
Vol.:(0123456789)1 3

https://doi.org/10.1007/s12687-022-00590-3

ORIGINAL ARTICLE

Attitudes and interest in incorporating BRCA1/2 cancer susceptibility 
testing into reproductive carrier screening for Ashkenazi Jewish men 
and women

Melanie W. Hardy1 · Beth N. Peshkin2 · Esther Rose1 · Mary Kathleen Ladd2 · Savannah Binion2 · Mara Tynan2 · 
Colleen M. McBride3 · Karen A. Grinzaid1 · Marc D. Schwartz2 

Received: 29 January 2022 / Accepted: 19 April 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Pathogenic variants in the BRCA1 and BRCA2 (BRCA1/2) genes are associated with elevated cancer risks in men and women. 
Due to a founder effect, Ashkenazi Jewish individuals are at higher risk for carrying three specific BRCA1/2 pathogenic 
variants. There have been recent calls for population screening in this population because many carriers do not have fam-
ily histories suggestive of hereditary cancer. One approach could be to integrate optional BRCA1/2 testing into routinely 
offered reproductive carrier screening for recessive and X-linked disorders. However, the differing goals of these types of 
testing (i.e., personal health risks versus family planning) raise questions about the implications for patient education and 
informed consent. To this end, we aimed to determine interest, attitudes, and preferences regarding integrating such testing 
by electronically surveying 331 Ashkenazi Jewish participants in JScreen — a national, not-for-profit, at-home carrier screen-
ing program focused on genetic risks in Jewish communities. We found that while 41% of participants had plans to pursue 
BRCA1/2 testing, 93% would have opted for such testing if offered as an add-on to reproductive carrier screening. This was 
particularly true of those with higher perceived cancer risk and more positive attitudes toward genetic testing. With respect 
to preferences about delivery of this service, more than 85% of participants preferred remote (telephone, print, or web-based) 
genetic education rather than traditional genetic counseling. These results suggest that offering optional BRCA1/2 testing 
within the context of reproductive carrier screening might provide opportunities for cancer prevention without overburdening 
scarce genetic counseling resources.
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Pathogenic variants (PVs) in the BRCA1 and BRCA2 
(BRCA1/2) genes are associated with highly elevated risks 
of cancer, including female breast and ovarian cancer, as 
well as increased risks for prostate, pancreatic, and male 
breast cancers (Daly et al. 2020). In women with a BRCA1/2 
PV, bilateral salpingo-oophorectomy substantially reduces 

both the risk of, and mortality from, ovarian cancer and may 
reduce the risk of breast cancer (Choi et al. 2021; Domchek 
et al. 2010; Finch et al. 2014). In addition, women with a 
BRCA1/2 PV can opt for bilateral mastectomy to reduce 
their risk for breast cancer or enhanced surveillance for early 
detection (Daly et al. 2020).

Due to a founder effect, approximately 1 in 40 Ashkenazi 
Jewish individuals (DellaPergola 2017) carries one of three 
specific BRCA1/2 PVs (Struewing et al. 1997). This fre-
quency is significantly higher than the approximate 1 in 400 
carrier rate for one of potentially hundreds of BRCA1/2 PVs 
in an unselected non-Ashkenazi population (Maxwell et al. 
2016). In many instances, carriers are identified only after 
their first cancer diagnosis because their family histories are 
not suggestive of hereditary cancer, and they do not meet cri-
teria for genetic testing based on current national guidelines 
(Daly et al. 2020; Domchek and Robson 2019; King et al. 

 * Marc D. Schwartz 
 Schwartm@georgetown.edu

1 Department of Human Genetics, Emory University School 
of Medicine, Atlanta, GA, USA

2 Department of Oncology, Georgetown Lombardi 
Comprehensive Cancer, Georgetown University, 2115 
Wisconsin Avenue, Suite 300, Washington, DC 20007, USA

3 Department of Behavioral Sciences and Health Education, 
Rollins School of Public Health, Emory University, Atlanta, 
GA, USA

/ Published online: 29 April 2022

Journal of Community Genetics (2022) 13:281–292

http://orcid.org/0000-0002-2735-5413
http://crossmark.crossref.org/dialog/?doi=10.1007/s12687-022-00590-3&domain=pdf


1 3

2014; Metcalfe et al. 2010; US Preventive Services Task 
Force et al. 2019). Indeed, current testing criteria may fail to 
identify at least 50% of Ashkenazi Jewish BRCA1/2 carriers 
(Gabai-Kapara et al. 2014; Manchanda et al. 2015). In addi-
tion, even in individuals who meet testing criteria, testing 
rates for cancer patients and cascade testing in families with 
an identified BRCA1/2 PV are suboptimal (Childers et al. 
2017; Kurian and Katz 2020).

In light of these considerations, some scientists have 
called for BRCA1/2 population screening in the Ashkenazi 
and general population (i.e., systematic testing irrespective 
of personal or family history of cancer) (Guan et al. 2021; 
King et al. 2014; McBride et al. 2019; Metcalfe et al. 2015; 
Narod 2018). Internationally, several research programs have 
begun to assess mechanisms and outcomes of BRCA1/2-pop-
ulation testing (Gronwald et al. 2006; Lieberman et al. 2017; 
Manchanda et al. 2020; Metcalfe et al. 2010). In the USA, 
little progress has been made in developing a national public 
health infrastructure to deliver such widespread BRCA1/2 
testing.

One potential approach would be to provide the option of 
BRCA1/2 testing in the context of routinely offered reproduc-
tive carrier screening for recessive and X-linked disorders. 
National guidelines from ACOG (The American College of 
Obstetricians and Gynecologists) recommend that informa-
tion about carrier screening be provided preconceptionally 
(ideally) or to all pregnant women, and that after counseling, 
patients may choose to accept or decline any or all screening 
options (ACOG 2017). Next-generation sequencing panels 
that assess hundreds of genes simultaneously are increas-
ingly used for preconception and prenatal expanded carrier 
screening in Jewish and non-Jewish individuals (Akler et al. 
2020; Kraft et al. 2019). Thus, it would be potentially feasi-
ble and cost-effective to include BRCA1/2 testing as part of 
routine carrier testing, particularly in the Jewish population.

To this end, we aimed to determine interest, attitudes, and 
preferences regarding BRCA1/2 genetic testing in the context 
of carrier screening among Ashkenazi Jewish individuals. 
To address these questions, we retrospectively surveyed men 
and women who had participated in consumer-driven car-
rier screening through JScreen. JScreen is a national not-
for-profit public health initiative focused on genetic risks in 
Jewish communities. The program is based out of the Emory 
University School of Medicine’s Department of Human 
Genetics (Atlanta, GA). JScreen provides affordable and 
accessible at-home expanded carrier screening for reproduc-
tive planning, along with complimentary genetic counseling 
for participants (Grinzaid et al. 2015). Since the program’s 
inception in 2013, over 23,000 individuals have undergone 
carrier screening. The vast majority of individuals tested 
through JScreen have Ashkenazi Jewish background and 
obtain testing in the preconception period (Grinzaid et al. 
2015; Hardy et al. 2018). A 2019 pilot study of Ashkenazi 

Jewish JScreen participants who did not meet National Com-
prehensive Cancer Network (NCCN) criteria for BRCA1/2 
testing documented high interest in such testing, and a higher 
rate of BRCA1/2 PVs was detected in this group compared to 
the general population (Rose et al. 2022). The current survey 
was designed to complement these results and inform the 
process of broadening access to BRCA1/2 testing in a man-
ner that meets the needs of the community it serves.

Materials and methods

Participants

Study participants were men (n = 132) and women (n = 199) 
who had participated in the JScreen carrier screening pro-
gram from late 2013 to early 2019 and consented to be 
contacted for future research. We queried the JScreen elec-
tronic database to identify men and women who met the 
study eligibility criteria: age 18 or older, Ashkenazi Jewish 
ancestry (at least one Ashkenazi Jewish grandparent), and 
not residing within a Georgia zip code (due to a competing 
local BRCA1/2 testing protocol). Of the 5507 JScreen par-
ticipants who potentially met these criteria, we randomly 
selected 802 to receive study invitations across three waves 
of recruitment.

Procedures

The study was approved by the Emory University Institu-
tional Review Board (IRB #00107272). Potentially eligible 
JScreen participants were sent an email that described the 
study and contained a unique, secure REDCap link to an 
electronic informed consent and survey along with a $10 
electronic gift card incentive. Participants who did not 
respond within a week of the email were sent two additional 
emails over the following 2 weeks to invite them to complete 
the one-time survey. Participants who did not respond by the 
third attempt were considered passive decliners and were not 
contacted again.

Before initiating the consent and survey, potential par-
ticipants completed an eligibility screener. After confirming 
Ashkenazi Jewish ancestry, we excluded participants who 
had: (a) a personal diagnosis of breast or ovarian cancer, (b) 
previously had genetic testing for BRCA1 or BRCA2, or (c) 
prior breast or ovarian cancer risk-reducing surgery.

Mailings were conducted in early 2019. Of the 802 
JScreen participants who were sent a study invitation, 45 
were ineligible due to lack of Ashkenazi Jewish ancestry or 
prior BRCA1/2 genetic testing. Of the 757 potentially eligi-
ble participants, 348 (45.9%) consented to study participa-
tion and 331 (43.7%) completed the survey.
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Survey instrument

We developed a two-part, 25-item electronic survey. Part I 
used previously developed and tested items to assess soci-
odemographics, cancer and genetic testing family history, 
and perceived risks for cancer (Interrante et al. 2017). 
Part II started with a brief (two-paragraph) description 
of BRCA1/2, associated cancer risks, and genetic testing. 
This was followed by face-valid items focused on prior 
awareness of BRCA1/2 genes, knowledge, perceived risk, 
testing intentions, and attitudes toward BRCA1/2 genetic 
testing (Graves et al. 2011). These items were developed 
via literature review and adapted from our prior work. 
After reaching team consensus, we pilot-tested these 
items in nine JScreen participants. Based on their feed-
back, we revised and finalized the items and added the 
validated 4-item Perceived Stress Scale (Cohen et  al. 
1983). The final survey (see Appendix) took approxi-
mately 10–15 min to complete.

Background and predictor variables

Sociodemographics We assessed number of biological 
children, age, marital status, employment, and educational 
attainment. Self-identified sex was abstracted from the 
JScreen registry.

Cancer family history We assessed personal cancer history, 
history of cancer in maternal and paternal first- and second-
degree relatives, and family history of BRCA1/2 testing.

JScreen carrier screening results Participants reported 
whether their prior JScreen carrier testing had indicated that 
they were a carrier for one or more genetic diseases.

Perceived risk We measured perceived risk for a BRCA1/2 
mutation, breast cancer (women), and prostate cancer (men) 
using a 0 (“definitely do not have altered gene/definitely 
will not get breast/prostate cancer”) to 100 (“definitely have 
altered gene/definitely will get breast/prostate cancer”) scale.

BRCA1/2 knowledge and awareness We created two short 
paragraphs containing brief background information about 
BRCA1/2, which were tailored based on whether individuals 
self-identified as female or male (see Appendix). We then 
measured participants’ prior awareness of BRCA1/2 with a 
single item: “Before participating in this survey, how much 
had you heard about the BRCA1 and BRCA2 genes associ-
ated with hereditary breast and ovarian cancer?” Responses 
were on a four-point scale ranging from “I had never heard 
of these genes” to “I knew a great deal about these genes.” 
For analysis, we dichotomized those with low (never heard/
knew little about) vs. high (knew fair amount/great deal) 

awareness. We measured knowledge with 5 true–false items 
adapted from our prior studies of BRCA1/2 testing. Based 
on the distribution of responses, we categorized participants 
as having high (5 items correct, n = 63) vs. low (0–4 items 
correct; n = 266) knowledge.

Perceived pros and cons (decisional balance) of BRCA1/2 
testing We measured perceived pros of testing with 
11-items and perceived cons with 12-items that we 
adapted from prior studies (Ladd et al. 2020; Schwartz 
et al. 2001; Sussner et al. 2009). For each pro and con, 
participants responded whether it was “Not at all Impor-
tant,” “Somewhat Important,” or “Very Important.” 
Total score on pros could range from 0 to 22, and total 
cons score could range from 0 to 24. Both the pros and 
cons measures were internally consistent (Cronbach’s 
alpha = 0.88 and 0.88). Consistent with multiple concep-
tual models of health behavior change (Janis and Mann 
1977; Prochaska and Velicer 1997) and prior studies of 
cancer screening and genetic testing (Cudjoe et al. 2021; 
Manne et al. 2009; O’Neill et al. 2006; Schwartz et al. 
1999; Tercyak et al. 2011), we created a decisional bal-
ance score by subtracting the cons score from the pros 
score (potential range − 24 to 22). Positive decision 
balance scores indicate more positive attitudes toward 
genetic testing, and negative scores indicate more nega-
tive attitudes toward testing.

Current BRCA1/2 testing intentions We assessed current 
intentions for BRCA1/2 testing with the following ques-
tion: “Mutations in the BRCA1 and BRCA2 genes increase a 
woman’s chance of developing breast and ovarian cancers.” 
(Or, for males: “Mutations in the BRCA1 and BRCA2 genes 
increase a man’s chance of developing prostate, breast and 
pancreatic cancers.”) Based on what you know now, “which 
of the following statements describes you best?” Participants 
responded on a five-point scale from “I definitely will not 
get tested” to “I definitely will get tested.” Based on the 
distribution of this measure, we dichotomized this item into 
those who reported that they probably or definitely would 
be tested (N = 136) vs. those who reported that they were 
unsure about testing or who probably or definitely did not 
plan to be tested (N = 195).

Outcome variables

Interest in BRCA1/2 testing through JScreen We asked par-
ticipants: “If you were participating in JScreen today, and 
had the option to be tested for BRCA1 and BRCA2 muta-
tions as part of your JScreen carrier screening, what do you 
think you would choose?” As displayed in Table 1, partici-
pants responded on a 4-point scale ranging from “I would 
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definitely be tested as part of JScreen” to “I would definitely 
not be tested as part of JScreen.” Based on the response dis-
tribution, we dichotomized this outcome to compare those 
who reported they would definitely be tested (n = 183) to all 
other choices (n = 148).

Willingness to pay for BRCA1/2  testing through 
JScreen We assessed willingness to pay for BRCA1/2 
testing as an added cost with the following item: 
“How much would you be willing to pay out of pocket 
for BRCA1/BRCA2 genetic testing?” As displayed in 
Table 1, response categories were the following: noth-
ing/ < $20/$20–$50/$51–$150/$151–$300/more than 
$300. Based on the response distribution, we dichoto-
mized the outcome as close to the median as possible to 
compare those willing to pay < $50 (N = 200) vs. those 
willing to pay more than $50 (N = 132).

Preferred mode of education/genetic counseling We 
asked participants: “If you were participating in JScreen 
today, and were asked to consider BRCA1 and BRCA2 
testing as part of your JScreen carrier screening, which 

of the following educational options would you be most 
likely to choose?” As displayed in Table 1, response 
options were the following: “I would not choose to get 
information or genetic counseling before making a deci-
sion/Review only print educational materials/Review 
only interactive web-based information/Complete indi-
vidual genetic counseling by telephone/Complete indi-
vidual genetic counseling by video call/Complete indi-
vidual in-person genetic counseling outside of JScreen/
Talk to my doctor.” For analysis, we compared those who 
preferred no formal genetic counseling (i.e., no coun-
seling/print information/web information; n = 169) to 
those who preferred remote or in-person genetic coun-
seling (n = 163).

Statistical analysis

We first characterized the sample on basic demograph-
ics, cancer family history, participant attitudes, beliefs, 
and knowledge regarding BRCA1/2 testing and perceived 
risk for breast and prostate cancer. In bivariate analyses, 
we evaluated associations between these variables and our 

Table 1  Study outcomes Variable Frequency %

Current intentions for BRCA1/2 testing
  Definitely not 6 1.8%
  Probably not 75 22.7%
  Unsure 114 34.4%
  Probably will 119 36.0%
  Definitely will 17 5.1%

Testing if offered through JScreen
  Definitely not 3 0.9%
  Probably not 19 5.7%
  Probably would 126 38.1%
  Definitely would 183 55.3%

How much would you be willing to pay for genetic testing
  $0 26 7.9%
   < $20 59 17.8%
  $20 to $50 115 34.7%
  $51 to $150 95 28.7%
  $151 to $300 24 7.3%
  $301 + 12 3.6%

Preferred genetic counseling/education method
  No pre-test education 25 7.6%
  Print pre-test education only 55 16.6%
  Web pre-test education only 89 26.9%
  Individual pre-test telephone genetic counseling 83 25.1%
  Individual pre-test video genetic counseling 32 9.7%
  In-person genetic counseling 5 1.5%
  In-person physician discussion 42 12.7%
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three outcomes: self-reported interest in BRCA1/2 testing 
as part of JScreen carrier screening, willingness to pay for 
such testing, and preferred mode of genetic education/coun-
seling. Finally, to identify independent predictors of our 
outcomes, we conducted multivariate logistic regressions 
in which we included all variables with significant bivariate 
associations with the outcome of interest. Our final sample 
size of n = 331 provided over 90% power to detect correla-
tions as low as r = 0.20.

Results

Sample characteristics

As displayed in Table 2, 60% of participants identified 
as female, 65% were married or partnered, 70% were 
employed full time, and 28% had children. The mean age at 
the time of the survey was just under 30 years (SD = 5.8). 
Just over 40% of the participants had a family history of 
breast, ovarian, or prostate cancer, and 22% had at least 
one relative who had undergone BRCA1/2 testing. Over 
70% of participants had received positive carrier screening 
results through JScreen, indicating that they carried one 
or more autosomal recessive or X-linked variants related 
to genetic disease. In terms of awareness, knowledge, and 
attitudes toward cancer and genetic testing, 54.4% of par-
ticipants reported that they had never heard of (15.7%) or 
knew little about (38.7%) BRCA1/2.

Despite the low self-reported familiar ity with 
BRCA1/2, the mean score on our brief knowledge meas-
ure was 4.0 (SD = 0.69) and 19.2% of participants cor-
rectly answered all five items. Participants had generally 
positive attitudes toward BRCA1/2 testing with a mean 
pros score of 15.0 (SD = 5.1) out of 22, and a mean cons 
score of 6.4 (SD = 5.4) out of 24, for a mean decisional 
balance score of 8.6 (SD = 6.0). Perceived risk for car-
rying a BRCA1/2 mutation was 21.7 (SD = 19.6), and 
perceived risk for developing breast (women) or prostate 
(men) cancer was 32.1 (SD = 23.0) on a 0 to 100 scale.

Intentions, willingness to pay, and genetic 
counseling preferences

Intentions Overall, 93.4% of participants reported that they 
would have definitely (55.3%) or probably (38.1%) opted to 
add BRCA1/2 testing to their JScreen carrier testing had it 
been available. This contrasts with their self-reported current 
interest in BRCA1/2 testing, in which only 5.1% reported 
they definitely planned to be tested and 36% reported they 
would probably be tested. Figure 1 displays participants’ 
reports of their willingness to have BRCA1/2 testing if 
integrated into JScreen carrier screening stratified by their 

current intentions for BRCA1/2 testing. As displayed in 
Fig. 1, among participants who were not currently plan-
ning to pursue BRCA1/2 genetic testing, 85.2% reported 
that they definitely (38.3%) or probably (46.9%) would 
have been tested if BRCA1/2 testing were integrated into 
JScreen carrier screening. Among participants who were 
currently unsure about whether to pursue BRCA1/2 testing, 
93% reported that they would definitely (41.2%) or probably 

Table 2  Sample characteristics

Variable Frequency %

Education
   < College graduate 38 11.5

  College graduate + 293 88.5%
Marital status

  Married/partnered 216 65.3%
  Unmarried/widowed 115 34.7%

Employment
  Employed full time 230 69.7%
   < Full time 100 30.3%

Sex
  Female 199 60.1%
  Male 132 30.9%

Have children
  Yes 92 28.1%
  No 230 71.9%

Relatives with breast, ovarian or prostate cancer
  0 194 58.6%
  1 92 27.8%
  2 + 45 13.6%

Relatives tested for BRCA1/BRCA2
  No 159 48.2%
  Yes 72 21.8%
  Unsure 99 30.0%

JScreen results
  Non-carrier 92 27.9%
  Carrier 221 66.9%
  Do not recall 17 5.2%

Familiarity with BRCA1 and BRCA2
  Never heard of them 52 15.7%
  Did not know much about them 128 38.7%
  Knew a fair amount about them 108 32.6%
  Knew a great deal about them 43 13.0%

Age (mean, SD) 29.9 (5.8)
Knowledge (mean, SD) 4.0 (0.69)
Decision balance (mean, SD) 8.6 (6.0)
Perceived stress (mean, SD) 5.8 (2.4)
Perceived risk: breast/prostate cancer 

(mean, SD)
32.1 (23.0)

Perceived risk: BRCA1/2 mutation 
(mean, SD)

21.7 (19.6)
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(51.8%) have had BRCA1/2 testing if it was available as an 
add-on to JScreen carrier screening.

As displayed in Table 3, bivariate predictors of JScreen 
BRCA1/2 testing intentions were as follows: younger age, 
being married, having children, male sex, more positive 
decision balance, and higher perceived risks for cancer and 
for carrying a BRCA1/2 mutation.

As displayed in Table 4, when we included all variables 
with significant bivariate associations with JScreen BRCA1/2 
testing intentions in a logistic regression model, decisional 
balance and perceived mutation risk independently predicted 
testing interest. Participants with more positive attitudes 
toward testing and those with a higher perceived risk for 
a BRCA1/2 PV were more likely to report that they would 
definitely have been tested if it had been offered as part of 
JScreen. For each half-standard deviation increase in deci-
sional balance and perceived PV risk, the odds of testing 
increased by 39% and 22%, respectively.
Willingness to pay for JScreen BRCA1/2 testing Despite the 
high interest in testing through JScreen, 60.2% of partici-
pants reported that they would be unwilling to pay more than 
$50 and only 10.8% reported that they would be willing to 
pay more than $150.

As displayed in Table 3, bivariate predictors of willing-
ness to pay more than $50 to add BRCA1/2 testing were 
the following: being a college graduate, being identified as 
a carrier through JScreen, having more positive attitudes 
toward genetic testing, lower perceived stress, and higher 
cancer perceived risk.

Table 4 displays the logistic regression model predicting 
willingness to pay for BRCA1/2 testing as part of JScreen. 
Older age, more positive decisional balance and greater 
knowledge were independently associated with willingness 
to pay more than $50. Participants who correctly answered 

all five knowledge items were more than twice as likely to 
be willing to pay more than $50. Half-standard deviation 
increases in age and decisional balance were associated with 
19% and 25% increased odds of being willing to pay greater 
than $50.

Genetic counseling preferences Only 14.5% of participants 
reported that they preferred in-person genetic counseling 
(from a genetic counselor or physician) and 34.5% preferred 
remote counseling delivered by a genetics professional. The 
majority of participants (51%) preferred either no genetic 
education (7.6%), education through print materials (16.6%), 
or education through web-based materials (26.8%). In bivar-
iate analyses (Table 3), men were less likely to favor either 
remote or in-person genetic counseling, and carriers of one 
or more recessive/X-linked disease variants were less likely 
to favor in-person genetic counseling. Since only two varia-
bles exhibited significant bivariate associations with genetic 
counseling preference, we did not conduct a logistic regres-
sion on this outcome.

Discussion

The results of this study provide support for making 
BRCA1/2 testing more accessible to Ashkenazi Jewish indi-
viduals who are pursuing reproductive carrier screening 
through JScreen, most of whom do not meet current NCCN 
guidelines for cancer genetic testing. While fewer than half 
of participants reported definite or probable plans to pursue 
BRCA1/2 gene testing, this percentage more than doubled 
in a scenario in which BRCA1/2 testing would be offered 
as an add-on to JScreen’s carrier testing panel. Those who 
reported that they would definitely be tested if offered as a 

Fig. 1  Willingness to have 
add-on BRCA1/2 testing as part 
of JScreen by current BRCA1/2 
testing intentions
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JScreen add-on had more positive attitudes toward genetic 
testing and perceived themselves to be at higher risk for a 
BRCA1/2 PV. This suggests that while interest in pursuing 
genetic testing for BRCA1/2 may be influenced by accessi-
bility and convenience, testing intentions remained aligned 
with participant values and preferences.

These results also suggest that timing of the genetic test-
ing offer may be important. Participants may have consid-
ered that learning their BRCA1/2 status preconceptionally 

could affect their reproductive plans. For example, deci-
sions about whether or when to have children could be 
influenced by learning positive BRCA1/2 results (Dean 
and Rauscher 2017; Werner-Lin 2008). Moreover, carri-
ers may be interested in pursuing prenatal testing or pre-
implantation genetic testing to select embryos without the 
BRCA1/2 PV (Chan et al. 2017; Gietel-Habets et al. 2017; 
Julian-Reynier et al. 2012). Conversely, unwed individuals 
in some populations may have reduced interest in pursuing 

Table 3  Bivariate predictors of study outcomes

+ p < .10; *p < .05; **p < .01; ***p < .001

Variable JScreen BRCA1/2 testing intentions Willingness to pay Counseling preference

Definitely yes
N (%)

Prob yes/prob no/
definitely no
N (%)

 < $50
N (%)

$51 + 
N (%)

Web/print/none Remote In-person

Education
   < College grad 163 (55.6) 130 (44.4) 28 (73.7) 10 (26.3) 20 (52.6) 10 (26.3) 8 (21.1)

  College grad + 20 (52.6) 18 (47.4) 172 (58.7) 121 (41.3) + 149 (50.9) 105 (35.8) 39 (13.3)
Marital status

  Married/partnered 128 (59.3) 88 (40.7)* 124 (57.4) 92 (42.6) 107 (49.5) 78 (36.1) 31 (14.4)
  Unmarried 55 (47.8) 60 (52.2) 76 (66.1) 39 (33.9) 62 (53.9) 37 (32.2) 16 (13.9)

Employment
  Full time 128 (55.7) 102 (44.3) 136 (59.1) 94 (40.9) 114 (49.6) 84 (36.5) 32 (13.9)
   < Full time 54 (54.0) 46 (46.0) 63 (63) 37 (37) 54 (54.0) 31 (31.0) 15 (15.0)

Sex
  Female 101 (55.2) 82 (44.8) 114 (57.3) 85 (42.7) 90 (45.2) 77 (38.7) 32 (16.1)
  Male 98 (66.2) 50 (33.8)* 86 (65.2) 46 (34.8) 79 (59.9) 38 (33.0) 15 (11.4)*

Have children
  Yes 58 (63.0) 34 (37.0) + 54 (58.7) 38 (41.3) 42 (45.7) 37 (40.2) 13 (14.1)
  No 122 (51.7) 114 (48.3) 144 (61.0) 92 (39.0) 125 (53.0) 77 (32.6) 34 (14.4)

Cancer Fam Hx
  0 or 1 153 (53.4) 133 (46.6) 111 (57.2) 83 (42.8) 98 (50.5) 66 (34.0) 30 (15.5)
  2 + 30 (66.7) 15 (33.3) 89 (65.0) 48 (35.0) 71 (51.8) 49 (35.8) 17 (12.4)

Relatives tested BRCA1/2
  No/unsure 139 (53.9) 119 (46.1) 158 (61.2) 100 (38.8) 126 (48.8) 93 (36.1) 39 (15.1)
  Yes 44 (61.1) 28 (38.9) 42 (58.3) 30 (41.7) 42 (58.3) 22 (30.6) 8 (11.1)

JScreen results
  Neg/do not recall 63 (57.8) 46 (42.2) 73 (67.0) 36 (33.0) 52 (47.7) 33 (30.3) 24 (22.0)
  Carrier 120 (54.3) 101 (45.7) 127 (57.5) 94 (42.5) + 117 (52.9) 81 (36.6) 23 (10.4)*

Familiarity BRCA1/2
  None/not much 100 (55.6) 80 (44.4) 110 (61.1) 70 (38.9) 86 (47.8) 61 (33.9) 33 (18.3)
  Fair/great deal 83 (55.0) 68 (45.0) 90 (59.6) 61 (40.4) 83 (55.0) 54 (35.8) 14 (9.3)

BRCA knowledge
  Low 146 (54.9) 120 (45.1) 170 (63.9) 96 (36.1) 132 (49.6) 94 (35.3) 40 (15.0)
  High 35 (55.6) 28 (44.4) 29 (46.0) 34 (54.0) 36 (57.1) 20 (31.8) 7 (11.1)

Age (mean, SD) 29.1 (5.6) 30.6 (5.8)* 29.3 (5.7) 30.9 (5.8)** 29.8 (5.6) 30.4 (6.1) 29.2 (5.5)
Decisional balance 10.2 (6.0) 6.5 (5.5)*** 7.5 (5.8) 10.3 (5.9)*** 9.0 (6.0) 8.2 (5.7) 7.9 (6.9)
Perceived stress 5.9 (2.5) 5.7 (2.4) 6.0 (2.6) 5.5 (2.2)* 5.8 (2.5) 6.0 (2.4) 5.6 (2.1)
Perceived cancer risk 34.8 (24.0) 28.7 (21.2)* 30.1 (23.1) 36.1 (22.5) + 32.3 (21.9) 33.0 (25.2) 29.2 (21.2)
Perceived BRCA risk 25.4 (21.7) 17.0 (15.7)*** 20.3 (19.9) 23.7 (19.2) 20.1 (18.6) 24.3 (21.0) 20.9 (19.5)
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personal health-related genetic testing due to its potential 
effect on marriageability (Rose et al. 2016). We did not ask 
participants whether they would have wanted the choice of 
opting into or out of BRCA1/2 testing if it was offered along 
with the standard carrier testing. However, it is interesting 
to consider whether providing this choice is even feasible 
within clinic-based or population testing programs (Gbur 
et al. 2021).

With respect to preferences about genetic education to 
inform testing decisions, although most participants pre-
ferred some form of pre-test education, under half chose 
genetic counseling as their preferred modality, and only 15% 
preferred in-person genetic counseling. These data suggest 
that most participants prefer streamlined pre-test education. 
This is not surprising because the surveyed population had 
previously completed JScreen, which incorporates stream-
lined pre-test genetic education through video and electronic 
communication (Hardy et al. 2018). A streamlined approach 
is also consistent with models of population-based testing 
that have been implemented in multiple countries (Gronwald 
et al. 2006; Lieberman et al. 2017; Manchanda et al. 2020; 
Metcalfe et al. 2015) and with recent studies suggesting the 
feasibility and efficacy of streamlining genetic education and 
support without adverse effects on the patient experience 
(Brown et al. 2021; Hardy et al. 2018; Interrante et al. 2017; 
Schwartz et al. 2014). Furthermore, since these data were 
collected prior to the COVID-19 pandemic, the responses do 
not reflect the COVID-19-driven pivot to telehealth. Given 
the shift to telehealth over the last 2 years, it is likely that 

patients and providers are increasingly comfortable with this 
mode of delivery (Mann et al. 2020; Uhlmann et al. 2021).

Despite the majority of participants reporting that they 
would opt for add-on testing through JScreen, most par-
ticipants would be unwilling to pay over $50 for testing. 
Participants willing to pay over $50 were older, had greater 
genetic knowledge, and had more positive attitudes toward 
testing. The finding that willingness to pay may be at least 
partially driven by cognitive and attitudinal factors sug-
gests that pre-test education may favorably impact people’s 
receptivity to higher testing costs. However, these factors 
may be associated with socioeconomic status which could 
also impact willingness to pay for genetic testing (Blouin-
Bougie et al. 2018; Bowen et al. 2010; Guo et al. 2020). 
Furthermore, our focus on theoretical testing intentions 
cannot account for the potential affective drivers of genetic 
testing decisions.

Although these results provide preliminary support for 
the notion of bundling BRCA1/2 testing with expanded car-
rier testing, there are some considerations that may impact 
its feasibility. If BRCA1/2 or broader multigene cancer 
genetic testing is combined with expanded reproductive car-
rier screening, it would be important for pre-test education to 
address the implications, including benefits and limitations, 
of both types of testing. Given the limited size of the current 
genetic counseling workforce and its capability to handle 
increasing demand for services and expertise (Hoskovec 
et al. 2018), it is unlikely that offering universal pre-test 
genetic counseling would be feasible. Indeed, individuals 

Table 4  Logistic regression 
models

# Odds ratio and 95% CI reflect a change of 0.5 SDs on continuous predictors
** p < .01; ***p < .001

Variable Odds ratio 95% 
confidence 
interval

Interest in testing if offered as part of JScreen (definitely test vs. probably/probably not/definitely not)
  Sex 1.53 0.93–2.50
  Marital status 1.34 0.75–2.38
  Children 1.13 0.60–2.12
   Age# 1.06 0.92–1.23
  Decision  balance# 1.39*** 1.22–1.58
  Perceived risk breast/prostate  cancer# 1.02 0.88–1.18
  Perceived risk BRCA1/2  mutation# 1.22** 1.05–1.42

Willingness to pay (< $50 vs. $50 +)
   Age+ 1.19** 1.04–1.36
  Education 1.26 0.54–2.96
  Identified as carrier in JScreen 0.86 0.71–1.04
  Decision  balance# 1.25*** 1.10–1.42
  Perceived  stress# 0.98 0.86–1.10
  Perceived risk breast/prostate  cancer# 1.11 0.99–1.26
  Knowledge 2.28** 1.23–4.23
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already have the option of obtaining limited carrier screen-
ing and testing for disease predispositions (including the 
three BRCA1/2 Ashkenazi founder mutations) through 
direct-to-consumer companies such as 23andMe (Roberts 
et al. 2017; Wynn and Chung 2017). However, hybrid mod-
els of genetic testing have emerged recently in which con-
sumers can request bundled health tests (e.g., for cancer, 
cardiac diseases, and pharmacogenomics) offered through 
clinical labs and ordered by a clinician (Brodwin 2019; 
Phillips et al. 2019). In this context, only post-test genetic 
counseling is offered through the testing laboratory and is 
included in the cost of testing.

JScreen’s streamlined model for patient education does 
not include in-person or pre-test genetic counseling, and that 
model could continue if BRCA1/2 were bundled with repro-
ductive carrier screening. A prior study to assess JScreen’s 
patient education strategy showed that knowledge scores 
improved significantly following educational interventions, 
and patient satisfaction was very high at 98% (Hardy et al 
2018). In a scenario where testing was bundled, pre-test edu-
cation could be developed to incorporate the relevant pre-
test information for both BRCA1/2 and reproductive carrier 
screening. This approach would allow genetic counselors to 
focus their time and energy on results disclosure, especially 
for individuals who test positive.

Limitations

This study sampled prior JScreen patients retrospectively, ask-
ing about their theoretical intentions had they been offered a 
cancer genetic test at the time of their JScreen reproductive 
carrier testing. Their answers on this survey may not match 
their actual choices had they been offered the option to bun-
dle testing. Given our 43% participation rate, it is possible 
that study participants are not representative of the broader 
JScreen population or those who are offered testing by a 
gynecologist/obstetrician. It is certainly possible that those 
who were most satisfied with JScreen’s process were most 
likely to participate in this survey. Thus, even among the 
JScreen population, testing intentions may be lower than in 
our study sample.

In addition, JScreen’s patient population is mostly Ashke-
nazi Jewish and tends to be more engaged in health-related 
screening, more interested in testing through a Jewish-based 
organization, and more knowledgeable about testing for Jew-
ish-related diseases than the general population. Because all 
had previously participated in JScreen’s reproductive carrier 
screening, and most had a positive result demonstrating car-
rier status for at least one condition, they may have greater 
familiarity with, and less fear of, obtaining a positive genetic 
testing result than other populations. Relative to the general 
population, this highly educated and knowledgeable group 
of participants may also be more amenable to obtaining 

streamlined information prior to testing and to receiving 
education and genetic counseling through telehealth. Finally, 
since individuals of Ashkenazi Jewish background have a 
higher risk of carrying certain variants in cancer-related 
genes, there may be a heightened desire for health-related 
information and genetic testing in this population. As a 
result, we cannot determine if the results of this study are 
generalizable to other populations.

Conclusion and future directions

The results of this study suggest that adding BRCA1/2 
testing to JScreen’s platform of expanded carrier screen-
ing could be an efficient and desirable way to expand 
access to cancer predisposition testing. Invariably, a sub-
stantial number of BRCA1/2 carriers would be identified 
who would not have otherwise come forward for cancer-
risk testing or who do not meet current criteria for such 
testing. Thus, the inclusion of these and potentially other 
genes on testing panels presents an opportunity to provide 
risk information and cancer risk management recommen-
dations before individuals develop cancer. Given that the 
goals of reproductive carrier screening and BRCA1/2 test-
ing are different (i.e., for family planning versus personal 
health risks and management), some form of pre-test edu-
cation and counseling, however streamlined, will still be 
important to ensure understanding, informed consent, and 
autonomous decision making. It would also be impor-
tant to determine what types of education and genetic 
counseling adjuncts may be needed for individuals who 
test positive given that they may be highly interested in 
resources that provide support around reproductive deci-
sion-making. This added support could be essential as 
many would also learn that they are carriers for poten-
tially severe recessive or X-linked diseases that present in 
infancy or childhood. Although tested individuals would 
likely face many personal health decisions related to their 
testing experience, it would also be important to assess 
psychological effects of this bundled testing and how 
professionals can facilitate the process of family com-
munication about positive test results that encompasses 
reproductive and personal disease risks.

Despite the initial call for BRCA1/2 population testing in 
2014, it has not been widely implemented. Integrating such 
testing into JScreen’s existing, successful, and safe platform 
is a reasonable approach to address this need in a population 
that is at higher risk for PVs in the BRCA1/2 genes. Lessons 
learned from this initial step could pave the way to broaden-
ing the platform even further, to include testing for other 
potentially actionable gene variants that are also associated 
with very high risks of cancer.
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