgical decisions 
[47]. Finally, while we were guided in part by the 
HBM, we did not assess all HBM components and 
instead added an assessment of affective and deci-
sion-making factors that are not part of the HBM. 
A  more complete assessment of HBM variables 
might have yielded additional associations that 
could have altered our conclusions.

Despite these limitations, the data reported here 
provide support for the role of genetic counseling 
in fostering informed risk management decisions. 
Participant attitudes were the strongest and most 
consistent predictors of both RRM and RRSO inten-
tions. This contrasts with studies of pre-counseling 
intentions in which negative affect is a more impor-
tant predictor [17]. It is certainly possible that affect-
ive factors will reemerge as important predictors 
among women who learn that they carry a muta-
tion. However, it is reassuring that following genetic 
counseling, patients’ intentions appear to be broadly 
consistent with their preferences. Finally, these data 
suggest that the role of uncertainty should be further 
explored. Decision conflict and ambiguity aversion 
were inversely associated with intentions. Although 
it has already been established that additional deci-
sion support can reduce decision conflict and aid 
decision-making in the genetic testing context [13], 
future research should evaluate the role of ambigu-
ity aversion and specific forms of uncertainty follow-
ing the receipt of test results to determine whether 
additional support is required.
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