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Abstract

Background While research on hereditary genetic testing for BRCA 1/2 mutations continues to emerge, there remain unan-
swered questions regarding access to testing and cancer-related care. Our study determined the associations between race/
ethnicity, residential locale, and genetic testing provider and related outcomes among US women with BRCA1/2 genetic
mutations.

Methods One hundred ninety-three BRCA 1/2-positive women from vulnerable health backgrounds were recruited via private
national Facebook BRCA 1/2-oriented support groups and completed an online survey. Adjusted odds ratios (aOR) and 95%
confidence intervals (CIs) were estimated using multivariable logistic regression for the associations between race/ethnicity,
residential locale, and genetic testing-related outcomes.

Results Women ranged in age (18-75, M=39.5, SD=10.7), and most were non-Hispanic white (66.3%) and lived in a
suburban locale (54.9%). Women living in suburban areas were significantly less likely (aOR, .369, 95% CI, .177-.771) to
receive behavioral referrals after genetic testing compared to those living in an urban locale. Women living in rural areas and
suburban areas were 4.72 times more likely (95% CI, 1.48-15.1, p=.009) and 2.61 times more likely (95% CI, 1.05-6.48,
p=.038), respectively, to receive genetic testing from a primary care provider versus private genetic testing office/hospital
compared to women in urban locales. Associations between race/ethnicity and genetic testing outcomes were not statisti-
cally significant. Residential locale did not predict the odds of undergoing surgery for risk reduction or surveillance for early
detection.

Conclusion Our study identifies disparities in genetic testing resources among women living in suburban and rural areas.
These findings can be used to inform future care, research, and community resources that may impact services relating to
genetic testing within these locales.
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Abbreviations Introduction

BRCA Breast cancer

DTC  Direct-to-consumer One in eight women in the USA will be diagnosed with
NHW  Non-Hispanic white breast cancer in their lifetime; however, among these
PCP Primary care provider women, 5-10% test positive for BRCAI and/or BRCA2
UsS United States (breast cancer) genetic mutations [1, 2]. Although rare,

these mutations occur on dominant genes and are indica-
tive of a 50% chance to inherit and, therefore, reside within
biological family units. These genes are damaged, allowing
breast, ovarian, and other associated cancers to grow more
quickly than among those without these mutations [3, 4].
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diagnosed with a BRCA 1/2 mutation post-cancer diagno-
sis has been associated with higher risks of mortality [7],
as those with BRCAI may be more likely to be diagnosed
with triple-negative breast cancer, while BRCA2-positive
women may be more likely to have hormone-receptor posi-
tive tumors [6]. Rates of recurrence among cancer survivors
with BRCA1/2 mutations remain high without prophylac-
tic surgery. Female cancer survivors with these mutations
remain approximately 1.5 times more likely than women
without these mutations to experience a cancer recurrence
[8, 9]; however, this association is dependent on hormone
receptor status [10], treatment(s), stage at diagnosis [6], and
relative lifestyle factors such as alcohol use, current and past
weight, and smoking, among others [11]. Prophylactic sur-
gery for risk reduction (e.g., hysterectomy, bilateral mastec-
tomy, salpingectomy, oophorectomy) is a widely used option
to reduce breast and ovarian cancer risk among BRCA1/2-
positive women [12, 13]. Women who are diagnosed with
BRCA /2 mutations prior to a cancer diagnosis and undergo
prophylactic surgery have lower incidence of related cancers
[14]. Ongoing surveillance methods (e.g., self-examination,
magnetic resonance imaging [MRI], transvaginal ultrasound,
mammogram, bloodwork) are utilized among women who
are planning to or are currently having children, possibly in
combination with partial prophylactic surgery or chemopre-
vention [15, 16].

Genetic testing-related outcomes for BRCA1/2-positive
women from vulnerable health populations [17-19], such
as racial/ethnic minorities, those identifying as lesbian, gay,
transgender, queer/questioning, or others (LGBTQ +), those
living in poverty, first-generation immigrants, and women
with chronic conditions or physical disabilities, are relatively
unknown. Previous research has focused heavily on groups
that have higher prevalence of BRCA1/2 mutations, such as
Ashkenazi Jewish women, due to the presence of a founder
mutation, a specific gene mutation founded by a small group
of ancestors geographically (or culturally) isolated [20].
The prevalence of BRCA1/2 mutations among other racial
or ethnic groups has been noted. In a data repository study
conducted by Myriad Genetics, BRCA /2 mutations were
found in 14.8%, 15.6%, 12.7%, and 13.2% of tested His-
panic, African, Asian, and Native American women, respec-
tively. Previous literature has focused heavily on the psy-
chosocial impact of receiving a BRCA1/2 diagnosis [21-23]
and undergoing surgery or surveillance for risk reduction or
early detection [24-26]. Unfortunately, most of these stud-
ies have sampled high-risk English-speaking non-Hispanic
white women [22, 25, 27], such as Ashkenazi Jewish popula-
tions [28-30], limiting the generalizability that genetic test-
ing and BRCA1/2-related experiences have to racial/ethnic
groups. Despite this impact, behavioral referrals are uncom-
mon [27]. These referrals, in combination with the impact of
ongoing surveillance and prophylactic surgeries, are studied
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qualitatively, again due to the rarity and difficulty of recruit-
ing BRCA1/2-positive women [27]. These types of studies
also focus primarily on women at high risk like those with
cancer histories and/or Ashkenazi Jewish heritage.

In recent years, genetic testing has become readily avail-
able from a variety of sources, including but not limited to
genetic testing offices, hospital programs, primary care pro-
viders (PCPs), specialists (e.g., oncologists, gynecologists),
and via direct-to-consumer (DTC) tests (e.g., 23andMe®©,
Jax©, etc.) [31-34]. There also exist two types of genetic
counseling in the USA that are offered across the genetic
testing sources listed above. Individualized testing solely
tests the individual within the family identified to be at
greatest risk for having a genetic mutation, whereas family-
based testing involves all at-risk family members undergo-
ing testing and receiving results together as a group [35].
Although both testing types exist in the USA, individualized
testing remains more accessible and affordable, as family-
based testing is not offered everywhere and is not covered by
most health insurance plans [36]. According to the Ameri-
can Medical Association (AMA) [37], providers who order
genetic testing should (A) have appropriate knowledge and
expertise to counsel patients on heritable conditions, (B)
adhere to standards of non-directive counseling, and (C)
discuss family history, proposed genetic tests, and medical
and psychological implications for the patient and biological
relatives. However, genetic testing and genome knowledge
necessary to comprehensively order and explain results of
such testing remains low among certain populations includ-
ing providers at pivotal junctures such as gynecologists and
PCPs, allowing miscommunication and misinformation to
occur [38-42].

It is evident that disparities exist among breast and ovar-
ian cancer prevention and care among those with BRCA1/2
mutations from vulnerable health populations [43]. Spe-
cifically, non-Hispanic white (NHW) women living above
the federal poverty level are more likely to be tested for
BRCA1/2 mutations compared to racial/ethnic minorities
because these women are more likely to have access to
quality healthcare and have the financial means to complete
testing [44, 45]. Disparities also exist in hereditary genetic
testing due to residential locale, where geographical dif-
ferences exist across the USA. One such study found that
BRCA1/2-positive women with employer-sponsored health
insurance living in western and northeastern USA are more
likely to undergo genetic testing than women in southern
or midwestern US [46]. Findings also suggest that those
living in a metropolitan area are more likely to receive an
MRI or mammogram within a year of BRCA1/2 diagnosis
compared to those living in a non-metropolitan area [46].
While research on BRCA 1/2 mutations continues to emerge,
there are questions regarding genetic testing outcomes and
how they relate to disparate groups, such as racial/ethnic
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minorities and those with limited physical access to qual-
ity genetic testing. Therefore, the impact of race/ethnicity
and residential locale remains vague among this population,
as past studies have faced recruitment challenges because
of BRCA1/2 rarity [47, 48]. Few studies have incorporated
numerous vulnerable health populations with these genetic
mutations, such as those described in the current study, to
determine their likelihood of undergoing risk-reducing sur-
gery or ongoing surveillance, as previous literature briefly
suggested [2]. Furthermore, access to genetic counselors
and dearth of genetic testing-related follow-up care have not
been widely studied distinctly among disparate groups [47].

Objectives The current study aims to expand on past litera-
ture by highlighting the likelihood of women from racial/
ethnic minority backgrounds and those living in specific
residential locales report the following: behavioral referral,
type of genetic testing, being genetically tested via a PCP
versus other locations/methods, and surgery or ongoing sur-
veillance. Women at-risk for BRCA 1/2 mutations may expe-
rience barriers to quality genetic testing and ongoing care,
and we hypothesize that racial/ethnic minority women and
women living in rural and suburban locales may have more
challenges in receiving BRCA1/2-related care.

Materials and Methods
Study Design and Sample

Women were recruited through national, online private sup-
port groups: BRCAI BRCA2 Genetic Ovarian and Breast
Cancer Gene (~ 11,000 members), BRCA Genetic Sis-
ters Support Group (~6000 members), BRCAI & BRCA2
Support Group (~3300 members), BRCA Strong (~2500
members), BRCA Sisterhood of Hope (~ 1400 members),
Understanding BRCA (~ 1500 members) BRCA Advanced &
Other Hereditary Cancers Journal Club (~ 3,200 members),
BRCA Preventive Mastectomy & Hysterectomy Support
Group (~900 members), and Facing Our Risk of Cancer
Empowered (FORCE) [49] forums. Written permission to
join each group and post for research purposes was obtained
via group moderators prior to posting. Recruitment opened
in December 2020 and ended when the recruitment ceil-
ing was reached in March 2021 at 225 consented partici-
pants. Once recruitment post was posted per week within
each Facebook and forum page except for BRCA Strong
group, who allowed one post biweekly. Recruitment posts
consisted of a brief announcement introducing the nature of
the study, eligibility criteria, link to anonymous survey and
the survey passcode. Eligibility was restricted to (1) women
18 or older; (2) living in the USA; (3) who could read and
speak English; (4) those who had tested positive for BRCAI

and/or BRCA?2 within the past 5 years; and (5) identify with
at least one vulnerable health population (racial or ethnic
minority, those identifying as LGBTQ +, person with a
physical disability, those with low income, first-generation
immigrant, and/or those with chronic conditions). The pres-
ence of chronic conditions were determined based upon the
question, “Have you ever been diagnosed with the following
by a physician?”, based on the Charlson Comorbidity Index
[50]. The responses included Alzheimer’s disease or demen-
tia, arthritis, asthma, chronic pulmonary disease, genetic
immune disease [lupus, multiple sclerosis, etc.], diabetes,
heart disease, hypertension, deficiency anemias, obesity,
hypothyroidism, depression, HIV/AIDS, epilepsy, Parkin-
son’s disease, or other, with the possibility to select multiple
options. Potential participants clicked the survey link from
the recruitment post and were rerouted to an anonymous
screener survey to determine eligibility. If fitting the above
criteria, participants were rerouted once more and asked to
enter the survey passcode, allowing them to access the full
online survey hosted by REDCap (Research Electronic Data
Capture) [51, 52] managed by Johns Hopkins Bloomberg
School of Public Health (JHSPH) information technology
(IT) department. Participants provided consent by electroni-
cally signing a consent form via REDCap prior to beginning
the survey, which consisted of sociodemographic character-
istics, clinical cancer and genetic testing information, pro-
phylactic surgery and ongoing surveillance history, health-
care discrimination, healthcare access, and self-reported
psychosocial measures. Although 225 women were eligible
and consented, 211 completed the online survey. Missing-
ness was handled by excluding participants casewise as the
final analytic sample was 193. Participants were compen-
sated with a $20 Amazon e-gift card upon completion of
the online survey. This study was reviewed and approved
according to the ethical standards of the JHSPH Institutional
Review Board (IRB).

Model Variables

Predictor variables In the current analyses, two self-reported
predictors (race/ethnicity, residential locale) were utilized.
Race and ethnicity were originally two separate variables.
Race was categorical (American Indian or Alaska Native,
Asian, Native Hawaiian or other Pacific Islander, Black or
African American, non-Hispanic white [NHW], biracial or
multiracial), and ethnicity was dichotomous (not Hispanic or
Latino, Hispanic or Latino). These variables were combined
to create a racial/ethnic dichotomous variable (NHW, racial/
ethnic minority). Residential locale remained categorical
(urban area [e.g., densely populated cities], suburban area
[e.g., populated areas outside city limits], and rural area
[e.g., far outside city limits, woods, and farmland]).
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Outcome assessments The current study analyzed five
self-reported genetic testing-related outcomes: (1) behav-
ioral referral offered post-testing, (2) type of genetic testing
received, (3) location of genetic testing, (4) prophylactic
surgery for risk reduction, and (5) ongoing surveillance for
early detection.

Two outcome variables were originally categorical:
behavioral referral offered post-testing (no; yes, offered for
those with positive results; yes, offered for everyone) and
location of genetic testing (private genetic testing office;
hospital; primary care physician [PCP]; direct-to-consumer
[DTC] online test [e.g., 23andMe©, Kolor©, Jax©)]). These
variables were dichotomized for the purposes of analyses:
behavioral referral offered post-testing (affirmative responses
[referent], no) and location of genetic testing (private genetic
testing office or hospital [referent], PCP). For the model of
testing location, DTC cases (n=8) were excluded but were
included in all other models. Type of genetic testing (indi-
vidualized [referent], family-based), surgery for risk reduc-
tion (yes [referent], no surgeries), and ongoing surveillance
for early detection (yes [referent], no surveillance) remained
dichotomous.

Covariates Covariates were entered across all models to
ensure comparability: age at survey completion, years since
genetic testing, out-of-pocket cost for genetic testing, educa-
tion, marital status, poverty status, and cancer history due
to previous literature support [1, 5, 19, 53]. Predictors were
also mutually adjusted. Age at survey completion, years
since genetic testing, and out-of-pocket cost for genetic test-
ing were treated as continuous. Several categorical variables
were categorical such as education (less than high school,
high school graduate or GED, some college or technical
school, college graduate, some graduate school, master’s
degree, professional degree [JD, MD], doctoral degree) and
marital status (married/living as married, divorced, sepa-
rated, widowed, single) and were condensed into dichoto-
mous variables for ease of interpretation: education (some
college or less [referent], college graduate or above) and
marital status (married/living as married [referent], other).
Annual household income was originally categorical, rang-
ing from less than $20,000 to $200,000 or more, and was
dichotomized by creating a cutoff pertaining to poverty sta-
tus per household (less than $40,000 annually [referent],
$40,000 annually or more) based on the US Census Bureau
[54]. Cancer history (no cancer history [referent], cancer
history) remained dichotomous.

Statistical Methods
Analyses were conducted utilizing Stata statistical software,

version 16 [55]. Univariate chi-square tests for categorical
variables and independent samples #-tests for continuous
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variables, combined with analyses of variance, were con-
ducted to determine potential covariates for sociodemo-
graphic characteristics of interest. Crude (ORs) and adjusted
odds ratios (aORs) with 95% confidence intervals (CIs) were
estimated using multivariable logistic regression models to
determine an association between predictors (race/ethnic-
ity, residential locale) and genetic testing-related outcomes
while adjusting for potential confounders. All statistical tests
were two-sided, and statistical significance was indicated if
p-values were below 0.05.

Results
Characteristics of the Sample

Characteristics of the study population, overall and strati-
fied by racial/ethnic minority status and residential locale,
are presented in Table 1. A total of 193 BRCA1/2-positive
women, both with and without a history of breast and/or
ovarian cancer meeting eligibility criteria, were included
in analyses. Women ranged in age from 18 to 75 years
(M=39.5, SD=10.7), most of whom did not have a history
of either cancer (n=133, 61.7%). Most women were NHW
(n=128, 66.3%), completed a college or graduate degree
(n=125, 64.8%), not impoverished (n=150, 77.7%), and
lived in a suburban locale (n=106, 54.9%). Per outcome,
most women reported not being offered behavioral refer-
ral post-testing (n=124, 64.2%), completed individualized
genetic testing (n =170, 88.1%), underwent prophylactic
surgeries for risk reduction (n= 129, 66.8%), and/or ongo-
ing surveillance for early detection (n =174, 90.2%). Results
showed that private genetic testing offices were utilized less
often in rural locales compared with urban and suburban
locales. Type of genetic mutation was split, with 43.1% diag-
nosed with BRCAI and 56.9% with BRCA2 mutations. NHW
women more often received family-based genetic testing
(p=0.005) and were older at survey completion (p =0.040)
than racial/ethnic minority women. Women living in urban
locales paid significantly more for genetic testing than those
living in rural locales (p =0.000).

Genetic Testing-Related Outcomes by Race/Ethnicity
and Residential Locale

The associations between race/ethnicity, residential locale,
and the odds of receiving a behavioral referral after test-
ing positive for a BRCA /2 mutation versus not receiving
a referral are presented in Table 2. Women living in subur-
ban locales (e.g., populated areas outside city limits) were
significantly less likely (OR, 0.463, 95% CI, 0.239-0.897,
p=0.023) to report being referred for behavioral therapy
after testing positive for a BRCA /2 mutation compared to
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Table 1 Participant demographic characteristics, overall and by racial/ethnic minority status

Predictors
NHW (n=128) Racial/ethnic p-value Subur- Urban locale Rural locale  p-value Total analytic
minority ban locale (n=58) (n=29) sample
(n=65) (n=1006) (N=193)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Vulnerable health population characteristics
Disability status
No disability 87 (68.0) 49 (75.4) 0.286 41 (70.7) 75 (70.8) 20 (69.0) 0.982 136 (70.5)
Disability 41 (32.0) 16 (24.6) 17 (29.3) 31(29.3) 9 (31.0) 57 (29.5)
Sexual orientation
Straight or not gay 97 (75.8) 54 (83.1) 0.246 45 (77.6) 81 (76.4) 25 (86.2) 0.521 151 (78.2)
LGBTQ + or something 31 (24.2) 11 (16.9) 13 (22.4) 25 (23.6) 4 (13.8) 42 (21.8)
else
Immigration status
Not a first-generation 122 (95.3) 60 (92.3) 0.395 55(94.8) 99 (93.4) 28 (96.6) 0.793 182 (94.3)
immigrant
First-generation immigrant 6 (4.7) 5(1.7) 3(5.2) 7 (6.6) 1(3.4) 11 (5.7)
Multimorbidity
No multimorbidity 48 (37.5) 28 (43.1) 0.454 27 (46.5) 37 (34.9) 12 (41.4) 0.335 76(39.4)
Two or more comorbid 80 (62.5) 37 (56.9) 31 (53.5) 69 (65.1) 17 (58.6) 117 (60.6)
conditions
Covariates
Education
College degree or above 78 (60.9) 47 (72.3) 0.118 34 (58.6) 69 (65.1) 22 (75.9) 0.282 125 (64.8)
No college degree 50 (39.1) 18 (27.7) 24 (31.4) 37 (34.9) 7(24.1) 68 (35.2)
Marital status
Married or living as mar- 77 (60.2) 42 (64.6) 0.547 33 (56.9) 65 (61.3) 21(72.4) 0.371 119 (61.7)
ried
Other 51(39.8) 23 (35.4) 25 (43.1) 41 (38.7) 8 (27.6) 74 (38.3)
Poverty status
No poverty 95 (74.2) 55 (84.6) 0.101  39(67.2) 87 (82.1) 24 (82.8) 0.072 150 (77.7)
Poverty 33(25.8) 10 (15.4) 19 (32.8) 19 (17.9) 517.2) 43 (22.3)
Cancer history
No cancer history 88 (68.8) 45 (69.2) 0.946 44 (75.9) 67 (63.2) 22 (75.9) 0.168 133 (61.7)
Cancer history/survivor 40 (31.2) 20 (30.8) 14 (24.1) 39 (36.8) 7(24.1) 60 (38.3)
Outcomes
Behavioral referral offered post-testing
Affirmative 46 (35.9) 23 (35.4) 0.940 28 (42.3) 32(30.2) 9 (31.0) 0.059 69 (35.8)
No 82 (64.1) 42 (64.6) 30 (51.7) 74 (69.8) 20 (69.0) 124 (64.2)
Type of genetic testing received
Individualized 108 (84.4) 62 (95.4) 0.026 53 (91.4) 91 (85.9) 26 (89.7) 0.556 170 (88.1)
Family-based 20 (15.6) 3 (4.6) 5(8.6) 15 (14.1) 3(10.3) 23 (11.9)
Location of genetic testing
Private genetic testing 37 (28.9) 22 (33.9) 0.574 21 (36.2) 32 (30.2) 6 (20.7) 0.360 59 (30.6)
office
Hospital 49 (38.3) 28 (43.1) 25 (43.1) 41 (38.7) 11 (37.9) 77 (39.9)
PCP 37 (28.9) 13 (20.0) 9 (15.5) 30 (28.3) 11 (37.9) 50 (25.9)
DTC 5@3.9) 2 (3.0) 3(5.2) 3(2.8) 1(3.5) 7(3.6)
Surgery for risk reduction
Yes 88 (68.8) 41 (63.1) 0.429 33 (56.9) 74 (69.8) 22 (75.9) 0.130 129 (66.8)
No 40 (31.2) 24 (36.9) 25 (43.1) 32(30.2) 7(24.1) 64 (33.2)
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Table 1 (continued)

Predictors
NHW (n=128) Racial/ethnic p-value Subur- Urban locale Rural locale  p-value Total analytic
minority ban locale (n=58) (n=29) sample
(n=65) (n=106) (N=193)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Surveillance for early detection
Yes 115 (89.8) 59 (90.8) 0.838 54 (93.1) 94 (88.7) 26 (89.7) 0.658 174 (90.2)
No 13 (10.2) 6(9.2) 4(6.9) 12 (11.3) 3(10.3) 19 (9.8)
Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) Mean (SD) p-value Mean (SD)
Age at survey completion  40.6 (11.8) 37.3 (8.02) 0.040  38.1(10.3) 39.7 (11.2) 41.5 (9.70) 0.571 39.5 (10.7)
Years since genetic testing  1.95 (1.54) 1.83 (1.67) 0.637  2.06 (1.66) 1.90 (1.60) 1.63 (1.38) 0.530  19.1(1.58)
Out-of-pocket cost for 383.5(1357.2) 556.6 (180.6) 0.179 1000.3 374.9 333.6 0.000 556.6 (2509.3)
genetic testing (4116.6) (1350.9) (1117.8)

DTC =direct-to-consumer test (e.g., 23andMe®©, Kolor©, Jax©, etc.)

LGBTQ + =lesbian, gay, bisexual, transgender, queer/questioning, and all other gender identities and sexual orientations

NHW =non-Hispanic white
PCP =primary care provider
*Poverty status = annual household income less than $40,000 USD

¥Multimorbidity is defined as having two or more comorbid conditions, including any cancer diagnosis

Bolded font indicates significant p-value (< 0.05)

those living in urban locales. After adjusting for covariates,
this relationship remained statistically significant (aOR,
0.369, 95% CI, 0.177-0.771, p=0.008). Race/ethnicity was
not a significant predictor for odds of receiving a behavioral
referral upon a positive BRCA1/2 genetic test.

The associations between race/ethnicity, residential
locale, and the odds of receiving family-based genetic
testing for BRCA1/2 mutations compared to individual-
ized genetic testing are presented in Table 3. In unadjusted
models, race/ethnicity was the only significant predictor
of receiving family-based genetic testing for BRCA1/2
mutations, where women of minority race/ethnicities were
significantly less likely (OR, 0.261, 95% CI, 0.074-0.914,
p=0.036) to report receiving this type of genetic testing
compared to NHW women. This relationship was not sig-
nificant after adjusting for covariates (aOR, 0.283, 95% ClI,
0.071-1.12, p=0.073).

The associations between race/ethnicity, residen-
tial locale, and the odds of receiving genetic testing
for BRCAI/2 mutations from a private genetic testing
office or hospital versus PCP are presented in Table 4.
In crude models, women from rural locales were 2.87
times more likely to utilize a PCP for genetic testing (95%
CI, 1.04-7.91, p=0.041) compared to women in urban
locales, and in adjusted models, this association was
stronger (aOR, 4.72, 95% CI, 1.47-15.1, p=0.009). In
adjusted models, women from suburban locales also were
more likely to receive genetic testing from PCPs (aOR,
2.61, 95% CI, 1.05-6.48, p=0.038) compared to women
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living in urban locales. Race/ethnicity was not a significant
predictor for odds of receiving genetic testing from a PCP
for BRCA1/2 mutations.

Race/ethnicity and residential locale were not significant
predictors for the odds of being diagnosed with undergoing
prophylactic surgery for cancer risk reduction (Supplement
Table A) or undergoing ongoing surveillance for cancer
early detection (Supplement Table B).

Discussion

Our study examined the relationship between race/ethnic-
ity, residential locale, and several genetic testing-related
outcomes among BRCA 1/2-positive women from vulner-
able health populations to identify high-risk groups of
mutation carriers. We identified issues in genetic testing
access in rural and suburban locales, as women living in
these areas were significantly more likely to report utiliz-
ing a PCP for genetic testing in comparison to women liv-
ing in urban areas. Interestingly, women living in suburban
areas were significantly less likely to receive behavioral
referrals after testing positive for BRCA 1/2 mutations com-
pared to those living in urban areas. Overall, associations
between race/ethnicity and genetic testing outcomes were
not statistically significant. To our knowledge, there have
not been any other studies focusing on BRCA1/2-related
genetic testing outcomes recruited from several vulnerable
health populations like delineated within the current study.
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Table 2 Crude and adjusted
model odds ratios and 95%
confidence intervals for odds
of receiving a behavioral
referral after testing positive for
BRCA1/2 mutations associated
with racial/ethnic minority
status and residential locale
among BRCA1/2-positive
women from vulnerable health
populations (N=193)

Table 3 Crude and adjusted
model odds ratios and 95%
confidence intervals for odds
of receiving family-based
genetic testing associated with
racial/ethnic minority status
and residential locale among
BRCA 1/2-positive women from
vulnerable health populations
(N=193)

These findings add to the growing body of literature high-
lighting apparent issues in access to genetic testing by resi-
dential locale experienced by BRCA 1/2-positive women.
Due to the increasing availability of genetic testing
through various sources (e.g., PCPs, gynecologists, genetic

Predictors Crude model Adjusted model

OR 95% C1 p-value aOR 95% CI p-value
Race/ethnicity
NHW 1.00 Referent 1.00 Referent
Minority race/ethnicity  0.976 0.523-1.82  0.940 0.894 0.442-1.80 0.755
Residential locale
Urban 1.00 Referent 1.00 Referent
Suburban 0.463 0.239-0.897 0.023 0.369 0.177-0.771 0.008
Rural 0.482 0.188-1.23  0.128 0.400 0.139-1.14 0.088

OR =odds ratio

aOR =adjusted odds ratio

CI=confidence interval

NHW =non-Hispanic white

Bold font indicates statistically significant with corresponding p <0.05

Covariates: age at questionnaire (continuous), years since genetic testing (continuous), out-of-pocket cost
for genetic testing (continuous), education (some college or less, college graduate or above), marital status
(married or living as married, other), poverty status (above $40,000 annually, below $40,001 annually), and
cancer history (no cancer history, cancer history)

Predictors: race/ethnicity (NHW [referent], minority race/ethnicity [includes American Indian/Alaska
Native, Asian, Native Hawaiian/Other Pacific Islander, Black/African American, biracial or multiracial,
Hispanic]) and residential locale (urban [referent], suburban, rural). Predictors are also mutually adjusted

Predictors Crude model Adjusted model

OR 95% C1 p-value aOR 95% C1 p-value
Race/ethnicity
NHW 1.00 Referent 1.00 Referent
Minority race/ethnicity ~ 0.261 0.074-0.914  0.036 0.283 0.071-1.12 0.073
Residential locale
Urban 1.00 Referent 1.00 Referent
Suburban 1.74 0.600-5.08  0.305 1.88 0.578-6.12 0.293
Rural 1.22 0.271-5.51  0.793 1.05 0.201-5.53 0.949

OR =odds ratio

aOR =adjusted odds ratio

CI=confidence interval

NHW =non-Hispanic white

Bold font indicates statistically significant with corresponding p <0.05

Covariates: age at questionnaire (continuous), years since genetic testing (continuous), out-of-pocket cost
for genetic testing (continuous), education (some college or less, college graduate or above), marital status
(married or living as married, other), poverty status (above $40,000 annually, below $40,001 annually), and
cancer history (no cancer history, cancer history)

Predictors: race/ethnicity (NHW [referent], minority race/ethnicity [includes American Indian/Alaska
Native, Asian, Native Hawaiian/Other Pacific Islander, Black/African American, biracial or multiracial,
Hispanic]) and residential locale (urban [referent], suburban, rural). Predictors are also mutually adjusted

counselors), more patients are completing genetic testing
[31-34]. With physical genetic testing offices giving way to
telehealth and telemedicine for genetic testing [56], access
for those in suburban and rural locales, like those described
in this study, is readily available, saving individuals the time
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Table 4 Crude and adjusted

. Predictors Crude model Adjusted model

model odds ratios and 95%

confidence intervals for odds of OR 95% CI p-value aOR 95% CI p-value

receiving genetic testing from

a primary care physician (PCP) Race/ethnicity

associated with racial/ethnic NHW 1.00 Referent 1.00 Referent

minority status and residential Minority race/ethnicity ~ 0.670  0.331-135  0.265 0.886 0.399-1.96 0.767

locale among BRCA 1/2-positive . .

women from vulnerable health Residential locale

populations (N=185) Urban 1.00 Referent 1.00 Referent
Suburban 1.91 0.861-4.26  0.111 2.61 1.05-6.48 0.038
Rural 2.87 1.04-7.91 0.041 4.72 1.47-15.1 0.009

OR =odds ratio

aOR =adjusted odds ratio
CI=confidence interval
NHW =non-Hispanic white

DTC cases were removed from this model due to insufficient power (8)

Bold font indicates statistically significant with corresponding p <0.05

Covariates: age at questionnaire (continuous), years since genetic testing (continuous), out-of-pocket cost
for genetic testing (continuous), education (some college or less, college graduate or above), marital status
(married or living as married, other), poverty status (above $40,000 annually, below $40,001 annually), and
cancer history (no cancer history, cancer history)

Predictors: race/ethnicity (NHW [referent], minority race/ethnicity [includes American Indian/Alaska
Native, Asian, Native Hawaiian/Other Pacific Islander, Black/African American, biracial or multiracial,
Hispanic]) and residential locale (urban [referent], suburban, rural). Predictors are also mutually adjusted

and cost of traveling to a specialist [57]. Cost and physi-
cal access remain one of the most limiting factors of where
women at risk for BRCA1/2 mutations will receive care
[57], especially pertinent among rural populations. Associ-
ated resources, such as receiving a behavioral referral due
to positive genetic testing results, may also be linked with
physical access and health insurance coverage among rural
locales [57, 58]. Suburban BRCA 1/2-positive women were
less likely to receive a behavioral referral compared to urban
patients, which has not been widely discussed in previous
literature. Despite this, research has briefly suggested that
other factors among suburban populations may impact the
likelihood of receiving a referral and possibly indicative
of less referrals, including doctor-patient communication,
scheduling flexibility, and already having access to behav-
ioral therapy [58]. Despite the increasing availability of
genetic testing both through telehealth and through in-person
locations [31-34], past literature has found differences relat-
ing to quality of care [59], provider-patient communication
[60, 61], and applicable resources for those testing positive
[62].

Our study findings suggested a possible racial/ethnic dis-
parity in odds of receiving family-based genetic testing prior
to adjusting for covariates. It is possible that the field of
family-based genetic testing is novel and not widely imple-
mented, as well as having limited research exploring these
disparities [19, 63]. Family-based genetic testing is rarely
covered by current health insurance plans, even if deemed

@ Springer

at-risk, as individualized genetic testing is more accessible
and accepted. Lastly, only 32.7% of our sample identified
as a racial/ethnic minority, so a more racially and ethnically
diverse sample may have allowed for more robust findings.
Literature over the past decade has begun to focus on genetic
testing and incidence of BRCA1/2-related cancers among
at-risk populations [64]. However, opportunities to refer and
test high-risk women from disparate groups such as racial/
ethnic minorities are often missed [65]; only 20-30% of
minority women at risk for breast cancer underwent genetic
testing, with these estimates lower among those at risk for
ovarian cancer [63]. Family-based genetic testing is not the
norm and has been offered less often than individualized
genetic testing, at least in the USA [56, 63], and thus, very
little research has explored this approach, where the entire
family unit identified at risk for genetic mutations under-
goes genetic testing together [66, 67]. This could perhaps be
due to the way healthcare insurance reimburses for services,
which bases medical visits per individual, not per family
unit. Generational differences and geographical restraints
regarding genetic testing usability and value, for instance,
may also be a reason for low implementation of the family-
based approach. Previous literature has noted several barri-
ers to family-based genetic testing and at-risk identification
for family members generally, including but not limited to
financial, logistical, ethical, legal, social, and clinical chal-
lenges associated with such care [63, 68, 69]. Previous
literature has also suggested best routes of implementing
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family-based genetic testing via patient preference, provid-
ing traceback programs that notify family members [63],
adapting genetic testing for vulnerable health and minor-
ity populations such as through a universal genetic testing
initiative [56], and boosting familial communication and
disclosure of genetic test results [70]. We hypothesized that
there would be significant associations between racial/ethnic
minority status and genetic testing-related outcomes; how-
ever, our non-significant findings could be due to the small
sample of racial/ethnic minority women. These associations
should be examined in larger study samples of racially/ethni-
cally diverse study populations.

Study strengths The current study has several strengths. To
our knowledge, the current study is the first to report the
percentage of BRCA1/2-positive women who received (or
did not receive) a post-genetic testing behavioral referral
in the USA. Our study successfully recruited from a com-
bination of hard-to-reach populations in addition to those
with hereditary breast/ovarian cancer mutations, which are
not easily recruited in-person due to rarity [71]. This study
was a pilot and tested recruitment success among BRCA 1/2-
positive women from several vulnerable health populations
across the US utilizing online support groups. Past literature
has utilized small sample sizes and/or use qualitative meth-
ods; however, we were successful in recruiting a moderately
large sample of these at-risk women. This study was one of
the first, to our knowledge, that recruited BRCA 1/2-positive
women from vulnerable health populations from across the
USA, allowing usually limited generalizability to subgroups
such as racial/ethnic minorities, those with low income, and
those with cancer histories. Future research can utilize this
piloted approach to recruit BRCA1/2 women or other hard-
to-reach groups for rare or stigmatized health conditions in
the USA.

Limitations The current study’s results should be interpreted
considering its limitations. Although the current study suc-
cessfully recruited a moderately large sample, this study was
a cross-sectional study, and data were based on self-report
which could lead to misclassification and/or recall bias.
Findings should be replicated within larger and even more
diverse study samples to confirm trends explained within
this manuscript, especially among racial/ethnic minority
women. Future research should also include non-English
speakers instead of excluding these women from study eli-
gibility. Support groups were utilized as our primary source
of recruitment, which have been found to introduce bias by
hosting individuals shown to be more open and willing to
share private experiences than individuals not in support
groups [72]. Therefore, generalization of results and impli-
cations are limited to BRCAI/2-positive women within

various vulnerable health populations in the USA reflected
in the current study.

This study provided a unique approach to understanding
the impact of residential locale and race/ethnicity on sev-
eral genetic testing-related outcomes among women with
BRCA1/2 mutations from vulnerable health populations.
Our findings indicated that there were issues in genetic
testing access and associated behavioral referrals among
women living in suburban and rural areas of the USA.
Future research should purposefully target differences in
genetic testing access by geolocation or type of provider
(e.g., PCPs, gynecologists, oncologists, genetic counse-
lors, etc.) in a larger sample of BRCA 1/2-positive women.
Moreover, future longitudinal studies of women at high risk
for BRCA 1/2 mutations could be conducted to follow their
genetic testing process (e.g., prior to testing and afterward)
to inform future interventions and care policy for medical
providers working with this population. Clinically, medical
providers ordering genetic testing for patients should follow
AMA recommendations [37] and could supplement their
knowledge with additional training and resources to better
care for their patients. With genetic testing becoming more
widely available, especially via the implementation and
increased use of telemedicine in response to the COVID-19
pandemic, it is possible for women at risk for these muta-
tions to receive affordable and quality genetic testing from
knowledgeable providers.
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