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INTRODUCTION
Approximately 10% of breast cancers are due to highly pene-
trant inherited gene mutations,1–3 the majority of which occur 
in the BRCA1 and BRCA2 (BRCA) genes.4,5 Clinical testing for 
BRCA enables the identification of individuals at greatly ele-
vated lifetime risk for hereditary breast and ovarian cancer, in 
the range of 60–70% and 40%, respectively.6–8 In BRCA carriers, 
these high cancer risks can be reduced through proven cancer 
prevention and early detection options.9

Since the discovery of the BRCA genes more than a decade 
ago, an increasing number of patients have been tested for 
hereditary cancer in the community setting without involve-
ment of a genetic health-care provider (GHP) (i.e., board- 
certified genetic counselor or medical geneticist).10,11 Surveys 
of US providers estimate that ~30% of primary-care physicians 
have ordered a genetic test for hereditary breast cancer.12,13 
Regardless of who facilitates testing, several organizations have 
outlined elements that should be included as part of a pretest 
discussion to ensure quality of cancer genetic counseling (GC) 
services.14–16 Table 1 lists several common elements of pretest 
GC and informed consent outlined by the American Society 

of Clinical Oncology 15 and the National Society of Genetic 
Counselors.14 Prior studies comparing delivery of GC services 
suggest that GHPs may be more likely to spend a longer amount 
of time in pretest counseling;11,17 however, content of sessions 
and patient recall of recommended elements remains uncertain.

Provider surveys based on hypothetical scenarios have sug-
gested deficiencies in knowledge of non-GHPs that may lead to 
inappropriate or more costly testing.18,19 However, no patient-
level data to evaluate testing based on GHP involvement have 
been reported. When ordering clinical BRCA testing, some 
options include (i) comprehensive sequencing and rearrange-
ment testing of BRCA1 and BRCA2, (ii) single-site testing for 
a known familial BRCA gene mutation, or (iii) testing for three 
BRCA mutations that comprise the vast majority of muta-
tions within the Ashkenazi Jewish (AJ) population (commonly 
referred to as multisite-3 by one of the testing laboratories).20 
Although prices have fluctuated, the two latter options cost 
about 10-fold less than comprehensive gene sequencing and 
rearrangement testing (i.e., under $400 vs. $3,000–$4,000).21

The current study sought to compare genetic services 
based on involvement of GHPs using patient-reported data. 
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Purpose: The purpose of this study was to assess potential differ-
ences in genetic counseling services delivered by board-certified 
genetic health-care providers versus non–genetic health-care pro-
viders. We evaluated (i) patient recall and content of pretest genetic 
counseling for hereditary breast and ovarian cancer and (ii) whether 
full BRCA1 and 2 gene sequencing was performed when less expen-
sive single-site or Ashkenazi Jewish founder mutation testing may 
have been sufficient.

Methods: Participants completed a questionnaire and provided 
BRCA test reports that included testing provider and type of test. 
Chi-square tests and logistic regression were used for analysis.

Results: Of 473 participants, >90% were white, female, and BRCA 
mutation carriers. Of the 276 (58%) with genetic health-care pro-
vider involvement, 97% recalled a pretest discussion as compared 
with 59% of those without genetic health-care provider involvement  

(P < 0.001). Among the subgroup who recalled a pretest discussion  
(n = 385), those with genetic health-care provider involvement indi-
cated higher adherence to eight recognized genetic counseling elements, 
four of which were statistically significant. Furthermore, involvement of 
a genetic health-care provider halved the likelihood that comprehen-
sive BRCA testing was ordered among the 266 for whom single-site or 
 multisite-3 testing may have been sufficient (P = 0.02).

Conclusion: Our results suggest that genetic health-care provider 
involvement is associated with adherence to nationally recom-
mended genetic counseling practices and could potentially reduce 
costs of BRCA genetic testing.
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We hypothesized that GHP involvement would (i) increase the 
likelihood that patients recalled having a pretest discussion and 
specific elements of GC and (ii) decrease the likelihood that 
patients would have comprehensive BRCA testing when less 
expensive testing (i.e., of single-site or multisite-3 AJ founder 
mutations) may be sufficient.

MATeRIALs AND MeTHODs
study population
Following approval by the University of South Florida’s insti-
tutional review board in 2010, individuals with a personal 
and/or family history of cancer who were living in the United 
States were offered enrollment in the Inherited Cancer Registry. 
Participants were recruited through various clinical centers, 
directly online through the registry website (http://www.
inheritedcancer.net), or through local and national outreach 
activities.17

For the current study, eligibility criteria included Inherited 
Cancer Registry participants with prior BRCA testing who 
enrolled between 2010 and 2013, who completed a follow-up 
questionnaire, and for whom a copy of their BRCA test report 
(471 cases) or medical record documentation of both test result 
and ordering provider (two cases) were available. Participants 
received genetic testing at the discretion of their treating 
health-care providers through a commercial US laboratory 
prior to enrollment. Genetic testing criteria were determined 
by their treating health-care provider and were not dictated by 
the study protocol.

Procedures and measures
A cross-sectional survey was conducted to collect demographic, 
clinical, and family history information. Recall of pretest GC 
was measured by asking, “Before you had your blood drawn for 
the genetic test, did you discuss the risks and benefits of testing 
(referred to as “Genetic Counseling”).” Those who responded 
yes were then asked a multipart question about whether they 
recalled eight nationally recommended GC elements listed in 
Table 1.

Following signed medical release, study participants pro-
vided a copy of their BRCA test results or had test results 
or other medical records collected by study staff. Public 
websites were searched to determine the specialty of the 
ordering providers listed on the test reports and to identify 
whether they routinely work with a board-eligible/board-
certified genetic counselor. GHPs were defined as board-
certified genetic counselors or MD clinical geneticists. In 
cases in which more than one provider was listed on the test 
result (n = 268), provider type was categorized according to 
the nonphysician provider (e.g., nurse, nurse practitioner, or 
genetic counselor).

The type of BRCA test ordered (i.e., comprehensive versus 
single-site or AJ founder mutations) was abstracted from the 
test report. Two patient-reported survey questions were used 
to identify cases for which single-site or AJ founder mutation 
testing may have been appropriate. These included (i) “Were 
you the first person in your family to be tested for a BRCA 
 mutation?” and (ii) “Do you have Ashkenazi Jewish ancestry?” 

Table 1 Recommended elements of pretest counseling and related study questions

AsCOa NsGCb study question

Pedigree information should be used Collect 3- to 4-generation family medical history Did you have a 3-generation family tree drawn to obtain 
a medical history of relatives from both your mother’s and 
father’s sides of your family?

Recognize indications for genetic cancer 
predisposition testing

Identify potential hereditary cancer syndromes 
that should be considered

Did your health-care provider discuss the possibility of 
other hereditary cancer syndromes?

Possibility that test will not be 
informative

Possibility of variant of uncertain significance Did your health-care provider discuss the possibility that 
the test will not be informative (i.e., variant of uncertain 
significance result)?

Risk of passing mutation on to children 
and importance of sharing result

Mode of inheritance associated with the gene 
and importance of sharing result

Did your health-care provider discuss what results might 
mean for your other family members?

Options/limitations of medical 
surveillance and prevention strategies

Options for cancer risk reduction and 
surveillance based on the patient’s risk

Did your health-care provider discuss how results of 
genetic testing might change your future medical care?

Risks of insurance or employer 
discrimination

Extent to which laws are protective for health, 
life, and disability insurance

a)  Did your health-care provider discuss laws that protect 
against genetic discrimination by health insurers and 
employers?

b)  Did your health-care provider discuss how genetic 
testing may impact life insurance and disability 
insurance?

Not mentioned Provide patient with tools to inform and educate 
family members (i.e., family contact letter)c

Did you receive a letter that summarized the information 
discussed during your counseling session?

The elements in this table do not comprise a comprehensive list.

ASCO, American Society of Clinical Oncology; NSGC, National Society of Genetic Counselors.
aData taken from ref. 15. bData taken from ref. 14. cThe patient letter has long been recognized as a valuable tool of genetic counseling that is often shared with other family 
members.31 Furthermore, a patient summary letter is included in the minimum guidelines for the delivery of clinical genetics services that were generated by the Great Lakes 
Regional Genetics Group.28
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statistical analysis
Participant characteristics were summarized using descrip-
tive statistics, including medians and ranges for continuous 
variables and frequencies and proportions for categorical vari-
ables. Pearson χ2 tests and Mann–Whitney U-tests were used 
to compare characteristics of participants according to GHP 
involvement. Simple logistic regression modeling was used to 
test hypotheses. Multiple logistic regression modeling using 
backward elimination was performed to adjust for the effects 

of potential confounders (i.e., AJ ancestry, first in family tested, 
years since testing, and BRCA carrier status); the P value for 
remaining in the model was set at 0.15. All tests were two sided, 
and P values were considered significant if <0.05. Analyses were 
performed using SPSS version 21 (SPSS, Chicago, IL).

ResULTs
Participants
A total of 473 individuals from 43 states met eligibility crite-
ria for the current study. As depicted in Figure 1, a master’s 
degree–trained genetic counselor or board-certified medical 
geneticist was listed on 272 test results. The ordering provid-
ers for four additional participants practice at National Cancer 
Institute–designated comprehensive cancer centers and work 
routinely with genetic counselors. Thus, 276 participants (58%) 
had evidence of GHP involvement. Among the 197 remaining 
participants, provider specialty included obstetrician/gyne-
cologist (n = 37), surgeon/surgical oncologist (n = 24), oncolo-
gist (n = 47), advanced practice nurse/nurse practitioner (n = 
36), nurse (n = 21), and other health-care provider (n = 32). 
Table 2 shows participant demographics for the entire sample 
and according to involvement of a GHP. More than 90% of par-
ticipants were white, non-Hispanic, female, and BRCA carriers.

Recall of pretest discussion and components of genetic risk 
assessment and counseling
Among those with GHP involvement, 97% recalled hav-
ing a pretest discussion as compared with 59% without GHP 
involvement (P < 0.001). Covariates (i.e., years since testing, AJ 
ancestry, first in family tested, BRCA carrier status, and per-
sonal history of cancer) did not remain in the final model after 

Figure 1 Type of provider listed on BRCA test result and participants’ 
recall of pretest discussion according to involvement of a genetic 
health-care provider.

473 Participants

221
GCsa

51
Medical

geneticistsb

276 (58%)
GHP involved

197 (42%)
No GHP

80 (41%)
No recalld

117 (59%)
Yes recall

268 (97%)
Yes recall

8 (3%)
Yes recall

385 Used to compare recall of
eight pretest counseling elementse

GC, master’s degree-trained genetic counselor; GHP, genetic health-care provider
(i.e., board certified GC or medical geneticist).

aGC listed on test result with another health-care provider. bMedical geneticist listed on
test result without a GC listed. cNon-genetic health-care providers listed on test result
working routinely with GC. dIncludes 5 who were unsure whether they had a pretest
discussion. eTable 3 shows results comparing recall of pretest counseling elements.

4 Non-GHPs
working with

GCc

Table 2 Participant demographics and comparisons according to involvement of a genetic health-care provider (GHP)

Characteristic All participants (N = 473)

GHP involved

P valueNo (n = 197) Yes (n = 276)

Median current age (Q1, Q3) 52 (44,59) 52 (44, 59) 51 (43, 59) 0.58

Gender female (%) 461 (97.5) 193 (98.0) 268 (97.1) 0.77a

Married (%) 319 (67.4) 139 (70.6) 180 (65.2) 0.22

White, non-Hispanic (%) 439 (92.8) 184 (93.4) 255 (92.4) 0.67

Ashkenazi Jewish (%) 120 (25.4) 41 (20.8) 79 (28.6) 0.05

BRCA carrier (%) 443 (93.7) 191 (97.0) 252 (91.3) 0.01

First tested in family (%) 239 (50.5) 106 (53.8) 133 (48.2) 0.23

Median years since testing (Q1, Q3) 5 (3, 7) 4 (3, 6) 5 (3, 8) 0.01

Median age at testing (Q1, Q3) 46 (38, 54) 46 (39, 54) 45 (38, 53) 0.14

Personal history of breast cancer (%) 174 (36.8) 75 (38.1) 99 (35.9) 0.62

Personal history of any cancer (%) 255 (53.9) 104 (52.8) 151 (54.7) 0.53

Education (%)

  Postgraduate degree 165 (34.9) 62 (31.5) 103 (37.3) 0.58

  Graduated college 159 (33.6) 71 (36.0) 88 (31.9) —

  Some college 75 (15.9) 35 (17.8) 40 (14.5) —

  No college 33 (7.0) 12 (6.5) 21 (8.3) —

  Unknown 41 (8.7) 17 (8.6) 24 (8.7) —

Q1, lower quartile; Q3, upper quartile.
aYates’ correction was employed due to low expected frequencies in >20% of cells.
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backward elimination; thus, these covariates did not appear to 
influence recall of pretest discussion nor did they attenuate the 
relationship between recall and GHP involvement.

Among the subset of participants who recalled a pretest dis-
cussion (n = 385), those with GHP involvement were more 
likely to also recall specific GC elements, and these differences 
were statistically significant for four of the eight elements, 
including (i) having a pedigree drawn; (ii) discussing laws 
 protecting against genetic discrimination by health insurers; 
(iii) discussing issues related to life or disability insurance; and 
(iv) being sent a summary letter (Table 3). Adjustment for years 
since testing, AJ ancestry, first in family tested, BRCA carrier 
status, and personal history of cancer did not attenuate these 
differences.

Type of test ordered
A subset of 266 participants were of AJ ancestry (n = 147), had 
a prior family member tested (n = 61), or both (n = 58). Among 
this subset, 63.2 and 36.8% were tested with and without GHP 
involvement, respectively. Comprehensive testing was per-
formed in 9.5% of the GHP group as compared with 19.4% of 
the non-GHP group (P = 0.02). BRCA carrier status, personal 
history of cancer, and years since testing did not account for the 
difference.

DIsCUssION
The current study suggests that a pretest discussion occurs sig-
nificantly more often when a GHP is involved in BRCA testing, 
with a higher likelihood that specific nationally recommended 
GC elements are discussed.14,15 Furthermore, among those 
for whom less expensive testing may have been sufficient (i.e., 
those with single-site or multisite-3 AJ founder mutations), the 

more costly full gene sequencing was approximately twice as 
likely to be ordered when testing was performed without GHP 
involvement.

Several professional organizations have recommended pretest 
GC prior to ordering BRCA testing and outlined specific ele-
ments to be discussed.14–16,22 Despite these national guidelines, 
our findings indicate that many patients seen by non-GHPs 
do not recall receiving the recommended pretest information, 
which is necessary to make an informed decision about testing. 
In fact, more than 40% of patients tested without GHP involve-
ment failed to recall any pretest discussion, as compared with 
only 3% of patients tested with GHP involvement. Although we 
were unable to identify prior patient studies comparing recall 
of a pretest discussion by provider type, a study of 646 patients 
who received BRCA testing in a nonacademic setting reported 
that 82% recalled discussing and reviewing the consent form 
with some type of health-care provider (including 319 genetic 
counselors, 162 physicians, and 41 nurses).23 This prior study 
did not specify proportions who recalled the informed consent 
discussion by provider type, nor did it report on specific ele-
ments included as part of the discussion.

Although survey data among patients tested by non-GHPs are 
limited, a few provider surveys assessed BRCA testing services 
across diverse settings. One study of 611 physicians at nonaca-
demic centers surveyed in 2004–2005 found that almost 70% 
discussed six counseling items prior to testing.11 Discussion of 
the six elements was associated with physicians who worked 
with genetic counselors, nurse geneticists, or other health-care 
professionals (versus counseling by themselves), as well as with 
those who spend more than 60 minutes counseling. These results 
may be contrasted with findings from our 2012 survey of 81 non-
GHPs, in which the majority of providers reported GC sessions of 
30 minutes or less, with many reporting limited or no discussion 
of recommended pretest elements.24 Thus, our recent provider-
level data are consistent with findings from the current study, in 
which more than 40% of participants tested by non-GHPs did not 
recall having had pretest GC. However, our data also suggest that 
many non-GHPs are performing pretest counseling that includes 
discussion of many nationally recommended GC elements. In 
fact, among the subset of study participants who recalled hav-
ing a pretest discussion, the majority indicated that most of the 
GC elements were discussed; this was true regardless of whether 
a GHP was involved. Nevertheless, our data indicate that recall 
of each element was consistently higher with GHP involvement, 
although differences were only statistically significant for impli-
cations of testing on life and disability insurance–related issues 
and laws protecting against discrimination by health insurers 
and employers. These findings are particularly important when 
considering testing for inherited cancer in individuals without a 
prior cancer diagnosis, because they may have concerns about 
discrimination, and identification of a mutation may be consid-
ered a preexisting condition when applying for life or disability 
insurance but not for health insurance.

Another important finding of the current study is that recall of 
having a three-generation pedigree completed was significantly 

Table 3 Patient recall of various elements of genetic 
counseling according to involvement of a genetic  
health-care provider (GHP)

element of genetic 
counseling

GHP involved

P valueb

No  
(n = 117)a

Yes  
(n = 268)a

Pedigree completed 82 (82.8) 261 (91.3) 0.01

Discussion of:

   Variants of uncertain 
significance

72 (72.7) 229 (80.1) 0.23

  Laws protecting against 
health insurance 
discrimination

73 (73.7) 237 (82.9) 0.01

  Issues related to disability 
insurance

57 (57.6) 203 (71.0) 0.01

  Other hereditary cancers 63 (63.9) 199 (69.6) 0.12

  Management 
recommendations

82 (82.8) 244 (85.3) 0.35

  Family implications 91 (91.9) 273 (95.5) 0.21

Summary letter received 58 (58.6) 226 (79.0) <0.001
aOnly the 385 participants who remembered having a pretest discussion were asked 
whether they recalled each of the elements of pretest genetic counseling. bResults 
of simple logistic regression (shown here) were more conservative than results of 
multiple logistic regression.
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more common with GHP involvement. This finding is con-
sistent with prior studies that found a minority of non-GHPs 
consistently draw a pedigree or adequately document family 
history.25–27 Potential implications of incomplete family history 
include inaccurate or incomplete risk assessment, which may 
have implications for patient care or may result in inappropriate 
testing or failure to identify at-risk relatives who may also need 
testing. Moreover, our results indicated that patients received a 
summary letter more often when a GHP was involved, which 
is standard clinical practice in genetics.28 Prior studies have 
indicated that copying of correspondence to patients is associ-
ated with a range of benefits including greater patient under-
standing, greater patient involvement, reduction in anxiety, 
increased satisfaction, and more accurate risk perception.29,30 
Furthermore, a letter provides something that patients can 
share with relatives.31

Our findings suggest that there may be potential cost-of-care 
implications associated with GHP involvement, because less 
costly, single-site, or AJ mutation testing was more likely to be 
ordered in appropriate cases when a GHP was involved. Our 
results concur with trends in provider surveys of hypothetical 
scenarios, which have found that non-GHPs are more likely to 
indicate that they would order the more expensive comprehen-
sive testing in patient scenarios in which less expensive testing 
would be appropriate.18,19 However, aside from these hypotheti-
cal scenarios, there are very limited published data to evaluate 
actual genetic testing practices by various health-care providers. 
One of the few publications available describes the experience 
of a US-based clinical laboratory and concludes that inappro-
priate ordering of genetic tests is common, occurring in ~26% 
of all complex genetic tests assessing germ-line mutations.32 
Furthermore, having laboratory genetic counselors review tests 
ordered to ensure appropriateness of testing led to substantial 
cost savings.32 BRCA tests were not included in that report 
because the study was conducted when all clinical BRCA test-
ing in the Unites States occurred at the single clinical laboratory 
that held the BRCA gene patents (until 2013). Unfortunately, 
overall health-care expenditure on BRCA testing is difficult to 
estimate, given the lack of published data regarding the number 
and type of BRCA tests completed each year. However, a large 
national insurer found that spending per member on molecu-
lar and genetic tests increased by about 14% a year on average 
between 2008 and 2010, and the insurer expects these costs to 
continue increasing.33

Despite the paucity of published peer-reviewed studies com-
paring testing costs or quality of BRCA pretest counseling 
according to GHP involvement, Cigna became the first national 
insurer to implement a policy whereby GC by a certified genet-
ics professional (which Cigna defined as a board- certified 
genetic counselor or medical geneticist) is required prior to 
BRCA testing and upon which coverage decisions for the test 
are based.34,35 This change in policy was reportedly imple-
mented to enhance quality of care while recognizing that 20% 
of tests are ordered inappropriately.34,35 Cigna’s policy was wel-
comed by the National Society of Genetic Counselors, which 

stated that it will result in more individuals receiving appropri-
ate genetic testing and making informed decisions about their 
health.36 By contrast, the response from the American Society of 
Clinical Oncology stated that this policy poses risks to patients 
by serving as a barrier to the appropriate use of genetic testing 
services.37

This recent policy-level development highlights the need to 
generate data to guide cost-effective delivery of genetic test-
ing services while optimizing health benefits for patients. Our 
study adds to limited evidence regarding how and by whom the 
delivery of hereditary cancer genetic services may maximize the 
likelihood of high-quality, cost-effective GC services. Although 
our data suggest that several providers who are not certified 
in genetics appear to provide adequate pretest GC, the issue 
remains that their credentials do not easily distinguish them 
from other providers who fail to provide adequate pretest GC.

Thus, our data highlight complexities that arise when mak-
ing policy-level decisions and support the need to consider new 
service-delivery models. For example, innovative approaches 
to delivering quality genetic services to an increasing number 
of patients in community settings have been demonstrated 
through establishing academic–community partnerships that 
focus on collaboration with non-GHPs in which GHPs serve 
as a hub of information about the GC and testing processes.38

Our study has several strengths, including our relatively large 
sample of BRCA carriers and recruitment of participants who 
had genetic testing through providers of various specialties 
across the United States. Furthermore, collection of the genetic 
test report enabled us to verify whether a GHP was involved. 
In addition, post hoc sensitivity analyses determined our find-
ings to be robust even when the four cases for whom GHP 
involvement was inferred were either removed or included in 
the non-GHP group and even when the two participants for 
whom results were obtained through medical record review 
were removed. Despite these strengths, there remain limita-
tions resulting from the observational design of the study with 
collection of retrospective patient-reported data that may be 
subject to recall bias. Although we have no reason to believe 
there would be differences in recall bias based on involvement 
of a GHP, time from testing to consenting for our study was 
actually longer for the group tested by GHPs. After controlling 
for time since testing and several other potential confounders, 
differences in recall between the GHP and non-GHP groups 
remained similar or increased, indicating that our results may 
actually underestimate the true differences between those 
tested with and without GHP involvement. Another limitation 
is the lack of diversity in our sample, given that our partici-
pants were primarily highly educated and Caucasian; this is a 
limitation observed in most prior studies of individuals tested 
for BRCA mutations, given the disparity in access to testing in 
minorities.20,39,40

The research gap addressed through our study is highlighted 
by the recent evidence-based BRCA testing guidelines issued 
by the US Preventive Services Task Force indicating that there 
is a need to generate data about the provision of genetic testing 
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services by various providers in real-world settings.22 However, 
it would be important to replicate our findings in an ethnically 
and racially diverse population in order to develop ways to opti-
mize delivery of GC and testing services across diverse popu-
lations. Furthermore, longitudinal follow-up in our cohort is 
important to determine whether and how differences in pre-
test discussions influence patient outcomes. In addition, larger 
studies will be necessary in order to compare service delivery 
among various non-GHP providers such as oncologists, sur-
geons, and nurses.

Ultimately, our study is among the first focused efforts to 
compare the delivery of hereditary cancer pretest GC services 
from the perspective of participants tested by various provid-
ers in diverse settings. Our results clearly suggest differences in 
delivery of services based on involvement of a GHP, including 
a higher likelihood of (i) pretest GC and discussion of recom-
mended pretest GC elements and (ii) less expensive single-site 
and AJ testing when appropriate. These findings are important 
because policy-level decisions are made in the changing health-
care environment within the Unites States as the focus shifts to 
improving quality and cost effectiveness of health-care delivery.
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